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SELECTION FROM SCIENTIFIC PROBLEMS SOLVED AT
CZECHOSLOVAK RESEARCH INSTITUTIONS

According to a well approved tradition a selection of the projects solved at
Czechoslovak scientific research institutions in the field of forestry is submitted
‘0 our readers. In order to make them accessible for the public abroad these
studies are translated into English and provided with Czech summaries. Na-
‘urally, a single issue of a scientific magazine cannot encompass the whole
hroad scope of problems. Nevertheless, an attempt was made to select such
sontributions that would afford a picture of the general trend of Czechoslovak
science at the forestry faculties and research institutes. Obviously, the selection
is not fully representative and this is why we refer the interested circles to other
international periodicals as well as nonperiodicals published in our couniry.

And now to the individual papers. The study of Professor Dr. Ing. ]. P e-
l'i$ ek, DrSc., describes ecological conditions of altitudinal soil zonality related
to quality class of Norway spruce stands in the Czechoslovakia. The author
points out that the relations of available nutrients in forest soils from lowlands
to mountain regions follow certain rules, as e. g. decrease of available CaO,
K;0 and P20s, decreasing difference of the content of available nutrients be-
tween upper and lower soil layers and dropping intensity of the biological
nutrient cycle.

Ing. M. Dejmek, CSc., deals in his study with the development of
an automated method of information system analysis. The paper is oriented at
working out a complex of technological methods of automated information system
design.

Ing. V. Staud, CSc., Ing. M.. Dressler, CSc., and Ing. M. Ska-
pa refer on progressive technologies of final felling in the Czech Socialist
Republic and solve the construction of various technological methods in ex-
ploitable coniferous stands. Basing on the technology of a special wheeled tractor
the authors proceed from final felling to railroad transportation or the consu-
mer’s timber yard. With the above technology taken as standard other pro-
gressive technologies based on new machinery are compared.

Spruce stand spacing and development is the topic of nearly 90 years’
research evaluated by Professor Dr. Ing. M. Vyskot, DrSc. The former
Research Institute at Mariabrunn near Vienna developed a method according
to which trial plots with three-year old transplants at three different spacings
(1 X1m, 15X 15m,and 2 X 2 m) were established in 1889 in a rather arid
area in the proximity of Brno in a group of Fagetum typicum asperuletosum

forest types. Secular comparison related to 1973, i. e. after 87 years, demonstrated

that the most suitable spacing was 2 X 2 m, i.e. 2500 vigorous plants per
1 ha; this yielded the best results in practically all indices.

Prof. Ing. M. Stolina, CSc., deals with structural potential and
functional effect of the forest from the aspect of its protection. In a functionally
intergrated forestry the purpose of protection is to afford spatial and temporal
forest stand risk forecast both at present and in the future. The importance of
preventive steps is constantly increasing, as the present means of pest control
are for some functional types a priori excluded.
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The contribution of Professor Dr. Ing. J. Halaj, DrSc., is concerned
with thinning of Norway spruce stands from the point of view of deducing
production indices and thinning percentage tables. During 1965—1972 309
special areas were founded in the Czech Socialist Republic on which moderate
intensity low thinnings are performed. A mathematical model for the determin-
ation of decennial percentage in relation to age and stand density is derived.

In the chapter Topical News a coniribution of Professor Ing. V. Zdsméta
and Ing! J. Svarc: Game Management in CSSR is found presenting the
main inventory data, game populations and future outlook of game care. The
game management productivity in Czechoslovakia is constantly increasing in
the majority of commercial game, which can be especially well seen in pheasants.
A special care is devoted to rare game species.

As can be seen from the survey of the main topics the selected papers
comprise a large scope of forestry sciences of all levels, i. e. biological, technical
and economic. The published contributions offer a partial picture of the effort
of Czechoslovak forestry scientists and of their attempts at further development
of socialist forestry.

Corresponding member of the CSAV
Prof. Dr. Ing. M. Vyskot, DrSc.
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VYBER Z VEDECKE PROBLEMATIKY RESENE V CESKOSLOVENSKYCH
VYZKUMNYCH INSTITUCICH

Podle osvédéené tradice predklddame nasim cétendium vybér z ukoli Fese-
nijch na és. védeckovyzkumniych pracovistich, jez se zabjuvaji lesnickou proble-
matikou. Aby byly prdace pristupny svétové verejnosti, jsou tlumoéeny do
angliétiny s ceskymi souhrny. Je piirozené, ze v jediném ¢isle védeckého ca-
sopisu nelze obsahnout cely lesnicky viyzkum. Snazili jsme se vSak vybrat ta-
kové prispévky, které naznacuji celkovy trend CEeskoslovenské védecké fronty
na lesnickjch fakultich a vyzkumniych tustavech. Tento vybér neni piirozené
zcela reprezentativni a zdjemce je tFeba odkdzat na dalsi publikace, jez jsou
vydavany v CSSR.

Studie prof. Dr. Ing. J. Peliska, DrSc., popisuje ekologické poméry
viskové pidni pdsmovitosti ve vztahu k bonitam smrkovjch porosti v CSR.
Uvddi se v ni, Ze poméry pristupnich Zivin v lesnich puddch od niZin aZ po
horské oblasti vykazuji nékteré zakonitosti, napt. klesani pristupného CaO, K20
a P;0s, zmenSovani rozdilu v obsahu ptistupnijch Zivin mezi svrchnimi a spod-
nimi vrstvami pud a sniZovdni intenzity biologického kolobéhu Zivin.

Price Ing. M. Dejmka, CSc., je vénovdna tvorbé automatizované me-
tody analyjzy informaéniho systému. Prdce sméruje k vytvoreni souboru inze-
nyrskijch metod automatizovaného projektovani informaénich systémi.

Ing. V. Staud, CSc., Ing. M.Dressler, CSc., a Ing. M. Skapa
se zabyjvaji progresivnimi technologiemi v miytnich tézbdach Ceské socialistické
republiky a 7esi konstrukce ruznijch technologickjch postupi v mitnich jehliéna-
tych porostech. Vychdzi se z technologie specidlniho kolového traktoru od mijceni
az po transport zeleznici nebo sklad spotiebitele. S timto standardem jsou srov-
ndvdny progresivni technologie na bdzi novjch stroju.

Spon a vyjvoj smrkového porostu je tématem takika 90letého vizkumu,
ktery vyhodnocuje prof. Dr. Ing. M. V yskot, DrSc. Bjvalyj vjzkumny tustav
v Mariabrunnu u Vidné vypracoval metodiku, podle niz byly v roce 1889 za-
lozeny tiiletymi Skolkovanymi sazenicemi pokusné plochy se tiemi rozdilngmi
spony (1 X 1m, 15X 1,5ma2X2m) v sussi oblasti blizko Brna ve sku-
piné lesnich typu Fagetum typicum asperuletosum. Sekuldrni komparace vzta- .
Zend k roku 1973, tj. za 87 let, ukazuje, Ze nejvhodnéjsi spon je 2 X 2 m, tj.
2500 silnjch sazenic na 1 ha, kterj vykazuje prakticky ve vsech ukazatelich
nejlepsi vysledky.

Prof. Ing. M. Stolina, CSc., pojedndvd o funkénim potencidlu a funk-
énim efektu lesa v aspektech jeho ochrany. Ve funkéné integrovaném lesnim
hospodd¥stvi je tikolem 'ochrany poskytovat prostorovou a dEasovou prognézu
ohrozeni lesnich porostii v soudasnosti i v budoucnosti. P¥itom vzristd vjznam
preventivnich opatieni, ponévadz soucasné prostiedky boje proti Skiudcum jsou
v nékterjch funkénich typech lesa apriorné vyloucdeny.

Prof. Dr. Ing. |. Halaj, DrSc., se zabjvd probirkami ve smrkovijch
porostech z hlediska odvozeni produkénich ukazatelii a tabulek probirkovich
procent. V letech 1965—1972 bylo na tzemi CSR zalozeno 309 dudelovijch
ploch, na nichz se realizuji podiuroviiové probirky mirné intenzity. Odvozuje
se matematickyj model pro uréeni decendlniho procenta v zdvislosti na véku
a zakmenéni.
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V Aktualitich je zafazen mimo jiné prispévek prof. Ing. V. Zdasméty
a Ing. . Svarce: Myslivost v Ceskoslovenské socialistické republice, ktery
uvddi hlavni inventarizaéni tdaje, stavy a perspektivy péce o lovnou zvéF.
U vétSiny druhi uzitkové zvéie v Ceskoslovensku se mysliveckd produkee trvale
zvySuje, coz je pairno zefména u bazZanti. Zvladstni péée je vénovana vzdcnim
druhum zvéfe.

Jak je z vijétu hlavnich tezi patrno, zahrnuji zvolené prispévky velky aredl
lesnickijjch véd ve vSech sférdch, tj. biologické, technické i ekonomické. Opubli-
kované prdce jsou tedy diléim obrazem usili éeskoslovenskich lesnickjch védci
a jejich snah o dalsi rozvoj socialistického lesniho hospoddfstui.

Clen korespondent CSAV
prof. Dr. Ing. M. Vyskot, DrSc.
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J. PeliSek ECOLOGICAL CONDITIONS OF VERTICAL
SOIL ZONALITY AND QUALITY CLASSES
OF SPRUCE STANDS IN THE BOHEMIAN
UPLAND REGION (CZECHOSLOVAKIA)

The relief in Czechoslovakia is distinctly dissected within elevations ranging
from 100 to 2600 m. This has resulted, among other things, also in a distinct
vertical zonality of climate and soils, or of the environment for production,
which, in the wider sense of the word, is essential for the planning of agricul-
tural and silvicultural primary production.

Over the range from the lowlands to the high mountains, the following
vertical zones of soils on silicate rocks occur in Czechoslovakia:

1. The zone of semigley and gley soils in the river flats with inundated
forests.

2. The zone of chernozem soils with phytocoenoses of the oak zone —
elevations 200—300 m.

3. The zone of brown forest scils of lowlands with phytocoenoses of the
oak zone — elevations 250—350 m.

4. The zone of illimeric podzol soils in lowlands and rolling grounds with
phytocoenoses of the beech-oak and oak-beech transition zones — elevations
250—600 m.

5. The zone of ochre forest soils with phytocoenoses of the beech zone —
elevations 400—900 m.

6. The zone of rusty forest soils with phytocoenoses of the beech-fir zone
— elevations 700—1200 m.

7. The zone of chocolate-brown mountain forest soils with phytocoenoses
of the beech-fir-spruce zone — elevations 1200—1500 m.

8. The zone of mountain podzol soils with phytocoenoses of the spruce
and dwarf-pine zones — elevations 950—1800 m.

9. Above the timber line are the zones of meadow, brown and grey, sub-
alpine soils, and finally the top zone of detritus and stones.

Individual vertical zones of the soils also feature distinct climatic condi-
tions; these are closely asscciated with vertical dilferentiation of the climate
in Czechoslovakia. The vertical soil zones of the lowest e¢levations receive the
smallest amounts of precipitation annually, 500—700 mm. As the elevation
increases, the amount of precipitation increases, too, and the highest elevations
have precipitation cf as much as 1800 mm annually. Things are similar with
the average annual temperatures; in the lowlands they are 8—10°C to drop,
at elevations of the top mountain zones, to 0°C and even below. Moreover,
with rising elevation the number of summer days tends to decrease, which makes
the main growing season shorter, and the number of frosty days and of those
with snow cover tend to increase.
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Each vertical soil zone, together with its climatic conditions, simultaneously
represents a zone of ecological conditions for the vegetation and fauna (biocoe-
noses) and thus a zone important from the standpoint of water conservation.

Each vertical soil zone is covered by one major soil type (with the lower
soil units) and several associated soil types (soil units). In this way the soil
associations (pedoassociations) are formed which then make up the various soil
cover structures for individual vertical soil zomes.

The zones of forest vegetation are then the product of soil and climatic
conditions in individual vertical zones. Structure of the soil cover in the ver-
tical zomes is responsible for the different structures of forest phytocoenoses
(biocoenoses) in individual vertical zones within the ecological conditions.

The factors affecting laws that govern development of the soil cover structure
are mainly the parent rock (chemical make up), phytocoenoses, climate (micro-
climate), relief, groundwater table, time, and human activity. In Czechoslovakia,
the soil cover structure comsists of the following major structural wumits: (1)
vertical soil zones, (2) soil associations (pedogenetical and granulometrical),
both natural and cultural, and (3) soil types (and the lower taxonomic soil
units) and soil classes.

Each vertical soil zone consists of a definite, due combination of soil asso-
ciations (pedoassociations); these are responsible for the laws that govern
structure of the soil cover and thus of the phytocoenoses for the particular
vertical zonme of soils and vegetation. Ecological conditions of individual pe-
doassociations then account for the structure of species and their qualities in
the particular soil zome.

Homogeneity, or heterogeneity, of the soil cover structures in respect to
the pedogenic and granulometric (textural) soil associations accounts for due
ranges and proportions of individual qualities of forest species in the vertical
zones of soils. In Czechoslovakia there are certain differences in ecopedological
parameters and quality classes of forest species found for regions of the Bo-
hemian Upland (western Czechoslovakia) and the Carpathians (eastern Cze-

choslovakia). | |

ECOLOGICAL CHARACTERISTICS FOR VERTICAL ZONALITY OF SOILS
AND FOREST VEGETATION

The zone of semigley and gley (hydromorphous) soils in
the river flats extends at elevations 100—250 m approximately and is developed
on Holocene river-borne sediments of the lowlands. The areas receive some
500—600 mm precipitation annually and their average annual temperatures
are 8—10° C. The vegetation is classed with the river flat zone, or the inundated
forest zome.

The zone includes mainly semigley soils, gleyed soils of the river flats,
and gley soils. Distributed in the form of islets, there are also lowland peat
soils, further lowland ochre-brown and grey inundated forest soils on sand dunes,
these projecting above the river flats. According to grain-size distribution
(texture), these soils are largely heavier — clay loams to pure clays with
loamy and sandy soils being represented in smaller percentages.

These soils are slightly acid, neutral to slightly alkaline in reaction. The
supplies of humus in the surface layers are largely good, ranging from 3 to
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- I. The average percentages of natural (forest soils) and cultivated (agricultural soils)
soil types in vertical zones of the Bohemian Upland region (Czechoslovakia). —
Primérna procenta piirodnich (lesnich typl) a obdélavanych (zemédélskych pud)
pudnich typli ve vertikdlnich zénach éeské vysociny

Soil types %
Vertical soil zone satnral cultivated
(silvicultural) (agricultural)

1. Hydromorphous soils of lowlands 4—-8 92—96
2. Chernozem soils 3-5 95—-97
3. Brown forest soils of lowlands

and rolling ground 10—20 80—90
4. Illimeric podzol soils of lowlands

and rolling ground 20—25 75—80
5. Ochre forest soils 50—65 35—50
6. Rusty forest soils 85—95 5.15
7. Chocolate-brown forest soils 95—100 0—5
8. Mountain podzol soils 98 —100 0—2

6 %. There are good to very good supplies of readily available nutrients (CaO,
K20, P;0s5). The regime of nitrogen and its available forms (N-NHs and
N-NO3) are highly favourable, too.

II. The percentages of soil classes in vertical soil zones of the Bohemian Upland
region (Czechoslovakia). — Zastoupeni ptidnich druht v 9, ve vertikdlnich pudnich
zonach ceské vysociny

Soils %,
Vertical soil zone lighter loams [clay loams| clayey clays
30 30—45 45—60 | 60—75 75

1. Hydromorphous soils 3-5 25—35 35—45 15—25 5—-10
2. Chernozem soils 0 55—65 15—25 10—20 10—20
3. Brown forest soils of lowlands

and rolling ground 0 65—75 20—30 5—10 0
4. Illimeric podzol soils 0 60—170 30—40 0 0
5. Ochre forest soils 50—60 30—40 5—10 0 0
6. Rusty forest soils 60—70 20—30 5—10 0 0
7. Chocolate-brown forest soils 80—90 10—20 0 0 0
8. Mountain podzol soils 80—90 10—20 0 0 0

Of forest types are represented mainly: Betuleto-Quercetum (birch-oak
forest), Betuleto-Alnetum (birch-alder forest), Saliceto-Alnetum (willow-alder
forest), Querceto-Fraxinetum (oak-maple forest), and Ulmeto-Fraxinetum (elm-
-maple forest); all are characterized by high productions of volume.

The soil resource in this zone consists of agricultural land (about 80—
—90 %) and forest land (about 10—20 %).

LESNICTVI — 1974 787



The zone of chernozem soils extends, in the main, at eleva-
tions ranging from 120 to 300 m, the topography is flat to moderately hum-
mocky ground. The average amount of precipitation is 500—600 mm per
annum and the average annual temperatures are 8 —10° C. The vegetation is
grouped under the oak zone (Quercetum).

In this zone there are mainly chernozem soils on loess (both typical and
carbonaceous), further islets of smolivka soils on marls, lowland chocolate-brown
forest soils on loess, soil of the chernozem cast, and smaller patches of ochre
forest soils on silicate soil-forming rock. In grain-size distribution, the soils are
mainly loamy, a smaller proportion of them being of a lighter texture.

Porosity of these soils is very

2600 ~~————— ———— good, ranging from 45 to 54 % in the

r o] | e ofgranit rocks surface layers and from 42 to 46 % in
s || *'b”s‘ | the subsoils. The maximum capillary-
[y ! , | water capacity is 30—40 % on the
- 2200 - : .
' Zoreof grey subalpine | — | average, both in the topsoils and sub-
2000 soils ot b soils. The water regime is characterized
- Zm;gi;’;,.‘;‘?gﬁ;““”” chiefly by a group of dry soils (55 to
- 1800 1 —~———— 65 %), and by another group of mode-
r Zoneof mountain | Mugheum - rately moist soils (25 to 40 %); the
T podsals | piceetum remaining moisture groups be1ng re-
[ e presented but slightly. The soils are
EMOO Zorechocoldle brown | Fogetoabielino  Warm, well aerated, with the water re-
£ 1200 wﬁ gime aggravated during the year and
Zone A rusty forest | = a with water deficits occurring especiall
1000 \\\\ L\,Lﬁgjib@iﬁ during the latter half of tie growmz

\ 5
Zoeofochre-yellow | o seasoi.
forest-soils }"c'ge“'“ The soils are largely neutral and
\

|
| | slightly alkaline in reaction, the sub-

|
—_

[ Zoneof dirm podsdls Moo | soils tending to medium alkalinity.
Q) LF“&“.U’“_ !

= Humus occurs here in medium sup-
Zone y || | 2 . y

S ' plies, ranging from 5 to 8 %, and the
EREEE T | Quercelum | 7 2 :

|| Zone of chernozems cantents of readily available nutrients
are very good, which in particular
holds good of the reserves of avail-

1. Diagram showing the vertical zones of ahle CaO. The regime of nitrogen,
soils 'and Vegeta_tio’n jn Cz.echpslovakia. t00, indicates good values for the con-
. Diagram vertlaich planich 3 Ye- 1(1\; ot N-NH, and N-NOs in the top

lzyers. Total nutrient cycling between
soil and its forest stand is very good to fast (intensified mineralization of the
humus).

Of forest types are represented the following phytocoenoses: Pineto Quer-
cetum (pine-oak stand) on soils poor in minerals, Carpineto-Quercetum (horn-
beam-oak stand) on scils richer in minerals, Carpineto-Aceretum (hornbeam-
-maple stand) on soils displaying [avourable regimes of N, and Corneto-Quer-
cetum (cornel-oak stand) on rendzina soils rich in minerals and overlying li-
mestones.

The soil resource of this vertical zone includes agricultural land (roughly
96—98 %) and forest land (only 2—4 %). It is a distinct zone of cultured
agricultural soils.
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The zone of brown forest soils occupies the lowlands and
rolling ground at elevations mostly between 200 and 350 m. Its topography is
slightly undulating for the most part. Concerning its climate, the zone receives
550—700 mm precipitation annually and the average annual temperatures range
7—9° C. The vegetation is classed with the oak zone (Quercetum).

The soil types found in this zone
are mostly the brown forest soils of
lowlands, further there are islets of
degraded chernozems and illimeric
(lessivé) podzols, both true and gleyed
to various extents, on loessial sub-
'strates.

Of soil classes are represented
mainly loams and clay loams, the
brown forest soils and degraded cherno-
zems being rather homogeneous in the
profile concerning their grain-size
distribution. Porosity of the surface
soil layers varies between 42 and 50 %,
that of the subsoils is lower, ranging
from 40 to 46 %. The maximum ca-
pillary-water capacity is, on the aver-
age, 30—42 % in the surface soil
layers and 30—40 % in the subsoils.

From the standpoint of the water
regime, represented are mostly the
moisture types of dry soils (35—40 9

+1700 m s S .
k160r ',n

Lo RPN Il

-1400

~1200

-100n

- 800

- 800
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3. Diagram showing the proportions of
soil classes in vertical zones of the Bo-
hemian Upland region (Czechoslovakia).
— Diagram poméru puanich druha ve
vertikalnich zdénach ¢eské vysociny

and slightly moist soils (38—52 %) w1th water deficits over the growing season;
the remaining moisture groups characteristic of higher water contents being
represented very little. In general, this vertical zone may be characterized as
suffering from water shortage over the growing season. It displays a high degree
of fluctuation in the soil moisture, or in the soil water supplies, among the spring,
summer, and autumn seasons, the lowest supplies being attained in the summer.

The soil resource of this vertical zone is composed of areas of agricultural
land (roughly 80—90 %) and forest land (10—20 % on the average). Si-
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milarly as with the preceding zone, this one is a distinct zone of agricultural soils
distinguished by an increased level of cultivation in both physical and chemical
respects.

The zone of illimeric (lessivé) podzol soils is found
at elevations mostly between 250 and 550 m, in the Carpathian region it reaches
up to 700 m. The topography is moderately undulating and hummocky. Con-
cerning its climate, the zone receives an amount of 600—800 mm precipitation
annually and the average annual temperatures are 6—8°C. Its vegetation is
classed with the beech-oak and oak-beech transition zone (Querceto-Fagetum).

The soil types found in this zone are primarily illimeric podzol soils on
loess and loessial loams, further islets of chocolate-brown forest soils in the
hummocky parts, likewise developed on loessial substrates; and there are also
ochre forest soils which occur in lesser amounts and are found on rocks of the
so-called crystallinicum and on firm rocks of the younger geological formations.

In their grain-size distribution, the soils are loams and clay loams, lighter
soils being represented to a lesser extent only, especially the sandy loams with
minor skeletal admixtures (gravel).

The water regime may be characterized here by an appreciable proportion
of slightly moist soils (44—59 %) and moderately moist soils (25—30 %).
Dry soils occupy some 10—15 % only, the remaining soil moisture groups are
very scarce. It is a zone the soils of which suffer from water deficit during the
growing season and require supplemental irrigation, for instance to forest nur-
series. The water regime indicates a highly unsettled pattern over the year,
especially in its instantaneous soil moisture between the spring and summer
seasons, with water deficits during the latter.

The soils are slightly to medium acid in reaction, humus occurs in the sur-
face soil layers (3—5 % ) only and supplies of available nutrients (CaO, K:O,
P;0s) are found in the subsoils. The topsoil layers show an appreciable impo-
verishment of their mineral nutrients. The processes of humification are aggra-
vated and accumulation of the superficial, dry raw humus takes place. As a
result, the biological cycling of nutrients in the soil - forest stand - soil system
is slowed down as a whole.

Mainly the following phytocoenoses are found in this vertical zone of soils:
Fageto-quercinum (normal oak-beech stand) on soils poorer in minerals and
with higher acidity; Fageto-Quercetum and Querceto-Fagetum (beech-oak and
oak-beech stands) on soils richer in minerals. Phytocoenoses of the types: Carpi-
neto-Aceretum (hornbeam-maple stand) and Tilieto-Aceretum (lime-maple stand)
occur on soils characterized by moderate moisture and in general good supplies
of readily available forms of N. On drier soils rich in minerals there are phyto-
coenoses: Corneto-Quercetum (cornel-oak stand) and Corneto-Fagetum (cornel-
-beech stand); and Pinetum dealpinum has developed on moister and cooler
soils.

The soil resource of this vertical zone is composed of agricultural land
(about 70—80 %) and forest land (20—30 %). It is a zone of agricultural
soils that display marked levels of cultivation, especially in chemical respects.

The vertical zone of ochre (brown earth) forest soils
is found at elevations between 450 and 900 m, occasionally reaching up to
1100 m (in the Carpathian region). Topography of the zone is markedly dis-
sected and of a highland character, with slopes of various aspects and deep-cut
valleys in places. The amount of precipitation received per annum is 700—
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-1000 mm and the annual temperatures are 5—7 °C on the average. The vege-
tation is grouped under the beech zone (Fagetum).

As the major soil type the zone includes ochre forest soils of the brown
earth cast developed on various substrates, while illimeric podzols on loessial
substrates are rather scarse, and occassionally there are even rusty forest soils,
especially on the substrates characterized by lower content of minerals and poo-
rer supplies of nutrients. In grain-size distribution, the soils are loams with
some admixture of rock skeleton (gravel); while clay loams and lighter soils,
especially sandy loams with some admixture of gravel derived from the firm
soil-forming rocks, are present in smaller amounts.

The water regime may be characterized as represented by moderately moist
soils that occupy an appreciable proportion in the total, ranging 60—75 %.
Slightly moist soil are less frequent, some 15—20 %. This vertical zone is the-
refore characterized by rather good supplies of water over the year available to
the forest vegetation. The water regime has, in general, a balanced pattern dur-
ing the year, with no larger variations in the soil moisture among the spring,
summer, and autumn seasons. The instantaneous moisture in the soil profiles
likewise indicates a more balanced pattern, i. ¢. there are no greater diiferences
in the moisture content between the top soil layers and the subsoils during the
year.

Permeability of the soils to water and their rates of retention are rather
good attaining, in forest soils, 65—75 %, whereas in agricultural soils the va-
lues are lower, ranging 15—25 % on the average. The higher rates of retention
for rain water in the forest soils are due primarily to the increased instanta-
neous moisture level during the growing season.

Reaction of the soils is mostly medium acid (pH-H2O 5.5—6.5), the content
of humus in the surface soil layers is 4—7 % and the supplies of available
nutrients (CaO, K20, P,Os) are intermediate to good, depending upon the soil-
-forming rocks. Mineralization of the nitrogen in the surface soil layers is good
in general.

This vertical soil zone includes the following phytocoenoses: Fagetum-quer-
cino-abietinum (oak-fir-beech stand) on soils poorer in minerals; Fagetum pau-
per (beech stand) and Fagetum typicum (typical beech stand) occur on soils
characterized by larger supplies of mineral nutrients; Tilieto-Aceretum (lime-
-maple stand) on soils richer in humus and nitrogen contents; and Fagetum de-
alpinum on rich rendzina soils overlying limestones.

The soil resource in this vertical zone consists of 50—60 % forest land and
40—50 % agricultural land approximately. The zone may therefore be cha-
racterized as having roughly equal proportions of forest and agricultural soils.

The zone of rusty (brown earth) forest soils extends at
elevations ranging from 700 to 1200 m. Topography of the zone is dissected, of
the highland character, and with greater differences in elevations and more
extensive slopes of various aspects.

As for its climate, the zone receives 900—1200 mm of precipitation an-
nually and the average annual temperatures are 4—6°C. The vegetation is
classed with the fir-beech zone (Abieto-Fagetum).

The soil types that occur in this vertical zone are reprented by rusty
(brown earth) forest soils, and ochre forest soils, chocolate-brown forest soils
and mountain podzol soils are found in islets only. The predominating soil clas-
ses are represented by soils of a lighter cast having the content of clay particles
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between 20 and 30 % (sandy loams), and loams. The skeletal portion (detrital
rock) is larger here, especially in the subsoils. _

The soils are well to very well aerated and have a high porosity and fa-
vourable water regime. The proportion of moderately moist soils is rather high,
70—82 9%. Moreover, there are also moist soils occupying 10—15 % on the
average. This vertical zone has good supplies of water available to vegetation
over the growing season. The water regime shows a fairly balanced pattern dur-
ing the growing season, the variations in soil moisture between the spring and
summer seasons being but small. The soil profiles (top soil layers and sub-
soils) are likewise rather homogenous in their moisture content, the differences
between the upper and lower horizons are small during the growing season.

The soils are acid in reaction and their content of humus in the top soil
layers ranges from 6 to 10 %. The supplies of readily available nutrients (CaO,
K20, P20s) are good. The amount of nitrogen is dependent upon the content
and quality of humus for the most part; mainly the N-NH4 form is represented
in these soils.

Mainly the following phytocoenoses occur in this vertical zone: Fagetum-
-abietino-piceosum (fir-spruce-beech stand) on soils poorer in minerals; Abieto-
-Fagetum (fir-beech stand) on soils richer in minerals; while on soils richer in
humus content and the available forms of nitrogen, phytocoenoses of the types
Fageto-Aceretum  (beech-maple stand) and Fraxineto-Aceretum (ash-maple
stand) are found.

The soil resource of this vertical zcne is characterized by predominance of
forest soils occupying 70—80 %, whereas the portion of agricultural soils is
much lower, about 20—30 % on the average. Accordingly, it is a mountain zo-
ne of forest soils that have a good water regime and a high water-conservation
value.

The zone of chocolate-brown (brown earth) forest
soils extends at elevations between 1100 and 1400 m. Topography of the zone
is mountainous and dissected with an abundance of slopes and various expo-
sures, which affects both the water and temperature regimes. As for the climate,
this zone receives 1000—1300 mm precipitaticn annually and the average an-
nual temperatures are 3—5°C. The vegetation is classed with the spruce-fir-
-beech zone (Fagetum-abietino-piceosum).

Chocolate-brown forest soils represent the major soil type in this vertical
zone. There are also islets of rusty forest soils, mountain pedzol soils and peat
soils. As the major soil classes, there are soils of a lighter character (loamy sands
and sandy loams) having the clay content of 15—30 % on the average, and
loams with the clay content of about 30—40 %. Both these soil classes display
increased contents of detrital rock (gravel), especially in the subsoils.

The soils have a high porosity (65—75 % in the surface layers and 55—
65 % in the subsoils) and very good supplies of water available to forest stands
during the growing scason. Moderately moist soils predominate (53—69 %
areally), while moist soils occupy 20—30 % and wet soils 8—12 %.

Reaction of these soils is acid to strongly acid, the content of humus va-
ries within a range of 8—14 % in the surface layers and 3—6 % in the sub-
soils. Supplies of mineral nutrients are dependent upon chemical make-up of
the soil-forming rocks. A mcderate accumulation of the raw moist humus occurs,
the biological cycling of nutrients is slowed down in the soil - forest stand - soil
system, and so is the mineralization of nitrogen from the humus.
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The following phytocoenoses can be found in this vertical zome: Fagetum-
-abietino-piceosum  (fir-spruce-beech stand), Pineto-Piceetum (pine-spruce
stand), and Piceeto-Abietum (spruce-fir stand) on soils poorer in minerals;
Fageto-Abietum (beech-fir stand) on soils richer in minerals. The humic soils
are mostly under Fageto-Aceretum (beech-maple stand) and Fraxineto-Acere-
tum (ash-maple stand). The phytoccenoses Fageto-Piceetum (beech-spruce
stand) and Pineto-Laricetum (pine-larch stand) are found on rendzina soils
rich in minerals and overlying limestones.

The soil resource in this vertical zone is composed of forest land (95—
100 %) and agricultural land (0—5 %). It is a pronounced zone of mountain
forest soils. _

The zone of mountain podzol soils is found at elevations
950—1800 m; in the Bohemian Upland region (western Czechoslovakia) this
zone occupies areas at elevations between 950 and 1400 m, while in the Car-
pathian region (eastern Czechoslovakia), between 1200 and 1800 m. Topogra-
phy of this zone is distinctly dissected and mountainous.

Climatically, this vertical zone receives a total of 1200—1500 mm preci-
pitation annually and the average annual temperatures are 1—4 °C. The vege-
tation is classed with the spruce and dwarf-pine zones (Piceetum+ Mughetum).

The soil types found in this vertical zone are mountain podzols (ferric,
humus-ferric, and humic), further there are islets of rusty forest soils, peat
soils, and peaty gleys. As for the soil classes, represented are mainly soils of a
lighter character (loamy sands and sandy loams having the content of clay
15—30 %) and loams, these in a lesser extent. Both these soil classes have in-
creased contents of detrital rock, especially in the subsoils.

Porosity of these soils is high, 65—75 % in the surface layers and 55—
65 % in the subsoils; their aeration is very good, and there are very good sup-
plies of water available to forest stands during the growing season. The follow-
ing moisture types occur: moderately moist soils in an area of 38—56 %, moist
soils 30—40 %, wet soils 10—15 %, and waterlogged (peat) soils 4—7 %.

The soils are acid to strongly acid in reaction. Supplies of humus in the
surface soil layers are 10—15 %, whereas those of readily available nutrients
are lower. Accumulation of the moist and acid superficial raw humus is con-
spicuous, the nutrient cycling is slowed down and the mineralization of nitro-
gen from the humus is low.

As for the phytocoenoses found in this vertical zone, Sorbeto-Piceetum (ro-
wan-spruce stand) and Mughetum (dwarf-pine stand) occur on the poorer soils,
Acereto-Piceetum (maple-spruce stand) mainly on the richer soils, and Pineto-
-Laricetum and Mughetum calcicolum (calcareous dwarf-pine stand) on the
rendzina soils overlying limestones.

The soil resource of this vertical zone consists of forest soils (95—100 %)
and agricultural soils (0—5 % ). It is a pronounced zone of mountain forest
soils.

Above the timber line are found the zone of brown and grey subalpine
soils with grassy vegetation.

AVAILABLE NUTRIENTS

The contents of available CaO, K20, and P;Os were determined and stu-
died in the soils of individual vertical zones of soils and forest vegetation.
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Amounts of available CaO duly decrease over the range from the lowlands
to the high mountains. In the top layers of the lowland forest soils the average
amounts of available CaO range from 35 to 90 mg/100 approximately and in
those of the mountain forest soils the average contents of available CaO dimi-
nish to 1—6 mg/100. Accordingly, the surface layers of the mcuntain forest
soils have about 8 —20 times less available CaO than have those of the low-
land forest soils. The differences in the content of available CaO between the
subsoil layers of the lowlands and the high mountains are much larger; the lat-
ter having about 30—50 times less available CaO in their subsoil horizons,
compared to those determined for the lowland forest soils.

Amounts of readily available K2O diminish with rising elevation. In the
top layers of the lowland forest soils the contents of available K:O range from
15 to 30 mg/100 approximately, while in those of the mountain forest soils
(except for the A, horizons) its amounts drop to range from 4 to 10 mg/100.
Thus, the top layers of mountain forest soils have roughly 3—5 times less avail-
able potassium than have those of lowland forest soils. A marked decrease in
the amounts of available potassium with rising elevation could also be detected
for the superficial humus contents; in the lowlands under forest the amounts
of available potassium in the superficial humus range from 26 to 35 mg/100,
whereas in the mountain forest soils its amounts diminish to a range from 8 to
11 mg/100.

Amounts of available phosphoric acid reveal an appreciable decrease with
rising elevation. In the surface layers of the lowland forest soils, phosphorus in
available form is found in amounts ranging from 8 to 15 mg/100 on the ave-
rage, whereas in those of the upland forest soils, from 2 to 7 mg/100 only, which
means roughly 3—5 times less. Contents of available phosphorus likewise indi-
cate a moderate decrease, from 14—18 mg/100 to 9—13 mg/100, for the su-
perficial raw-humus layers with rising elevation.

The values found for readily available nutrients and, in particular, accu-
mulation of these nutrients in the surface soil layers indicate a very good biolo-
gical cycling in the lowland forest soils and a slowed down cycling in the moun-
tain forest soils.

Over a range from the lowlands to the high mountains, the conditions of
available nutrients in the forest soils suggest the following regularities:

1. The amounts of readily available CaO, K20 and P05 tend to di-
minish.

2. The difference in the content of available nutrients between the top soil
layers and the subsoils tends to diminish.

3. The rate of biological nutrient cycling tends to decrease.

The figures for average volues of available nutrients also indicate mutual
proportions of these nutrients in individual vertical zones of soils and forest
vegetation. This is of considerable importance for the recognition of laws that
govern the rate of increment and the production of volume in forest stands b
the vertical zonality. .

The forest soils of lowlands and rolling ground (the oak and oak-beech
zones) have, as a rule, the largest supplies of available CaO, intermediate
supplies of K20 and lowest reserves of P20s (CaO, K0, P,0s).

The top horizons of forest soils at the higher elevations (the beech-fir-
-spruce zone, the spruce zone and the dwarf-pine zone) contain, as a rule, the
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largest supplies of available K20, lower supplies of P205 and lowest reserves
of CaO (K20, P;0s5, CaO).

Interesting regularities could be detected between the contents of available
nutrients and the water regime (instantaneous moisture in the growing seasomn)
by the vertical zonality of soils and forest vegetation:

In the forest soils of lowlands and rolling grounds (the oak and oak-beech
zones) a mnarrower proportion is found between the total content of available
mineral nutrients (CaO + K20 + P20s) and the average instantaneous moisture
content during the summer months.

The top horizons of forest soils in the soil-vegetation zones of higher eleva-
tions (the beech-fir-spruce, spruce, and dwarf-pine zones) possess, as a rule,
wide proportions between the total content of available nutrients and the instanta-
neous moisture content during the summer months.

In general may be said that, with rising elevation, the proportion between
the amounts of available nutrients in the soils and the average instantaneous
moisture content tends to become wider during the summer season.

The relationships between the amounts of available nutrients and the
instantaneous moisture content are of importance for the recognition of nutrition,
or nutrient uptake, by forest stands and thus also for the recognition of the dy-
namics of tree volume production over the year.

THE QUALITY CLASSES OF SPRUCE STANDS IN CZECHOSLOVAKIA
BY THE VERTICAL SOIL ZONALITY

To obtain numerical data on the relationships between the quality classes
of spruce stands and the vertical soil zonality, both existing and earlier working
plans for a number of the Forest Concerns from the Bohemian Upland region,
or the Bohemian Massif, western Czechoslovakia, were made use of.

The rich numerical data gathered in the above way pointed to marked
relationships or correlations existing between the quality classes of spruce stands
and the vertical soil (or climate-soil) zonality.

Here it seems necessary to remark that in completing a valuation of forest
quality classes, the soil qualities are not taken as exclusive criteria. Fundament-
ally, the main indicators are in this case the valuation variables which directly
follow from the stands’ growth. The classification in the present study is done
mostly on the basis of analyses of soil factors.

The spruce stands of quality class (1 and +1) are found in the zomne of
mountain podzol soils, where they occupy 85—98 % in the total of spruce
stands of this vertical zone. The vegetation is classed with the spruce zone (Sor-
beto-Piceetum, Acereto-Piceetum, Fageto-Piceetum).

In the zone of chocolate-brown forest soils the spruce stands of quality
class (1 and +1) share with 65—85 % in the total, those of quality class 2
about 12—20 %, and the crops of quality class 3 with 5—8 % approximately.
The vegetation is classed with the spruce-beech-zone.

In the zone of rusty forest soils, the spruce stands of quality class (1 and
+1) occupy some 40—65 % in the total, those of quality class 2 share with
20—30 % and the ones of quality class 3 with 10—15 %; the still lower quality
classes are represented to lesser extents in the stands. The vegetation is classed.
with the fir-beech zone.
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III. The percentages of quality classes for spruce stands (age class V, age 80—100
Zastoupeni bonitnich tfid smrku v 9, (vékova tiida V, vék 80—100 let) na podkladé

Vertical soil zone Elev?;ion
Brown forest soils of lowlands and rolling ground 200350
Illimeric podzol soils 250—550
Ochre forest soils . 400—900
Rusty forest soils 700—1200
Chocolate-brown soils 1100 —1400
Mountain podzol soils 950—1600

4, Diagram showing the
proportions of quality
classes for spruce stands
(age class V, age 80—
—100 years) by vertical
e, mead s soil zonality in the Bo-
- e=—"quality class 2 hemian Upland region
(Czechoslovakia). —Dia-
= 2 gram poméru bonitnich
i : ilyekssd tiid smrkovych porosti
W« 2 A 4 (vekové tiida V, vek 80
974 Bvé.é, qcl.63 97 100 let) na podkladé
bedll E=—= ! vertikdalni pudni zonali-
| 'ty v deské vyso&iné

In the zone of ochre forest soils, the spruce stands of quality classes 2 and
3 predominate, with a range of 40—60 % and 15—25 %, resp.; proportions
of the spruce crops of quality classes 4 and 5 tend to increase, with a range of
10—15 % and 5—12 %, resp. The vegetation is grouped under the beech zone.

In the zone of illimeric (lessivé) podzol soils (the beech-oak and oak-beech
transition zone), the spruce stands show the following quality classes and repre-
sentations: 2, 32—45 %; 3, 20—30 %; 4, 15—20 %; and 5, 12—15 %. The
proportion of quality classes 6—9 increases to 12—15 %.

In the zone of brown forest soils of lowlands (the oak zone), the spruce
stands consist of material of several quality classes, but the proportion of the
lower quality classes (6—9) is higher in general, ranging from 15 to 20 %
in the total.

SUMMARY

In Czechoslovakia, over the range from the lowlands to the high mountains,
the following sequence of vertical soil zones on silicate rocks can be traced:
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years) by vertical soil zonality in the Bohemian Upland region (Czechoslovakia). —
pudni zonality v ¢eské vysociné

Quality classes of spruce stands in 9,
(age class V — age 80 —100 years)
land +1 | 2 ’ 3 4 | 5 6—9
0 20—30 25-35 15—-25 15—-20 15—20
0 32—45 20—30 15—-20 1215 12—-15
0—-20 40—60 15—-25 10—15 5—-12 3—10
40—65 20—30 10—15 5—10 2—6 0-—3
65—85 12—-20 5—8 0—5 0—2 0
85—98 2—-10 0—-5 0 0 0

1. The zone of semigley and gley soils in the river flats with inundated
forests; 2. the zone of chernozem soils with phytocoenoses of the oak zone
(Quercetum) — elevations 200—300 m; 3. the zone of brown forest soils of
lowlands with phytocoenoses of the oak zone (Quercetum) — elevations 150—
—350 m; 4. the zone of illimeric (lessivé) podzol soils in lowlands
and rolling grounds with phytocoenoses of the oak-beech transition zone
(Querceto-Fagetum) — elevations 250—600 m; 5. the zone of ochre forest soils
with phytocoenoses of the beech zone (Fagetum) — elevations 400—900 m;
6. the zone of rusty forest soils with phytocoenoses of the beech-fir zone (Fa-
geto-Abietum) — elevations 700—1200 m; 7. the zone of chocolate-brown
mountain forest soils with phytocoenoses of the beach-fir-spruce zone (Fageto-
-abieto-Piceetum) — elevations 1200—1500 m; 8. the zone of mountain podzol
soils with phytocoenoses of the spruce and dwarf-pine zones (Piceetum + Mug-
hetum) — elevations 950—1800 m; 9. above the timber line are the zones of
meadow, brown and grey subalpine soils, and still higher, the top zone of
detritus and stones; 10. the zZone of stones — elevations above 2000—2200 m.

Each vertical soil zone, together with its climatic conditions, simultaneously
represents a zone of ecological conditions for the vegetation and fauna (biocoe-
noses) and thus a zone highly important from the standpoint of water con-
servation.

The zones of forest vegetation are then the product of soil and climatic
conditions in individual vertical zones. Structure of the soil cover in the vertical
soil zones is responsible for the different structures of forest phytocoenoses (bio-
coenoses) in individual vertical zones within the ecological conditions.

Over a range from the lowlands to the high mountains, the conditions of
available nutrients in the forest soils suggest the following regularities: 1. The
amounts of readily available CaO, KO, and P20s tend to diminish. 2. The
difference in the content of available nutrients between the top soil layers and
the subsoils tends to diminish. 3. The rate of biological nutrient cycle tends to
decrease.

The abundant numerical data gathered from this study revealed existence
of marked relationship or correlations between the quality classes of spruce
stands and the vertical soil (or climate-soil) zonality.

Here it seems necessary to remark that in completing a valuation of forest
quality clases, the soil qualities are not taken as exclusive criteria. Fundament-
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ally, the main indicators are in this case the valuation variables which directly
follow from the stands’growth. The classification in the present study is done
mostly on the basis of analyses of the soil factors.

Thus, the spruce stands of quality class (1 and +1) are found in the zone
of mountain podzol soils, where they occupy 85—98 % in the total of spruce
stands of this vertical soil (or climato-soil) zone.

In the zone of chocolate-brown forest soils, the spruce stands of quality
class (1 and +1) share with 65—85 %, those of quality class 2 take about
12—20 9% in the total.

In the zone of rusty forest soils, the spruce stands of quality class (1 and
+1) occupy some 40—65 %, those of quality class 2 take 20—30 %, and
the crops of quality class 3 represent some 10—15 % in the total.

In the zone of ochre forest soils, the spruce stands of quality classes 2
and 3 predominate, with a range of 40—60 % and 15—25 %, respectively;
proportions of the spruce stands of quality classes 4 and 5 tend to increase,
with a range of 10—15 % and 5—12 %, respectively, in the total.

In the zone of illimeric (lessivé) podzol soils occur spruce stands of the
following quality classes and representations: 2, 32—45 %; 3, 20—30 %; 4,
15—20 %; and 5, 12—15 % in the total.

In the zone of brown forest soils of lowlands, the spruce stands consist
of material of several quality classes, but the proportion of the lower quality
classes (6—9) is higher in general, ranging from 15 to 20 % in the total.

Received for publication March 8, 1974

Ekologické poméry vyskové pudni pasmitosti ve vztahu k bonitim smrkovych
porostii ¢ceské vysociny

V Ceskoslovensku je na silikdtovych horninich tento sled vySkovych pudnich
pasem (z nizin do hor):

1. Pd4smo pud semiglejovych a glejovych v nivnich rovinach tudolnich fek s luz-
nimi lesy, 2. pdsmo ¢ernozemi (200—300 m) s fytocendézami dubového pasma (Quer-
cetum), 3. pasmo hnédych lesnich pud niZzinnych s fytocenézami dubového péasma
(Quercetum 150—350 m), 4. pasmo niZinnych a pahorkatinnych ilimerickych pod-
zolll (250—600 m) s fytocendézami prechodného pasma dubo-bukového (Querceto-
-Fagetum), 5. pasmo okrovych lesnich ptad (400—900 m) s fytocenézami bukového
pésma (Fagetum), 6. pasmo rezivych lesnich ptd (700—1200 m) s fytocenézami
bukovo-jedlového padsma (Fageto-Abietum), 7. pasmo ¢okolddové hnédych horskych
lesnich pud (1200—1500 m) s fytocendézami bukovo-jedlovo-smrkového pasma (Fa-
geto-abieto-Piceetum), 8. pasmo horskych podzola (950—1800 m) s fytocendézami
smrkového a kledového pasma (Piceetum -+ Mughetum), 9. nad horni hranici jsou
jiz pasma luénich pid hnédych a Sedych subalpinskych, pak vrcholova pasma suti
a skal, 10. pasmo skal ve vy$kach nad 2000—2200 m.

Jednotlivd vy$kovad pludni pasma spolu s poméry klimatickymi predstavuji
vys§kovA pasma ekologickych podminek pro vegetaci a Zivodi§stvo (biocenézy)
a zdroven vyskova pasma velmi dulezitd po strance vodohospodarské.

Produktem pudnich a Kklimatickych pomért jednotlivych vySkovych pésem
jsou pak vegetadni lesni pasma. Struktura plidniho pokryvu vy$kovych pudnich
pasem podminiuje riznou strukturu lesnich fytocenéz (biocendz) v jednotlivych
vy$kovych pasmech v rameci ekologickych pomeért.

Poméry pristupnych Zivin v lesnich pidach od niZin do horskych oblasti vy-
kazuji tyto zdkonitosti: 1. klesani pristupného CaO, K20 a P20s5, 2. zmen$ovani roz-
dilu v obsahu pristupnych Zivin mezi svrchnimi a spodnimi vrstvami pud, 3. sni-
Zovani intenzity biologického kolobéhu zivin.
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- Bohaty éiselny dokumentaéni materidl ukézal vyrazné zavislosti nebo korelace
mezi bonitami smrkovych porosti a vyskovou pudni (resp. klimaticko-ptidni) pés-

Je tfeba poznamenat, Ze pri komplexni taxaéni bonitaci neuvaZuji se jen
vlastnosti pudy. V podstaté jsou v tomto pripadé hlavnimi ukazateli taxaéni veli-
¢iny, jez vyplyvaji pfimo z rustu porostt. Klasifikace v této praci je provedena
prevazné na podkladé rozbort pudnich faktoru.

Smrkové porosty prvni bonity (1 a 1) se nalézaji v pasmu horskych pod-
zolu, kde tvoii 85—98 Y, smrkovych porostli tohoto vy$kového plidniho, resp. kli-
maticko-pudniho pasma.

V pudnim pasmu ¢okolddové hnédych lesnich pid jsou tvofeny smrkové po-
rosty prvni bonitou (1 a +1) ze 65—859,, porosty druhé bonity jsou tu zastou-
peny asi 12—20 9.

V pasmu rezivych lesnich pud jsou tvofeny smrkové porosty prvni bonitou
ze 40—65 9, druhou bonitou z 20—30 9, a tieti bonitou z 10—15 9.

V pasmu okrovych lesnich ptd prevlddaji smrkové porosty druhé bonity (40
az 609, a treti bonity (15—25%) a zvySuje se zastoupeni &tvrté bonity (10—15 %)
a paté bomty (5—129%).

V péasmu ilimerickych podzoli jsou zastoupeny smrkové porosty druhé bonity
32—4509), treti bonity 20—309,, &tvrté bonity 15—209, a paté bonity 12—15 9.

V pasmu hnédych lesnich pid niZin jsou tvorfeny smrkové porosty nékolika
bonitami s celkové zvySenym podilem horSich bonit (6.—9. bonita) v rozmezi 15 az
20 %

SJKONOrHUeCcKHe OTHOIIEHHS BHICOTHOM IIOYBEHHOH 30HANBHOCTH H Kiacca OGOHHTETA
€N0BBIX HACAKAEHHH B OONAaCTH UENICKOH BO3BHIIIEHHOCTH
(3amammas wacts YCCP)

B ofnacru YexocnoBakMu Ha CHJIMKATHEIX TOPHHIX IOPOXaXx MOXHO HabaiomaTe Clenyio-
IIyI0 IOCJeNOBATENbHOCTh NOYBEHHHIX 30H (OT HU3MeHHOCTEHX IO Trop):

1. 30Ha rJleeBHIX M CEMHIJIEEBHIX II0YB B PABHUHHLIX IOJUHAX peK ¥ NOMMEeHHEBIX JIEeCOB;
2. souna uepnozeMoB (200—300 M) c ¢uronmenosamu ny6osoit 30HH (Quercetum); 3. sona
6yphHIX JIeCHBIX TIOYB HU3MEHHHIX ¢ QuroumeHosamu nyGosoi sommr (250—350 M) (Quercetum);
4. 30Ha HHUSMeHHBIX U XOJMHCTHIX MUJIMMepudYecKux mnoxsonos (250—600 M) c¢ $uromenozamu
nepexonHo#t 30HH (6ykoBo-ny6opoit m ny6omo-Gyxosoit) (Querceto-Fagetum); 5. soma oxpo-
Beix JsecHeix mouB (400—900 M) c ¢uromenosamu 6yxosoit sounl (Fagetum); 6) 3oHa pKaBBIX
necHrx mous  (700—1200 M) c ¢uromesosamm Gykoso-muxtosoit somm (Fageto-Abietum);
7. soHa mOKOJanHO-O6yphix ropHbix JjecHeix mous (1200—1500 M) c $uromexHosamm 6yxOBO-
nuxToBo-enopoit soun (Fageto-abieto-Piceetum); 8. soma ropHeix mnoxsonos (950—1800 M)
¢ ¢urTOolleHO3aMH eJOBOM M KOCOCTIaHHMKOBOH 30Hbl (Piceetum + Mughetum); 9. mam xec-
HOM TIpaHMIlel pACHOJAaralTCA 30HHI JYrOBHIX MOYB Oypeix X cephix CybanbmuiicKux, najbe
bepIMMHHAs 30Ha oceimed M ckan; 10. soHa ckan B Beicore Hanm 2000—2200 ™.

OrnensHble BEICOTHBIE IIOYBEHHbIE 30HLI COBMECTHO C KJIMMATHYECKHMH YCJIOBHAMH IIpel-
CTaBJAIOT BHICOTHBIE B0HEI SKOJOTMYECKMX YCJIOBHHl 11 Bererauuu u QayHsl (6HOLEHO3HI)
U ONHOBDEMEHHO BBICOTHEIE 30HEI, O4eHb BaKHEIE C BONOXO3AMCTBEHHON TOYKM 3PEHH.

ITponykTOM NOYBEHHBIX H KJIMMATHYECKHX OTHOWEHHU OTHEJBHBIX BBICOTHEIX 30H HBJAIOTCA
JleCHBIe  BereTaMoHHbIe 30HEL. CTpPYKTypa IIOYBEHHOrO IOKDOBAa BHICOTHEIX IOYBEHHLIX 30H
B CBOIO Ouepenb OfGyciaBiHBaeT pPasHyl0 CTPYKTypy JIECHBIX QHTOLeHO30B (6HOLEHO30B) B OTHENb-
HBIX BBICOTHLIX 30HaX B paMKax SKOJOIMYECKHX OTHOMEHHI.

OTHOmIEHMsA NOCTYNHBIX IHTATeJBHBIX BENIECTB B JIECHEIX IIOYBaX OT HH3MEHHOCTEH IO
TOpHBIX ofjacTeil MOKasLIBAIOT CJEAyIOIyl 3aKoHOMepHOcTh: 1. CHmkerme nocrymmoro CaO,
K20 u P20s5. 2. YMenblueHue pasHULBl B CONEPKAHUM NOCTYNHEIX MUTATENBHBIX BELECTB MEXILy
BePXHUMM M HIKHUMH caoaMu. 3. CHmKeHHe HMHTEHCHBHOCTH GHOJIOTMYECKOTO KpPyTrOBOPOTA
METaTeAbHBIX BEI]ECTB.

BoraTeiii uMCIOBOM MNOKyMEHTAJIbHEIM MaTepuas yKasbiBaeT Ha BRIPDA3UTENBHYID 3aBHCH-
MOCTh HJIM KOPPEJANHIO MeXNy OOHUTeTaMH eJOBbIX HACaKIEHUU M BHICOTHOM IIOYBEHHOU
(9BEHT. KJIMMATHYeCKO-TIOYBEHHOH) 30HAJBHOCTHIO.

Cuenyer OTMeTuTh, YTO IPM KOMIUIEKCHOH TAKCAI[MOHHOM GOHMTHDOBKE YUMTHIBAIOTCA HE
TOJIBKO CBOMCTBAa mO4YBLL. II0 CyljecTBy B INAHHOM CJydae TJAaBHHIMH IIOKA3aTeJsAMH SBJISIOTCH
TaKCAI[MOHHBIE BEJMYMHEI, BHITEKAlONIMe HENOCPeNCTBEHHO M3 pocra HacakneHmit. Kinaccmduxa-
IuA B NaHHOHK paboTe mpoMsBeleHa NpPeMMyIJeCTBEHHO Ha OCHOBE aHAJIM30B IIOYBEHHHIX (PAKTODOB.
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Okologische Verhillinisse der vertikalen Bodenzonalitit und die Bonititsgrade
der Fichtenbestinde im Gebiet Bohmischem Hiigelland (westlicher Teil der
CSSR)

Auf den Silikatgesteinen im Gebiet der Tschechoslowakei kommt diese Folge
vertikaler Bodenzonen vor (von den Niederungen bis ins Gebirge): 1. Zone der
Semigley- und Gleybdden in den Auenebenen der Talfliisse mit den Auenwil-
dern; 2. Zone der Schwarzerden (von 200 bis zu 300 m {i. NN) mit Phytozonosen
der Eichenstufe (Quercetum); 3. Zone brauner Niederungswaldbéden mit Phyto-
zonosen der Eichenstufe (von 150—350m) (Quercetum); 4. Zone der illimerischen
Niederungs- und Hiigellandspodsole (von 250—600m) mit Phytozénosen einer Uber-
gangsbuchen Eichenstufe und Eichen-Buchenstufe (Querceto-Fagetum); 5. Zone der
Ockerfarbigen Waldbéden (von 400—900m) mit Phytozonosen einer Buchenstufe
(Fagetum); 6. Zone der Rostfarbigen Waldbdden (von 700—1200m) mit Phytozo-
nosen der Buchen-Tannenstufe (Fageto-Abietum); 7. Zone der Schokoladenbrau-
nen Gebirgswaldbdden (von 1200—1500m) mit Phytozonosen der Buchen-Tannen-
-Fichtenstufe (Fageto-abieto-Piceetum); 8. Zone der Gebirgspodsole (von 950—1800m)
~mit Phytozénosen der Fichten- und Latschenstufe (Piceetum -}~ Mughetum); 9. Ober-

halb der Waldgrenze kommen schon die Zonen der braunen und grauen subalpi-
nen Wiesenboden vor, ferner dann das Gipfelgebiet von Schutz und Felsen; 10.
Felsenzone in den Héhenlagen von iiber 2000—2200 m 4. NN.

Die einzelnen vertikalen Bodenzonen mit den klimatischen Verhiltnisser
stellen die vertikalen Zonen der o6kologischen Bedingungen fiir die Vegetation und
Tierwelt (Biozonosen) sowie auch wasserwirtschaftlich sehr wichtige vertikale Zo-
nen dar.

Ein Produkt der Boden- und Klimaverhiltnisse der einzelnen vertikalen Zo-
nen sind dann die Waldvegetationsstufen. Die Struktur der Bodendecke von' ver-
tikalen Bodenzonen bedingt dann eine unterschiedliche Struktur von Waldphyto-
zonosen (Biozonosen) in den einzelnen vertikalen Zonen im Rahmen der o&kologi-
schen Bedingungen.

Die Verhiltnisse der aufnehmbaren Néahrstoffe in den Waldbdden weisen
von den Niederungen ab bis in die Gebirgsgebiete folgende GesetzmifBigkeiten auf:
1. Sinken des CaO-, K20-, P20s5- Gehaltes. 2. Verminderung der Unterschiede im
Gehalt an aufnehmbaren Néahrstoffen zwischen den oberen und unteren Boden-
schichten. 3. Verminderung der Intensitit des biologischen N&hrstoffkreislaufs.

The author’s address:
Prof. Dr. Ing. Josef Pelisek, DrSec., lesnicka fakulta VSZ, Brno
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M. Dejmek A CONTRIBUTION TO THE DEVELOPMENT
OF AN AUTOMATED METHOD
OF INFORMATION SYSTEM ANALYSIS

Further improvement and perfectioning of the existing information systems,
without which modern business management is simply unthinkable, has come
to the focus of attention of virtually all sectors of our national economy.

The above problem had to be attached also by the staff of the Forestry and
Game Management Research Institute, Strnady, when working on the research
project ,Analysis of Economic Information Systems for Czechoslovak State
Forests“, the objective of which was to develop a suitable economic information
system based on computer processing, that would provide a reliable background
for a better decision-making and management of forestry operations on a nation-
-wide level.

The steps leading to the final solution were as follows: description of the
information system, analysis of the information system, and design of a new
system on a pre-project level.

Considerable comprehensiveness of the problem, i.e. thousands of partial
processings, a variety of interior and exterior relationships, characteristics of
partial processing parameters and information made it mecessary to develop
simultaneously with the on-going work on the project, and hand in hand with
some other organizations, a comprehensive automated method for the analysis
and synthesis of information systems (Palla, Hiebidek, Dejmek
1973).

Of the whole project, the Forestry and Game Management Research Insti-
tute’s staff worked methodically on the following sub-projects:

1. Data collection for description of the information system,
2. Automated development of the matrix model of the information system,
3. Analysis of parameters and relationships of the information system.

The highly taxing programming-analytical processing was performed by
the staff and undergraduates of the Computer Centre, Prague School of Econo-
mics. The respective programs are in ALGOL 4120, the computer used was
NCR ELLIOTT 4120, Prague School of Economics; those who are interested
may obtain programs from the above institution.

DESCRIPTION OF METHODS FOR REPRESENTATION OF INFORMATION
SYSTEMS

In the system amalysis, adequate description of a system under study is

of paramount importance, and in relation to the information systems, several
methods heve been developed:
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1. Network representation of information system models. This approach
is based on the theory of graphs, and has been applied to represent graphically
the sequential processes (Cermnjak 1968).

2. System representation utilizing information storage and retrieval tech-
nique, e. g. the AFIS method (Smréina 1972).

3. Representation of relationship hierarchy between media and information,
and their searching using a bill of material processor BOMP, e. g. the ADIS
method (C4p 1971).

4. An interesting approach to representation of the information systems is
the technique based on concrete information (contrary to the type of information
used in the abovedescribed systems). Also in this case, a graph is used for ba-
sic representation, yet in the graph nodes are stored the simulated concrete data
of specified information types (Huggins 1960). Here belong for instance
the automated methods like MODS (Hir$§ 1971), and UNIS, simulating the
data base (Mildcéek 1971).

5. Among the projected representation forms of information systems may
be included the models described in the problem oriented non-algorithmic sys-
tem languages of economic information, e. g. in the SJAIN language, developed
by the Central Institute of Economics and Mathematics, Soviet Academy of
Sciences (Kruglikov, Sajenko 1970).

A SHORT DESCRIPTION OF THE METHOD USED

The development of an automated method for the analysis and synthesis
of information systems is based on the relationship between directed graphs
and matrices (Hfebidek 1969). The information system in question
would be represented as a graph the nodes of which are the partial processings
(transformations of input to output information), and on the edges of which
are defined the information media (information vectors), and the time of their
transport. '

Cycleand term

L "
}hformction carrier (medium
- transport relcigient organization
. ace
L organization place of sender s?eritql Pumber of
| serial number of partial processing POEKi PTAGESSING
L activity - e
I method,technique medium type
r character 1. Elementary partial process-
~ form _ ings relationship. — Elemen-
elementary function tarmi vztah diléich zpracovani

Individual partial processing would be identified on the basis of classi-
fication, relation, and causal analyses of the respective information system,
each partial processing being characterized in greater detail by its parameters,
e. g. by the activity class of the function sub-system, cycle and term of process-
ing, method of management, processing technique, nature and form of processing,
and name of the elementary function of the working regulations.
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In practical application, the information system analysis would be greatly
simplified when using its matrix form enabling employment of automated alge-
braic methods.

The basic element of the information system model in the approach sub-
mitted adopted is the relationship between the partial processings, represented
by information connection. This relationship is pictured, along with the respec-
tive parameters, in Fig. 1.

DATA COLLECTION FOR DESCRIPTION OF THE INFORMATION SYSTEM

The method of data collection, which is being developed, is oriented on
the matrix form representation of the information system to be studied. It con-
sists of two phases:

— inventory and description of information carriers (media), and the
storage of their items in the form of a file of data base,
— automated formation of inputs records of the matrix model.

INVENTORY AND DESCRIPTION OF MEDIA

This is a preparatory phase, in the course of which the (information) me-
dia would be collected, i. e. form of standard series, and non-standard ones,
also the available oral information and communication would be recorded, etc.
All media would be identified this way, semantic duplications would be removed,
the respective medium characteristics would be classified (medium type, its va-
lidity and obligatory), and each medium would be entered in a medium master
file sheet (see Fig. 2).

. . Medium
; 3 Formalized Current Medium L33
Identification No. < % validity
medium name | medium name type and obligatory
Number of
characters
4 21 40 1 1
2. Medium Master file sheet. — Formuldai matriéniho souboru nositeli informaci

Identification number would be assigned according to a group-serial key
of code, preferably on the basis of function sub-systems.

Formalized name would be formed from the main name prescribed by the
syntax: subject, verb, object, adverb of mode, place, and time, respectively.

Current name would be taken from the respective form name or, it would
be standardized.

Medium type, its validity and obligatory would be coded in accordance
with the adopted code of the information system.

The master file would be handled like other data base files, i. e. it would
be read, cleared (in our particular case according to alphabetiz sequence of for-
malized names), and stored in the external computer memory. The file may be
changed when necessary.

LESNICTVI - 19711 803



The medium master file would be prepared invariably by a staff member
of the executive agency.

AUTOMATED FORMATION OF INPUT RECORDS FOR THE MATRIX MODEL

This phase follows the survey of the information system used by the stu-
died organization. The results of the survey, i. e. identified partial processings,
along with their characteristic values, and identified information relationships
would be entered in a Partial processing and information sheet. Each indvidual
partial processing will have its own sheet, and it will be taken as a block of the
final output, of the necessary inputs, and/or non-final outputs, respectively.
Such a sheet, in the modification of the Prague School of Economics, may be
seen in Fig. 3.

The partial processing sheets would be first ordered by the analyst on the
basis of their time and subject matter relationships, and thereafter would they
be punched. Also direct input of the above sheets into a computer was studied,
yet since there is no suitable device in this country to do the job (which could
be done e. g. by the IBM Optical Page Reader 1288, scanning also the hand-
-written data), the partial processing sheet was not considered as a record for
direct reading, which might be of course very advantageous.

After introduction of the partial processing sheet data, the compupter ma-
kes automatically the records of partial processing blocks, and the data entered
in the sheets are being completed with those of the medium master file according
to the program. Other data prescribed would be given on the basis of program
statements.

The symbols characterizing recording of different relationships are given
in Tab. L

The records would be then printed, by the respective partial processing
blocks, as follows:

1 — Check Copy of Records

The records would then undergo a standard system of formal and logical
controls and corrections, and the errors found would be removed on the basis

of a
2 — List of Errors of Records
by a special repair computer job.

AUTOMATED INFORMATION SYSTEM MATRIX MODEL COMPUTATION

Automated information system matrix model computation proceeds in three
successive steps, namely

— transfer relationship consistence test,
— development of fictitious relationships,
— development of matrix model input records.

THE TRANSFER RELATIONSHIP CONSISTENCE TEST

A check of the transfer relationship consistence is based on the conclusion

that
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3. Partial processing and information sheet. — Zaznamovy list diléich zpracovani

Block X B State Forest Directorate: Teplice
= a informaci State Forest Farm: Dubi
oot Department: Sales Dept. Head
Organization place Activity
Name I b Name c Decision making method Computing technique | Character Form
Sales Dept. Head l 0]3/5/0[1 Check 1|7|2]2 I Name d | Name e | Name f | Name
None 0 | None 0 0| None 0
Description of partial processing Togic 1| Manual 1 | Decision disposit. | 1 | Fact-finding 1
Check of delivery receipt LM 04 Lin. progr. 2 | Small mech. 2 | Decisionapprov. |2 | Adjustment 2
3 | Medi. mech. 3| Indep. rout. 3 | Conversion 3
4 Great mech. T Mecch, rout. T Merging 4
- Network, analysis 5| Automation 5 Num, transf. 5
Struct. analysis 6 & Summarisation 6
Cycle and term d; | Elementary function . 7 T Comparison g
Name h || ch i Name i Mat. stat. 8 8 Examination 8
Daily 6 || 21 || olojojo | Check 70j0| Other 9 9 Other 9
Input information | Sender of input information | Cycle and term ) Transport
Name k 1| Name m | n | o Name P q r Name s
Delivery receipt LM 04 |7|6]5 1| Transport Head ojolsjoj1 ||y ( | | 111
Number code key KMV 6loj5 || 1| own opislop [y [ 2| ¢ || 39 | Daily 6 [| 2/t || ojojo | Personally 1
Transport distance alloc, 1832 || 1| Own opislon [ | 2| (|| 41 | Daily 6 || 2/t || olojojo | Personally 1
e L[] [ I B
INIE b [ {1
HEIE LD ( | | 11
[ ] LD ( | | [ 11
Output information Recciver of output information Transport
Name t u v Name w X y Name z
Delivery receipt LM 04 el |[o[[> [VI(| Own EEIE ( | | Personally 1
el ¢ IR B
- (el ¢ L b
L[] |« b
I ||| |« INRREEIE
(Lo [« L ]
(ol ¢ D [l [1]
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I. List of symbols for records computation. — Prehled symboll pro vytvareni zaznamu

Record column
1/2|3|4|5|6|7|8|9]|10|11|12|13 14 15(16| 1718|1920 Note
Relationship type
Reality *) for each i-th
— Block¥*) Pmloflc |plgft Kk |b|OP|d|s Kl |f |g |a |j |K [P | medium,:-thsheet
Hnvivonset of the same block
‘g‘ — Block Plmlo |Olp |g!lr Kk |e b Ol [Os [KO|O Ojja OK]IO
K| Storage
— Block PmP Olplg|r Kk e b Ofc OO©O]|WO]|WO|O]|] O|KIHKWO
Block
— Block PmO|OOO[OIK|k [e |b Of]c OO|OO]|O[Offa |O|K]|O
Block
— Block Pb Ofc h|chli K|t [u 'w|OO]|d |z Kie [f |g |a |j |K|P
5 | Block
§—Storage Pb Ol |h |chii K|t Ju |[w|P O|d |z Kile |f |g |a |i |[K|P
Block
=] — Environment Pb |Ojc |h |chli Kt Ju [wl|y [O]|d [z Kl |f |g [a |j K |P
B
5 Block
= | — Block Pib Olc hilhli Kit lu w O OOz [K|O|O|Oja |O K|
E
% | Block
o | — Block Pl Ol |h |chlfi K|t ju [w [P OOz KOO0} J |O KO
g Block
— Environment P b Olc |h |chfli Kt ju wily [O Oz KOO O}l [O|K|O
Legend: a—z ...... data set from the record lists, spaces denoted a—z
L program-set data
) program-set data from the medium master file

*) in order to record the activity of data collection from reality



— any block transfer output must have within a given information system
a corresponding transfer input of a subsequent block (pair-block);

— this rule may be checked using the method of information searching
according to key;

— any disturbance of the transfer relationship consistence must be disco-
vered, printed, identified as to its nature, and/or removed.

The method of information searching according to key (associative
searching) is based on the principle that when looking for a certain infermation,
we need not know in which cell of the computer memory it is stored. The ad-
dress of the storage cell containing the desired information does not result from
the program, but that particular storage cell is going to be found, the contents
of which corresponds with some earlier known key. Comnsequently, the address
where a certain information is stored is given by the respective inform-
ation itself or by its part — keys (Krajzmer, Matjuchin, Major-
kin 1971).

In the transfer relationship consistence testing, the following key-words
would be used as key-bytes:

2 — Organization place (of the sender)
8,9,10 — Medium
11 — Organization place (of the recipient)

All records of the model enter into the transfer relationship consistence
test, and the objective is to assess their transition levels, and to find out their
corresponding pair records. The records having no pair counterparts would be
printed as follows:

3 — List of Errors in Pair Relationships

On the basis of this list, the errors within the model would be identified,
and according to their nature they would be either removed or left unchanged.
The repairs would be recorded in line with the rules of repair job, and would
be effected by the same repair procedure.

DEVELOPMENT OF FICTITIOUS RELATIONSHI?S

Fictitious partial processing and edges that must be introduced in some in-
stances to obtain a satisfactory matrix model may be made by the computer.
The idea is that fictitious relationship must be formally introduced in those ca-
ses when at least two different media enter a partial processing, and result from
it (leave it) at least two different media, of which at least one is identical with
one of the entering (input) media’).

One of the alternative designs and functioning of fictitious nodes and ed-
ges is represented schematically in Fig. 4.

The fictitious nodes are marked with the respective partial processing

numbers
900 > d; = 700

and the fictitious edges are represented by broken lines.

1) At present, the program produces fictitious relationships in those instances when
at least two different media are put out of a single partial processing, while at
least one medium identical with some of the output-media is put in.

806 1rEsNICTVI — 1974



4, Computation and function
of fictitious relationships. —
Tvorba a funkce fiktivnich
vazeb

A

- 5
A A

AS01

Block model

AT A
a ib

Network model

oo

4

P ¢ ’
33"_@'3 \_

A902

Automated computation of ficti-
tious nodes and relationships proceeds
according to a general flow chart
pictured in Fig. 5.

The data content of records with
computed fictitious nodes and that of
fictitious records would be computer-
-counted and filled according to
Tab. II.

DEVELOPMENT OF INPUT RECORDS
FOR THE MATRIX MODEL

After the making and completion
of fictitious nodes and records, a full
record set would be obtained which
would be processed by the computer
into the input records of the matrix
model.

The program invcolves first the
testing of relationship transiticn levels,
and then follows two different ways:

— in the non-transition records
fills the blank spaces of partial pro-
cessings with the block numbers,

— in the transition records, pair-
-records would be sought in line with
the relationship consistence test pro-
gram, and the block numbers wculd
be again set in the partial data pro-
cessings according to the respective
algorithm.

The pair records would be mer-
ged in one record by transferring the

[P (g’ 901 902
C @

Read first organization
place

—

1=uJ

J... Block number

Test fictitious
relationship condition

Fict.relationship
condition satistied ?

# (" End of or
place

Q’QH.

Ininput records set
fictitious nodes
numbers in partial
processing words
of recipient

3

Compute fictitious
input records

i

In output records set
fictitious nodes
—] numbersin partiai
processing wor~
of sender

5. Generalized flow chart of fictious re-
lationship computation. — Hrubé blo-
kové schéma tvorby fiktivnich vazeb
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input record data to the output, and the input record in question would be
cancelled. The partial data processings would be linked this way.

II. Table for computation of fictitious nodes and edges. — Tabulka pro vypocet
di—dj System d; Activity _ES;SX; Medium | System
Output

g Record
el 2 3 4 5—7 8—10 11
700—1 "X 700 0 X X X
Output 700—902 X 700 0 X X X
700—Ok X 700 0 X X X
| 901—700 X X 0 X X X
700—1 X 700 0 X X X
Toput 1700 X 0 0 0 X X
Ok—700 X X 0 X X X

I11I. Check copy of records — Example of list No. 1. — Vzor sestavy é 1 — Kontrolni

1 — Punch card check copy (items copy)

ﬁ g z2 Cycle + Medium g

: 8 = Term 8

0 n - 8 17
® | & | A & & )
1 2 3 4 5 | 6 | 7 8 | 9 | 10 11 12

Organization place .
Supply Dept Head  State Forest Farm 03501

3 00501| 000 0000 0 00 0000 2 0765 1 03501 000

5 03501, 939 0000 6 21 0000 4 0605 1 03501 000

7 03501 941 0000 6 21 0000 4 1834 1 03501 000

9 03501 000 1722 6 21 0000 2 0765 0 03501 000
11 00501| 000 0000 0 00 0000 2 0766 1 03501 000
13 03501 939 0000 6 21 0000 4 0605 1 03501 000
15 03501| 941 0000 6 21 0000 4 1834 1 03501 000
17 03501, 000 1722 6 21 0000 2 0766 0 03501 000
19 35010 000 0000 0 00 0000 2 0765 1 03501 000
21 03501} 000 0000 0 00 0000 2 0766 1 03501 000
23 03501| 000 1681 6 21 0000 4 1885 0 03501 000
25 35628 000 0000 0 00 0000 2 1688 1 03501 000
27 03501 943 0000 6 21 0000 3 1668 1 03501 000
29 03501| 945 0000 6 21 0000 3 1811 1 03501 000
31 03501, 000 1657 6 21 0000 3 1668 0 03501 944
33 03501| 000 1657 6 21 000 2 1688 0 03501 000
35 03501 000 0000 0 00 0000 2 1688 1 03501 000
37 03501| 939 0000 6 21 0000 3 1947 1 03501 000
39 03501| 947 0000 6 21 0000 3 1751 1 03501 000
41 03501 000 3761 6 21 0000 2 1688 0 03501 000
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From this program, the generalized flow chart of which is pictured in Fig. 6,
result the input records of the information system matrix model.

fiktivnich uzld a hran

Acti- ME + TE Block | ELF | ABC| ABC
4 |Vity | MR TR DN vyt | Character | Form| "\ " "CR |media|ELFCE
12 13 14 15 16 17 18 19 20
0 0 X 1 X X X X X X X X
X 0 0 1 X 0 0 0 X 0 X 0
X 0 0 X X 0 0 0 X 0 X 0
700 0 0 X X X 0 0 X 0 X 0
1 0 0 1 X 0 0 0 X 0 X 0
700 0 0 0 0 0 0 0 X 0 X X
700 0 0 X X 0 0 0 X 0 X 0
opis zaznamu
g B Medium and function name
= + g o} 43
I3} s 5 2 ~
< p @ 7 m o
13 14 15 16 17 18 19
1722 | 0000 0 000 | 001 000 Delivery receipt LM04
1722 | 0121 0 000 001 000 Number code key EMV
1722 | 0141 0 000 | o001 000 | Transport distance
0000 | 1131 3 347 | 001 | 700 | Delivery receipt LM04 —CHE
1722 | 0000 0 000 | 002 | 000 | Delivery receipt LMO05
1722 | 0121 0 000 | 002 | 000 | Number code key EMV
1722 | 0141 0 000 | 002 | 000 | Transport distance
0000 | 1131 3 347 | 002 701 Delivery receipt LM05 —CHE
1681 | 0000 0 000 | 003 | 000 | Delivery receipt LM04
1681 | 0000 0 000 i 003 | 000 | Delivery receipt LMO05
0000 | 1121 4 346 003 300 Stock total from L.M04, LMO05 —PRF
3761 | 0000 0 000 | 004 | 000 | Invoice
3761 | 0131 0 000 | 004 | 000 | Record of supply orders
3761 | 0121 0 000 | 004 | 000 Supply orders
0000 | 1121 4 346 004 500 Record of supply orders —EVD
0000 | 0120 0 000 004 000 Invoice
3761 | 0000 0 600 | 005 | 000 | Invoice
3761 | 0121 0 000 | 005 | 000 | Codenumbers
3761 | 0121 0 000 005 000 Invoice draft
0000 | 1121 3 347 | 005 | 702 | Invoice —CHE
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Generalized flow

The input records would be both stored for the purpose of further automated
processing, and printed in the form of a list:

4 — Matrix Model by Organization Places
to be used by the analyst.

ANALYSIS OF PARAMETERS AND RELATIONSHIP OF THE INFORMATION

SYSTEM

In line with the present methodological approach to design of automated
management systems, an analysis of the information system constitutes a part
of the so-called pre-project phase.
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The first analytical step performed on the model of the information system
is an analysis of its parameters and relationships. This analysis makes it pos-
sible to entirely classify, learn, and examine the basic characteristics of the in-
formation system studied, as well as their interrlationships, features, and com-
mon qualities. On this basis, its subsystems may be judged, and the central ele-
ment of the system may be identified at which the subsequent analytical steps will
be aimed, i. e. a thorough functional analysis, and design of a new information
system.

It should be pointed out that automation of the analytical operations in-
volved in the developing method is at the moment confined essentially to auto-
mated processing of background data for the analysis proper, while automated
design of an optimum system has not yet been attempted.

The background data for analysis, representing a basis for the design of
an automated information system, are as follows:

— analysis of partial processing frequency,
— analysis of relationship frequency,
— analysis of qualitative parameters of partial processings

IV. List of errors of records. Example of list No. 2. — Vzor sestavy ¢. 2. — Kontrolni
sestava chyb zaznamu

2 — Check list of punch card (items) errors

In record No. 33 is zero value in item

In record No. 51 is zero value in item 7
In record No. 59 is zero value in item

In block No. 5 is error in result output information

To output record No. 103 no input record was found

In record No. 169 is zero value in item 7
In block No. 5 is output information missing

ANALYSIS OF PARTIAL DATA PROCESSING FREQUENCY

To carry out an analysis of partial processing frequency, the following lists
were computed:

— Analysis of partial data processing frequency relating to individual bu-
siness operations. The list provides an information on the number of partial
processing on different business operation pattern levels, and through a rela-
tive comparison of individual data we arrive at conclusions regarding balanced
or imbalanced business operations in general.

— Analysis of partial processing frequency relating to specified jobs and
departments, and the list provides again a picture of the partial processing dis-
tribution, this time relating to organization places (functions, divisions, depart-
ments, etc.). A comparison of relative data is important in the judgement of ac-
tivities and responsibilities of individual organization places.
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V. List of errors in pair relationships — Example of list No. 3. — Vzor sestavy ¢. 3
Check list of errors in pair relationships

S

Z g E Cycle + Term Medium g

S 2 | i 8 &

£ | & | A < & a
1 2 3 4 5 6 | 7 8 | 9 | 10 11 12
3. | 00501 000 [ 0000 0 | 00 |0000| 2 |[0765| 1 | 03501 | 000
9 | 03501 000 | 1722 6 | 21 |0000| 2 |0765| O | 03501 | 000
11 | 00501 000 | 0000 0 | 00 |0000| 2 |0766| 1 | 03501 | 000
19 | 35010 000 | 0000 0 | 00 |0000| 2 [0765| 1 | 03501 | 000
23 | 03501 000 | 1681 6 | 21 |0000| 4 |1885| 0 | 03501 | 000
41 | 03501 000 | 3761 6 | 21 |0000| 2 |1688| 0 | 03501 | 000
53 | 35628/ 000 | 0000 0 | 00 |0000| 4 |1924| 1 | 35601 | 702
55 | 35601 000 | 1676 6 | 21 |0000| 3 |178 | 0 | 35627 | 000
65 | 35601 000 | 1671 5 | 25 |0500| 4 |1925| 0 | 36901 | 000
73 | 35628 000 | 0000 0 | 00 |0000| 4 |0969 | 1 | 35601 | 000
77 | 35601 000 | 1684 5 | 41 [2000| 2 [1909| 0 | 87000 | 000
79 | 35601 000 | 1684 5 | 41 |2000| 2 |1909 | 0 | 35601 | 000
85 | 35628 000 | 0000 0 [ 00 |0000| 2 |1692| 1 | 35625 | 000
87 | 35628 000 | 0000 0 [ 00 |0000| 3 |1714| 1 | 35625 | 000
113 | 35625 703 | 1657 5 | 41 |3000| 3 |1813| 0 | 35625 | 000
125 | 35625 701 | 1657 5 | 41 3000 1 |1759| 0 | 35625 | 000
133 | 35628/ 000 | 3762 6 | 21 |0000| 2 |1693| O | 03501 | 000
135 | 35628/ 000 | 3762 6 | 21 |0000| 2 |1693| O | 03271 | 000
137 | 35601] 000 | 0000 0 | 00 |0000| 3 |1784| 1 | 35628 | 000
171 | 35628/ 000 | 3762 6 | 21 |0000| 3 |1670| O | 35628 | 000

ANALYSIS OF RELATIONSHIP FREQUENCY

The analysis of relationship frequency provides the following information:

— Analysis of business activity relationships.

The list contains the respective relationship frequencies (on the basis of
information exchange) between individual business activity levels, and it per-
mits us to study the relative closed or open nature of individual business activi-
ties, the relationship between the business activity classes and the so-called bu-
siness agenda, and the extent to which is the existing business agenda division
justified from the viewpoint of the system.

— Analysis of organization place relationships

This list provides a review of the information relationship frequency (in-
formation exchange) existing among individual organization places (functions
and departments) on different management levels. This gives us a tool to study
how far are the individual departments or management posts closed or open with
regard to communication among them, and to compare this with the need of
minimum external interaction.

— Amalysis of business activity and organization place relationships

This list provides a picture of the information relationship frequency be-
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" — Kontrolni sestava chyb v parovych vazbach

Page 1
2 = Medium and function name
0tz | E|2 |5
< = &} i1 =2 m
13 14 15 16 17 18 19
1722 | 0000 0 000 | 001 000 | Delivery receipt LM04
0000 | 1131 3 347 | 001 700 | Delivery receipt LM04
1722 | 0000 0 000 | 002 | 000 | Delivery receipt LMO05
1681 | 0000 0 000 | 003 | 000 | Delivery receipt LM04
0000 | 1121 4 346 | 003 | 300 | Stock total from LMO04, LMO05
0000 | 1121 3 347 005 702 Invoice
1676 | 0000 0 000 002 000 Delivery record
0000 | 1111 1 348 002 100 | Management instructions
0000 | 8162 4 346 | 003 | 300 | Delivery record (%
1684 | 0000 0 000 | 005 | 000 | Monthly forest production delivery record
0000 | 1461 4 347 005 700 Monthly forest production delivery record
0000 | 1161 4 347 005 700 Monthly forest production delivery record
3671 | 0000 0 000 | 001 000 Invoice according to loading list Cards L-55
3671 | 0000 0 000 001 000 .
0000 | 0120 0 000 | 003 | 000 | Export delivery order
0000 | 0120 0 000 | 005 | 000 | Order
0000 | 1433 4 345 | 001 300 Invoice for un-delivered timber
0000 | 1433 4 345 001 300 Invoice for un-delivered timber
3762 | 0000 0 000 | 002 | 000 | Invoicing data
0000 | 1121 4 346 005 303 Invoice recording

tween the business activity classes and organization places (divisions, func-
tions) on different management levels. It represents a tool to follow the orga-
nizational attachment of business activities, and the parts played by individual
departments and divisions in the management and administration business acti-
vities.

ANALYSIS OF QUALITATIVE PARAMETERS

The analysis of qualitative parameters of partial processings provides the
lists on the partial processing shares for specified parameters in the management
and administration objective classes, and the most important lists of this type
are as follows:

— Analysis of partial processing periodicity

The list is derived from the cycle and terms of partial processing, and it
draws attention of the analyst to activities of higher periodicity, i. e. more im-
portant from the view-point of automated management system designs.

— Analysis of partial data processing types

This list informs both on the share of individual data processing types in
the respective classes of management and administration objectives, and on the
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VI. Matrix model by organization places — Example of list No. 4. — Vzor sestavy
Matrix model by organization subsysteme

:2 g g Cycle 4 Term Medium g
3} b7 g @

% | & | A & & )
1 2 3 4 5 |6 | 7 8 | 9 | 10 11 12
141 35628/ 903 0000 6 21 0000 3 1811 1 35628 003
143 35628 905 0000 6 21 0000 1 1840 1 35628 003
145 35628 907 0000 6 21 0000 2 0004 1 35628 003
151 35628 003 3762 6 21 0000 2 1688 0 99016 004
157 35628, 907 0000 6 21 0000 2 0004 1 35628 004
159 35628 909 0000 6 21 0000 3 1784 1 35628 004
161 35628 911 0000 6 21 0000 1 1840 1 35628 004
163 35628 004 3762 6 21 0000 2 1688 | © 0 35628 914
166 35628 702 0000 0 00 0000 2 1688 1 35628 005
167 35628 915 0000 6 21 0000 3 1670 1 35628 005
17 03501| 003 0000 0 00 0000 2 0766 | 0 03501 003
25 35628 003 3762 6 21 0000 2 1688 1 03501 003
33 03501 701 0000 0 00 0000 2 1688 0 03501 005
57 35601 002 0000 0 00 | 0000 3 1785 0 35625 002
59 35601| 702 0000 0 00 0000 4 1924 0 35601 703
67 35601 703 0000 0 00 0000 4 1924 0 35601 004
101 35625/ 003 0000 0 00 0000 3 1813 0 35625 703
103 35625 701 0000 0 00 0000 1 1760 0 35625 702
111 35625/ 702 0000 0 00 0000 1 1760 0 35625 004
139 35628 003 0000 0 00 0000 3 1784 0 35628 003
153 35628 004 0000 0 00 0000 2 1688 0 35628 004
165 35628, 005 3762 6 21 Q0000 2 1688 1 35628 005

other hand, in its columns are entered the shares of individual management and
administration objective classes in the respective partial processing type groups.
So far greatest attention has been paid to the field of routine partial processing,
yet the proportion of decision-making partial data processings may be more
closely specified by way of automation, and it is here where the computer tech-
niques may be used on a much greater scale.

The other analytical list — analysis of management methods, medium ty-
pes, computer technique, and partial processing form may be made upon re-
quest. These will be useful particularly in the information systems- in which
the qualitative parameters listed above feature a more variable pattern.

CONCLUSIONS

In this paper an attempt hase been made to describe the procedures in-
volved in an automated method of information system analysis and synthesis,
as developed by the Forestry and Game Management Research Institute, Strna-
dy, in the process of work on the research project “Analysis of Economic Infor-
mation Systems for Czechoslovak State Forests'.
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~ €. 4 — maticovy model podle organizaénich mist

Page 2
z & i Medium and function name
F 5|z B2 |G
< = &} i1 A m
13 14 15 16 17 18 19
3762 | 0133 0 000 | 003 | 000 | Delivery order
3762 | 0123 0 000 | 003 | 000 | Tax rates
3762 | 0123 0 000 [ 003 000 | Price list
0000 | 1433 4 345 | 003 | 302 | Invoice
3762 | 0121 0 000 | 004 | 000 | Price lists
3762 | 0131 0 000 004 | 000 Invoicing data
3762 | 0121 0 000 | 004 | 000 | Tax rates
0000 | 1131 4 347 004 700 Checked invoice
3762 | 0000 0 000 | 005 | 000 | Invoice
3762 | 0121 0 000 [ 005 | 000 | Invoice record
0000 | 0000 0 000 | 003 | 000 | Delivery receipt LMO05
3761 | 1433 4 345 003 302 Invoice
0000 | 0000 0 000 | 005 | 000 Invoice
0000 | 0000 0 000 | 002 | 000 | Management instructions
0000 ; 0000 0 000 | 003 | 000 | Delivery record
0000 | 0000 0 000 004 | 000 Delivery record graph
0000 | 0000 0 000 | 003 | 000 | Delivery instruction exp.
0000 | 0000 0 000 | 003 | 000 | Export order
0000 | 0000 0 000 | 004 | 000 | Export order
0000 | 0000 0 000 003 000 Invoicing data
0000 | 0000 0 000 | 004 | 000 Invoice
3762 | 0120 0 000 | 005 | 000 | Invoice

The subject matter may be divided essentially in two problem areas:

— The first objective was to develop by way of automation an information
system matrix model with formal and logic check, and with a test of consistence
of transfer relationships.

— The second objective was to develop a method of automated processing

of data for the first phase of information system analysis — analysis of its pa-
rameters and relationships. The results of this phase — definition of the sub-
system contents, and choice of the central system element, — serve along with

a detailed description of the model as a basis for further detailed analytic and
synthetic work.

The method was used by the Strnady Forestry and Game Management
Research Institute in the first stage of analysis of the information system as
practised by the Czechoslovak State Forests. The method enabled to chose and
to justify on the basis of statistical evidence a central element of the business
information system — management information system. Its detailed description
served as a basis for:

LESNICTVI — 1974 815



functional analysis of the management information system,

design of an automated management information system,

estimating the impact of the changes proposed on the present information
system.

To meet the objectives of this second phase of research, other methods of
analysis and partly also synthesis were developed, and their improvement and
perfectioning has been under way.
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Prispévek k tvorbé automatizované metody analyzy informadniho systému

V lesnim hospodaistvi, podobné jako v jinych resortech, se v soudasné dobé
re$i problém racionalizace informadéniho systému v souvislosti s potiebou prohlou-
beni ridicich a spravnich ¢&innosti a zavadéni elektronické vypocetni techniky.

V lesnim hospodarstvi byly aplikovany exakini automatizované metody ana-
lyzy ridiciho informaéniho systému zaloZené na jeho maticovém zobrazeni.

V prubéhu feSeni ukolu byly analyticky rozpracovany soucédsti metody smé-
fujici k vytvoreni komplexniho souboru inZenyrskych metod automatizovaného
projektovidni informaénich systémi. V popisované etapé $lo o oblast automatizo-
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vané tvorby maticového modelu informaéniho systému se zabudovanymi formélni-
mi a logickymi kontrolami a testem vnitfnich pfechodovych vazeb prvka systému
a oblast automatizovaného zpracovini podkladd prvniho kroku analyzy informad-
niho systému — analyzy jeho parametrt a vazeb.

Automatizovana tvorba maticového modelu ma tyto ¢asti: sbér a dokumen-
taéni zpracovani nositeli informaci a vytvofeni matriéniho souboru, analogického
souboru dat datové zakladny; popis informadéniho systému — jeho uzlt (diléich
zpracovani) a hran (informacnich vazeb) s jejich parametry na zdznamovém for-
muléafi vhodném pro dérovani vstupnich médii pocditade; automatizované vytvoreni
vstupnich zdznami maticového modelu, jejich logicka a formalni kontrola a oprava
opravnym chodem; tvorba fiktivnich vazeb, stetézeni diléich zpracovani a vytvo-
feni vstupnich zdznami maticového modelu pro dal$i zpracovani na podéitaéi.

Automatizované zpracovavané podklady pro analytickou praci jsou piehledy
a tabulky umoznujici analyzovat parametry a vazby informaéniho systému s cilem
navrhu nového informacniho systému.

Vybér podkladi je volitelny a zpracovavaji se zejména sestavy: Cetnosti dil-
&ich zpracovani organizaénich mist a podnikovych ¢innosti; d&etnosti va-
zeb mezi podnikovymi ¢innostmi, mezi organiza¢nimi misty a mezi podnikovymi
¢innostmi a organizaé¢nimi misty; c¢etnosti vyskytt rtznych kvalitativnich para-
metrtt dilé¢ich zpracovani, napr. periodicit zpracovani, charaktert a forem dilé¢ich
zpracovani aj.

Hlavni soudasti této metody byly vyuzity pfi analyze a navrhu automatizace
fidiciho informaéniho systému podniku Statnich lest.

Q cosgaHu¥M aBTOMATHYECKOIO MeTONa aHanm3a HHPOPMATHOHHONW CHCTEMbI

B secHOM X03AiCTBe, KaK M B IPYTMX BeIOMCTBAX, HHIHE peImaercs npobieMa pamHOHAJIH-
sauuu MHQOPMAI[MOHHOM CHCTEMBI B CBASH C HOTpe6HOCTbIO yraybleHHs ynpaBIeHYeCKOH H an-
MUHHCTPATUBHOK paboT M BHENPEHHA 9JEKTPOHHO-BBIYHCIHTENBHOM TEXHHUKH.

B necuoM xoasiicTBe OLIIM NIPHMEHEHH! dK3aKTHLIE aBTOMATHYECKHE METONEI aranMauposa-
HHsA HHPOPMALMOHHON CHCTEMBI YIpaBjieHHs Ha 0ase MaTPUYHOTO H306paKeHHA.

B xome pemeruws 3anmaHWs ObIM aHANTHTHYECKH pa3paboTaHel COCTABHEIE YaCTH MeTOna,
HampaBJICHHBIE Ha cO3IaHHe KOMILIeKca HHXEHEPHBIX METOIOB aBTOMATHYECKOTO HPOCKTKPOBaHHK
uHPOPMAIIHOHHEIX CHCTeM. B ommcaHHOM 9Tame clenyioljue ofjacTH: asTOMaTHYecKoe 06paso-
BaHHE MaTpPHUYHOH Monenu WHPOPMAIMOHHON CHCTEMBI C BCTPOEHHBIMH (OPMAJBHBIMA U JIOrHYec-
KHMH KOHTDOJfAMM M TeCTOM BHYTDEHHHMX IIEDEXONHHEIX CBfA3ed SJEMEHTOB CHCTEMbl; aBTOMATH-
uyeckad paspaf0TKa OTHIpaBHEIX NAHHEIX K IepBOMY IIary aHanusa HHGODMAIMOHHOH CHCTEMEl —
aHaJ43a ee IlapaMeTpPOB M CBA3ei.

AproMaTHYecKkoe o6pasoBaHMEe MAaTPUYHOH MOIEJNH pasieisercs Ha ClelylomlHe gacTu: c6op
¥ NIOKyMeHTaImoHHasd O06paborka HOcuTeneit MHPOpManuu, O6pasoOBaHMe MATPHYHON TapHHUTYPEL,
aHAJOTMYECKOH TapHHUTYDH NaHHLIX 0aHKa; OMMCaHHEe CHCTEMEl — ee y3J0B (4acTHEIX 06paboTOK)
u rpadeit (MHPOPMAIHMOHHBIX CBS3el), mapaMeTpoB Ha (OpMyJspe ONHMCAHUII, NPUTOIHOM IJIA
neppopanum BxOnHeX HocuTeneir BM; aBToMaTmueckoe o6pasoBaHWe BXONHBIX ONMCAHMIX MaTpUd-
HOW MOIeNu, MX JIOTHYECKHHX M (GOpMAasbHEIM KOHTDPOJB, NpaBKa IIPAaBOYHEIM XOIOM; Ofpa3oBaHHe
PUKTUBHEIX CBA3eH, ClLeIUIeHHe 4YacTHLIX OOpaGoTOK M CO3NaHMe BXONHEIX ONMCAHHMI MaTpPUIHOMN
MojeJH IV HajbHelmeit obpaborkm ma BM.

Apromatuueckn 06pabOTaHHBIe MaTepHaibl IS AHATUTHYECKOH pPaboTEl — 3T0 0630pH!
¥ TaGauUE, NO3BONAKIIHE aHAJIM3UPOBATH NapaMeTPsl M CBA3M MHPODMAIHOHHOK CHCTEME
B I[eJAX NPOEKTHPOBAHUSI HOBOH CHCTEMEL.

Marepuansl MOKHO BEIOpaTh, O6pabaTeBalOTCA, TJNABHHIM 06pasoM, CleLyloIue CHCTEMBI:
9acTOTHl YaCTHHIX O6palOTOK OpPraHMB3alMOHHLIX MECT M IeATeNbHOCTH NpPEeNNPUATHI, YaCTOTE
CBA3e MeKIy NesTeNbHOCTBIO NMPENNPUATHI, MEXIy OPraHU3aIlMOHHEIMH MeCTaMH W MEeXLy Ies-
TeJBHOCTBIO NPENNPHATHH ¥ OpPTaHM3aIWMOHHEIMH MECTaMH, YaCTOTH HAaXOKIEHHU pasHBIX BOS-
MOKHBIX Ka4eCTBEHHBIX IapaMeTPOB YacTHEIX 06pabOTok, Hamp. mepumommurocTed 06paborox, mx
xapakrepa u $opM H mp.

TnaBuble wacTd MeTOna OBIIM MCIOJB3OBAHLI IIPH AaHAJM3e ¥ NPOEKTUPOBAHUM aBTOMATH-
saquy MHPOPMAITMOHHON CHCTEMHl yIpaBJeHWs MpenmpusaTueM Lociecos.
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Beitrag zur Gestaltung der automatisierten Methode fiir
Informationssystemanalyse

Ahnlich wie in den anderen Ressorts wird in der Forstwirtschaft gegenwirtig
das Problem der Informationssytemrationalisierung im Zusammenhang mit der Not-
wendigkeit einer Vertiefung der Leistungs- und Verwaltungstitigkeiten sowohl der
Einfiihrung der elektronischen Rechentechnik geldst.

In der Forstwirtschaft wurden exakte automatisierte Methoden fiir die Ana-
lyse des leitenden Informationssystems, die dessen Matrixdarstellung zur Grund-
lage haben, eingesetzt.

Wahrend der Losung der Aufgabe wurden die Bestandteile der, auf die Bil-
dung eines vollkommenen Komplexes der technischen Methoden der automatisier-
ten Informationssystemprojektierung gerichteten Methode analytisch bearbeitet. In
der beschriebenen Etappe handelte es sich um folgende Gebiete: automatisierte
Gestaltungen des Matrixmodelles des Informationssystems mit eingebauten forma-
len und logischen Kontrollen und einem Test der inneren Ubergangsbindungen der
Systemelemente; automatisierte Unterlagenverarbeitung fiir den ersten Schritt der
Informationssystemanalyse — der Analyse seiner Parameter und Bindungen.

Die automatisierte Gestaltung des Matrixmodells besteht aus den folgenden
Teilen: Ansammlung und Dokumentationsverarbeitung der Informationstrager und
die Schaffung des Matrixkomplexes, des analogischen Datenkomplexes der Daten-
grundlage; Beschreibung des Informationssystems — seiner Knotenpunkte (Teil-
verarbeitungen) und Kanten (Informationsbindungen) und ihre Parameter auf dem
fiir die Lochung der Inputmedien des Rechners geeigneten Aufzeichnungsfor-
mular; automatisierte Schaffung der Inputaufzeichnungen des Matrixmodells, ihre
logische und formale Kontrolle und Korrektur durch den Korrekturgang; Schaffung
der Fiktivbindungen;Verkettung der Teilverarbeitungen und Schaffung der Input-
aufzeichnungen des Matrixmodells fiir weitere Verarbeitung mit dem Rechner.

Automatisiert verarbeitete Unterlagen fiir die analytische Arbeit sind Uber-
sichten und Tafeln, die eine, auf den Vorschlag eines neuen Informationssystems ge-
zielte Analyse der Parameter und der Informationssystembindungen ermoglichen.

Die Auswahl der Unterlagen ist wahlbar und es werden insbesondere die
folgenden Zusammenstellungen verarbeitet: der Haufigkeiten der Teilverarbeitungen
der Organisationsstellen und der Betriebstitigkeiten, der H&ufigkeiten .der Bindun-
gen zwischen den Betriebstitigkeiten, zwischen den Organisationsstellen und zwi-
schen den Betriebstiatigkeiten und den Organisationsstellen, der H&ufigkeiten
der Vorkommen verschiedener Qualitdtsparameter der Teilverarbeitungen, z. B. der
Verarbeitungsperiodizitdten, der Teilverarbeitungencharakter und -formen u. a.

Die Hauptbestandteile dieser Methode wurden bei der Analyse und bei dem
Entwurf der Automatisierung des Ileitenden Informationssystems des Betriebes
Staatswilder ausgenutzt.

The author’s address:

Ing. Miroslav Dejmek, Vyzkumny ustav lesniho hospodaistvi a myslivosti,
Zbraslav
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V. Staud PROGRESSIVE TECHNOLOGIES
M. Dressler IN FINAL FELLINGS OF CSR
M. Skapa

In recent years, Czechoslovak forestry has failed to keep pace with some
advanced countries in the field of logging techmiques, and this fact has been
apparent particularly with regard to productivity, mechanization of difficult ma-
nual logging operations, management of the entire timber harvesting process,
and integration with the timber industries, respectively.

Should forest management in this country go forward as an important seg-
ment of the national economy at large, the resultant unbalance caused by its
slowed down technological development is to be removed. These technological
and economic problems and objectives, leading to the implementation of the
ultimate goals of forest management, i. e. to sustained yield and exploitation
of the nation’s forest resources and promoting of all forest influences, should
be approached and resolved by way of better management and particularly sys-
tematic technological development.

The major targets are considered to be higher productivity, better efficiency,
and improved work hygiene and safety. The first target — technological impro-
vement and higher productivity of the existing logging techniques, adapted to
the current silvicultural systems and management methods — was approached
as Phase I solution — improvement of the logging operations on the basis of
conventional equipment, while in the Phase II the targets outlined would be
attempted by considering up-to-date sophisticated logging equipment and the
associated logging techniques, as well as the resultant implications with regard
to State Forest Farms, etc.

As for the final input-output analysis, the result of itis assumed to be of
relative economic significance since the purchasing prices of the imported equip-
ment samples cannot be related to the actual inputs (e. g. in comparison to our
tractor industry price levels); it is of course expected to be very informative for
the purpose of a relative comparison among the logging procedure alternatives
and different imported equipment designs.

A specific feature of the problems is that the ultimate aim is not only
higher productivity, better economy, and ergonomic aspects, but that the ans-
wers sought must fit into the typical partial cutting silvicultural system which
is considered as providing all the benefits and influences man can derive from
sound management of forest resources.

The solution to the problem camnot be thus found by a mere importation
of sophisticated high-performance equipment proven on large-scale clear-cut fo-
rest operations in certain advanced countries, but it is imperative to design the
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logging procedures that would, apart from meeting the targets of productivity,
cost saving ,and ergonomy, be feasible also from the view-point of the partial
cutting silvicultural system, as well as of the finer ones based on more demand-
ing forest reproduction methods.

PRESENT LOGGING METHODS IN THIS COUNTRY AND ABROAD

The principal logging operations, i. e. tree felling, limbing, and bucking
are carried out by one-man chain saws, the design and performance characte-
ristics of which and operation had been constantly improved, which has enabled
the extension of their application also to felled tree limbing.

The present logging operations in this country are based either on the one-
-man-logging (the woodcutter fells, limbs, and/or grades the trees, and bucks
them into the timber grades required), or on a continuous logging performed
by the felling crews ensuring the production process consisting normally of the
sequences tree felling, limbing, bunching (skidding), and production of grade
logs on the landing site.

A mnecessary prerequisite of the two logging systems is the all-year-round
timber supply (o. b., the barking to be done at the mill).

The power saws have become the most common logging tool because of
simplicity of design, light weight, operational dependability, satisfactory per-
formance, versatility, and particularly low purchasing price, despite of the sta-
tistical figures showing also their drawbacks, e. g. excessive noise and vibra-
tion (International Seminar on Working Conditions in Forestry and on Forest
Labour Health, 1972, Prague).

Intensive development of mono- and multi-purpose logging equipment per-
fectioning the so far existing logging systems has been under way for several
years in the countries advanced in forest management and forest engineering,
and its more recent models are as follows:

Machines for tree felling and log bunching: LP-2 and LP-19 (UdSSR),
Kockum 880 (Sweden), Drott (USA), Tree Farmer, Koehrung KFB-3 (Ca-
nada).

Machines for tree felling, limbing, and bunching: Caterpillar 950 (USA),
Pika 75 (Finnland). B

Machines for tree felling and yarding: Volvo 868, with the OSA 640 fell-
ing head (Sweden), VITM-4 (UdSSR).

Machines for limbing und bunching: SM-2, LP-15, LUC-2 (UdSSR),
Logma, Sund, Bronemo (Sweden), HA-35 (GDR).

Machines for limbing, bucking, sorting, and bunching: OSA 705, OSA 710,
Volvo SM 880, Kockum 875-78 (Sweden), Pika 50 (Finland).

A technologically separate group is represented by the machines and equip-
ment limbing standing trees, and apart from the Beloit Tree Harvester (Cana-
da), experiments have been under way with the portable limbing and barking
machine (system Serias) intended for thinning stands, which is based on the
design of the Sachs K 31 limbing saw, with the limbing parts added. In the
process of work on the research project ‘“‘“Technological Development” at the
Research Station Kftiny, an equipment for limbing of standing trees has been
designed, which is mounted on a tractor of the 2nd unified range.
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. As for the logging operations in coniferous old-growth stands, particular
attention has been focused on the equipment turning out rough logs (tree-length
logs) at the stump or on the roadside landing, their logging characteristics being
in agreement with the development concepts and projections of Czechoslovak
forestry.

For the purpose of log bucking, the OSA 770 (Sweden) bucking saw
has been developed abroad, which is mounted on the hydraulic forks, and is
a component of the modified grapple. It is either an implement of the log
skidding wunit, used in felled tree bucking before they are bunched out of the
stand, or is it mounted on the truck undercarriage to buck and pile the trees
well ahead before loading them onto the hauling vehicles.

The log conversion on the roadside landings would be effected by the log
conversion unit Kapverk (Sweden).

THE LOG CONVERSION ON THE ROADSIDE LANDINGS WOULD BE
EFFECTED BY THE LOG CONVERSION UNIT KAPVERK (SWEDEN)

Universal wheeled tractors. Replacement of the obsolete tractor stock (re-
presented by the out-producing Zetor-Super 50 models) has been under way
in the Czech Socialist Republic, the newer models of the unified range I being
introduced, at the moment the tractor Zetor 5511, and since 1974 the models
Zetor 6718 and 6748, respectively. Projected is the introduction of the Zetor
8045, and also Zetor 14045 tractors of the unified range II.

Special forestry wheeled tracters. From among the available special forestry
tractors, it is Kockum KS 821 (Sweden), Timberjack 209 D (Canada), and
Tees Martin LKT-75 that have been operated in the Czech Socialist Republic.
The prevalling logging technique is log bunch skidding, and the above special
forestry tractors serve mostly 3 to 6-man logging teams doing the felling, limbing,
skidding, and log conversion on roadside landings.

Apart from the special forestry tractors, also the Volvo 868 (Sweden)
skidding unit and its modifications for logs and bucked tree-lengths have been
field-tested as under the above research projects in the forests operated by the
State Forests Directorate Krnov, State Forest Farm Bruntal. Also nine Volvo 462
(Sweden) skidding units have been imported, and these have been employed
in harvest and thinning cutting operations.

In a number of fcreign countries special forestry tractors have been used
for a couple of years; these are e. g. Valmet 880 and 880 S, Lokkeri (Finland),
Kockum KS 821 and 861 (Sweden), Latil T-4-T (France), Caterpillar 518,
Clark 666 and 664, Pay Logger S-9 (USA), Timberjack 209 D, 240 D, 360,
404 (Canada), and the skidding wunits Valmet 880 K, Lokkeri Forwarder
(Finland), Volvo 868, Kockum KS 836-45, KS 836-46, KS 850 (Sweden),
Cemet (France), etc.

In spite of the fact that it is wheeled tractors that have been given pre-
ference in the forests of the Soviet Union (TDT 55, TB-1, TDT-75, TT-4),
increasing attention has been given also to pre-production testing of the K-703,
T-127 wheel tractors and of a more powerful T-127 tractor derived from the
latter model. In Romania, a special forest wheel tractor started rolling from
the assembly lines (TAF 65).
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TIMBER TRUCKING (LOADING AND UNLOADING)

The by far commonest log truck in Czechoslovakia has been Praga V3S,
the capacity of which is'5 Mp. In recent years has been the ageing truck fleet
improved by addition of new medium-capacity trucks (7 to 8 Mp), Tatra 138
NT 4 X 4, and Skoda 706 RTTNP (the latter truck being used in forest
operations either as a truck or a towing vehicle).

The models mamed above can be supplied with the DA-5 and DA-7
(DA-10) semi-trailers, bunks jaws for the towing vehicle, electric semi-trailer
controls enabling safe and easy operation of the unit when transporting long
logs, and double-drum winches for the loading of tree-lenght logs and/or log
sections.

Since 1971, hydraulic grapples (tongue) have been used, and imports of
the Fiskars 6000 (Finland) model which is suitable for all log trucks having
at least a 7 Mg capacity, have begun. These would be used in loading of long
logs, and in this case are they mounted just behind the driver's cabin, as well
as in loading short-length logs and timber; in the latter case would they be
mounted on the extended flatcar, and this way they can also serve when re-
quired the attached trailer.

For the purpose of timber unloading at the consumers’ yards (log con-
version yards of State Forest Farms), the following equipment would be em-
ployed: a) yard equipment (rail or mobile cranes), b) front loaders Volvo LM
620 or 640, HON 050, and according to the projections, UNC-151, ¢) hydraulic
grapples (tongues).

In the Soviet Union, 10 Mg, 15 Mg, and 23 Mg-capacity carriers would
be used for the log delivery from the forest.

The trucking of logs or tree lengths on surfaced roads would be done by
way of the 15 Mg-capacity carrier MAZ 509, equipped with the 2 LT trailers,
or the TMZ 803 four-wheel semi-trailers. If no logs are carried, the semi-trailer
would be put onto the towing vehicle by the winch. _

The heaviest-duty log carrier (23 Mg) in Kraz 255 L, equipped with
a four-wheel semi-trailer TMZ 803. This carrier that can handle full-length
trees up to 30 m long, may be operated along metalled all-weather roads only,
and during the no-load turns would the semi-trailer be borne on the towing
vehicle.

Loading of tree logs onto log carriers would be effected in the Sowiet
Union by means of heavy-duty log stackers, mounted on caterpillar and in
recent years also on wheeled tractors.

The trees would be delivered for further processing in most cases to central
log yards, and unloaded by runway cranes of a maximum capacity of 20 Mg,
their limbs being removed on stationary limbing units MSG or PSL, respectively.

Depending on the final product (timber grade) and place of log conversion,
the logging-conversion technique would be based on: 1. short-timber method,
2. tree-length logs method, 3. full-tree method.

In the Scandinavian countries, the short-timber method prevails; after
a certain slight decline (80 per cent of all logging) it has again regained its
earlier position (85 per cent), which has been due to advanced design, manu-
facturing, and large-scale employment of multi-purpose forest equipment tailored
for this method. The proportion of the tree-length log method is some 14 per
cent, wheares the full-tree logging accounts for some 1 per cent or so.
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In the Soviet Union, preference has been given to the full-tree logging,
followed by further log processing on big-capacity central log bucking and con-
version yards.

In Austria, the so called Erntezug logging procedure has been developed
and practiced, consisting in the bucking, and conversion plus grading of felled
trees on forest log depots.

DESCRIPTION AND PROJECTIONS OF NEW LOGGING TECHNIQUES
IN THE CZECH SOCIALIST REPUBLIC

The objective of our investigations was to work out feasible projections
of new logging techniques for harvest cuts in coniferous forest stands under
different regeneration systems (cuttings), specifying the best-suitable equipment,
detailed description of the procedure proper, labour required, expected producti-
vity, and the necessary prerequisites of economic, manpower skill, and orga-
nizational nature, which in combination would raise the logging productivity
by 15 to 25 per cent against the 1970 level.

It follows from the above that the factors that must be taken into consi-
deration when designing the logging techniques meeting the pre-set objectives,
may be classed as follows: environmental and operational conditions, conditions
resulting from the present forest management and silvicultural systems wused
in Czechoslovakia, conditions governed by labour productivity, economics, and
safety.

It is therefore mnecessary to characterize the recommended logging techni-
ques in terms of indices (parameters, limits) that might be compared with the
above-given conditions from the view-point of suitability and index value re-
quired. To this end, a procedure described in the project methodology has been
used in our logging technique projections.

Various basic figures used in the compilation and projection work have
been obtained from earlier observations, as well as from expert assessment,
and/or on the basis of the still valid performance standards; in some cases fo-
reign data relating to similar conditions were used, and these were processed
in the conventional way.

The figures that are intended as a basis of production cost calculation
(for the purpose of relative comparisons on the same level among different
logging techniques) have been computed according to empirical formulae ap-
proved as part of this research project methodology (Staud, Dressler,
Skapa 1971). Consequently, for instance the cost of manual logging per
cu. m. according to the above-mentioned methodology is
160

|4
where 160 Ké&s is estimated present one shift cost (basic wage, bonuses, social
allowance, travel allowance, food allowance, wage rise deduction ,social security
contribution, ete.), V — per shift performance in cu. m., equivalent to 115 per cent
norm fulfilment (for equipment where no productivity standards are yet available,
this is a reliable estimate).

The cost of tree felling and limbing with a JMP chain saw would be
calculated on the above basis according to the formula

160

New.m. =2 4 _VKES-

New. m. = K&,
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The cost of log bucking and conversion was taken as expressed by this

formula

60
Ko = 0 o —-—IV K.

For the machine operation the following formula ‘was found and accepted

~AE-
R.200 + B + 160 P
7%

in which A — Coefficient depending on a particular machine kind A=0 1.

O — Aggregate repair cost throughout the entire machine life, related to
the purchasing price. This ranges from 100 to 250 per cent of the
latter, and in the Praga V3S log trucks is 200 per cent or more,
in the universal tractors 200 per cent, in the special forestry trac-
tors 100 per cent of the purchasing price, etc.

C — Purchasing price of equipment.

R — Equipment life in this country is considered to be 8 years on the
average (it is much less abroad), on the other hand, we count with
a high repair cost, including capital repairs, approaching the price
of a new machine.

B — Total cost of fuel, lubricants, tyres, and other material inputs per
shift. This cost is almost equal for individual machine type group-
ings; that for log conversion lines is 60, for universal tractors 100,
for special more powerful forestry tractors 200 and more, for spe-
cial limbing machines 500 and more, respectively.

P — Number of labourers.

K¢s,

Ncu. m., —

With regard to the fact that certain differences in future development of
the logging techniques are likely to be expected both because of technological
progress and varying production conditions, the existing basic logging techni-
ques has been taken as a standard (result of the first research stage), and
successively more advanced techniques featuring better technical and economic
parameters have been projected, their economics and feasibility being expressed
simultaneously in terms of parameters and limits determined by the respective
environmental and silvicultural operating conditions.

la. Log skidding by hydraulic grapple mounted on universal tractor Z 14045 (Tech-
nique no. 2). — Soustfedovani dieva drapidkovym zavésem na univerzalnim trak-
toru Z 14045 (technologie ¢&. 2)

1b. Log skidding by hydraulic grapple mounted on special forest wheel tractor
Kockum 861 (Logging technique no. 7). — Soustfedovani dfeva drapdkovym za-
vésem na specidlnim lesnim kolovém traktoru Kockum 861 (technologie & T7)
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The logging techniques projections have been done in a way ensuring
covering of all steps of the whole logging process, i.e. from the stump to rail-
road car, and/or sawmill yard, this being expressed in comparable figures and
indices. Our calculations cover the whole logging process since the primary
objective of this research is to arrive at the final effect, which is the ultimate,
decisive goal, and which can be established by analysing the entire logging
technique process only. :

Being aware of the existence of different silvicultural systems and topo-
graphic ‘conditions governing the mature of harvesting operations, we have
based our investigations on the assumption that the major measure of practical
applicability and feasibility of a logging system is the respective method of log
skidding and extraction from forest stands.

On the basis of different skidding (extraction) distance, three logging
technique classes have been distinguihed:

Under those forest regeneration
systems in which felled timber is ex-
pected to be extracted from forest
stands over distances greater than
mean tree-length, log winching is li-
kely to remain the major skilling me-
thod. It is thus necessary to continue
studying the above methods, and to
take care of their improvement along
the lines determined by general ergo-
nomic requirements. The above consi-
deration applies to silvicultural systems
and/or stand management policies em-
ploying shelterwood regeneration with
subsequent log skidding, and to topo-
graphies excluding forest machinery
because of their ruggedness.

On the other hand, forest logging
sites where machinery similar to trac-
tors may operate, are open to the se-
cond class logging technique, featuring
clear-cut reproduction and log skidd-
ing distances not exceeding average
tree-length, i. e. within the reach of 2. Log skidding by the skidding unit

the hydraulic tongues (grapple). Volvo 868 with the bunk jaws (Techni-
que no. 3). — Soustiedovani dreva vy-
In the third logging technique véaZeci soupravou Volvo 868 se svérnym

class belong the stand management ©Plenem (technologie & 3)

systems based on shelterwood regener-

ation, yet admitting heavy equipment to forest stand interiors. In this case will
the logging technique selection procedure aiming at their practical employment
and economics assessment be done by way of relative comparisons of their
respective characteristics which would fit best the parameters and limits applic-
able to a particular logging case for which an optimum logging technique is
being looked for, of course in full consideration of the outlined objectives re-
garding productivity, labour safety, economics, etc.
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3. Skidding of short-length
timber by the tractor Volvo
868 under shelterwood -cutt-
ing system (Techniques no. 5
and 6). — Soustredovani krat-
kych sortimenti traktorem
Volvo 868 v clonné sedi (tech-
nologie ¢. 5 a 6)

4, Tree limbing by the Log-
ma processor (Technique no.
7). — Odvétvovani processo-
rem Logma (technologie ¢&.
7

The following list of potential logging techniques is the outcome of our
projections:

1. Standard logging technique based on special forestry tractor.

2. Logging technique based on hydraulic log skidders (loaders) (UT), Fig. 1.

3. Logging technique using the Volvo 868 log skidding unit and the bunk
jaws (Fig. 2).

3a Dtto, with log skidding unit VKS-120 C.

4. Logging technique using the Volvo 868 skidding umit, and a front loader.

4a Dtto, with log skidding unit VKS-120 C.

5. Logging technique using an assortment unit (Fig. 3).

5a Dtto, with log skidding unit VKS-120.

6. Logging technique using an assortment unit, and a front loader on a forest
log yard.

6a Dtto, with log skidding unit Z Crystal 8045.

7. Logging technique using a Logma processor, and a grapple mounted on
a forest wheel tractor (Fig. 4).

8. Logging technique using a SM: limbing machine on the forest log yard.

8a Logging techniques using the SM: limbing machine on the forest log yard

8b Logging technique involving limbing of standing trees.

9. Logging technique using the OSA felling adaptor mounted on the Volvo
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I. Summary of cost and man-hour requirement. — Rekapitulace nakladi a pracnosti

Man-hours (cu. m.) Cost (Ké&s)
Optimum Adjusted Optimum Adjusted Optimum Adjusted | Optimum Adjusted
Yard delivery Railroad delivery Yard delivery Railroad delivery
1. 0.91 0.93 1.00 1.02 48.40 49.69 54.00 55.29
2, 0.95 0.99 1.04 1.08 48.30 55.41 53.90 61.01
9 0.97 0.97 0.97 0.97 67.08 67.08 67.08 67.08
3a 0.97 0.97 0.97 0.97 50.53 50.53 56.91 56.91
4. 0.96 1.02 0.96 1.02 62.11 69.00 62.11 69.00
4a 0.96 1.02 0.96 1.02 44.56 52.45 51.94 58.23
5. 0.87 0.87 0.98 0.98 63.45 63.45 69.83 69.45
5a 0.87 0.87 0.98 0.98 52.04 52.04 58.42 58.42
6. 0.87 0.96 0.98 1.07 58.48 67.95 64.86 74.33
6a 0.87 0.96 - 0.98 1.07 40.32 49.79 46.70 56.17
7 0.56 0.59 0.67 0.70 69.32 73.05 74.92 78.65
8. 0.78 0.81 0.78 0.81 51.41 55.14 51.41 55.14
8a 0.74 0.77 0.74 0.77 64.18 67.91 64.18 67.91
8b 0.87 0.89 0.87 0.89 56.09 58.60 56.09 58.60
9. 0.62 0.65 0.62 0.65 62.30 66.03 63.30 66.03
9a 0.62 0.65 0.62 0.65 53.28 57.01 53.29 57.01
10. 0.67 0.68 0.67 0.68 69.92 70.62 69.92 70.62
11. 0.61 0.76 0.61 0.76 42.80 58.73 42.80 58.73
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TII. Logging technique parameters and feasibility limits. — Parametry a limity
~ pouzitelnosti technologii

Topography classes
No. Parameter Percentage
1 Level ground, obstacle
= <0.5, dist. = >5 <25 25 | —40 >40
2 Level ground, obstacle
V = <0.5, dist. = <5 <25 25 | —40 =40
3 Level ground, obstacle
V = >0.5, dist. = >5 <25 25 | —40 =40
4 Level ground, obstacle
V = >0.5, dist. = <5 <25 25—40 >40
5 Continuous slope 100 —300 m =40 >40 >40
6 Continuous slope 300 —600 m =40 =40 >40
7 Continuous slope 600 m =40 =40 >40
8 Antigravit. topography <25 25—40 =40
9 Low-bearing-capacity ground <25 )
10 No-bearing-capacity ground ‘ <25

Silvicultural system parameters

No. l Parameter | Cut area width to tree height ratio
1 . Shelterwood system ‘ <1 1-2 >2
2 Strip-cutting system 1-2 >2 |
3 ‘ Clear-cutting system <1 1-2 >2

Logging parameters

No. l Parameter | Range
1 Tree species conif. broadl. mixed
2 Mean tree volume <1 <2 >2
3 Cut concentration (cu. m.) <50 <200 =200
4 Timber concentration on amalgam.
worksites <50 <200 =200
5 Skidding distance (m) <300 300— | 600 =600
5a Mean extraction distance (m) 0 grapple I cable
. reach
6 Log conversion place forest forest lower
stand landing landing
7 Time of equipment transfer <1km 1—-3 km =5km
8 Lower landing area (ha) 0.2 0.5 1.0
9 Felling site assortment graded treelength fulitree
timber

Logging site preparation

No. ‘ Parameter ’ Specification
1 Unloading for l Front Hydraulic Mounted
loader grapple loader
2 Type of concentr. line Current Through Access

3 I Hauling road link Through Turning | Both




log skidding unit, SM; limbing machine, and front loader, on the iorest
log yard.

9a Dtto, with log skidding unit VKS-120.

10. Logging technique using the OSA felling adaptor, felling machine Bro-
nemo, and a special forest tractor.

11. Logging technique using the VTM machine, SM; limbing machine, and
front loader, and the forest log yard.
For the above-given logging techniques, the respective man-hour requirement

and cost have been computed and tabulated (Table I).

For each particular logging technique, the respective man-hours (Fig. 5),
cost, investment, necessary labour and material have been specified in detail.
For information, such a breakdown for the logging technique employing the
Volvo 868 skidding unit, and the bunk jaws is given below (Table II).
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In addition to the man-hour requirement and cost calculation, also an
evaluation method has been designed (including parameters and applicability
limits) enabling feasibility appraisal of the respective logging techniques from
the view-point of topography, stand conditions, logging conditions, and logging
site preparation. To give an example, Table III presents the respective data
on the logging technique mentioned above.

TESTING OF NEW LOGGING TECHNIQUES

Since some of the foreign equipment has been imported, it has been possible
to field-test selected logging techniques (Table IV):

A. Standard logging technique using special forest tractor (CT 1).

B. Logging technique based on the assortment unit (CT 5), Fig. 3.

C. Logging technique employing the skidding unit and the bunk jaws
(CT 3), Fig. 2.

D. Logging technique using log-grapple skidding (UT) (CT 2), Fig. 1.

The logging techniques under study were tested on the Bruntal, Albrechtice,
and Janovice u Rymafova State Forest Farms, where the average one-cut vo-
lume was some 300 cu. m., mean skidding distance ranging from 400 to 500 m,
and mean hauling (trucking) distance 20 km, respectively. The tests were done
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. IV. Time required per 1 cu. m. (min) by logging technique. — Spotieba ¢asu v h
(min) na 1 plm v technologii A—D

Operation A B C D
Tree felling 0.35 (21.40) | 0.42 (25.53) | 0.35 (21.40) | 0.35 (21.40)
Log skidding 0.16 (9.41) | 0.11 (6.51) | 0.07 (3.97) | 0.10 (6.25)
Log bucking and conversion
on forest log yard 0.10 (5.85) 0.10 (5.85)
Timber hauling 0.13 (7.58) | 0.14 (8.30) | 0.13 (7.53) | 0.13 (7.58)
Stacked wood production 0.17 (10.20) | 0.21 (12.60) | 0.21 (12.60) | 0.17 (10.20)
Log bucking on log
conversion yard 0.12 (7.12)
Railroad loading 0.06 (3.40) | 0.06 (3.40) 0.06 (3.40)
Total; buyer s yard 0.91 (54.44) | 0.88 (52.94) | 0.87 (52.52) | 0.85 (51.28)
Total; loco railroad 0.97 (57.84) | 0.94 (56.34) | 0.87 (52.52) | 0.91 (54.68)

im mature coniferous stands where the mean tree volumes were 1.0 to 2.0
cu.m. (only exceptionaly below this figure), slope up to 20 per cent, and
ground surface negotiable by special wheeled tractors.

CONCLUSIONS AND RECOMMENDATIONS

Our investigations have shown that in comparison with the standard log-
ging technique, relatively highest saving would be achieved by using the logging
technique based on log-grapple skidding UT (CT 2), when timber is delivered
by rail. In this case is the cost saving 8.63 Kés/cu. m. When delivering the
timber to the buyer's yard, the log-grapple skidding ‘techmique (CT 2) was
again found to be most economical, the respective cost-saving being 8.63 Ké&s/
[cu. m. (Figs. 1a, 1b).

The existing standard logging technique based on the special forest tractor
(CT 1) has been highly perfectioned so that further cost savings are difficult
to attain. Relative comparisons of different logging techniques have also re-
vealed that a major cost-saving would be obtained from improved log skidding,
while there was no visible progress as far as the cost-cut is concerned in the
subsequent operations for the logging techniques compared so far, and as it
appears it is likely do depend on the employment of multipurpose forest
equipment.

From the view-point of productivity, in case of rail delivery most econom-
ical showed to be the logging technique using log skidding unit and bunk jaws
(CT 3) in which the man-hour saving was 0.1 hour/cu. m. (Fig. 2). In contrary,
in case of customer’s yard delivery, greatest time saving was obtained from
log-grapple skidding (CT 2), in which the man-hour input reduction was
0.06 hour/cu. m.

Similarly to economics, also the productivity improvement (man-hour sa-
vings) was best in the log skidding phase.

The other logging techniques investigated showed higher costs in com-
parison with the basic technique, and this may be explained in some cases
by the fact that for the time being employment of expensive foreign-made im-

LESNICTVE — 1974 831



ported equipment has been under consideration. Should these be manufactured
in the country, the cost of operations would be reduced considerably.

It is interesting to mote that all tested skidding techniques used no chokers
(in contrast to the standard skidding technique (CT 1) based on the logs
being extracted from the stands by winch cables).

Important is the attained improvement in the working conditions, parti-
cularly in wintertime and in spring, when the tractor operator need not leave
his cabin, and pave his way through deep snow, logging debris, and other
obstacles. Also the very laborious choker setting would be no more necessary,
particularly when working on muddy and waterlogged sites, wet snow, etc.

At the same time, the work safety and hygiene would improve, and the
operators being not obliged to fight the often rugged forest sites, and conse-
quently facing no broken cable and choker hazards, would be exposed to consi-

V. Theoretical Reduced Man-hour Input and Costs for the Logging Techniques

Tab. No. Type of Equipment
1 JMP, LKT, OS 20 t + HR, CN
2 JMP, UT + D, 0S 20 t, CN
JMP, KBK, OS 20 t -+ HR, CN
3a JMP, VKS — 120 C, OS 20 t + HR, CN
4 JMP, KBK, 0S 20 t, 2 CN
4a JMP, VKS — 120 C, 0820 t, 2 CN
5 JMP, Sort Volvo, OS 20 t -+ HR, CN
5a JMP, VKS — 120 S, 0S 20 t + HR, CN
6 JMP, Sort Volvo, OS 20 t -+ HR, 2 CN
6a JMP, Sort Crystal, OS 20 t - HR, 2 CN
JMP, Logma, Kockum + D, 0S 20 t, 2 CN
8 JMP, LKT, SM — 2,0820t,2 CN
8a JMP, Bronemo, LKT, 0S 20 t, 2 CN
8b 0. S. 8., JMP, LKT, 0S 20 t - HR, CN
9 KBK + KH, SM — 2, JMP, 0S 20 t,2 CN
9a VKS — 120 C, KH, SM — 2, JMP, 0S 20 t, 2 CN
10 KBK -+ KH, Bronemo, LKT, 0S 20 t, 2 CN
11 VIM — 4, SM — 2, JMP, 0S 20 t, 2 CN
Legend:
IMP — One-man chain saw
LKT — Forest wheel tractor LKT — 75 (CSR)
0S20t — 20-ton log truck (Tatra 138, CSSR)
HR — Hydraulic grab (e. g. Fiskars 6000, Finland)
CN — Front loader
uT — Universal tractor
D — Grapple attachment
KBK — Log skidding unit with clamp stanchion (Volvo 868, Sweden)

VKS — 120 C — Log skidding unit with clamp stanchion (TEES, Martin, CSSR)
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derably lower accident risks. Furthermore, the physical load involved in the
pulling of cables through forest stands is considerable (4 kcal/min), whereas
the same figure for the from-the-cabin controlled operations are significantly
lower.

On the other hand, the logging site preparation and management of the
entire timber harvesting process have become much more demanding by the
introduction of productive, sophisticated logging equipment and techniques.

The benefits drawn from the evaluation of new logging techniques applied
to harvest cuttings are however mnot restricted to evidence on lesser mam-hour
requirement, reduced cost, improved work safety and hygiene, but there is
a very important finding that the techniques in question are fully applicable
also to smaller-scale logging operations, provided that several felling sites were
amalgamated.

Studied. — Teoretickd redukovani pracnost a naklady u popsanych technologii

Man-hours (h/cu. m.) Costs (K¢&s/cu. m.)
Delivery Delivery
Railroad Railroad

Yard Carriage Yard Carriage
0.93 1.02 49.69 55.29
0.99 1.08 55.41 61.01
0.97 0.97 67.08 67.09
0.97 0.97 50.53 56.91
1.02 1.02 - 69.00 69.00
1.02 1.02 52.45 58.23
0.87 0.98 63.45 69.45
0.87 0.98 52.04 58.42
0.96 1.07 67.95 74.33
0.96 1.07 49.79 56.17
0.59 0.70 73.05 78.65
0.81 0.81 ' 55.14 55.14
0.77 0.77 67.91 67.91
0.89 0.89 58.60 58.60
0.65 0.65 66.03 66.03
0.65 0.65 57.01 57.01
0.68 0.68 70.62 70.62
0.76 0.76 ! 58.73 58.73

Sort-Volvo — Assortment skidding unit (Volvo 868, Sweden)

VKS — 120 S — Assortment skidding unit (TEES, Martin, CSSR)

Sort Crystal — Assortment skidding unit (Z Crystal 8045, CSSR)

Logma — Limbing machine Logma (Sweden)

Kockum — Forest wheeled tractor Kockums 861 (Sweden)

SM — 2 — Limbing machine SM — 2 (CSSR)

KH — Tree felling head (e. g. OSA — 640, Sweden)

VIM — 4 — Tree felling and skidding tractor (Soviet Union)

Bronemo — Limbing machine (Sweden)
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It has been even found when evaluating the assortment unit (CT 5) logg-
ing technology on the basis of several hundred cu. m. that the respective man-
-hour requirement would not increase even under intensive, small-scale silvi-
cultural systems (Fig. 3).

SUMMARY

The paper deals with the designing of different logging systems and tech-
niques for harvest cuttings in coniferous stands. The starting point of research
is the standard logging technique based on special wheeled forestry tractor, and
the respective research coverage was from tree felling to log shipping by rail-
road or direct truck-delivery to consumer’s timber yard. A relative comparison
was made of this standard technique with advanced methods employing up-to-
-date equipment listed in Tab. V.

So far, the following logging systems and techniques have been studied
in Czechoslovakia:

A — Standard logging technique, using a special tractor (Logging tech-
nique No. 1)

B — Logging technique using the Sorti-Volvo 868 eqpipment (Logging
technique No. 5)

C — Logging technique using the Sorti-Volvo 868 unit and the bunk jaws
(Logging technique No. 3)

D — Logging technique using the universal tractor equipped with a grap-
ple attachment (Logging technique No. 2)

The performance tests gave the corresponding man-hour inputs per cu. m.
(tabulated in Tab. VI.)

VI. Man-hour Inputs per cu. m. for the Loggings Techniques Studied. — Pracnost na
1 plm u ovétovanych technologii

” Man-hours (h/cu. m.) by Technique
Operation

A | B | c | D
Tree felling 0.35 0.42 0.35 0.35
Log yarding 0.16 0.11 0.07 0.10
Log bucking and grading
(roadside landing) 0.10 — - 0.10
Timber trucking 0.13 0.14 0.13 0.13
Stacked wood production 0.17 0.21 0.21 0.17
Log bucking and grading
(log conversion yard) — — 0.12 —
Railroad loading 0.06 0.06 - 0.06
Total — customer’s yard 0.91 0.88 0.87 0.85
Total — railroad carriage 0.97 0.94 0.87 0.91

The logging technique designs resulted also in the application feasibility
characteristics taking into account the stand environmental and logging condi-
tions prevailing in CSR. The techniques studied have been found to be supe-
rior from the point of productivity, and some of them also from that of eco-
nomy. .
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The results obtained do justify their recommendation for practical forestry

" application.
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Progresivni technologie v mytnich tézbach CSR

Prispévek resi konstrukce riznych technologickych postuptt v mytnich jehli¢-
natych tézbach. Vychézi ze standardni technologie, postavené na bézi specialniho
kolového traktoru v rozsahu od myceni aZ po vagén nebo sklad spotfebitele. Se
standardni technologii jsou srovnavany progresivni technologie na bazi novych
stroji, uvedenych v tabulce V. Prozatim byly v podminkach ¢eskoslovenského les-

niho hospodarstvi ovérovany technologie: A — Standardni technologie se spe-
cialnim traktorem (technologie ¢. 1). B — Technologie se sortimentovou soupra-
vou Volvo 868 (technologie ¢. 5). C — Technologie s vyvéaZeci soupravou Volvo 868
a svérnym oplenem (technologie ¢. 3). — D — Technologie s univerzdlnim traktorem

vybavenym drapakovym zavésem (technologie €. 2). Pri ovéreni byla zjiSténa prac-
nost na 1 plm uvedena v tabulce VI.

Konstrukce technologii zahrnuji i parametry pouzitelnosti s ohledem na piti-
rodné vyrobni podminky v lesnim hospodarstvi CSR. Ovéfené technologie potvr-
dily predpokladany efekt v produktivité prace a nékteré i v hospodérnosti provozu.

Vysledky opraviiuji k doporuceni ovérenych technologii do provozu.

IIporpeccuBHas TexHOjnOrus B riaBHeIX py6kax UCP

B craThe paccMaTpPHMBAIOTCS KOHCTPYKIIMH pPasHBIX TEXHOJOTHYECKUX IIPOIeCCOB B TJIABHBIX
pybkax xBoitHbix. MCXONHBIM HauajlOM CIyXHT CTaHZAapTHAas TEXHOJOrus Ha (ase CreluaIsHOro
KOJIECHOrO0 Tpakropa B Macmrtafe OT BpipyOKM BIUIOTH 1O BaroHa MM Ckiaaza norpeburens. Co
CTAaHZApTHOM TEXHOJOTHEN CpaBHMBAETCA IIPOTPECCHBHAA TEXHOJOTHA Ha 6ase HOBBHIX MammH

(rabn. V, VI).

Progressive Technologien in Abtriebsnutzungen in der CSR

In dem Beitrag wird die Konstruktion verschiedener technologischer Ver-
fahren in den Nadelholzabtnebsnutzungen gelost. Man geht von der Standardtech-
nologie, die im Bereich von der Nutzung bis zum Eisenbahnwagen oder Ver-
braucherlager auf die Basis des Spezialradtraktors gestellt wurde, aus. Mit der
Standardtechnologie werden die progressiven Technologien auf der Basis der neuen
Maschinen verglichen (Tab. V, VI).

The authors’ addresses:

Ing. Vaclav Staud, CSec., Ing. Mirko Dressler, CSc., Ing. Miroslav Skapa,
Vyzkumna stanice VOLHM Ki‘tiny u Brna
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M. Vyskot TREE SPACING AND DEVELOPMENT
OF NORWAY SPRUCE STANDS

In recent years, there has been a continuing progress and technological
development in forestry, and consequently also in the field of silviculture, and
as a result of this the problem of optimum stocking density of future forest plan-
tations and stands has come again to attention of forest research and practice.
This is however not an entirely new problem since it had emerged in a similar
context already by the end of the past century when the so called “closed stand”
silviculture had been superseded by the so called “open stand” stand manage-
ment methods. Typical in this respect is the so called millimetre-thinning de-
signed by Josef Bohdanecky (1890) and used in some places in Bohemia;
his method found both a wide response and had a considerable theoretical and
practical impact which had been appreciated in a number of papers (e. g.
Vyskot 1969).

The above problem being very timely, a necessity arose to seek solutions
to it even on the international level, and the subject has been taken up by a
special working party of the International Union of Forestry Research Orga-
nizations (JUFRO 1969). It is cbvious that the experimental plantations (fo-
rest stands) being established newly in line with the internationally accepted
principles and procedures are of immense importance, yet that their results will
not be available but after a number of years. Hence, the findings that could be
drawn from the comparative experimental stands established by the end of the
preceding century according to the practice adopted by the Mariabrunn Forest
Research Institute should be utilized. It is only to regret that most of the above
experimental plots have not been preserved to date, with a notable exception
of the Norway Spruce comparative experimental stands set up in 1889 in the
Forest District Lipivka, former Brno Town Forest Farm. The plots were re-
constructed by B. Vincent in 1957, and recognizing the significance of the
problem and long-term feature of the experiment on-going for not less than 84
years, we considered it appropriate to evaluate the experiment which is of im-
portance from the present-day point of view.

DESCRIPTION OF THE EXPERIMENTAL STAND AND METHODS USED

This experimental stand intended for the study of the tree-to-tree distance
and plant spacing on the plantation yield and economics, which was the wording
of the Mariabrunn Research Institute research project objectives, was founded
in 1889, its serial experiment number being 151. The respective tree species is
Norway Spruce, the plot is located in the cadastral district Liptivka u Brna, in
the present stand No. 215bs. Its geographical co-ordinates are: 16037-38’ east of
Gr., 49920-21’ n. 1. The stand consists of three plots having an area of 0.4396 ha
each, including the isolation strips. The experimetal plots proper are rectangles
(62.5 by 40.0 m), their corresponding areas being 0.25 ha. In the spring of 1889,
the plots and the isolation strips were planted to three-year-old transplants at
three different spacings:
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Plot I — spacing 1 by 1 m — 4,396 plants
Plot 1I — spacing 1.5 by 1.5 m — 1,954 plants
Plot III - spacing 2 by 2 m - 1,099 plants

In the respective stand register, the afforestation cost and materials are preci-
sely recorded, as well as detailed ways of plantation protection and tending in its
early years of life.

ENVIRONMENTAL CONDITIONS

The experimental area is located in a region featuring mean annual tempe-
rature of 8 °C, and mean annual rainfall of 610 mm, respectively. The eleva-
tion a. s. l. ranges from 460 to 480 m; an eastern hillside has a slope of 11 to
17 % The underlying rock contains amphibol and feldspar, the respective forest
type being rich Fagetum typicum asperuletosum.

The experimental plots in question were surveyed in detail in 1972, and
in 1973 thorough biometric field-measurements following our standard methods
were made (Vyskot 1969, 1966). The 1 by 1 m spacing plot was marked
with red paint in the stand, the 1.5 by 1.5 m plot (II) with blue paint, and
the 2 by 2 m plot (III) with green paint, respectively. In addition to the stan-
dard routine assessments, other research characters were recorded: tree leafing
data, bark appearance, branchiness, and occurrence of the honey fungus. The
objective of the latter was to judge the Norway Spruce ecotype, the species
quality and health with regard to homogeneity of the experimental stands. Of
major importance was the balance (total cut) of trees removed from the stands
throughout the period of 84 years. The logging records prior to 1954 were avail-
able, and the subsequent data were reconstructed on the basis of stump survey,
and results of forest inventories.

THE RESULTS OBTAINED AND THEIR EVALUATION

In 1973, full 84 years have passed since the establishment of the experi-
mental plots under study by three-year plants, the respective age being then
87 years. Having made thorough mensurational and biometric measurements,
we obtained a wealth of data the analysis of which (broken-down by individual
characteristics) is given below.

TREE NUMBER

I. Tree number in 1956 and 1973. — Pocet stromu v roce 1956 a 1973

Plot I Plot II Plot 111
Item plot | 1ha plot | 1ha plot | 1ha
number

Year 1956 247 988 218 872 245 980
Percentage of I 100 88.3 99.2
Percentage of initial
number 9.9 19.6 39.2
Year 1973 171 684 146 584 175 700
Percentage of I 100 85.4 102.3
Percentage of initial
number 6.8 13.1 28.0
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_ The number of trees was judged
on the basis of tree counts made in
1956 and 1973 (See Table I). In -
1956, the plots I and III had virtually

equal number of trees while the plot 1{ an
was less tree-stocked. A similar situ- ]
ation prevailed also in 1973 when the
number of trees on plot II was 15 per
cent less. This fact does not result as o
an effect of the factors studied, but is \
obviously due to some other causes and 0 N
circumstances that had occurred in the \ \

ccurse of the long experiment period. an e = T
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It is however interesting, that the least- ~k
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BREAST HIGH DIAMETER

~
1889 1900 10 20 30 40 50 60

The breast high diameters in 1973
represent a difference of 24.2 cm for 1. Changes in tree number at aifferent
a 1 by 1 m spacing, a difference of Initial spacings, 1889 to 1973. — Vyvoj
25.7 cm for the 1.5 by 1.5 m spacing, Po¢tu stromd pfi rizném sponu 1889

3 az 1973.

and 26.2 cm for the 2 by 2 m spacing,

respectively. Statistical significance of

the DBH arithmetic mean differences

for individual plots was studied by means of Student’s test, and it was found
that its value for the I and II plots was 2.387, for the II and III plots 0.698,
and eventually, for the plots I and III the t-test gave a value of 3.305. Statistic-
ally significant is the difference between the I and III plots, highly significant
that between the I and III plots. As far as the degree of variation is concerned,
it is lowest on plot I. The coefficient of skewness is positive on all plots, this
indicating a left hand assymmetry compared to normal distributions, yet the
differences between the plots are insignificant only (Tables II and III).

TREE HEIGHT

Mean tree height is lowest on plot I (25.8 m), tallest cn plot II (28.0 m),
the plot III being only slightly inferior to the latter (27.4 m). The significance
of mean height differences among the plots was also tested, and the value of
the t-test for plots I and II was found to be 7.575, that for plots Il and III
2.043, and 5.691 for the I and III plots, respectively. The weight of the mean
tree height on plot I is thus considerably less as far as its significance is con-
cerned. The height differentiation, characterized by the standard deviation and
by the coefficient of variation, is almost equal on all plots. Contrary to the
breast high diameter, there is a right-hand skewness, maximum on plot IT (Tab-
les IV and V).
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II. Breast high diameter distribution, 1973. —

Breast high diameter — cm
Plot
4 | 16 | 18 | 20 | 22 | 22 | 26
I 2 9 ‘ 9 24 ’ 25 24 23
II 1 10 6 14 20 14 17
III — 2 ‘ 10 20 ’ 21 18 23
III. Statistical characteristics — breast high diameter, 1973. — Statistické tdaje —
vycetni tloustky stromu, 1973
. Plot
Characteristic
I | 11 111
Arithmetic mean (cm) 24.20 25.69 26.15
Dispersion 24.161 33.261 31.172
Standard deviation (cm) 40915 5.767 5.583
CoefFicient of variation (%) 20.3 22.4 21.4
Average crroi of arithmetic mean (cm) 0.390 0.487 0.443
CoefTicient of skewness 0.41 0.27 0.54
CoefTicient of excess 0.03 —0.34 —0.27
Mode (cm) 22 - —
Frequency 159 140 159
IV. Tree Height distribution, 1973. —
s Height (m)
20 21 22 | 23 | 24 | 25 | 26
I 2 3 13 16 15 17 22
1I — 2 6 7 9 12
IIT — = 2 13 14 22
V. Statistical characteristics — tree heights, 1973. — Statistické tdaje — vysky stro-
mut, 1973
7 Plot
Characteristic
I 1I | 1
Arithmetic mean (m) 25.8 28.0 27.4
Dispersion 6.136 6.407 6.434
Standard deviation (m) 2.477 2.531 2.536
Coefficient of variation (%) 9.6 9.0 9.2
Average error of arithmetic mean (m) 0.196 0.214 0.201
Coefficient of skewness —0.21 —0.50 —0.14
Coefficient of excess —0.75 —0.37 —0.27
Mode (m) 27.2 29.0 29.0
Frequency 159 140 159
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RozloZeni vyéetnich tlousték v roce 1973.

Breast high diameter — cm Total
28 | 30 32 | 32 | 3 | 38 | 4 | 42
18 13 3 4 3 ; 2 } - - 159
16 19 9 6 2 3 3 = 140
25 11 7 7 7 ' 6 \ 1 1 159

BASAL AREA

Total basal areas resulting from biometric measurements done in 1973 are
almost equal on plots I and II, while that for the plot III is 17 per cent more.
Mean per-tree basal area is largest with the widest spacing (2 by 2 m), small-
est with the closest spacing (1 by 1 m). The medium-spaced plot shows a per-
-tree basal area approaching the wide spacing (Table VI).

DERBHOLZ VOLUME

The derbholz volume (Table VII, Fig. 2) was largest in 1956 on plot III,
smallest on plot I, while the plot II was roughly in between. If we take as a
standard the derbholz volume on the 1 by 1 m spaced plot (100%), we find
that at a stand age of 87 years the corresponding volume yield in terms of per-
centage was 113 per cent for 1.5 by 1.5 m spacing, and 124 per cent for 2 by
2 m spacing, respectively. The mean tree volume was largest on plot II (0.51

Rozlozeni vySek stromu, 1973.

Height (m) Sa
27 | 28 | 20 | 30 | 31 | 32 33 34
24 ’ 24 16 4 3 ‘ . = . 159
16 ‘ 19 27 18 14 9 - - 140
22 I 19 27 18 6 ‘ 3 2 3 159
VI. Basal area, 1973. — Vycetni zakladny, 1973
Plot
Item
I l 11 111
Basal area (sq. m.)
per plot 7.615 7.623 8.929
per ha 30.46 30.49 35.72
Mean basal area (sq. m.) 478.9 544.5 561.6
Breast high diameter d; (cm) 24.7 26.3 26.7

cu. m.), second was plot IIT (0.49 cu. mm.), and third placed plot I (0.40
cu. m.). All timber removals (iree cutting) accomplished prior to 1973 were
largest on plot I, followed closely by plot II, and considerably lesser tree har-
vest was taken from plot III. The growing stock in 1973 provided a similar
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VII. Derbholz volume, 1956 and 1973. — Zasoba hroubi, 1956 a 1973

Plot
Item I 11 111
ms

1956
Volume per plot 97.76 110.28 121.01
Volume per ha 391.0 441.1 484.0
Volume percentage per plot (of I) 100 112.8 123.8
Mean tree volume 0.40 0.51 0.49
Tree logging before 1953 per plot 20.35 14.20 9.20
Tree logging before 1953 per ha 81.4 56.8 36.8
Reconstructed volume 1953 —1973 per plot 34.70 39.81 35.70
Reconstructed volume 1953 —1973 per ha 138.8 159.2 142.8
Total logging prior to 1973 per plot 55.05 54.01 44.90
Total logging prior to 1973 per ha 220.2 216.0 179.6
1973
Volume per plot 105.30 109.67 130.74
Volume per ha 421.2 438.7 523.0
Volume percentage per plot (of I) 100 104.1 124.2
Mean tree volume 0.63 0.76 0.78
Total volume yield per plot 160.35 163.68 175.64
Total volume yield per ha 641.4 654.7 702.6
Total volume yield — (per cent of I) 100 102.4 110.0
Current periodic increment 1956 —1973

per plot 42.24 39.20 45.43

per ha 168.9 156.8 181.7
Mean annual increment

per plot 2.48 2.31 2.67

per ha 9.9 9.2 10.7

per cent of I 100 92.8 107.6

per cent of 1956 2.54 2.09 2.21

VIII. Recorded f; and theoretical f’; tree frequencies by growth. — Pozorované f;
a teoretické fi’ ¢etnosti stromu podle vzriastu

P U vV 7
Plot Total
flrwl il il ) | K
I 33 | 344 | 96 | 944 | 24 | 222| 6 ‘ 8.0 159
11 24 | 302 | 94 | 832 12 | 19.6 | 10 7.0 140
111 42 | 344 | 82 | 944 | 28 | 222 7 8.0 159
Total 90 I 272 ‘ ‘ 64 \ 23 ‘ 458

P — dominant, U — co-dominant, V' — sub-dominant, Z — oppressed
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IX. Tree volume distribution by growth classification. — Hmota stromu podle klasifikace vzrastu

P U v Z Total
Plot per plot | per ha | per plot | per ha | per plot ] per ha | per plot | per ha | per plot | per ha
m3
I 34.10 136.4 57.47 229.9 8.09 32.3 1.24 5.0 100.90 403.6
II 30.42 121.7 69.39 2715 4.44 17.8 2.50 10.0 106.75 427.0
III 52.88 2115 56.85 227.4 11.36 45.4 2.28 9.1 123.37 ‘ 493.4
Total 117.40 183.71 23.89 6.02 331.02 ‘
P — dominant, U — co-dominant, ' — sub-dominant, Z — oppressed
X. Recorded fi and theoretical f; value class frequencies. — Pozorované fi a teoretické fi’ ¢etnosti hodnotnich tiid
Value class
Plot 1I 111 v Total
o 3 fi | o | i | i | o 1 s | s £ 1%
I 46 66.3 72 61.45 36 27.8 1 0.7 4 2.8 159
II 69 58.4 50 54.10 19 24.4 — 0.6 2 2.4 140
III 76 66.3 55 61.45 25 27.8 1 0.7 2 2.8 159
Total 191 177 80 l ' 2 8 458




2. Total volume yield at different spac- m’
ings in 1973 (top), and current periodi- 90|
cal increment 1956—1973 (bottom) per
ha. Legend: A — tree logging prior to

s [T

1973, B — growing stock in 1973, C — %00
increment from 1956 to 1973. — Cel-
kova hmotova produkce pii rtizném spo-
nu 1973 (nahofe) a bé&iny periodni pii- 390 [

rust 1956—1973 (dole) na 1 ha. Legenda:
A — téZzby do roku 1973, B — zasoba v
roce 1973, C — piirtst v letech 1956 az 9490 |
1973

{ I
= ([ TITATATATD

-

300

100 -

100

L] L J
3 1. 11. 111.

Txim 1,5x1,5m 2:2m

picture: if we put that on plot I equal to 100 per cent, the growing stock on
plot III represents 124 per cent, yet that on plot II only 104 per cent. The
volume of the mean tree is maximum for a 2 by 2 m spacing (0.78 cu. m.),
smallest for a 1 by 1 m spacing (0.63 cu. m.). Total derbholz volume yield
per ha produced over 87 years is highest at a 2 by 2 m spacing (703 cu. m.),
poorest at a 1 by 1 m spacing (641 cu. m.), the 1.5 m by 1.5 m spacing having
yielded a total of 655 cu. m. It follows that the volume yield at a 2 by 2 m,
spacing is 10 per cent more than that at a 1 by 1 m spacing. Current periodical
increment for the years 1956 to 1973 was highest for a 2 by 2 m spacing, lo-
west for a 1.5 by 1.5 m spacing. The same is true of the mean annual incre-
ment, the difference of 8 per cent speaking for the Norway Spruce stand plant-
ed at a wide spacing.

XI. Tree volume by individual value classes. —

Value class
Plot I 1I 111
per plot | per ha per plot | per ha | per plot ‘ per ha
m?

I 42.20 168.8 37.55 150.2 17.89 71.5
1I 70.71 282.8 27.09 108.4 8.16 32.7
111 80.61 ’ 3224 | 2041 ] 17.6 | 1162 ’ 46.5
Total \ 193.52 ’ ’ 94.05 . \ 37.67 |
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TREE CLASSIFICATION ON BASIS OF GROWTH

All trees of the stand under study were classified on the basis of growth
as dominant (P), co-dominant (U), sub-dominant (V), and oppressed (Z).
The respective impact of spacing distance was examined by a good fit test; for
each spacing distance the corresponding theoretical frequencies and the y-square
value were computed (the latter as a sum of the recorded and theoretical fre-
quency differences, divided by the sum of theoretical frequencies) (Table VIII).
The value of the testing criterion was 12.586. It follows from the computation
that the effect of spacing distance on the tree distribution by growth is of little
significance (Fig. 3). The tree volumes in individual growth classes show that
the largest proportion of dominant trees (by volume) is on the 2 by 2 m spaced
plot; in case of the dominant trees, the 1.5 by 1.5 spaced plot placed first while
the other two are on almost the same level. Largest volume of sub-dominant
trees showed plot III, smallest plot II. The volume share of suppressed (over-
topped, shaded) trees was insignificant on all plots (Table IX).

TREE QUALITY CLASSIFICATION

In order to judge the tree quality on the basis of tree dimensions and phe-
notype, we used our own classification (Vyskot 1949, 1966) employing the
value indices and tree value classes. Medium value index was found to be best
on plot IT (5.55), and on plot IIT (5:63), worst on plot I (6.61). The actual
(recorded) and theoretical value class frequencies were expressed, to verify the
null-hypothesis, by means of the y2-test, the value of this testing criterion being
17.920. It follows from the relevant computations that the effect of tree spacing
on the proportion of tree value classes is significant (Tables X and XI). Lar-
gest volume share of first-quality trees is on the plot with a 2 by 2 m spacing,
the figure being 91 per cent more than for the 1 by 1 m spacing, and 68 per
cent more than for the 1.5 by 1.5 m spacing. The tree quality classification has
thus revealed that best tree population (sample) quality as judged on the basis
of mensurational characteristics and tree habitus, is on the 2 by 2 m plot
(Fig. 4).

Hmota strom@ v jednotlivych hodnotnich tfidach

Value class Total
v \%
= per plot per ha
per plot | per ha per plot ’ per ha
m3

1.07 43 2.19 8.8 100.90 403.6
— - 0.79 3.1 106.75 427.0
0.74 2.9 0.99 4.0 123.37 493.4

1.81 3.97 331.02
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3. Tree classification by growth: I — dominant trees, 2 — co-dominant trees, 3 —
sub-dominant trees, 4 — oppressed (shaded) trees. Upper line: tree number, lower
line: volume/ha. — Klasifikace stromlt podle vzrastu: I — piedrustavé, 2 — turov-
nové, 3 — vrustavé, 4 — zastinéné. Nahofe pocéet stromi, dole hmota na 1 ha.

4. Tree numbers (top) and volumes (bottom) by specified quality classes — per ha.
— Poéet stromu (nahoie) a hmota (dole) v jednotlivych tridach jakostni klasi-
fikace na 1 ha

LEAFING TIME

With the purpose of identifying the proportion of individual Norway Spru-
ce ecotypes on our experimental plots, we kept records of leafing dates for in-
dividual trees. Our observation showed that there is variation in the time of
leafing, and that some of the trees are early-leafers (praecox), others late-lea-
fers (tardiflora). Theoretical values were computed, and their fit the empirical
data was examined by way of the t-test (x?) (Table XII). It is obvious from
the results obtained that the largest number of early spruces are on the 1 by 1 m
experimental plot, smallest on the 2X2 m one. The late-leafers are represented
most on the 2 by 2 m spacing plot, the respective figure being almost twice that
on the 1 by 1 m and 1.5 by 1.5 m spacing plots. This suggests ecotype diffe-
rences that may too have a bearing on the other characteristics, particularly bio-
metric ones.
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. TREE BARK

Another character studied was the bark of individual trees. For practical
purposes, we distinguished only two categories of bark, smooth bark and rough
one. The results (Table XIII) showed that the largest proportion of smooth-
-barked trees was on the experimental plot showing the absolutely widest spac-
ing (2 by 2 m), and in contrast to this, Norway Spruce stands originated from
1 by 1 m spaced plantations had the largest representation of rough bark trees.
A statistical analysis showed that the differences among the plots (spacing dis-
tances) in the number of smooth-barked and rough-barked trees were significant.
Again, different ecotype pattern obviously manifests itself.

XII. Tree leafing. — RaSeni stromu XIII. Tree bark. — Kira stromu

Number of leafing trees Number of trees by bark type
Plot praecox tardiflora — Plot smooth rough el

(o} (s}

f | & fi | fi | fi | f
number number

I 119 | 103.8 40 | 55.2 159 I 72 | 77.4 87 | 81.6 159
II 99 91.4 41 48.6 140 II 59 | 68.2 81 71.8 140
III 81 | 103.8 78 | 55.2 159 111 92 | 77.4 67 | 81.6 159
Total 299 159 458 Total | 223 235 458

TREE BRANCHINESS

The tree quality depends to a large degree on the number and diameter of
branches, and this is why we assigned the standing stock to two broad classes:
thin-branched trees, and thick-branched ones. The number of thick-branched
trees was found to be small in all the three cases, making up about one quarter
of the total. Thin-branched trees were present in virtually equal number both
on the 1 by 1 m and 2 by 2 m spacing plots (Table XIV), this demonstrating
that the wide spacing (2 by 2 m) had no effect whatsoever on undesirable tree
branchiness, having thus no bearing in this respect on tree quality.

XIV. Tree branchiness. — Vétevnatost XV. Trees affected by honey fungus.
stromu — Stromy napadené vaclavkou
Number of trees by branch type Tree number
Plot thin thick o Plot ~ affected | unaffected —
fi | fi | fi | I fi |
number number
I 128 |127.05| 31 | 31.95| 159 I 32 | 36.1 j 127 | 122.9| 159
11 113 [111.90| 27 | 28.10| 140 1I 28 | 31.8 112 | 108.2| 140
111 125 [127.05| 34 | 31.95| 159 III 44 | 36.1 | 115 | 122.9| 159
Total | 366 ’ 92 458 Total | 104 354 | 458
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HONEY FUNGUS AFFECTED TREES

XVI. Crown projection area z’md' crown It is a well known fact that the
canopy. — Hlatha horaa. a. #ipe) tree health and soundness represent
Crown area | a limiting factor governing survival

and yield of forest stands. This is true

et perplot | perba | Canopy partiZularly of the Norway Spruce in

5q. m. drier regions, which is also in our

I 1865.27 | 7461.1 0.75 case. Having the above in mind, we

1I 1692.47 | 6769.9 0.68 studied the health condition of indi-

vidual trees and found many of them
attacked by the honey fungus (Armil-
lariella Karst.). It follows from the ta-
bulated data (Table XV) that the number of the honey fungus infest trees ran-
ges from one fourth to one third of the tree population on the respective expe-
rimental plot. Relatively greatest number of infested trees was found on the
2 by 2 m spacing plot, lowest on the 1 by 1 m one. In a statistical evaluation
the magnitude of the testing criterion (x?) was found to be 3.427, and the
number of the degree of freedom was 2. Critical y* value for 2 degrees of free-
dom and a 5 per cent significance level is 5.99, for a 1 per cent significance
level 9.21, respectively. The above analysis provided evidence that the diffe-
rences in the number of honey fungus affected trees among the plots studied
are of random nature only.

111 1745.82 l 69833 | 0.70

SITE CLASS AND STOCKING DENSITY

The site class mean (Schwappach) for the given age and mean tree height
on specified experimental plots is I/II. The per hectare basal area is 30.46 sq.
m. (spacing 1 by 1 m), 30.49 sq. m. (spacing 1.5 by 1.5 m), and 35.72 sq. m.
(spacing 2 by 2 m), respectively. The respective stocking densities are as fol-
lows: 0.7 (1 by 1 m), 0.7 (1.5 by 1.5 m), and 0.8 (2 by 2 m).

CROWN CLOSURE

The crown closure was expressed as a ratio of the tree crown vertical pro-
jections and experimental plot area (Table XVI). By far the largest tree crown
projection area (7.461 sq. m./ha) was found on the 1 by 1 m spacing plot, se-
cond placed the 2 by 2 m spacing plot with 6.983 sq. m., and least crown pro-
jection area was that on the 1.5 by 1.5 m spacing plot, namely 6.770 sq. m.
This is also in agreement with the biological canopy — 0.75, 0.70, and 0.68,
respectively.

TREE BOLE AND TREE CROWN

When deoing a comprehensive tree or stand assessment, it is important to
compare the data describing the dimensions of the tree crown and tree bole. For
this reason the data on crown width, crown length, average length of branch-
-free bole, and average bole length (Table XVII, Fig. 5) were included, and it
follows from them that widest mean crown width (3.92 m) was found on the
1.5 by 1.5 m spacing plot, narrowest (3.50 m) on the 2 by 2 m spacing plot.
This is an interesting fact since the volume yield on the 2 by 2 m plot is lar-
gest. The 1.5 by 1.5 m spacing resulted in longest crowns, shortest ones were
on the plot initiated at a 2 by 2 m spacing. Again, this shows that smallest
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_ mean crown was on the 2 by 2 m spacing plot, and as it appeared from the fo-
regoing, this spacing alternative features the largest proportion of dominant
trees characterized by highest yields and growing stocks. Longest branch-free
boles were found to be associated with the 1.5 by 1.5 m plot (6.25 m), shor-
test on the 2 by 2 m spacing plot (4.61 m).

XVII. Tree bole and crown. — Kmen a koruna
Plot
Characteristic 1 | I 111
m
Mean crown width 3.87 ' 3.92 3.50
Mean crown length 9.65 | 10.15 7.87
Mean length of branch-tree bole 6.25 5.62 4.61
Mean bole length 16.15 17.81 19.54
mm
47
3t IL.212n
26 ¢ 2 f

24

20

1. 1I. I11.
xim 15x15m 2x2m 1900 10 20. 30 40 50 60 70

5. Habitus and mensurational characteristics of mean trees grown at differeni ini-

tial spacings. — Habitus a biometrické veli¢iny primérnych stromt vypéstovanych
v rizném sponu
6. Year-ring analysis of mean sample trees, 1900 to 1973. — Analyza letokruhu

prumérnych vzornikt, 1900—1973

TREE CARRYING AREA AND TREE SPACING INDEX

The tree carrying area is largest on the 1.5 by 1.5 m spacing plot (17.86
sq. m.), while the two other plots are equal in this respect (15.72 sq. m.). The
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tree spacing index is 4.25 m for the 1.5 by 1.5 m plot, 3.97 m for the 1 by 1 m
and 2 by 2 m plots, respectively (Table XVIII).

XVIII. Carrying area and spacing index. — UZivna plocha a rozestupové &islo

Plot
Item
I | 11 II1
Carrying area (sq. m.) 15.723 17.857 15.723
Spacing index (m) 3.965 4.226 3.965

YEAR-RING ANALYSIS

The quantitative data studied or compared in the foregoing were of bio-
metric or phenotypic nature; in order to define the wood qualities of the Spruce
populations under study, and in order to learn about the laws governing the
year-ring and year-ring width formation, we selected 36 sample trees to be ana-
lysed (at DBH height) on a tree analyser operated by the Department of Sil-
viculture, Brno (Vyskot 1972). The results of our analyses (Fig. 6) per-
taining to the years 1900 to 1973 reveal that an average sample tree taken in
1973 exhibits largest initial year-ring width increment (at breast height) on
the 1 by 1 m spacing plot, the 1.5 by 1.5 m plot being worst as far as diameter
increment is concerned. Absolute year-ring width maximum was attained in
1970 by the 2 by 2 m spacing plot; this record performance cannot be however
due to the initial plantation spacing. We can thus hardly say that in our parti-
cular case the initial tree spacing had a general distinct bearing on the diameter
(year-ring) growth in average sample trees. A conclusive judgment can not be
passed until upon termination of the experiment, i. e. at the stand age of at
least 100 years when all of them are available to analysis. For the time being,
to conserve the experimental stand under study we only took some representative
sample borings while the cross-sections for the year-ring analysis were taken
from the drought-killed trees. Fort this reason should not the data presented be
regarded as conclusive ones.

CONCLUSIONS

Continuing technological development and improvement in forestry and
silviculture have made it necessary to search for optimum stocking density of
forest plantations. This problem arose in a similar context already at the end
of the previous century, and gave rise to the so called Czech millimetre thinning.
On the international level, the subject has been studied particularly in relation
to Norway Spruce, yet the experiments under way are of a long-term nature
so that their results are likely to be available but after a number of years. For
this reason the retrospective methods are to be employed, and the experimental
stands established in the past are to be evaluated. One of them, set up in line
with the practices of the former Mariabrunn Forest Research Institute near Wien,
is an experimental spacing trial located in the Forest District Liptivka, Brno
area. The plot was planted in the spring of 1889 with three-year-old Norway
Spruce transplants; it consists of three comparative plots, 0.25 ha each. The
initial spacings of the plots I, II, and IIT were 1 by 1 m, 1.5 by 1.5 m, and
2 by 2 m, respectively. The experiment is located in the stand No. 215 be, the
geographical co-ordinates being 16° 37—38 e. 1., and 49° 20—21’ n. 1, elevation
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above sea level 460 to 480 m, mean annual temperature 8°C, mean annual
rainfall 610 mm. The slope of an eastern hillside is 11 to 17°, the underlying
rock containing amphibolite and feldspar. The stand belongs, from the point
of forest typology, to Fagetum typicum asperuletosum.

Our measurements were done in 1973, when the stand was 87 years of
age. The residual tree number was greatest on the plot spaced initially 2 by
2 m, while that on the 1.5 by 1.5 m plot was 15 per cent less. The breast high
diameter was greatest for a 2 by 2 m spacing, smallest for a 1 by 1 m spacing
distance. Mean tree height in 1973 was minimum at a 1 by 1 m spacing, ma-
ximum at a 1.5 by 1.5 m spacing, that for the 2 by 2 m spacing being only
slightly different from it. The stand basal area for the 2 by 2 m spacing plot
is 17 per cent more than that for other plots, and the derbholz volume in terms
of percentage is 124 per cent for the 2 by 2 m plot, and 104 per cent for the
1.5 by 1.5 m plot(in relation to the 1 by 1 m plot taken as a standard). The
value of the mean tree is highest at a 2 by 2 m spacing, lowest at a 1 by 1 m
spacing. Total volume yield in the course of 87 years for the 2 by 2 m spacing
was 10 per cent more than for the 1 by 1 m initial spacing. Mean annual
increment on the wide spacing plot is 8 per cent more than on the close spacing
one. Our classification of trees on the basis of growth showed that on the wide-
-spaced plot the percentage of dominant trees is highest as well as their growing
stock share. A quality classification revealed that best tree qualities from the
point of biometric and phenotypic characteristics were attained by the 1.5 by
1.5 m and 2 by 2 m spaced stands, the 1 by 1 m spaced one being inferior to
them. Best qualities for individual tree classes were attained with a 2 by 2 m
initial spacing. The judgment of ecotype proportion was made on the basis of
leafing time, bark character, and branchiness observations. The plot with the
best yield performance (2 by 2 m) showed almost 50 per cent of the late leafers
(tardiflora) while the closest-spaced plot (1 by 1 m) exhibited two thirds of
the early-leafing (praecox) trees. In the above respect, the 1.5 by 1.5 m plot
was similar to the 1 by 1 m spacing one. Highest percentage of trees with
smooth bark was found on the 2 by 2 m spacing plot, lowest on the 1.5 by
1.5 m one. This points to a certain difference of ecotypes within the population
studied. The wide spacing (2 by 2 m) exhibited an absolutely largest propor-
tion of thin-branched trees, the respective figures for the other plots being only
slightly different. This indicates that in the case under study tree branchiness
had not been governed significantly by initial tree spacing. The Norway Spruce
trees of the experimental stands were found to be infected partly by the honey
fungus (Armillariella Karst.), and our investigations showed that the existing
differences in the number of fungus-aifected trees on the plots are of random
nature only. Largest crown projection area was found on the 1 by 1 m plot,
smallest on the 1.5 by 1.5 m one; widest mean crowns at the age of 87 years
as well as longest crowns showed the 1.5 by 1.5 m spacing plot. Longest mean
boles were recorded on the 2 by 2 m plot, longest limb-free bole portion on
the 1.5 by 1.5 m one. The carrying area was largest on the 1.5 by 1.5 m spacing
plct, and the same was true of the spacing index.

A comprehensive evaluation of this 87-year spacing experiment (1 by 1 m,
1.5 by 1.5 m, 2 by 2 m) on Norway Spruce in a drier region leads to a conclu-
sicn that initial plant spacing of 2 by 2 m, i.e. 2,500 strong transplants to the
hectare, showed the best results virtually in every respect. From this, a conclu-
sion may be drawn that silvicultural improvements in the field of establishment
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and tending of Norway Spruce stands by way of wide initial spacing is both

feasible and economical.
Received for publications April 9, 1974
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Spon a vyvoj smrkového porostu
Racionalizace v lesnim hospodarstvi a v pésténi lestt vyZaduje feSeni vhodné

hustoty v zakladanych lesnich porostech. Tento problém se objevil v obdobnych

souvislostech jiz koncem minulého stoleti a dal vznik tzv. ¢eské milimetrové pro-
birce. V mezinarodnim méfitku se zkoumé tato otdzka predevS8im u smrku. Pokusy
vSak maji dlouhodoby charakter, takZe vysledky budou k dispozici aZz za mnoho let.

Proto je tfeba vyuzivat retrospektivni metody a zhodnotit v minulosti zaloZené

pokusné plochy. Jednou z takovych ploch zaloZenou podle metodiky byvalého Vy-

zkumného lesnického tstavu v Mariabrunnu u Vidné je vyzk. plocha v polesi Li-

puvka u Brna. Na tuto plochu byly na jare roku 1889 vysazeny trileté Skolkované

sazenice smrku. Sklada se ze tfi srovnavacich dilcd, kazdy o rozméru 0,25 ha. Dilec

I byl zaloZen ve sponu 1 X 1 m, dilec II ve sponu 1,5 X 1,5 m a dilec IIT ve spo-

nu 2 X 2 m. Plocha je v porostu 215bs, zemépisné souradnice jsou 16°37-38’ v. d.

a 49920-21” s. 8. Nadmotska vyska je 460-480 m, primérna roéni teplota é&ini 8°C,

primérné srazky 610 mm. Terén ma sklon 11-17°, vychodni svah, geologicky pod-

klad tvori amfibol a Zivec. Skupina lesnich typtt — bohatd buéina maiinkova.
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Nase méreni bylo kondno v roce 1973, kdy vék porostu byl 87lety. Koneény
~poc¢et stromu je nejvétsi na ploSe se sponem 2 X 2 m. Na plofe se sponem 1,5 X
X 1,5 m je o 159, mensi. Vycetni tloustka je nejvétsi pfi sponu 2 X 2 m, nejmensi
pri sponu 1 X 1 m. Stredni porostni vySka byla v roce 1973 nejniz§i u sponu
1 X 1 m a nejvy$$i u sponu 1,5 X 1,5 m, od niZ se jen malo li§i vyska pifi sponu
2 X 2 m. Celkova vyéetni zakladna je na sponu 2 X 2 m o 179, vétsi neZ u ostat-
nich dilet. Zasoba hroubi pii sponu 2 X 2 m ¢&ni 1249, a u sponu 15 X 15 m
104 9, hodnoty na dilci se sponem 1 X 1 m. Hodnota stfedniho kmene je nejvétsi
pri sponu 2 X 2 m a nejmensi pii sponu 1 X 1 m. Celkova hmotova produkce za
87 let je pii sponu 2 X 2 m o 109, vy$8 nezZ u sponu 1 X 1 m. Primérny roéni
prirtst je o 89, vétsi pri fidkém sponu nez pii hustém sponu. Klasifikace stromu
podle vzristu ukéazala, Ze v fidkém sponu je nejvét$i podil piedrustavych stromui
s nejvétsi zasobou. Jakostni Kklasifikace ukazuje, Ze nejvyssi kvality stroma podle
biometrickych a fenotypickych znaklt dosahuje porost ve sponu 1,5 X 1,5 m a 2 X
X 2 m a nejhor$i ve sponu 1X 1 m. Nejlep$i jakost v jednotlivych tridach byla
dosazena pri sponu 2 X 2 m. Pro posouzeni ekotypi bylo hodnoceno také raSeni
stromu, jemnost kury a vétevnatost. Produkéné nejlep$i dilec se sponem 2 X 2 m
mél skoro polovinu stromti pozdné rasicich (f. tardiflora), zatimco nejhustsi dilec
se sponem 1X 1 m mél dvé tretiny stromt c¢asné raSicich (f. praecox). Pri sponu
1,5 X 1,5 m je stav obdobny jako pri sponu 1 X 1 m. Nejvétsi procento stromi
s hladkou kurou bylo zjisténo na dilci s ridkym sponem 2 X 2 m a nejmensi ve
sponu 1,5 X 1,5 m. Naznac¢uje to jistou rozdilnost ekotypl v rdmeci zkoumané po-
pulace. Nejvétsi podil jemné zavétvenych stromi ma Fidky spon 2 X 2 m, od ného
se jen malo liSi ostatni spony. Znamend to, Ze v daném piipadé vétevnatost stro-
mu nebyla sponem vyrazné ovlivnéna. Zjistili jsme, Ze smrky na vyzkumnych
plochach jsou é&asteéné napadeny vaclavkou (Armillariella Karst). Setfeni uka-
zalo, Ze rozdily v poétu napadenych stromtt jsou na plochach s riznym sponem
pouze nahodné. Nejvétsi vycetni zdakladnu ma nejridS$i plocha se sponem 2 X 2 m,
ostatni se od ni 1idi jen velmi malo. Nejvétsi plochu korun ma plocha se sponem
1 X 1 m a nejmensi 1,5 X 1,5 m. Prumérnou §itku koruny v 87 letech ma nejvétsi
plocha ve sponu 1,5 X 1,5 m a rovnéz délku koruny. Nejvétsi pramérnou délku
kmene ma dilec ve sponu 2 X 2 m a nejdel$i vy¢i§ténou éast kmene spon 1,5 X 1,5
m. Uzivna plocha je nejvét$i na sponu 1,5 X 1,5 m, taktéz i rozestupové ¢&islo.

Zhodnotime-li celkové 87lety vyzkum se sponem 1 X 1 m, 1,5 X 1,5 ma 2 X
X 2 m ve smrkovém porostu sussi oblasti, miZeme konstatovat, Ze spon 2 X 2 m,
tj. 2500 silnych sazenic na 1 ha, vykazuje prakticky ve vSech ukazatelich nejleps$i
vysledky. Z toho lze odvodit, Ze racionalizace zaklddani a vychovy smrkovych
porostu v fid3im sponu je mozna a ucelna.

Paccrosume Mexay NepeBBAMH H DAasBHTHE €IOBOTO JeCOHACaKIeHHS

PanuoHanH3alHs JIECHOTO XO3fHCTBA M JIECOBONCTBA TpebyeT yCTAHOBJIEHHS NONXONANIeH
TyCTOTHI 3aKJalbIBaeMbIX JIeCOHacaXkleHHH. ODra npofieMa MNOABUJACE B TONOOHHIX acClmexTax yxKe
B KOHIle TIPONLIOrO BeKa M CTaja NPHYHHOH BOZHUKHOBEHHA TaK Ha3. YEUICKOIO MUJITHMEpPOBOrO
NnpopexuBaHus. B MeXIyHapOIHOM MacmTabe STOT BONPOC HM3ydaercs, IJIaBHLIM 06pasoM, y enH.
OnHako ONBITHI HOCAT NOJIOCDOYHBIM XapakTep, M pe3yJabTaThl IOCTYHAT 4Yepes MHOTO JeT.
IToaTOMy HaIO HCIOJb30BAThH PETPOCHIEKTHBHBEII METON ¥ OLEHMBATh 3aJOXEHHHIE B IPOIIJIOM
oneiTHRIe Tomanu. OpHa u3 HuX, 3an0keHHas no Meronuke 6msmero HUMU necosomcrsa B Ma-
puabpyaHe non Bemol, — 8To onniTHaA Iuomans B JecHudectse Jlunyska mox Bpro. Ha
[JIOIalY BLICANMJHM 3-JIeTHHEe IHTOMHHMKOBbie CakeHUbl eau — BecHoit 1889 r. Ilnomans co-
croutr m3 3 cpaBHHMTensHbIX nensHoK mo 0,25 ra xaxknas. [ensuka [ sanokeHa co cxeMmoOil mo-
cankn 1 X 1 M, mensuka II — 1,5 X 1,5 M, menauka III — 2 X 2 M. Ilromane HacaxmeHus
21566, reorp. xoopmuHaTel 16037 —38" B. mr. u 49920—21" c. m. Bricora m. y. M. 460—480 M,
cpenneronosas Temneparypa 80C, cpemmeronmosme ocamku 610 mm. Haknom pemveda 11—170,
BOCTOUHBIII CKJIOH, TEOJIOTHUeCKoe OCHOBaHMe OOpasylior ampubon u monesoit mmar. [pynma xe-
corumnoB — 6GoraTeiif GyKOBEIM ACMEHHHMKOBEIH JIeC.

Mur nposesin uamepenuss B 1973 r., Bosgpact HackameHuit 6ein 87 ser. PUHANBHOE KOJNH-
4ecTBO IepeBheB CaMOe BhICOKOe Ha ruiomanm co cxemoi 2 X 2 M, a Ha mmomanu 1,5 X 1,5 m —
ua 159/, meusme. [Juamerp Ha BLICOTEe TpynH HaubOAbIIHE NpH cxeme 2 X 2 M, a HaUMeHBIIMi
npu cxeme 1 X 1 M. Cpemusas Beicora Hacaxnenus B 1973 r. 6mna camas Manas mpum cxeme
1 X1 M u camas Gonpmas mpu cxeme 1,5—1,5 M, OT KOTOpOif MajO OTIHYAETCA BHICOTA MpPU
cxeme 2 X 2 M. O6mas cymMMa muomaneit cevenus mpu cxeme 2 X 2 M mHa 17 0 Gonpme, uem
Ha OCTaJNBHHIX MENSAHKAX. 3amac KpymHO# npesecwusr mpu cxeme 2 X 2 cocrasnger 124 9/, u mpu
1,5X 1,5 m — 1049, memnmumuer Ha nensuke 1 X 1 M. Benuuwna cpexnero crsona HaubOJb-
masg npu cxeme 2 X 2 M u nauMenpmas npu cxeme 1 X 1 M. Ob6mas npoM3BOIMTENBHOCTH
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Maccet 3a 87 uer npu cxeme 2 X 2 M ma 109, Gomsme, wem mpu 1 X 1 M. Cpenneronosoit
npupoct Ha 89/ Gonbme mpu Gomee penkoit cxeme. Kiaccuduxauus nepesse Ha OCHOBE pPOCTA
[IOKa3pBaeT, YTO IPH pENKOH cxeMe MMeeTcsAd caMoe 6OJbIIOe KOJHYECTBO TOCHOACTBYIOLIUX
nepespeB C HaubGomemuMm samacoM. Kiaccupukanus xadecTBa MOKa3biBaeT, 4TO Haubosbuiero Ka-
YecTBa IepenbeB IO GHOMETpUYECKHMM M (GEeHOTHIHYECKMM MPHSHAKAM HACA)XIEHHe NOCTHIaeT IIpH
cxeme mocanku 1,5 X 1,5 M u mpum 2 X 2 M, a camoro Huakoro — mpa 1 X 1 »m. Jlyumero
KawyecTBa IO OTHEJBHBIM KjaaccaM HocTHTHYTO mpH 2 X 2 M. [lis OIEHKH SKOTHIOB y4HTHIBAJIK
TaK)Ke pacIyCKaHHMe HepPeBbEB, TOHKOCTh KOPHI M BETBHCTOCTh. B OTHOMIEHMH NPONYKIHH Jydmas
oensHKa co cxemoif 2 X 2 M 6ba 1OYTH HANOJOBUMHY IOPOCIIAS IO3IHO PACHYCKAION[MMMHCH

nepeBpsiMu, a measuka 1 X 1 M — parHo pacnyckawomumucs. Ilpu cxeme 1,5 X 1,5 M cocros-
Hne nonobHo, xak u mpu 1 X 1 M. Hauboapmuii 9y nepesres ¢ rIiamkoif Kopoit ycramHOBieH
Ha IesisHKe ¢ penkoit cxemoit (2 X 2 M), a Haumensmuit — ¢ 1,5—1,5 M. D10 ceumeresncrByeT

00 ompelneseHHOM pasJHYMM SKOTHNOB B paMKax HaydaeMoil mnonmyasnuu. Hamboasmas noss
JiepeBbeB C TOHKOM BETBHCTOCTHIO HAXOHHUTCA IpH cxeMe 2 X 2 M, ocranpHele MaJo OTJIHYAIOTCA.
CrnenoBaTenbHO, B NaHHOM CjydJae BETBHCTOCTH IepeBheB He o0yClOBJIUBAaeTcs B GOJLIION Mepe
cxeMOil mocanki. MBI yCTAaHOBHIM, YTO €Nb Ha ONBITHHIX IUIOMAaNfX YaCTHUYHO TOpa’keHa OmeH-
koM (Apmunnapmenna Kaper.). O6cienosaHue nokasan0, 9TO pasiM4MA B KOJIMUECTBE IIOpa-
JKEHHBIX JepeBbeB Ha IIOMIANAX C PasHOH CXeMOH JMIIb ciaydaiinsie. Ilepedernas 6asa camas
KpynHas Ha caMoit penkoit muomanu (2 X 2 M), ocrajipHble OTJHYAIOTCA OT HEE He3HAUUTENLHO.
Hawubospimas niomank KpoHbHI HAXOMWTCA Ha muomanm co cxemoir 1 X 1 M, a Haumenpmas —
Ha tuomansx co cxemamu 1,5 X 15 M. Cpensas mupura xpoH y 87-ierHux nepeebes Habio-
naercsi Ha cxeme 1,5 X 1,5 M, rne u Hauboabuian nnuuHa. Haubonsinas cpenHss IJIMHA CTBOJA
Habmionaercss npH cxeme 2 X 2 M, a caMasd IJIMHHAsS BHIYHIIEHHAs 4acTh CTBOJIA — IIPH
1,5 X 1,5 M. Tlosessas maomans caMas KpymHasg npu 1,5 X 1,5 M, Kak ¥ UHMCIO DPacCTOSHWI.

O6masn ouenka 87-i1erHux mocamok co cxemoir 1 X 1 », 15X 15 M u 2 X 2 M enosmix
HAaca)kIeHuil B 3acyumauBoit ofjacTH moOKasmiBaer, yTo cxema mocanku 2 X 2 M, T. e. 2500 TON-
CTHIX Ca’keHI[eB Ha ra IO BCEM IIOKasaTeasM HaeT Jydllne pes3ynabTaTil. K3 3TOT0 MOKHO CYIHTh,
4YTO palHoOHANM3alMs 3aKJaIKd M yXOAa eJNOBBIX HACaKIGHWH mnpu 6ojiee PENKOHR CXeMe BO3-
MOJKHA U IjenecoofpasHa.

Verband und Entwicklung eines Fichtenbestandes

. Fiir die Rationalisierung in der Forstwirtschaft und in dem Waldbau ist die
Losung einer zweckmidfligen Dichte in den anzulegenden Waldbestinden erfor-
derlich. Dieses Problem kam bereits am Ende der vergangenen Jahrhunderts in
dhnlichen Zusammenhingen zum Vorschein und verursachte das Entstehen der
sogenannten tschechischen Millimeterdurchforstung. In einem internationalen Ma@B-
stab wird diese Frage vor allem bei der Fichte untersucht. Die Versuche sind
jedoch von einem langdauernden Charakter, sodaB3 die Ergebnisse erst nach vielen
Jahren zur Verfiigung sein werden. Es ist daher erforderlich, die restrospektive
Methode einzusetzen und die frither in der Vergangenheit angelegten Versuchsflid-
chen zu bewerten. Eine solcher, nach der Methodik des ehemaligen Forschungsin-
stituts fiir Forstwirtschaft in Marianbrunn bei Wien angelegten Flichen ist die For-
schungsfliche in dem Forstrevier Liplivka bei Brno. Diese Flidche wurde im Friih-
jahr 1889 mit dreijdhrigen verschulten Fichtenpflanzen angelegt. Sie besteht aus
drei Vergleichsunterabteilungen, jede von einem Ausmafl von 0,25 ha. Die Unter-
abteilung I wurde in einem Verband 1 X 1 m, die Unterabteilung II in einem
Verband 1,5 X 1,5 m und die Unterabteilung III in einem Verband 2 X 2 m an-
gelegt. Die Fldche befindet sich im Bestand 215bs, die geographischen Ko-
ordinaten sind 16°37-38’ Ostlicher Linge und 49°20-21" nordlicher Breite. Seehéhe
ist 460-480 m, die durchschnittliche Jahrestemperatur betrigt 8°C, die durch-
schnittlichen Niederschlige sind 610 mm. Das Geldnde hat eine Neigung von 11-170,
ostlicher Hang, die geologische Unterlage besteht aus Amphibol und Feldspat. Wald-
typengruppe — reicher Waldmeister-Buchenwald.

Unsere Messungen erfolgten im J. 1973, als der Bestand 87 Jahre alt war.
Die héchste Endzahl der Biume befindet sich auf der Fldche mit dem Verband
2 X 2 m. Auf der Fliche 1,5 X 1,5 m ist diese um 159, niedriger. Der héchste
Brusthéherdurchmesser ist bei dem Verband 2 X 2 m und der niedrigste bei dem
Verband 1 X 1 m. Die mittlere Bestandeshthe im J. 1973 ist die geringste bei
dem Verband 1 X 1 m und die groBte bei dem Verband 1,5 X 1,5 m, von den sich
die Hohe bei dem Verband 2 X m nur wenig unterscheidet. Die gesamte Be-
standsgrundfliche ist bei dem Verband 2 X 2 m um 179, groBer als bei den
anderen Unterabteilungen. Der Derbholzvorrat betrdgt bei dem Verband 2 X 2 m
1249, und bei dem Verband 1,5 X 1,5 m 1049, des Wertes auf der Unterabteilung
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1 X 1 m. Der Mittelstammwert ist der groBte bei dem Verband 2 X 2 m und der
" geringste bei dem Verband 1 X 1 m. Die Gesamtmassenleistung fiir 87 Jahre ist
bei dem Verband 2 X 2 m um 109, hoher als bei dem Verband 1 X 1 m. Der
durchschnittliche Jahreszuwachs ist bei einem breiten Verband um 89, héher
als bei dem engen Verband. Die Baumklassifizierung nach Wuchs zeigte, da in
dem breiten Verband der grofite Anteil an herrschenden Bidumen mit dem groBten
Vorrat ist. Die Qualitédtsklassifizierung zeigt, daBl die héchsten Baumqualitdten nach
den biometrischen und Phénotypmerkmalen durch den Bestand in dem Verband
1,5 X 1,5 m und 2 X 2 m, die niedrigsten in dem Verband 1 X 1 m ereicht wer-
den. Die beste Qualitdt in den einzelnen Klassen wurde bei dem Verband 2 X 2 m
erreicht. Fiir die Okotypbeurteilung wurden auch die Blattentfaltung der Biume,
die Rinderfeinheit und die Astigkeit bewertet. In der produktionsgemifi besten
Unterabteilung mit dem Verband 2 X 2 m war fast die Hilfte der Bdume tardi-
flora (spiatblattentfaltend), wihrend die dichteste Unterabteilung mit dem Verband
1,6 X 1,5 m ist der Stand &hnlich wie bei dem Verband 1 X 1 m. Der héchste
Prozentsatz der Bdme mit einer glatten Rinde wurde auf der Unterabteilung mit dem
breiten Verband 2 X} 2 m und der niedrigste in dem Verband 1,5 X 1,5 festgestellt.
Das weist auf eine gewisse Okotypverscheidenheit im Rahmen der untersuchten Po-
pulation hin. Der grofite Anteil an fein veridstelten Biumen befindet sich in dem
breiten Verband 2 X 2 m, gegeniiber den anderen Verbidnden gibt es nur einen
kleinen Unterschied. Das bedeutet, daf} in dem gegebenen Falle die Astigkeit durch
den Verband nicht betrichtlich beeinfluft wurde. Es wurde festgestellt, daBl die
Fichten auf den Versuchsflichen teilweise durch den Hallimasch (Armillariella
Karst.) befallen sind. Die Untersuchung ergab, dafl die Unterschiede in der Anzahl
der befallenen Biume auf Flichen mit einem verschiedenen Verband nur zufillig
sind. Die diinnste Fliache 2 X 2 m hat die grofite Bestandesgrundfldche, die anderen
unterscheiden sich von ihr nur sehr wenig. Die grofte Kronenfliche wird mit der
Fliche mit dem Verband 1 X 1 m produziert, die kleinste auf der Fldche mit dem
Verband 1,5 X 1,5 m. Die durchschnittliche Kronenbreite in 87 Jahren ist auf der
Fliche in dem Verband 1,5 X 1,5 m, und ebenso die grofite Kronenlidnge. Die
durchsshnittliche Stammlénge ist die grofite auf der Unterabteilung mit dem Verband
2 X 2 m, in dem Verband 1,5 X 1,5 ist die gréfite Lingen des gereinigten Stamms.
Die Nihrfliche ist die groBte in dem Verban 1,5 X 1,5 und ebenso die Abstandszahl.
Aufgrund einer allgemeinen Bewertung der 87jdhrigen Forschung der Verbdnde
1 X 1m 15 X 1,5 mund 2 X 2 m in einem Fichtenbestand des trockneren Ge-
bietes kann konstatiert werden, daB der Verband 2 X 2 m, d. i. 2500 starke Pflan-
zen je 1 ha praktisch in allen Kennziffern die besten Ergebnisse aufweist. Daraus
kann gefolgert werden, daB die Rationalisierung der Anlage und der Erziehung
von Fichtenbestinden in einem breiten Verband mdglich und zweckmiBig ist.

Espacement et développement d’un peuplement d’épicéa

La rationalisation dans V’exploitation forestiére et la culture des foréts exige
que la densité des peuplements forestiers nouvellement formés soit convenable.
Le probléme en question a apparu dans un contexte analogue deés la fin du dernier
sieécle, donnant naissance a la dite éclaircie millimétrique tchéque. Sur I’échelle
internationale on examine cette question notamment sur 1’épicéa. Les essais ont
cependant un caractére a long terme, de sorte que les résultats ne seront a la
disposition qu’au bout de beaucoup d’années. C’est pour cette raison qu’il est né-
cessaire d’appliquer la méthode rétrospective et d’évaluer les parcelles d'essai
fondées dans le lointain passé. Une de telles parcelles, fondées selon la méthode
de Tancien Institut de recherches forestieres a Mariabrunn prés de Vienne, est la
parcelle expérimentale dans le district forestier Lipuvka prés de Brno. Cette par-
celle était fondée en plantant au printemps 1889 les plants d’épicéa de trois ans
repiqués. Elle comprend trois sous-parcelles comparatives, chacune d’une super-
ficie de 0,25 hectare. La sous-parcelle I était établie & 1’écartement 1 X 1, la sous-
-parcelle II & D’écartement 1,5 X 1,5 et la sous-parcelle III A I’écartement 2 X 2
metres. La parcelle se trouve dans le peuplement 215bs, les coordonnées géo-
graphiques étant a 16037-38" de longitude Est et & 49920-21” de latitude Nord.
L’altitude est de 460-480 meétres, la température annuelle moyenne de 89C et les
précipitations moyennes de 610 mm. La déclivité du terrain est de 11-170. Il s’agit
de la pente d’est et le substrat géologique est formé d’amphibole et de feldspath.
Groupe de types forestiers = hétraie & aspérule.
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Nos mesures étaient effectuées en 1973 a I'’Age du peuplement de 87 ans.
Le nombre final d’arbres est le plus élevé sur la sous-parcelle a 1’écartement 2 X
X 2 m, sur la sous-parcelle a 1’écartement 1,5 X 1,5 métres étant de 15 p. 100 plus
faible. Le diameétre & hauteur de poitrine est le plus grand a l’écartement 2 X 2
metres et le plus faible & I'écartement 1 X 1 meétre. La hauteur moyenne du peup-
lement en 1973 est la plus faible & I’écartement 1 X 1 meétre et la plus grande a
Técartement 1,5 X 1,5 meétre, celle & I’écartement 2 X 2 meétres ne différant de
cette derniére que trés faiblement. La surface terriére totale du peuplement est
a lécartement 2 X 2 meétres de 17 p. 100 plus grande que celle des autres sous-
-parcelles. Le volume du bois gros & I’écartement 2 X 2 meétres s’éléve a 124 p. 100
et a lécartement 1,5 X 1,5 metre & 104 p. 100 de la valeur du volume trouvé sur
la sous-parcelle a l'écartement 1 X 1 metre. La valeur de la tige moyenne est
la plus grande a I’ écartement 2 X 2 meétres et la plus faible a I’écartement 1 X
X 1 meétre. La production totale du volume dans 87 ans est plus élevée de 10
p. 100 & l'écartement 2 X 2 metres qu’a ’écartement 1 X 1 métre. I’accroissement
moyen annuel est de 8 p. 100 plus élevé a l’écartement clairsemé qu’a 1’écartement
serré. La classification des arbres selon la croissance a montré qu’il y a a I’écarte-
ment clairsemé la proportion la plus élevée des arbres dominants accusant le volume
le plus élevé. La classification selon la qualité montre également que c’est le peuple-
ment a 1,5 X 1,5 métre et a 2 X 2 meétres d’écartement qui atteint la meilleure
qualité des arbres selon les caractéres biometriques et phénotypiques et la qua-
lité la plus mauvaise a4 1 X 1 metre d’écartement. La meilleure qualité dans les
classes particuliéres a été atteinte & 2 X 2 meétres d’ecartement. Pour evaluer les
écotypes, on estimait aussi la frondaison des arbres, la finesse de l’écorce et la
richesse de la ramification. La meilleure sous-parcelle au point de vue de la pro-
duction, avec un écartement de 2 X 2 métres, accusait presque la moitié des arbres
tardiflora (a frondaison tardive), tandis que la sous-parcelle la plus serrée a 1 X
X 1 metre d’ecartement accusait deux tiers d’arbres praecox (a frondaison pré-
coce). A Técartement 1,5 X 1,5 metre la situation est analogue a celle que l’on
trouve a l’écartement 1 X 1 meétre. Le pourcentage le plus élevé d’arbres avec
Vécorce lisse a été identifié sur la sous-parcelle clairsemée a 2 X 2 metres d’écar-
tement. Cela laisse a penser qu’il y a une certaine différence entre les écotypes
dans le cadre de la population examinée. C'est 1'écartement clairsemé a 2 X 2
metres qui accuse la proportion la plus élevée des arbres finement ramifiés, dont
les autres écartement ne différent d’ailleurs que trés peu. Cela signifie que dans
le cas donné la densité de branchage des arbres n’était pas nettement influencée
par les écartements. Nous avons identifié que les épicéas sur les surfaces d’expé-
rience sont en partie attaqués par l’armillaire (Armillariella Karst.). L’exploration
a montré que les différences entre les nombres d’arbres attaqués ne sont, sur
les surfaces a écartements différents, qu’accidentelles. C’est 1a surface & écartement
le plus grand de 2 X 2 metres qui accuse la surface terriére du peuplement la plus
grande, les autres ne différants d’elle d’ailleurs que trés peu. La surface la plus
grande des houppiers se trouve sur la sous-parcelle ou l’écartement est de 1 X 1
metre et la plus faible sur celle ol I’écartement est de 1,5 X 1,5 meétre. La largeur
moyenne la plus grande du houppier, aussi bien que sa longueur moyenne la plus
grande & I’age de 87 ans ont été trouvées sur la sous-parcelle accusant 1’écartement
de 1,5 X 1,5 métre. La longueur moyenne la plus grande de la tige a été en-
registrée sur la sous-parcelle & 2 X 2 meétres d'écartement et la partie la plus longue
de la tige exempte de branches sur la sous-parcelle a 1,5 X 1,5 meétre d’écarte-
ment. L.a capacité nutritive la plus grande a la surface ou l’écartement de 1,5 X
X 1,5 meétre, celle-ci accusant aussi l'indice d'intervalle entre deux tiges le plus
grand.

Si nous évaluons l’ensemble de la recherche, effectuée pendant 87 ans sur
les peuplements d'épicéa a 1 X 1, 1,6 X 1,5 et 2 X 2 meétres d’écartement dans
la région séche, nous pouvons constater que l'écartement a 2 X 2 métres, c’est-
-a-dire 2500 plants vigoureux a 1 hectare accuse pratiquement les meilleurs ré-
sultats dans tous les indicateurs. On en peut déduire que 1'établissement et 1’élevage
des peuplements d’epica & un écartement peu serré sont possibles et rationnels.

The author's address:
Prof. Dr. Ing. Miroslav Vyskot, DrSe., lesnickd fakulta VSZ, Brno
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M. Stolina FUNCTIONAL POTENTIAL
AND FUNCTIONAL EFFECT OF FOREST
IN ASPECTST OF FOREST PROTECTION

In a civilized region the forest has a determined function. Usually not
a single function is in question, but almost always several functions are in-
volved. The functional effectiveness of the forest is attained by taking advantage
of the realities of nature and by economic activity pursuing the intentional
formation of stands and their adaptation to the intended purpose. These re-
quirements are comprehensively expressed in determining the aim of the forest.

The results of economic endeavour attempting to fulfil the aim of the de-
termined effect of the forest are often not satisfactory. The reasons for this
failure may be manifold. One reason among them is such injury to stands
caused by damaging factors that the respective complex cannot attain the re-
quired functional effect. The consequence of this is either a temporary or a per-
manent change of the character of the forest which often requires also the
change of the intended aim of the forest, or perhaps it is necessary to markedly
change the silvicultural systems in conformity with the newly arisen conditions
which again is reflected in the functional effect of the forest. So far, no parti-
cular emphasis being laid on the integration of forest functions, such undesired
situations in the forests were mostly felt when the productive function of the
forest was disturbed, if the forest was intended for timber production, or in
protective forests if their function was clearly determined.

In forests unilaterally intended for timber production the task of forest
protection is to create conditions ensuring the optimum production of timber
with safeguards against damaging factors and for this purpose all economic,
technical and biological means and methods are used which are of the required
effectiveness and are also economically advantageous. In functionally integrated
forest management where beside the productive function also extraproductive
functions should be considered means and methods of forest protection which
are currently used in forests serving only the purpcse of timber production
are not always acceptable. The task of forest protection in functionally integrated
forest management is to determine such effects that the fulfilment of all the
intended forest functions be safeguarded against damaging factors so that the
total functional effect of the forest attains the maximum.

FUNCTIONAL POTENTIAL AND FUNCTIONAL EFFECT OF THE FOREST
The function of the forest can be defined as the resultant of social re-

quirements and economic limitations on the one hand and of realities of nature
and technical solutions on the other (Papadnek 1972). The functional po-
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tential represents the significance belonging to forest management functionally
regulated in the given natural conditions and with regard to social requirements
in such a way as to be able to produce material, or ideal goods, or services of
the respective kind (Papanek 1972).

As follows from both definitions, in determining the forest function, or
in considering the functional potential of the forest, the starting-point is the
respect a) of the natural conditions in which the forest exists, and b) of the
requirements claimed by society from the forest.

Natural conditions are important from the viewpoint of their capacity for
forest growth, as to a certain forest type. They are considered both from the
viewpoint of their usefulness for certain economic intentions and from the view-
point of the possibility of their changing and transforming by technical means
and solutions. Social requirements concerning the forest are based on human
needs, or perhaps on ideas according to which these needs could be best satisfied.
They are limited by economic aspects.

The functional eifect of the forest expresses the degree of meeting economic
and social demand (Papanek 1972). It depends mainly on the harmo-
nization of relations between social requirements as to the functional effective-
ness of the forest and the techmical solution by which it should be attained on
the one hand, and on the character of the forest in the given natural conditions
in the framework of which these requirements should be met, on the other hand.
If there is a harmony between social demands and the possibilities of phyto-
technical arrangements given by natural conditions, then the assumption can
be made of attaining the maximum functional effect, including the aspect of
forest protection. But if there exists a disharmony between social demand and
the possibilities given by nature and if the meeting of social demand requires
exacting and sweeping interventions into the natural character of the forest,
disproportions may arise which are deeply reflected also in the field of forest
protection.

One of the marks of dynamics of the forest representing a combination of
specific associations is their adaptation to given conditions and their retroaction
on the properties of the environment. This process is accompanied by a number
of phenomena which are not necessarily in harmony with the idea of a function-
ally destined forest. Such unwanted phenomena which arise in the course of
forest dynamics are various disturbances of the forest, calamities, deterioration
of stability, of sanitary conditions etc. In such case the forest appears to be
labile and functionally unstable and its final functional effect is small. Though
it is possible to influence processes in the forest which are the consequence of
endogenous processes in the association, or are the expression of exogenous natural,
or even anthropic factors, by some technical solutions, nevertheless this possibi-
lity is limited by the character of natural conditions, by economic aspects and
especially by the final effect of the technical solution which needs not always
to be in harmony with the required functional effect of the forest (e. g. the use
of chemical means is excluded in some forests important for sanitary reasons).

For this reason it is mecessary to take protection apects into consideration
when determining the functional aim of the forest, when evaluating the functional
potential of the forest. Forest protection in functionally integrated forest ma-
nagement must start from aspects and methods corresponding to the spectrum
of forest functions.
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RESISTANCE POTENTIAL OF THE FOREST

The task of forest protection in functionally integrated forest management
is, in the first place, to supply prognostic data on the endangerment of the
forest by damaging agencies which is necessary as a basis for determining the
aim of the forest. In the second place, it is the task of [orest protection when
determining economic principles assisting the attainment of the pursued functional
aim to define adequately to the functional purpose of the forest the complex
of preventive and repressive measures which should be carried out with regard
to existing natural conditions, the present state of the forest and the social re-
guirements.

The fulfilment of this task is possible only on the basis of an objective
evaluation of stand properties as to resistance and disposition and on the basis
of a long-standing prognosis of the endangerment of the forest by harmful
agencies which should be taken into account.

The properties of the forest as to resistance and disposition with regard
to damaging agencies can be characterized by the resistance potential of the
forest. The resistance potential of the forest expresses the natural ability of
the stands acquired in the existing conditions to prevent the activation of
pests on forest trees and to resist the effect of abiotic damaging factors. This
ability ensues from the genetically and ecologically conditicned anatomic, mor-
phologic and physiologic properties of the different trees and from the syneco-
logic relations of the forest association the edificator of which is the tree com-
ponent. It appears in the homeostatic effects of the asscciation.

In the dynamics of the natural forest, some stages of its development,
especially the stage of ‘‘reaching maturity” (Leibundgut 1959, Korpel
1967) are distinguished by signs which can be considered as the attribute of
the optimum resistance potential of the anthropically influenced forest (e. g.
commercial forest). This consists mainly in the marked h-meostatic ability
against the effect of exogenous and endogenous factors which maintain the forest
in the state corresponding to the conditions of the environment. Such a state of
the forest is the consequence of a long-lasting phytogenetically conditioned
adaptation process of the forest association with respect to the conditions of
the given ecotop. The character of such a forest is outwardly expressed by the
specific structural distribution of the edificator of the forest ecosystem — the
tree component (species composition, structure, kind and degree of canopy
density).

Based on information from natural forests it is possible to derive per
analogiam the resistance potential also in anthropically influenced forests, taking
into consideration the tree species composition, its suitability for the given con-
ditions of the ecotop, the structure of the stand, the form and density of canopy
and its genesis. The more these signs of the stand correspond to the character
of the natural forest especially in the stage of final growth, the greater will
be their resistance potential.

The importance of the tree species composition, suited to the site, appears in
the resistance of the stand as to stability and from the biocoenotic viewpoint. The
static stability of these stands comsists in the space distribution of the tree
species, the statically more stable tree species improving the total static effect
of the stand, in which also less stable tree species are represented (e.g. the
importance of larch, beech and fir besides spruce). The resistance effect of
a tree species composition suited to the site is expressed in the biocoenotic sense in
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retardation effects while the population density of phytophagous animals (e. g.
of injurious insects) increases, by creating specific trophic and topic conditions,
on the one hand, and in the other hand by the tree species composition in specially
created synparasitic, predatorial and competitive relations in the animal com-
ponent of the forest biocoenosis.

1. Assessment of the suitability of tree species composition as to site. — Hodnotenie
stanovistnej vhodnosti drevinového zloZenia

Degree Characteristics Criteria
1: Tree species composit- Tree species (ecotypes) and their mutual relation
ion suitable as to site correspond to the amplitude of the optimum to

ecologically maximum permissible representation
of tree species according to the typological survey
(sensu Zlatnik 1959). The distribution of tree
species on the stand area is uniform.

2. Less suitable tree speci- Tree species are not strange to the site, the share
es composition as to of most endangered tree species is by 50 and more 9,
site higher than permissible under the criteria of

degree 1. Distribution of tree species on the stand
area is in groups more or less uniform.

3. Unsuitable tree species An essential share of the stand is formed by a tree
composition as to site species which is strange to the site, or a monocul-
ture.*)

*) Note: monoculture — artifically established stand of one tree species, perhaps with an
insignificant occurrence of other tree species, which is strange to the given
conditions of the environment.

II. Assessment of the stand structure*) of the third age class on. — Hodnotenie vy-
stavby porastov*) III. vekove]j triedy a starSich

Degree Criteria

1 Multi-storied stand, length of conifer crowns (spruce, fir) comprises one half of
the tree’s height or more, vertical canopy closure, either complete, or since an
early age interrupted. §

2 Multi-storied stand, conifer crowns (spruce, fir) shorter than half of the height,
but longer than a quarter of the height of the tree, vertical, complete canopy
closure.

3 Two-storied stand, conifer crowns (spruce, fir) from half to a quarter of tree
height, crown closure of the upper storey incomplete, of the lower one inter-
rupted.

4 Single-storied stand, length of conifer crowns (spruce, fir) half of the tree’s
height and more, crown closure since an early age incomplete, or interrupted.

5 Two-storied stand, conifer crowns (spruce, fir) from one third to one quarter of
tree height, crown closure of the upper storey suddenly interrupted or incom-
plete, of the lower storey interrupted.

6 Single-storied stand, length of conifer crowns (spruce, fir) from one third to one
quarter of tree height, horizontal, complete, sometimes suddenly interrupted or
, incomplete canopy closure.

*) Note: Stand structure is in field work assessed according to the number of storeys. For
younger stands special criteria apply (c. f. Stolina 1974).
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In a similar sense the structure of the stand is of consequence. The distri-
bution of tree species, the age and height structure of the stand multiply the
resistance properties of the stand which are caused by a tree species composition
suited to the site. The mechanism of the resistance effect of a stand differentiated
as to age and height ensue from the differentiated resistance and disposition
properties which are adequate to the growth and development stage of the
tree species (trees).

III. Assessment of the sanitary coefficient of stands*) of the third age class on. —
Hodnotenie sanitarneho koeficientu porastov*) III. vekovej triedy a starSich

Degree Characteristics Criteria
1 Favorable sanitary co- The percentage of damaged and by rot affected
efficient trees is not greater as the natural loss of the tree

number during the decennium; the distribution of
damaged and by rot affected trees is more or less
uniform on the whole area of the stand.

2 Less favorable sanitary The percentage of damaged and by rot affected
coefficient trees is twice as high as the natural loss in the
number of trees for the decennium; the distribution
of the damaged trees is more or less uniform on the
whole area of the stand.

3 Unfavorable sanitary The percentage of damaged and by rot affected trees,
coefficient if distributed uniformly throughout the stand, is
[ three times as high as the natural loss of tree
numbers in the decennium, or, if damaged and by
rot affected trees form a centre, one and a half time
or more, compared with the natural loss of the
number of trees during the decennium.

*) Note: In assessing the sanitary coefficient damage with permanent, or long-lasting
consequences is taken into consideration (Mechanical damage to trees, loss of
assimilation organs in chronically operating damaging factors etc.). In phyto-
pathogen factors of plant origin the degree of their aggressivity is taken into
account; if the stand is infected by a very aggressive factor (e. g. Armillaria
mellea), always degree 3 is assessed. For younger stands special criteria apply
(c. f. Stolina 1974).

In the practical assessment of the resistance potential of stands the suitabi-
lity of the tree species composition (including the ecotype) as to site is estimated
according to typological criteria (e. g. according to the groups of forest types,
sensu Zlatnik 1959). The stand structure is assessed on the basis of the
distribution of tree species in space and according to the height, age and dia-
meter grouping in the stand. The canopy closure of the stand is assessed accord-
ing to its form, degree and genesis which is derived from the dimensions
and shape of the tree crowns. In addition, the so called sanitary coefficient
of the stand is considered which expresses the distribution and relation of the
number of damaged and by rot affected trees to the total number of trees in :
the stand.

For each of the three mentioned basic indicators of the resistance potential
of the forest (suitability of tree species to site, structure and sanitary state of
the stand) scales for the expression of the degree of resistance properties of the
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stand are constructed (Table I—III). The value of the resistance potential is
determined by the sum total of values of the various pointers, using the criteria
given in Table IV.

TV. Assessment of the resistance potential of stands of the third age class and
older stands on the basis of indicators from Tables I-III*. — Hodnotenie odolnost-
ného potencidlu porastov III. vekove]j triedy a starsich na zaklade ukazovatelov z ta-
buliek I-IIT%)

Degree Characteristics Criteria

1 Favorable The sum total of the values of the indicators is in
the amplitude: 3 —5, no one of the indicators having
a higher value than 2.

2 Less favorable The sum total of the indicators is in the amplitude
from 6 to 8, the indicator “Stand structure’” having
not a higher value than 4 and the other indicators
not more than 2.

3 Unfavorable The sum total of the indicators is in the amplitude
9—12.

*) Note: For younger stands special criteria apply (c. f. Stolina 1974).

ENDANGERMENT OF STANDS BY DAMAGING FACTORS AND THE
RESISTANCE POTENTIAL OF THE FOREST

The forest, the stands, or single tree species are during their existence
exposed to a greater or smaller danger of being damaged by harmful factors.
But damaging factors injure stands (tree species) only in the case that their
effects are greater than the ability of the stand (tree species) to resist. The
injury of the stand by natural damaging factors is therefore the resultant of
specific relations between damaging agencies and a certain ‘degree of its aggres-
sivity on the one hand and the resistance potential of the stand on the other
hand (Stolina M. 1968).

The aggressivity of the damaging factor ensues both from its qualitative
and quantitative properties (Pfeffer 1961). Thus e. g. snow with the spe-
cific weight 0.7 g em~3 is heavy (quality) and when much snow falls (quantity)
stands are crushed; Ips typographus is a phytophag on spruce (quality), in case
of gradation (quantity) it becomes a very dangerous pest of the stands.

The harmfulness of a certain natural factor appears only in those con-
ditions in which its quantitative properties and, consequently, also its aggres-
siveness can manifest itself. Abiotic damaging factors injure stands in conditions
which ensue from the geographical situation of the territory and its orographic,
edaphic, climatic and meteorologic conditions, especially in those instances when
also the resistance potential of the stands is unfavorable, or less favorable
(Stolina 1961b, Kodrik 1966). Biotic damaging factors manifest their
aggressivity in specific conditions which ensue from the properties of the envi-
ronment of their occurrence. The character of these factors and the possibilities
of activation of these damaging factors can be determined by typologic units
(Stolina 1959), the resistance potential of the stands being taken into
account.
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If the resistance potential of the stands is unfavourable, or less favourable,
damage is more probable already at a smaller aggressivity of the damaging
factor, on the contrary a favourable resistance potential of the stand enables
homeostatic effects also if the aggressivity of the damaging factor is relatively
considerable (C. f. Stolina 1961). On the basis of these indicators it is
possible to set up long-range prognoses of the endangerment of stands by da-
maging factors (Stolina 1968), which are an indispensable indicator in
forest management planning both in establishing economic goals of the forest,
economic objectives and silvicultural systems and in detailed planning of eco-
nomic measures in the various compartments (stands).

Protective prognostication should signalize dangers menacing stands by
damaging factors. Its task is, at the same time, to study conditions and causes
of threats or damage to stands by harmful agencies. The task of forest mana-
gement in the field of forest protection is to eliminate these causes, or to change
cenditions in which damaging factors can operate. The means [or this are, in
the first place, preventive measures and, if necessary, also repressive interven-
tions.

-

TASK OF FOREST PROTECTION IN CONSIDERING THE FUNCTIONAL
POTENTIAL AND THE FUNCTIONAL EFFECT OF THE FOREST

One of the basic tasks in considering the functional potential of the forest
is the review of natural conditions and of the possibilities of their modification
in conformity with social requirements. The possibilities of controling and
utilizing natural conditions in such a way that the {functionally optimum
effective forest be achieved, depend on the character of these conditions as
well as on a number of factors which should be taken into account, including
the technical possibilities of solution. With these problems also questions and
tasks of forest protection are closely associated.

In this connection, the solution of tasks of forest protection is based on
aspects of spatial and long-range prognosis of the menace to stands by da-
maging factors, i.e. on the resistance potential of stands and on the possibili-
ties of activation of the damaging factors. Prognostic data serve as a basis
for the solution of questicns connected with the definition of forest functions
and, besides that, also for the complex of measures which shculd be carried
out in order to reduce the risk of damage to the forest, or to divert an imme-
diately threatening danger. In considering the functional potential forest pro-
tection has a twofold mission: the prognostic and the solving one.

Prognostication establishes and records the conditions and possibilities of
activation of damaging factors and forecasts the probability of risk to stands
with regard to such a forest structure which suits best the social and
economic requirements. At the same time, it should reflect also the present
situation of the forest and the forms of its transition to the functionally required
structure. In this way, protective prognostication directly touches upon the pro-
gnosis of the functional effect of the forest.

The solving task of forest protection consists in offering basic data and
proposals for the solution of the optimum structure of the forest in the given
natural conditions which permits to suppose the maximum reduction of risk
as to injury caused by damaging factors. Nevertheless, it should be carefully
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considered how far the proposed structure corresponds with the functional aim
of the forest, or to what extent it will be mecessary to depart from the optimum
structure of the forest in order to attain the functional intention. In connection
with this again arises a number of related questions, foremost, to what extent
will the intended deviation from the optimal structure increase the risk of da-
mage to the stands.

The task of forest protection in solving problems concerning the determin-
ation of the functional potential and the supposition of the functional effect
of the forest is to decide a wide range of questions connected with the diverting
of immediate danger to the stands by damaging factors. Since the greatest part
of the present technical means and solutions in pest control is adapted to the
use in a monofunctional forest with production goals, they wil not suit at all,
or to a sufficient extent, the functionally integrated forest management where
besides the production function also other functions will be equally important,
mainly those, in which it is a priori impossible to influence the forest ecosystem,
or certain parts of the abiotic environment, by technical means (e. g. protection
of water resources). Up to now there is no satisfactory replacement for such
means and solutions, consequently preventive measures will in such circumstances
play an important role.

CONCLUSION

With expanding progress and increasing requirements of society on the
forest the solution of questions of functionally integrated forest management
comes into play. This requires to reassess the forest from the viewpoint of its
functional potential and functional effect. In connection with this also the task
of forest protection must be reassessed. Its task in functionally integrated forest
management is to offer a space and time prognosis of the threat to stands by
damaging factors with respect to the present and proposed stand structure
adjusted to the functional aim of the forest. For this purpose it must rely on
assisting indicators as are the spatial and long-range prognosis of activation
of damaging factors, the resistance potential of stands and the degree of menace
derived from it. Its task is, besides that, to furnish data for the solution of the
forest structure which would, on the one hand, limit the risk of damage to
stands by damaging factors, and on the other hand best fulfil the functional
aim of the forest. Aspects of forest protection are important for the assessment
of the functional potential of the forest, the prognostic tasks touch directly upon
the prognosis of the functional effect of the forest.

In functionally integrated forest management the importance of preventive
measures increases since the actual technical means and solution of pest control
are in some functional types a priori excluded.

Received for publication May 3, 1974
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Funkény potencial a funkény efekt lesa v aspektoch ochrany lesov

S rozvojom a so vzrastajucimi poZiadavkami spolo¢nosti na les vystupuje do
popredia rieSenie otazok funkéne integrovaného lesného hospodarstva. To vyzZaduje
prehodnocovaf les z hlfadiska jeho funkéného potencidlu a funkéného efektu. V sia-
vislosti s tym sa musi prehodnocovat aj tuloha ochrany lesov. Jej tulohou vo funké-
ne integrovanom lesnom hospodarstve je poskytnif priestorovi a éasovid prognézu
ohrozenia porastov $kodlivymi ¢initeImi pri stéasnej a pri navrhovanej S§truktire
porastov orientovanej na funkény zamer lesa. Pre tento ucel sa musi opierat o po-
mocné ukazovatele, ako su priestorovda a dlhodoba prognéza aktivizacie Skodli-
vych ¢initelov, odolnostny potenciidl porastov a z toho odvodzovany stupeni ich
ohrozenosti. (Pre tento el boli zostavené ukazovatele, ktoré st uvedené v tabul-
kéch.) Okrem toho jej ulohou je poskytnif podklady pre rieSenie $truktiry lesa,
ktorda by na jednej strane obmedzovala riziko poSkodzovania porastov S$kodlivymi
¢initeImi, na druhej strane by optimilne spliala funkény zadmer lesa. Aspekty
ochrany lesa su vyznamné pre posudzovani funkéného potencidlu lesa, jej prognos-
tické tulohy sa bezprostredne dotykaji prognézy funkéného efektu lesa.

Vo funkéne integrovanom lesnom hospodarstve vzrastd vyznam preventiv-
nych opatreni, pretoZze stcasné technické prostriedky a rieSenia boja proti Skodcom
su v niektorych funkénych typoch apriérne vyliéené.
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PyHKUUOHANEHEIM NOTeHOHAan M (QyHKOHOHANBHEIM 3PPexr mxeca
B acmeKkrax aecO3aljHTBL

C passurHeM M pocTOM TpeGoBaHHMIl obIjecTBa K JeCy Ha NEPBHIH IUIAH BBICTYNAOT
BOTIPOCET PYHKI[MOHANBHO MHTErPHPOBAHHOTO JIECHOTO XO37iCTBA. JTO 3acTaBiseT IIepPecMOTPeTh
Jec ¢ TOYKM 3PeHud ero (QyHKIMOHANBHOTO TOTeHHMAana u QyHKIHOHANIBRHOTO 3ddexra. B cBasu
C STHM HaNO IEepecMOTPers M pOJb JIECO3aIUTH. B QyHKIMOHANBPHO HMHTErpPHPOBAHHOM JIECHOM
XO3sMCTBE ee POJb 3aKJI0YaeTCs B IIPOCTPAHCTBEHHOM M BPEeMEHHOM IIPOTHO3e yrposa JecoHa-
Ca)KIEHHH CO CTOPOHHI BPENHEIX (PAKTOPOB TIpM CyIIeCTBYIOUIEH W HaMeuaeMoif B CBA3H C (QyHK-
LIHOHANBHOM OpPMEHTHPOBKOM Jleca CTPYKType HacamIeHHil. [asg STOH Iens HyKHO ONMPATHCH
O BCIOMOTaTeJIbHEIE II0KasaTend, KaKOBHI IIPOCTPAHCTBEHHBIM M IOJrOCPOYHBIA IIPOTHO3LI AKTH-
BU3aUHM BPeNHBIX (GAaKTOpPOB, PE3UCTEHTHLIH IIOTEHIIMAJ JIeCOHACa)XIeHWH M BLIBeNIeHHAs Ha ero
OCHOBE CTeleHb HMX HaAXOKIeHus noa yrposoit. ([as 3Toil ILlenm cocTaBleHbHI MOKasaTenu, KO-
Topeie mpuBonmsArci B Tabamumax.) Kpome TOro, mx posp 8akiio9aeTca B NPENOCTABIEHUM Mare-
pHasa A pelleHHA CTPYKTypHl Jeca, OrpaHHYHBalolleil ¢ OXHOW CTOPOHLI ONACHOCTH IIOBpEKIe-
HHS Haca’KIeHHU BpeIHLIMH (paKTOopaMM, a, C IPyroif, ONTHMAaJbHO OTBedaomeidl QyHKIINOHATb-
HOM OpPUEHTHPOBKE Jieca. ACHEKTHI JIECO3AU[UTHl BaXKHEI I ONEHKH (YHKIIMOHAJNBHOTO TOTEH-
Iyana Jseca, ee IPOTHO3MYECKAas pOJb HENOCPENCTBEHHO KacaeTcs IporHosa (QyHKIHOHAJIBLHOrO
apdekra seca.

B JyHKIMOHANLHO HHTerPHpPOBAHHOM JIECHOM XO3SMCTBE BO3pacTaeT 3Ha4deHHe IpeXBapu-
TeNBHBIX MEPOIPHATHI, TaK KaK COBDEMEHHble TexHHYeCKHe CPENCTBa M MeTomsl Gopnbbl ¢ Bpe-
IUTENAMH B HEKOTOPHIX (QYHKIIMOHAJNBHBIX THUIAX 3apaHee MCKIOYEHH.

Funktionspotential und Funktionseffekt des Waldes in Aspekien des Waldschutzes

Mit der Entwicklung und den ansteigenden Anforderungen der Gesselschaft
an den Wald gelangt in der Vordergrund die Losung der Fragen der funktions-
gemil integrierten Forstwirtschaft. Dazu ist es orforderlich, den Wald von dem
Gesichtspunkt seines Funktionspotentials und Funktionseffekts umzuwerten. Im Zu-
sammenhang damit ist auch die Aufgabe des Waldschutzes umzuwerten. In der
funktionsgemidll integrierten Forstwirtschaft ist es dessen Aufgabe, eine Raum-
und Zeitprognose der Bedrohung der Bestinde durch schidliche Faktoren bei der
gegenwirtigen und der, auf das Funktionziel des Waldes gerichteten vorgeschlage-
nen’ Struktur der Bestinde zu leisten. Zu diesem Zweck muB} sich der Waldschutz
an die Hilfskennziffern, wie z. B. die langfristige und Raumprognose der Aktivie-
rung der schidlichen Faktoren, das Widerstandsfihigkeitspotential der Bestdnde
und der daraus zu folgernde Grad ihrer Bedrohung, stiitzen. (Zu diesem Zweck
wurden die in den Tafeln angegebenen Kennziffern zusammengestellt.) AuBerdem
ist es die Aufgabe des Waldschutzes Unterlagen zu geben fiir die Losung der Wald-
struktur, die einerseit das Risiko der Schidigung der Bestinde durch schidliche
Faktoren reduzieren, andererseits optimal das Funktionsziel des Waldes erfiillen
wirde. Die Waldschutzaspekte sind wichtig bei der Beurteilung des Funktionspo-
tentials des Waldes, mit dessen prognostischen Aufgaben unmittelbar die Prog-
nosen des Funktionseffekts des Waldes zusammenhéngen.

In der funktionsgemidfB3 integrierten Forstwirtschaft steigt die Bedeutung der
Vorbeugungsmafinahmen an, da die gegenwirtigen technischen Mittel und Ldsungen
der Schiadlingsbekdmpfung in einigen Funktionstypen a priori ausgeschlossen sind.

The author’s address:
Prof. Ing. Miroslav Stolina, CSc.,, Lesnicka fakulta VSLD, Zvolen
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J. Halaj THINNINGS OF SPRUCE STANDS
IN THE CZECH SOCIALIST REPUBLIC

The aim of the work is research of thinnings of spruce stands in the Czech Socialist
Republic, this being done from two viewpoints:

1) Inquiry into production indices of thinnings, mainly the derivation of quantitative
indices concerning the type and intensity of thinning in order to describe and to fix
mathematically the type of thinning in yield tables of spruce which are at present in
preparation.

2) Construction of thinning tables for spruce stands in the Czech Socialist Re-
public. The purpose is to derive tables of decennial thinnings in m3/ha and of decennial
thinning percents based on domestic experimental data of research plots.

The research is based on experimental data concerning repeated measurements
of research plots established during 1965—1972 over the whole state territory for the
construction of yield tables. The data form part of an extensive network of research
plots which are established since 1965 till today over the whole territory of the state
in the scope of research concerned with the preparation of yield tables for the main tree
species in Czechoslovakia (spruce, fir, pine, beech and oak). All research institutions,
colleges of forestry and institutes for forest management take part in the establishment
of research plots. The establishment of research plots is carried out in close cooperation
with operational forestry, mainly in as far as the marking and execution of thinnings
on the research plots is concerned.

Research plots are established in the decennium 1965—1974 during forest taxation
each year on those working units on which working plans are revised. In 1975, when
the network of research plots will be established on the whole territory of the state, the
first edition of yield tables will be prepared from these experimental data. It is expected
that, at this time, for the mentioned five tree species about 3500 research plots will be
totally established. Measurements on the established research plots are repeated every
five years. All research work is directed and coordinated by the Commission for Yield
Tables. Work is carried out in a centralized manner according to “Directions for the
establishment and evaluation of research plots serving the construction of yield tables
in Czechoslovakia”’ edited by the Commission for Yield Tables in 1965 and 1972. Part
of the Directions are also directions for the execution of thinnings on research plots.

The research plots are established in two forms, namely as provisional and permanent
research plots.

1) Provisional research plots are permanently stabilized on the ground. They
comprise 0.20—0.50 ha in such a way that at least 300 trees grow on the plot. They are
established representatively on all important typological units. Dendrometrical measure-
ments on the plot comprise tree cruising, height measurements for the chart of heights,
measurement of the diameter increment of the mean stem by boring, the age of the stand
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is established, a detailed description of the stand and the typological classification of the
plot into the forest type is carried out. Together with the measurements, in cooperation
with the forest enterpnse the marking of thinning for the next five years accordmg to the
thinning direction is carried out. In spruce, low thinnings of moderate 1ntens1ty are
principally used, at a young age also high thinnings. The thinning cycle is constant
regardless of age and site, i. e. five years and coincides with the interval of repeated
measurement of research plots and with the age interval of the future yield tables.
Provisional research plots are established by the staff of the Institutes for Forest Mana-
gement during taxation work. Guidance of the work is provided by the Commission for
Yield Tables.

2) Permanent research plots are established by the personnel of research institutes
and forestry colleges. These plots are permanently stabilized on the ground and have
a surface of 0.20—1.00 ha. They are established in a similar method as provisional re-
search plots, but the trees are numbered. Dendrometrical measurements are more detailed
and a detailed classification of trees is carried out. They serve to a more detailed analysis
of the growth and production of stands in connection with research work for the pre-
paration of yield tables. The number of permanent research plots represents about
5—10 9, from the number of provisional research plots.

Provisional and permanent research plots are repeatedly measured each five years.
In repeated measurements basically the same values are determined as in establishing
research plots and also a new thinning weight for the next five years is marked.

For the research of thinnings in spruce stands exclusively research plots with
repeated measurements were used, where already two thinnings in the established five
years’ thinning cycle have been carried out. Beside that, data from several permanent
thinning research plots were utilized (Pafez 1965, Vyskot 1969). Altogether, 309
research plots in the age from 24 to 100 years, on different sites and of different stocking
and silvicultural treatment were used. The intensity of the foregoing tending is characte-
rized by the level of the growing stock (Halaj 1971) which is given by the basal area
of the stand per ha in dependence on the mean height. Three levels of growing stock are
distinguished, the lower level 1 characterizes stands which have been so far intensively
tended, the middle 2 and upper 3 level characterizes stand Wthh have been so far very
little tended.

The planning of thinning in the scope of forest taxation refers to the decennium
in accordance with the validity of the working plan. The planned decennial thinning
is usually executed in two operations. Therefore in this paper not the five years’ thinning
as carried out on the research plots are evaluated, but the decennial thinnings as planned
by the forest taxation. The decennial thinning in m3/ha is in this case equal to the sum
total of volume of two subsequent five years’ thinnings.

TYPE OF THINNING

Beside the traditional qualitative definition of the type of thinning by means of
selected tree classes also quantitative indices of the type of thinning are used in this
paper, namely the indices Iy, Ig, In, which are defined as the relation of volume, diameter,
height of the mean thinning tree to the respective values of the total stand before thinning
(Eide—Langsaeter 1941, Johnston 1967, Delvaux 1968, 1971, Décourt 1969)

Um

S 2
dm
I; = Dy 2
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In these equations o, dm, #; mean the volume, diameter, height of the mean thinning
stem, Vi, Dm Hyp the same values of the stand before thinning. The indices express
the relation of the average type of removed trees to the average type of trees in the whole
stand, the average type being characterized by volume, diameter.

The indices proved to be a very good indicator of the type of thinning and they
have the main advantage that they make more accurate the qualitative definitions of
various used types of thinning, this being done simply by figures in a reasonable, clear
and objective manner. They characterize numerically the various types of thinning.
The index value 1.0 characterizes a neutral thinning, in which trees both under and
in the crown level are removed in proportional share. Index values smaller than 1.0
characterize thinning in the lower story, by which mainly trees of lower tree classes are
removed. Index values higher than 1.0 characterize thinning in the upper story, by which
mainly trees of upper tree classes are removed. In domestic literature and in practice
the denomination high thinning is usually applied to any thinning connected with the
positive selection of crop trees and the removal of competitors in order to assist the
selected trees. In doing this, also the neutral thinning is called high thinning.

Values of indices are the higher (the more lower), the higher (or lower) the character
of thinning is. In thinnings with the same number of removed trees the index values are
higher, if more dominant trees are removed, they are on the contrary lower, if trees
of the lower story are removed in greater number.

Among the indices I, proved to be
most appropriate, since its values for
various used types of thinnings are mostly
differentiated. For the same type of thinning 12
the index values I,, I, I, are not the same.
Moreover there exist very narrow (though |
not functional) correlation relations be- 1
tween the indices which have been evaluated
from data onthe research plots (Fig. 1). For -7
types of thinnings with index values up to ‘ -
1.0 the index I, has always the lowest value, | " 7
I a higher one and I the highest value. os- =
For types of thinning with index values
above 1.0 on the contrary I, has the highest ‘
value, I; a lower and I}, the lowest one. All
three indices are equal only in the neutral
thinning, when the mean tree of thinning ,
and the mean tree of the stand are identical ! p—
so that in this case I, = I = I, = 1.0. e C o8 - @ 4

From the qualitative viewpoint the
following five types of thinning have been
distinguished on the research plots:

I,

1. Mutual relations of indices of the ty-
pe of thinning Iy, Is, In. — Vzajomné

3 : zavislosti indexov druhu ebjerky I
natural automatic loosening outasanon 7’ 7, prebierky I,

active thinning (sign 0)

proper low thinning including sporadic intervention in the crown level (sign 1)
low thinning with moderate intervention into the crown level (sign 2)

low thinning with frequent intervention into the crown level (sign 3)

high thinning with an adequate intervention in the crown level (sign 4).
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These types of thinning are quantified by the values of index I,. In Fig. 2 frequencies
of the value I, on the research plots are shown according to the various thinnings 0, 1,
2, 3, 4 and also together for the total experimental data without respect to the type of
thinning. The frequency curves of the various types of thinning are located on the axis
I, from left to right in accordance with the growing degree of crown level selection.
Farthest to the left at the lowest I, values is situated the curve of natural loosening out,
the curve of the proper low thinning follows being rather overlapped by the previous
curve. Next follows, also with some overlapping, the curve of low thinning with moderate
intervention into the crown level, next comes the curve of low thinning with frequent
intervention into the crown level and finally on the far right side at the highest I, values
is situated the curve of the high thinning. The overlapping of curves of different types
of thinning is caused by the fluctuation of the I, values in the qualitatively defined types
of thinning 0, 1, 2, 3, 4. The lowest I, values occur at the natural loosening out amounting
to 0.08—0.44 (average 0.24), the proper low thinning follows with values of I, from
0.12 to 0.52 (0.33), next comes the low thinning with moderate intervention into the
crown level and the values 0.32—0.64 (0.47), succeded by the low thinning with frequent
intervention into the crown level 0.48—0.80 (0.61) and the high thinning 0.64—1.28
(0.86). The total variation amplitude of I, in Fig. 2 is in this way continously divided
by the variation amplitude of the various types of thinning, the amplitude of the neigh-
bouring types always overlapping to a certain degree. The total variation amplitude
of the I, index (if natural loosening out is not considered) amounts to 0.12—1.28, the
arithmetic mean is 0.48, the standard deviation +0.16, the variation coefficient 32.5 9.

In the experimental data of the research plots most represented is the type of
thinning marked 2, i. e. the low thinning with moderate intervention into the crown
level which occurs in 48 9, of instances. Next follows being represented nearly equally
type 1 (proper low thinning) occurring in 28 9, of instances and type 3 (low thinning
with frequent intervention into the crown level) which occurs in 18 9%, of instances.
Least frequent is type 4 (high thinning) with only 6 %, of instances.

In order to fix the type of thinning by means of the index I, at the construction
of yield tables the dependence of the I, index on the main stand values concerning the
mean diameter, height, age and the number of trees per ha was studied. In the course of
the overall development of stand education the I, index should increase with growing
age, because the type of thinning in older stands is being transferred into the crown
level. Nevertheless, in our experimental data this tendency appeared only insignificantly.
The reason is that thinnings on our research plots represent so far only the first two
cuttings on the established plots, but not the tendency of development of the stand during
its whole life.
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-~ INTENSITY OF THINNING

The quantitative definition of the intensity of thinning is used (Johnston 1967,
Delvaux 1968, 1971, Carbonier 1971).

a) The absolute intensity of thinning (denoted v) expresses the volume in m3 per ha
removed by one thinning act.

b) The relative intensity of thinning (denoted 2%,) expresses the percentual relation
of volume in one thinning act to the stand volume before thinning V

0%, = % 100 . @)

In accordance with the decennial planning period of thinnings in forest taxation
decennial thinnings are evaluated. The absolute intensity of the decennial thinning is
called the decennial thinning in m3/ha (denoted ). It gives the total sum of two successive
five years’ thinnings, since a constant five years’ cycle of thinnings is maintained on the
research plots

2410 = 5 4 4455 . )

The relative intensity of the decennial thinning is called the decennial thinning
percent (denoted 29,) and is defined as the percentual share of the decennial thinning
in m3/ha in the volume of the stand before thinning at the beginning of the decennium
210 9 + Vg45°
100= ————. 6
7 7, (©6)
In the equations ;1 means the volume in m3/ha of the decennial thinning at the age z,
245, v4+5° the volume of two successive five years’ thinnings at the age of ¢ and 75, V;
the volume in m3/ha of the stand before thinning at the age r.

The paper presents only the results of evaluation of the decennial thinning percents.

%10 =
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3. Point dispersion field of the uecennial thinning percent of the research plots
in dependence on age. — Bodové rozptylové pole decenilneho prebierkového per-
centa vyskumnych ploch v zavislosti na veku

4. Dependence of the decennial thinning percent on age and site class. — Zavislosf
decenalneho prebierkového percenta na veku a bonite
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The variability of the decennial thinning percents on the research plots is shown
in Fig. 3, where the data of the decennial thinning percent are plotted in dependence
on the age of all research plots. The field of points is compensated by the central leading
curve. In the figure at first sight appears the great variability of thinning percents, being
evident in all age degrees from the youngest to the oldest. The variation coefficient attains
in the youngest stands around 30 years about 24 9,, in middle-aged stands around 60 years
about 34 9,, in the oldest stands around 90 years about 32 9,. The decennial thinning
percent varies on the research plots in its total amplitude from 6.2 %, to 46.6 %,. This
variability is caused by the common influence of all factors which act on the relative
intensity of thinning. The most important of these factors are age, site, stocking, intensity
of past stand education, present state and structure of the stand and the subjective factor
consisting in the fact that different persons establishing research plots mark in otherwise
equal conditions thinnings of different intensity.

FACTORS INFLUENCING THE DECENNIAL THINNING PERCENT

The effect of the main factors influencing the decennial thinning percent is reviewed.

AGE OF THE STAND

This is the most important factor influencing the decennial thinning percent. This
attains its highest values exactly in the youngest stands and with increasing age it conti-
nuously drops according to a hyperbola (compare Fig. 3). The central compensating
curve in Fig. 3 indicates the dependence of the decennial thinning percent on age for
mean values of the remaining stand factors on the research plots (stocking, sites etc.).
In the youngest age of about 30 years the decennial thinning percent of our research
plots attains according to this curve on the average about 28 9, afterwards with increasing
age it decreases at the beginning sharply, later more gently, till at the age of about 90
years it reaches the value of about 13 %,.

SITE CLASS OF THE STAND

The influence of the site class on the decennial thinning percent is shown in Fig. 4.
Here are for the whole experimental data plotted graphically and mathematically con-
structed curves of the decennial thinning percent in dependence on age for three groups
of site classes, namely the site classes 17—20—23, 26 —29—32, 35—38. The absolute
height site classes indicate the mean height at the standard age of 100 years. From Fig. 4
follows that the decennial thinning percent depends on the site class only insignificantly
showing a small increase with decreasing site class. But practically the thinning percent
may be considered to be independent on the site class. The explication is that though
on better site classes a higher thinning in m3/ha is removed, the growing stock is higher,
again on poorer site classes the thinning is lower, but so is the growing stock. Therefore
thinning percents on better and poorer site classes are widely compensated. This is in
agreement with experience gained by many other authors (Armasescu 1965, 1967,
Polak 1970).

STOCKING OF THE STAND
Together with age the stocking has the greatest influence on the decennial thinning

percent, namely in that direction that at equal age the percent decreases with decreasing
stocking. The dependance is shown in Fig. 5, where graphically and mathematically
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constructed curves are plotted giving the thinning percent in dependence on age for
stands of three groups of stocking, namely till 0.84, from 0.85 to 0.94 and from 0.95
to 1.00. The figure confirms that the thinning percent clearly decreases with decreasing

stocking, apart from certain irregularities which are the consequence of uncomplete
compensation.

INTENSITY OF PAST STAND EDUCATION

This is characterized by the levels of the growing stock of the stand. Its influence
on the decennial thinning percent is shown in Fig. 6, where graphically and mathe-
matically constructed curves of the thinning percent are plotted in dependence on age
for two levels of growing stock for reasons of simplification giving the higher level of the
growing stock. As can be seen from the figure, the curves of these two levels are nearly
identical, or cross each other, consequently the levels of the growing stock do not influence
the thinning percent. The explanation is that (like with site class) at a higher level of
growing stock the decennial thinnings in m3/ha are higher, but from a higher growing
stock, at a lower level thinnings are smaller, but so is the growing stock. Therefore the
Hecennial thinning percents at a higher or lower level of growing stock are compensated.
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5. Dependence of the decennial thinning percent on age and stocking.— Zavislost
decenalneho prebierkového percenta na veku a zakmeneni

§. Dependence of the decennial thinning percent on age and the level of growing
stock. — Zavislosf decenalneho prebierkového percenta na veku a stupni zaso-
bovej urovne porastov

TYPE OF THINNING

The index I, as an indicator of the type of thinning can be mathematically expressed
also as the share of the thinning percent from the volume 2%, and taken from the number
of trees 7%,. According to equation (4) the relation exists for the thinning percent from
the volume:

V.v_"/_o-
100

2%, = ; 100 0=
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Analogously there exists the relation for the thinning percent from the number of trees:
N . n%,

n
0 — _
n9%, =N 100 n 100

Then it holds good according to equation (1):

N V.v%.N.100 2%
n

T V.N.n% .10 2% ° )

v .
¥

N
2 =]

In the equation means o, 7 the volume and number of trees of the thinning per ha,
V, N the volume and number of trees of the stand before thinning per ha, v, Vi the
volume of the mean tree of the thinning and of the stand before thinning.

According to equation (7) the following relation is valid for the decennial thinning
percent

0% =1I, . n% = I, an 100 . (8)

According to this relation the decennial thinning percent depends at the same time on the
number of trees of the thinning 7 and on the type of thinning I5. Accordingly the thinning
percent should be in a wide average lower in low thinnings where I, is lower, and higher
in high thinnings where I, is likewise higher.

This dependency of the thinning percent on the type of thinning according to data
from the research plots is shown in Fig. 7 as a linear direct correlation. According to
it the thinning percent increases with increasing J,. But the narrowness of the correlation
is not high, the correlation coefficient » = 0.112. This is caused by a certain compensation
of the thinning percent in dependence on the type of thinning I, and, at the same time,
on the number of trees of the thinning » according to equation (8). A high (low) thinning
percent may be the resultant not only of a high (low) index I, but also of a great (small)
number of trees of the thinning 7.

=3
A MATHEMATICAL MODEL FOR DETERMINING THE DECENNIAL THINNING
PERCENT

The result of the evaluation of thinnings in spruce stands of Czechoslovakia should
be, among others, also tables which indicate the decennial thinning percent in dependence
on the investigated main stand values i. e. on age and stocking. The variable value to be
determined is in this case the decennial thinning percent v9,, the independent variable
(given) values are the age x; and the stocking xo. The mathematical model is given by the

analytic expression
0% = f(x1s x2) - )

A suitable analytic form for the relation (9) is derived inductively, namely on the
basis of an investigation of the form of simple correlations between the decennial thinn-
ing percent and the stand values (age, stocking etc.).

In Fig. 8 all these correlations are shown according to data from research plots, on
axis x scales being given for four values, namely age, site class, stocking, and level of
growing stock. Their analysis leads to the following results:

1) The correlation between decennial thinning percent and age is clearly curved,
it is narrow and has the shape of a hyperbola.
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8. Simple correlations between the decennial thinning percent and the stand values
age, site class, stocking, level of growing stock. — Jednoduché koreldcie medzi de-
cendlnym prebierkovym percentom a porastovymi veli¢inami vek, bonita, zakmene
nie, stupen zasobovej urovne porastov

2) The correlation of the thinning percent with the site class does practically not
exist, the corresponding regression line is nearly parallel with the axis x. The supposition
made according to Fig. 4 is confirmed that the thinning percent depends only insigni-
ficantly on the site class. Consequently, the site class will not enter the mathematical
model.

3) The correlation of the thinning percent with stocking is approximately linear
and narrow.

4) The correlation with the level of growing stock does practically not exist, in
a similar way as with the site class. Here also the supposition expressed according to
Fig. 6 is confirmed that the thinning percent does not depend on the level of growing
stock. Consequently, it shall not be included in the mathematical model.

The analysis confirms that the decennial thinning percent 29, depends practically
only on two values, namely on the age x1 (hyperbola) and on the stocking x2 (approxi-
mately a line). For the dependence on age, after testing the experimental data, a hyperbola
of the following form proved to be most suitable:

2% = ao +Z—i. (10)

The coefficients of this hyperbola were computed by the method of least squares from
experimental data of the research plots for five groups of differentiated stocking of the
research plots 0.80—0.85—0.90—0.95—0.98. All computation was made with the
computer Tesla 200.

The resulting compensated hyperbolae of the dependence of the decennial thinning
percent on age for these groups of stocking are shown in Fig. 9. The coefficients ao, a;
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of equation (10) were then compensated in dependence on the stocking xs. It appeard
that the dependence of both coefficients ag, a; on the stocking was approximately linear.
Consequently, linear equations hold good for the dependence of coefficients:

AGE YEARS
30 40 50 60 70 80 S0 100 110 o

ap = ¢y + c1x2 , (11)
a1 = do + dixz . (12)
301{
_J B |
a1 5 STOCKING 518
814 98 =
2 oz
61z ﬁ
Pie 2%
: &
L 204,
20{% 813
£ 515
8 z J‘g 10
610 440
8 2‘13 09
2 104’ Qs
104 aj
8 5 a7
%

) AGE YEARS _
3 <0 s0 60 70 80 90 100

9. Compensation of the decennial thinning percent in depéndence on age for five

groups of stocking. — Vyrovnanie decendlneho prebierkového percenta v zavis-
losti na veku pre 5 skupin zakmenenia

10. Compensation of the decennial thinning percent in dependence on age and
stocking. — Vyrovnanie decenalneho prebierkového percenta v zavislosti na veku
a zakmeneni

Now, if we put into equation (10) for the coefficients ao, a; the expressions from
equation (11), (12), we get the equation for the determination of the decennial thinning

percent in dependence on the age x; and the stocking x2:
a1 do + dixz
% =a+ —=c+axs+ ———.
X1 X1

Having made adaptations and changed the signs of the coefficients we get the final equa-
tion:
asxs

x1'

v% = ao + —2— + agx2 + (13)

This mathematical model fulfills the conditions which were derived from Fig. 8
for the form of simple correlations between the decennial thinning percent and the stand
values. According to equation (13) the decennial thinning percent depends on the age
x1 according to a hyperbola and on the stocking x2 in a linear form.

The coefficients of the final equation (13) are best derived by a new compensation
of experimental data by the method of least squares. This was done by the computor
Tesla 200. The coefficients of the equation are as follows: ap = —32.425, a; = 1721.896,
az = 42.59%4, a3 = —1236.632.

The compensated decennial thinning percents according to equation (13) in depen-
dence on age and stocking are shown in Fig. 10.

The narrowness of the dependence cf the decennial thinning percent on age and
stocking is given by the index of correlation the value of which is 0.616. The index is
not very high which indicates the existence of influence of further factors on the decennial
thinning percent besides age and stocking. Apparently the mentioned subjective factor
asserts itself here, causing a great variability of the decennial thinning percent. Also the
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I. Table of decennial thinning percent in dependence on age and stocking. —
= Tabulka decendlnych prebierkovych percient v zavislosti na veku a zakmeneni

Stocking
Age Years :

100 | 095 | 09 | 085 08 | 075 | 0.70

25 29.6 ‘ 29.6 - . . — —

30 26.3 26.3 26.2 = = = =

35 24.0 23.7 23.3 22.9 = = =

40 22.3 217 2151 20.6 20.0 oot -

45 21.0 20.2 19.4 18.7 17.9 = -

50 199 | 19.0 18.1 17.2 16.3 15.5 =
55 19.0 18.0 17.0 16.0 15.0 14.0 13.0
60 18.3 17.2 16.1 15.0 13.9 12.8 11.7
65 17.6 16.5 15.3 14.1 12.9 11.7 10.6
70 17.1 15.9 14.6 13.4 12.1 10.8 9.6
75 16.6 15.3 14.0 12.7 11.4 10.1 8.8
80 16.2 14.9 13.5 12.2 10.8 9.5 8.1
85 15.9 14.5 13.1 11.7 10.3 8.9 7.5
90 15.6 14.1 12.7 112 9.8 8.4 6.9
95 15.3 13.8 12.3 10.8 9.4 7.9 6.4
100 15.0 135 12.0 10.5 9.0 7.5 6.0

influence of the type of thinning on the thinning percent according to equation (8) makes
itself felt. By eventual introduction of the type of thinning (which is given by the index
L) into the mathematical model (13) its accuracy could be increased. Otherwise the
accuracy of equation (13) is relatively low, the mean error reaches the value of -+ 29.7 9.

According to equation (13) data on the decennial thinning percent are presented
in Table I. They apply for the age of 25—100 years with a graduation of five years,
at each age for a stocking of 1.0 to 0.7 with a graduation of 0.05.

The derived data concerning the relative intensity of thinnings in spruce stands
of the Czech Socialist Republic can be considered to correspond to the present silvi-
cultural situation and needs for tending stands according to present operational usage.
It can be said that the present spruce stands in a broad average are not the result of
intensive education. There are still frequent instances of belated or neglected education,
though in the last time the situation in tending improved. Therefore also the intensity
of thinning according to the tables, being derived from experimental data of research
plots, corresponds with the conditions of stands which are so far in the broad average
not sufficiently tended. Consequently, by further repeated silvicultural treatment the
research plots will ever more become regularly treated. It follows from this that thinning
intensity on our research plots will decrease in future. Consequently also the tables
of decennial thinning percents derived from the present state will change in fact in such
a degree as the research plots will get into a state corresponding to regular treatment.
This is valid most of all for those research plots which have been established in so far
untended or very little treated stands.

In the experimental data of research plots the relative intensity of thinnings in
otherwise equal conditions (equal age, stocking) varies a great deal in consequence of
further signs which influence the thinning percent, but are not taken into account in
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the mathematical model (13). This applies mainly to the mentioned subjective factor
which consist in a different evaluation of the need for stand tending by different persons
establishing research plots In stands of equal age and stocking different persons mark
a subjectively different intensity of thinning. Therefore the decennial thinning percent
on research plots varies, there exist here light, moderate and heavy thinnings Beside
this subjective factor also other signs of stand structure influence the variability of the
thinning percent, but their quantification is not feasible.

The mathematical model (13) gives average (compensated) values of the decennial
thinning percent with respect to the total variability in the experimental data. By this
model in reality the average intensity of thinning in all experimental data is identified
as the degree of moderate thinnings. But it is characterized not by the indicator of
optimum production, but by the present silvicultural needs for treatment of our spruce
stands.

EVALUATION OF THE EFFECT OF AGE STOCKING ON THE DECENNIAL
THINNING PERCENT

We start the evaluation from the mathematical model (13). The influence of age
and stocking is shown on Fig. 10, where according to equation (13) in dependence on
age the curves of the decennial thinning percent for the stocking 1.0 to 0.7 with 0.05
graduation are plotted.

Fig. 10 clearly confirms the strong influence of age on the decennial thinning percent
which decreases steadily with increasing age. The decrease is strongest in the youngest
age, afterwards it continuously slows down.

The influence of stocking on the decennial thinning percent is also very pronounced,
the percent decreases with decreasing stocking. The effect of diminished stocking is,
. nevertheless, not the same in every age. The hyperbolae for the stocking 1.0 to 0.7
converge considerably at the youngest age. E. g. at the age of 30 years the thinning
percent is identical for the stocking 1.0—0.95—0.90. Still at the age of 35, 40 years
the curves of the stocking 1.0 till 0.8 are only insignificantly differentiated. The distance
of the curves distinctly increases with age and reaches its highest values in the oldest
stands. At the age of 100 years a decrease of stocking by 0.1 means a decrease of the
thinning percent by about 3 0 9, at the age of 60 years by 2.2 9, at the age of 40 years
already only by 0.7 9%,. These characteristic properties of the curves of the decennial
thinning percent are determined by the properties of the experimental data and appear
already in the coefficients of the equation (13).

In literature and practice reduction coefficients are used for the reduction of the
intensity of thinnings at full stocking (e. g. of the thinnings of yield tables) to a decreased
stocking of the stand. The reduction coefficient r indicates the share of the intensity of
thinning at decreased stocking 2 (where 2 = 0.9—0.8 etc ), to the thinning at full stocking
1.0. In fact, the reduction coefficient may indicate either the share of absolute intensity
of the thinning (of the decennial thinning in m3/ha denoted v)

Uz
1) — (14)

or of relative intensity of the thinning (of the decennial thinning percent 2%,)
2:%

. (15)

The coefficients 7y, 79, are of course mathematically different notions, their numerical
values cannot be mutually compared.

Tv% =
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II. Reduction coefficients for the decen-

W 10 nial thinning percent at decreased stock-
aso% 9 08 ing 0.9—0.8—0.7 of research plots of dif-
080 {2 ' ferent age. — Redukéné koeficienty pre
070 % decenalne prebierkové percento pri zni-
06013 07 zenom zakmeneni 0,9—0,8—0,7 vyskum-
a'so & \ nych pléch rozliéného veku
040 - =
030 1 Age Stocking
Years
oz | ) e vEARS 09 | o8 | 07
T3 @ sb e 7o 6 9 10 30 0.99 _ _
40 0.95 0.89 -
11. Reduction coefficients for the de- 50 0.91 0.82 —
cennial thinning percent at decreased 60 0.88 076 0.64

stocking 0.9—0.8—0.7 of research plots
of different age. — Reduk¢éné koeficien- 70 0.85 0.71 0.56
ty pre decenélne prebierkové percento pri

znizenom zakmeneni 0,9—0,8—0,7 vy- 80 0.83 0.67 0.50
skumnych ploch rézneho veku 920 0.81 0.63 0.44
100 0.80 0.60 0.40

The reduction coefficients for the decennial thinning percent 7,0, were derived
from the data contained in Table I. They are given in Table II and graphically shown
on Fig. 11. In accordance with equation (13) the coefficients depend not only on stocking,
but also on age. For the dependance on age the rule is valid that at the same stocking
the coefficient systematically decreases with increasing age. The decrease with age is
pronounced. For the dependence on stocking the rule is valid that at the same age the
reduction coefficient decreases with decreasing stocking, the decrease being uniform.

The reduction coefficient 7,9, reaches for stocking 0.9 values from 0.80 to 0.99,
for stocking 0.8 values from 0.60 to 0.89 and for stocking 0.7 values from 0.40 to 0.64.
The amplitude refers to stands of different age. This proves that the reduction coefficient
depends sensitively on age and stocking and therefore it is not reasonably possible to
derive generally valid average values of coefficients regardless of age. Such simple general
reduction coefficients were derived e. g. by Tjurin (1945).

SUMMARY

Research of thinnings of spruce stands in the Czech Socialist Republic serves
a double purpose: 1) To derive production indices of thinnings, mainly qualitative
indicators of the type and intensity of thinnings in order to fix the way of thinning in
yield tables for spruce which are prepared at the same time. 2) To derive tables of thinning
percents.

The research is based on 309 research plots which were established during the
period from 1965 to 1972 on the territory of the Czech Socialist Republic in the scope
of research work aimed at the preparation of yield tables for the main tree species of
Czechoslovakia. The plots are repeatedly measured after 5 years and two thinning
operations are executed on them in a five years’ interval. Basically low thinnings of
moderate intensity are used for spruce.

The planning of thinning in forest management is made for a decennium. Therefore
also decennial thinnings are evaluated in the paper, not 5 years’ thinnings as they are
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executed on the research plots. Thereby, the decennial thinning in m3/ha is equal to
the sum total of two subsequent 5 years’ thinnings.

The type of thinning is defined by a quantitative indicator, namely the index I,
which is given by the quotient of the volume of the mean tree of the thinning and of the
stand before thinning (Johnston 1967, Delvaux 1971). The index value 1.0 cha-
racterizes the neutral thinning where trees are removed both from the crown level and
from under it. Values smaller than 1.0 characterize a low thinning, higher than 1.0
a thinning in the upper story. In the thinnings carried out on the research plots 5 quali-
tatively described types of thinning were distinguished which are quantified by values
of the index I,. The type of thinning denoted 0 is a natural loosening out, it acquires
values of I, from 0.08 to 0.44 (average 0.24). Type 1 is the proper low thinning, it has I,
values from 0.12 to 0.52 (0.33). Type 2 is a low thinning with moderate intervention
into the crown level, I, values 0.32—0.64 (0.47). Type 3 is a low thinning with frequent
intervention into the crown level, I, values 0.48 —0.80 (0.61). Type 4 is the high thinning,
I, values 0.64—1.28 (0.86). On the research plots most represented is type 2, namely
in 48 %, of instances, followed by type 1 represented in 28 %, type 3 by 18 %, and type 4
by 6 %, of instances.

For the intensity of thinnings also quantitative definitions are used (Johnston
1967, Delvaux 1971). The paper evaluates only the relative intensity of decennial
thinnings which is called the decennial thinning percent and is defined as the percentual
relation of the decennial thinning in m3/ha and of the volume of the stand before thinning.
The decennial thinning percent is influenced by the following factors: 1) Age of the
stand, with increasing age the percent steadily drops. 2) The site class of the stand has
practically no influence. 3) The stocking of the stand has a strong influence on the thinn-
ing percent which decreases with decreasing stocking. 4) The intensity of the past treat-
ment of the stand is characterized by the level of growing stock. It has practically no
influence on the thinning percent. 5) Type of thinning, given by index I, influences
also the thinning percent which increases a little with increasing I,.

A mathematical model is derived for the determination of the decennial thinning
percent 29, in dependence on the age x; and the stocking x2. The model was derived
on the computer Tesla 200 and is given by equation (13). Thinning percents are contained
in Table I in dependence on age and stocking.

Reduction coefficients are derived for the reduction of the thinning percent at full
stocking to a decreased stocking of the stand. The coefficients are contained in Table II
in dependence on age and stocking, they are graphically shown on Fig. 11.

Received for publication May 6, 1974
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Prebierky smrekovych porastov CSR

Vyskum prebierok smrekovych porastov Ceskej socialistickej republiky sle-
duje dvojaky ucel: 1. odvodenia produkénych ukazovatelov prebierok, hlavne kvan-
titativnych ukazovatelov druhu a sily prebierok, za tGéelom fixovania spdsobu pre-
bierok v rastovych tabulkdch smreka, ktoré sa stfasne vyhotovuji; 2. odvodenie
tabuliek prebierkovych percient.

Zakladom vyskumu je 309 vyskumnych ploch, ktoré sa zaloZili v obdobi r.
1965—1972 na tzemi CSR v rameci vyskumnych prac na vyhotoveni rastovych ta-
buliek hlavnych drevin CSSR. Plochy st opakovane zamerané po 5 rokoch a st na
nich uskutoénené dva prebierkové zasahy v 5-roénom intervale. V zasade sa pri
smreku uskutoé¢nuju poduroviiové prebierky miernej sily.

Plédnovanie prebierok v HUL sa robi na decénium. Preto sa aj v praci zhod-
nocuju decendlne prebierky, nie 5ro¢né prebierky, tak ako sa vykonavaji na vy-
skumnych plochach. Decendlna prebierka v m3/ha sa pritom rovna stétu hmot dvoch
za sebou iducich 5ro¢nych prebierok.

Druh prebierky sa definuje pomocou kvantitativneho ukazovatela, a to pomocou
indexu Iy, ktory je dany podla rovnice (1) podielom hmoty stredného kmena pre-
bierky a porastu pred prebierkou (Johnston 1967, Delvaux 1971). Hodnota
indexu 1,0 charakterizuje neutralnu prebierku, pri ktorej sa vyberaju stromy pod-
urovnové i uroviové. Hodnoty menSie ako 1,0 charakterizuju poduroviiovd, vyssie
ako 1,0 droviiovi prebierku. V prebierkach vyskumnych ploch sa vymedzilo 5
kvalitativne opisanych druhov prebierok, ktoré sa kvantifikuji hodnotami indexu
Iy. Ich pocetnosti vo vyskumnych plochdch st zndzornené na obr. 2. Druh pre-
bierky oznadeny 0 je prirodzené samozriedovanie, nabodidda hodnoty I, 0,08-0,44
(priemer 0,24). Druh 1 je ¢istd poduroviiovd prebierka, ma hodnoty I, 0,12-0,52
(0,33). Druh 2 je poduroviiovid prebierka s miernym zisahom do tUrovne, hodnoty
I, 0,32-0,64 (0,47). Druh 3 je poduroviiova prebierka s castym zasahom do urovne
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hodnoty Iv 0,48-0,80 (0,61). Druh 4 je uroviiova prebierka, ma hodnoty I, 0,64-1,28
(0,86). Na vyskumnych plochach je najviac zastupeny druh 2, a to v 48 %, pripadov,
potom nasleduje druh 1 zastupeny v 289, druh 3 v 189, a druh 4 v 6%, pripadov.

Pre silu prebierok sa uziva tieZz kvantitativna definicia (Johnston 1967,
Delvaux 1971). Praca zhodnocuje len relativnu silu decendlnych prebierok, kto-
ra sa oznacuje ako decenalne prebierkové percento a je definované podla rovnice
(6) ako percenticky podiel decendlnej prebierky m3/ha vo veku ¢t a hmoty porastu
pred prebierkou. Celkova variabilita decendlneho prebierkového percenta vyskum-
nych ploch je znazornena na obr. 3, kde su vynesené prebierkové percenta vset-
kych vyskumnych pléch v zavislosti na veku. Na decendlne prebierkové percento
vplyvaju tieto faktory: 1. vek porastu — so stipajicim vekom percento trvale kle-
s4 (obr. 3); 2. bonita porastu nema prakticky Zziaden vplyv (obr. 4); 3. zakmenenie
porastu velmi vplyva na prebierkové percento, ktoré Kklesia s Kklesajucim zakme-
nenim (obr. 5); 4. intenzita doterajSej vychovy porastov sa charakterizuje stupriom
zasobovej urovne porastov — nema na prebierkové percento prakticky Ziaden
vplyv (obr. 6); 5. druh prebierky dany indexom I, vplyva tiez na prebierkové per-
cento, ktoré sa madalo zvySuje so stupajicim I, (obr. 7). Podla rovnice (8) prebier-
kové percento zavisi na druhu prebierky (index I,), na pocte stromov prebierky
n a porastu pred prebierkou N.

Odvodzuje sa matematicky model pre urc¢enie decendlneho prebierkového per-
centa v 9, v zavisloti na veku x1 a zakmeneni x2. Model sa odvodil na samoéin-
nom pocita¢i Tesla 200 a je dany rovnicou (13). Graficky je zndzorneny na obr.
10, kde su vyrysované krivky prebierkového percenta v zavislosti na veku pre za-
kmenenie 1,0 az 0,7. Prebierkové percentd su tabelované v tabulke I v zavislosti
na veku a zakmeneni.

Odvodzuju sa redukéné koeficienty pre redukciu prebierkového percenta pri
plnom zakmeneni na znizené zakmenenie porastu. Podla rovnice (15) st redukéné
koeficienty udané podielom prebierkového percenta pri zniZenom a plnom zakme-
neni 1,0. Koeficienty st tabelované v tabulke II v zavislosti na veku a zakmeneni,
graficky su znazornené na obr. 11.

Ilpopexxupanne enoseix Hacaxnenuit YCP

Hayunoe wuccienoBaHue NpOpeKMBAHUM eJOBHIX HacaxieHnit B Yemckoirt Commanmcrugec-
kot Pecniy6nmke mpeciexyer Inse Lenu: 1. cocraBieHHe IIPOMSBOICTBEHHBIX IIOKasaTesleil Ipope-
JKHBaHUI, IIaBHBIM O6pasoOM KOJMYECTBEHHBIX IIOKasaTeJed BHIA M MHTEHCHBHOCTH IIPOpPEKHBa-
HUA I 3aPUKCHPOBAHMsA Criocoba IPOpEKMBAHUA B TabJaHIIaX pOCTAa €M, KOTOphE Hapasljie]bHO
paspabaThiBalOTCA; 2. COCTaBJeHHe TabJHI] IPOLEHTOB TIPOPEXMUBAHMS.

OcHOBOU HJA Hay4HOro ucciaenoBaHus mnocaykuno 309 OneiTHEIX mUOmIazeil, 3aJ0KEHHBIX
B mepuon 1965—1972 rr. Ha Teppuropun UYCP B paMKax Hayd4HO-HCCJELOBATENLCKHX pabor
[0 H3TOTOBJEHHI0 Tabnui pocta riaaBHbIX npesecHsix mopox UYCCP. Ilnomanu noBTOpHO mOA-
BEPraioTCA H3MEpPEeHUAM CHYCTA 5 JeT ¥ Ha HUX OCYIeCTBJAIOTCA IBA NPOPEKHBAHUA C D-JeT-
HUM MHTEpBanOM. B mpHHIMIE y eNM NPOHU3BOUATCH HHM30BLIE NPOPEKHBAHUA YMEPEHHOH UH-
TEHCHBHOCTH.

ITpopexxuBaHue JIeCHBIX HacCa)KIEHUI B PaMKax JIeCOYCTPOMCTBA IIaHUPyeTCs Ha NeCATh JeT.
ITosToMy u B naHHOU pafoTe NPOMUSBOAUTCA OLEHKA NECATUJIETHHX INPOPEKMBAHHH, a He IIATH-
JeTHHX, KaK 9TO IeJaeTcs Ha 9SKCIeDHMEHTAJbHBIX IOmansix. JlecaTHieTHee mpoOpe)XxUBaHHUE,
BLIpa)KEHHOe B MO/Ta, NPM STOM DPaBHO CyMMe MAacChl ABYX CJHENYIOM[MX HPYr 3a APYTOM 5-yeT-
HHUX IIPOpeXUBaHHH.

CTEHEHB HHTEHCHBHOCTH onpene:me'rcx C NOMOIIBI0 KBAaHTHTATHBHOIO IIOKaszaTejs, a HMEH-
Ho ¢ nomomsio Iy, monydeHHOro no ypasHeHuio (1) OTHOIEHHMEM MacChl CpeIHEro CTBOJA IIPO-
peXXUBaHHA K HacaxineHuio no npopexusanus (Jxomcrtor 1967, Heansrso 1971). 3na-
geHne uHIekca 1,0 xapakTepusyeT HeHMTpaJbHOE NPOPEXMBAHME, TIPH KOTOPOM BEIOMpAOTCA HH-
30Bble M BEpXOBblE NepeBbsi. J3HaueHHs MeHbme 1,0 XapakTepHayloT HH30BOe a SHA4YeHHA BhIIIe
1,0 BepxoBoe mpopexusaHue. IIpy mpOpe)XMBaHHAX SKCHEPUMEHTAJLHBIX ILIONIalel pasjiHdanoch
5 B KaueCTBEHHOM OTHOLIEHUM ONHCAHHLIX BHIOB NPOPEXHBAHWI, KOTOpHE KBAaHTHQUIIMPYIOTCST
aHaueHusMH uHIeKca Iy, Mx uyacrora Ha SKCIEepHMEHTaJBHBIX IJIOmMAansxX M300pa)keHa Ha puc. 2.
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Bun mpopexusanus, obosHauemHmit O — ecTeCTBeHHOe caMOHU3pe)kKUBaHUe, — npHO6peraer 3Ha-
qeaue Iy 0,08—0,44 (cpemmee 0,24). Bup 1 npencrasiaser cofoil HacTOsljee HU30BOE IIPOPENKHU-
BaHume ¥ umeer sHasenwe I, 0,12—0,52 (0,33). Bun 2 — HH30BOe IpopexHBaHHE CO craboit
TeHIEHIHeH K BEPXOBOMY NpopexuBaHuio, 3Hauenme I, 0,32—0,64 (0,47). Bun 3 — sT0 HH-
30BOE TIpPOpEXMBaHHE C YaCTHIMH IlepexOiaMu B Bepxosoe, sxausexue Ip 0,48—0,80 (0,61). Bux
4 gpnserca BepXOBBIM NpOpe)KHMBaHUeM M BeamumHspl Ip cocrasiaszer 0,64—1,28 (0,86). Ha omeir-
HEIX IIOmAnsX 6GOJbIIe BCEro mNpencTasieH BHI 2, a uMenHo B 48 0/ caywaes, satem cremyior
sun 1, mpencrasnerusiit 3 28 %, Bun 3 3 189 u sun 4 3 6 % cayuaes.

Ilns MHTEHCHBHOCTH IpPOPEXMBAaHHN TakKe NPHMEHSETCS KOJHMYECTBEHHOe OmpeleseHHe
(Axoumcrtou 1967, Hexnsso 1971. Pabora oneHuBaeT JMIb OTHOCHTENbHYI0 HHTEHCHB-
HOCTB IeCATMJIETHMX IIPOPeKMBAHHUI, KOTOpas OGO3HauaeTcs Kak HeCATHJIETHHIH IpPOLeHT Ipope-
JKUBaHUII U omnpeleisercs no ypasHeHuio (6) Kak npOLeHTHAs NOJA NECATHJIETHErO IPOpPEeXKH-
paHuMA MS/ra B BO3pacTe © M Macce HacakIeHHsa 10 TpOpexusaHus. O6Ias BapHAHTHOCTb IIPO-
LJeHTa I[POPEKUBAHMs ONBITHBIX ILIOUIazeil u306pakeHa Ha pucC. 3, Ha KOTOPOM OTMEYEHHl IIpO-
LEHTBl NPOPEKUBAHUS HA BCeX ONLITHLHIX IUION[AJAX B S3aBHCHMOCTH OT Boapacra. Ha mecsaru-
JIeTHHE TPOLEHTHl NpPOPeXMBAHUA BIMANT ciaenyiomue daxrtope:: 1. Bospact HacakmeHHsa: ¢ BO-
3pacTOM NPOUEHT IOCTOSHHO NOHMkKaercs (puc. 3). 2. DoHHTeT HacakIeHHMs IIPaKTHUECKH He
OKassiBaer HuKakoro BausHus (puc. 4). 3. IlosHOTa HacaKIeHHUs CHJIBHO BJIMSeT Ha IIPOLEHT
MpOpe)XUBaHUA, KOTOPHIM nalaer € NOHMKaoueHca nonHoroi Hacaxknenus (puc. 5). 4. Huren-
CHBHOCTH IIPOBENEHHBIX IO CHX IIOp MEPOIPHATHI IO BOCHHTAHHIO HACaKIEHHMH XapaKTepuU3yercs
CTeNeHBI0 3aMacHOTO YpOBHsA HacakIneHHd. He oOKaserBaeT Ha TIPOLEHT NPOPEXUBAHHUA B CyuI-
HOCTH HuKakoro BiuaHua (puc. 6). 5. Bum mnpopexusBaHus, salaHHbIE HHIekcoM Iy, Biuser
TaK)Ke Ha INPOIEHT NPOPEKHBAHHs, KOTOPHIH ¢ BoapacTaiomuM I, Mano mosmimaercs (puc. 7).
ITo ympasuenuio (8) mpoueHT mpope)XWBaHMA 3aBHCHT OT BuAa npopexuBaHus (mHzexc Ip), or
YuCsia NepeBhbeB TPOPEKMBAHUA T ¥ HACAKIEHUs IO mpopexusaHus N.

Brmonurcs MaremaTHuecKas MONeNb IS ONpeNeNeHHs NECATHIETHErO INpPOIEHTa IIPOpexu-
sauuit B )y B 3aBHcHMOCTH OT BO3pacTa X1 U TOJNHOTH HacakneHus X2. Monens 6ruta BriBe-
JIeHa Ha 3JIeKTPOHHOBHIYHCIHTeNbHOM MamuHe Tecna 200 u onpemensercs ypasuemumem (13).
T'paduueckn sra momens wuzobpakeHa Ha puc. 10, Thoe 3apucoBaHBI KpPHBEIE IIPOIIEHTa Ipope-
JKMBAaHHA B 3aBHCHMOCTH OT BOspacra Iis nonHOTer Hacaxnenus 1,0—0,7. IIpomeHTsl mpopexu-
BaHMA NpHUBeNeHH B TabaHme 1 M ymOpANOYEHLI COOTBETCTBEHHO BO3PACTy M IIOJHOTE Hacak-
IeHHA.

BriBeneHbl peNyKIMOHHEIE KOBQPUIMEHTH! N PeNyKLUH NpoLeHTa NpOPEKUBAHUA INpPH
TIONHOM TOJNHOTE HaCaXIeHHs N0 NOHHKEHHOH IOJHOTH HacaxmeHus exu. CorsacHo ypaBHEHHMIO
(15), penyKumoHHble KOSPPHIIMEHTH ONMpPENENAIOTCA NOJNeH NPOIEHTa IPOPEKUBAHMUA TPH TOHH-
KEHHOH M monHO¥ monrore HacaxneHus 1,0. Koapdunmenrts: ynopsmouersr B Tabn. 2 coorser-
CTBEHHO BO3pacTy M IIOJHOTe Haca)kKIeHHs M rpaduueckd usofparkeHs: Ha puc. 11.

Durchforstungen der Fichtenbestinde in der CSR

Die Forschung der Durchforstungen der Fichtenbestinde in der Tschechischen
Sozialistischen Republik ist auf zwei Ziele gerichtet: 1. Ableitung der Durchfor-
stungenproduktionskennziffern, insbesondere der Quantitdtskennziffern der Art und
Starke der Durchforstungen zwecks Fixierung der Durchforstungsmethoden in
den Fichtenertragstafeln, die gleichzeitig angefertigt werden. 2. Ableitung der Durch-
forstungsprozenttafeln.

Als Grundlage fir die Forschung dienen 309 Versuchsflichen, die in der
Zeit 1965—1972 auf dem Gebiet der CSR im Rahmen der Forschungsarbeiten zur
Anfertigung der Ertragstafeln fiir Hauptholzarten der CSSR angelegt wurden.
Die Fldachen werden wiederholt nach 5 Jahren eingemessen und es werden auf
ihnen zwei Durchforstungseingriffe in einem 5-jdhrigen Intervall durchgefiihrt.
Bei der Fichte werden grundsitzlich Niederdurchforstungen einer mifigen Stidrke
durchgefiihrt.

Die Planung der Durchforstungen erfolgt in der Forsteinrichtung fiir das De-
zennium. Daher werden auch in der Arbeit dezennale Durchforstungen bewertet
und nicht 5jahrige Durchforstungen, so wie diese auf den Versuchsflichen erfolgen.
Die dezennale Durchforstung m3/ha gleicht dabei der Summe der Massen von zwei
hintereinander folgenden 5jahrigen Durchforstungen.
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Die Art der Stirke wird mit Hilfe der Quantititskennziffer, und zwar mit
Hilfe des Indexes I,, der nach der Gleichung (1) mit dem Teilwert der Mittel-
stammasse der Durchforstung und des Bestandes vor der Durchforstung (Johnston
1967, Delvaux 1971) gegeben ist, definiert. Der Indexwert 1,0 charakterisiert eine
neutrale Durchforstung, bei der unterstidndige und mitherrschende Bidume selektiert
werden. Werte niedriger als 1,0 charakterisieren die Niederdurchforstung, die Werte
hoher als 1,0 charakterisieren die Hochdurchforstung. Bei Durchforstungen der Ver-
suchsflichen wurden 5 qualitativ bezeichnete Durchforstungsarten differenziert, die
mit Werten des I,-Indexes quantifiziert erden. Ihre H&iufigkeiten an den Versuchs-
flaichen werden in Abb. 2 dargestellt. Die mit O bezeichnete Durchforstungsart ist die
natiirliche Durchleuchtung die den Wert I, 0,08-0,44 (Durchschnitt 0,24) erreicht.
Die Art 1 ist eine reine Niederdurchforstung, von einem Wert I, 0,12-0,52 (0,33). Die
Art 2 ist eine Niederdurchforstung mit einem méiBigen Eingriff in Hochstamme,
Werte I, 0,32-0,64 (0,47). Art 3 ist eine Niederdurchforstung mit einem héiufigen
Eingriff in Hochstdmme, Werte I, 0,48-0,80 (0,61). Art 4 ist eine Hochdurchforstung;
sie hat die Werte I, 0,64-1,28 (0,86). Auf den Versuchsflidchen ist am hdufigsten die
Art 2, und zwar in 489, der Fille vertreten, dann folgt die Art 1 mit 289, die
Art 3 mit 18 9, und die Art 4 mit 6 9, der Fille.

Fiir die Durchforstungsstarke wird auch eine quantitative Definition (John-
ston 1967, Delvaux 1971) eingesetzt. In der Arbeit wird nur die relative Stirke
der dezennalen Durchforstungen bewertet, die als der dezennale Durchforstungs-
prozentsatz bezeichnet und nach der Gleichung (6) als Prozentteilwert der dezen-
nalen Durchforstung m3/ha im Alter ¢t und der Bestandesmasse vor der Durch-
forstung definiert wird. Die gesamte Variabilitit des dezennalen Durchforstungs-
prozentsatzes der Versuchsflachen wird in Abb. 3 dargestellt, wo die Durchforstungs-
prozentsidtze aller Versuchsflichen in Abhingigkeit von dem Alter eingetragen sind.
Der dezennale Durchforstungsprozentsatz wird durch folgende Faktoren beeinflufit:
1. Alter des Bestandes, mit dem ansteigenden Alter sinkt der Prozentsatz dauernd
herab (Abb. 3). 2. Die Bonitidt des Bestandes hat praktisch keinen Einflufl (Abb. 4).
3. Die Bestockung hat einen starken Einflul auf den Durchforstungsprozentsatz,
der mit der abnehmenden Bestockung sinkt (Abb. 5). 4. Die Intensitdt der bis-
herigen Bestandeserziehung wird mit dem Grad des Vorratsniveaus der Bestinde
charakterisiert. Sie wirkt auf den Durchforstungsprozentsatz praktisch keinen Ein-
fluB aus (Abb. 6). 5. Der Durchforstungsprozentsatz wird auch von der mit dem
Index I, gegebener Durchforstungsart beeinfluf3t, in dem mit dem ansteigenden
I, dieser ein wenig steigt (Abb. 7). Nach Gleichung (8) hidngt der Durch-
forstungsprozentsatz von der Durchforstungsart (Index I,), von der Anzahl der
Biume bei der Durchforstung n und von dem Bestand vor der Durchforstung N ab.

Es wird ein mathematisches Modell fiir die Bestimmung des dezennalen Durch-
forstungsprozentsatzes in %, in Abhingigkeit von dem Alter x1 und der Bestockung
x2 abgeleitet. Das Modell wurde auf dem automatischen Rechner Tesla 200 abgeleitet
und ist mit der Gleichung (13), gegeben. Graphisch ist es auf Abb. 10 dargestellt,
wo die Kurven des Durchforstungsprozentsatzes in Abhingigkeit von dem Alter
fiir Bestockung 1,0 bis 0,7 eingezeichnet sind. Die Durchforstungsprozentsdtze sind
in Tab. I in Abhéngigkeit von dem Aiter und von Bestockung tabelliert.

Es werden die Reduktionskoefizienten fiir die Reduzierung des Durchforstungs-
prozentsatzes bei voller Bestockung auf die verminderte Bestockung abgeleitet. Nach
Gleichung (15) werden die Reduktionskoeffizienten mit dem Anteil des Durch-
forstungsprozentsatzes bei einer verminderten und vollen Bestockung 1,0 angegeben.
Die Koeffizienten sind in Tab. II in Abhingigkeit von dem Alter und von der
Bestockung tabelliert, graphisch sind die auf Abb. 11 dargestellt.

The author’'s address:
Prof. Dr. Ing. Jdn Halaj, DrSc., Vyskumny ustav lesného hospodérstva, Zvolen
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TOPICAL NEWS

GAME KEEPING IN CZECHOSLOVAKIA AND ITS RESULTS

Czechoslovak game management may
rightly boast of a tradition that em-
braces tens of years. Achievements in this
kind of activity have ranked Czechoslo-
vakia among the countries which occupy
the foremost positions in the world. As
evidence in support of this statement be
mentioned, on the one hand, the annual
abundant kills of small game, on the
other hand, the ever-increasing trophy
value of hoofed animals, which the world
public has lately had enough opportuni-
ty to realize at the international dis-
plays of trophies and the world exposi-
tions of game management. This is so
not only because there are exceptionally
favourable conditions for the raising of
game in Czechoslovakia, of the small
species in particular, but also due to the
assistance given to the development of
game management by organs of the
Communist Party of Czechoslovakia —
the present leading political force in
this country, further by the Govern-
ment and other bodies and institutions.
The development of game management
along well-thought-out lines dates back
to 1948, when the foundations of socia-
list game management were laid. At
present, Czechoslovak game manage-
ment may be characterized as a produc-
tional and special-interest activity in
which thousands of hunters are taking
part — voluntary workers who, by the
work done during the spare time and
on their own initiative, produce values
that amount to hundreds of millions of
crowns. It may therefore rightly be clai-
med that Czechoslovak game manage-
ment has become a socialist game mana-
gement in character.

THE PLACE OF GAME MANAGEMENT
IN CZECHOSLOVAK SOCIALIST
SOCIETY

All of the problems related to game ma-
nagement in Czechoslovakia have been
settled by Law No. 23/1962 Sh. (Law
Gazette) on Game Management and by
other provisions in execution of it. This
Law defines the place of game manage-
ment in the Czechoslovak Socialist Re-
public, and it provides that game mana-

gement as one branch of agricultural
and silvicultural production is respon-
sible, in accord with the needs of a socia~
list society and conformity to the National
Economic Development Plan, for due
raising, improvement by breeding, pro-
tection and hunting of game just as
for an economic utilization of bagged
game, The care of a planned furtherance
of game management is the interest of
the whole Czechoslovak society. The so-
cialist system creates conditions for the
widest possible circle of the working
people to take part in the control of
game management and the excercise of
game management rights.

The scientific and research work in
the sector of game management has
been carried out in stations of the fol-
lowing organizations: The Research In-
stitute of Forestry and Game Manage-
ment at Zbraslav-Strnady; The Research
Institute of Forestry at Zvolen; The Sta-
te Veterinary Institute for Game at Jih-
lava. Further working places concerned
with problems of game management
have been established in the School of
Forestry, Brno University of Agricultu-
re, Brno; the School of Forestry, Zvo-
len University of Forestry, Zvolen; and
in some other agricultural and veterina-
ry schools of university level.

Over the five-year period 1971—1975,
the problems under the general heading
reading ,Biology of Game Raising and
Diseases and Control of Game Damage“
have been studied in the sector of game
management and economy, as part of
the aproved National Research Plan.
This general project comprises the fol-
lowing research projects:

1. biology and raising of game,

2. research of the possibilities of in-
creasing efficiency in small game rais-
ingy

3. complex provision toward improv-
ing substantially the raising of some
hoofed game species,

4. research of external factors affect-
ing game in an adverse manner,

5. control of game damage to forest
stands,

6. game management development and
prospects in Czechoslovakia.
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These research projects have been di-
vided into a total of 35 partial studies
conduced by teams of research workers
and individual researchers from the
research institutes and institutions as
mentioned above. The methods to be
applied in treating the projects and par-
tial tasks are approved by respective
co-ordinating institutions under super-
vision of responsible co-ordinators, and
the terms for solution are fixed. Indivi-
dual researchers must then defend in
argument the results of research in the
presence of a panel of experts.

The wider public concerned with ga-
me management is presented here the
results of research obtained so far in
Czechoslovakia, together with the prac-
tical achievements in game raising and
economy.

The total area set aside for hunting
purposes in Czechoslovakia amounts to
11,567.501 hectares in which the Czech
Socialist Republic shares 7,194.142 hecta-
res and the Slovak Socialist Republic
4,373.359 hectares. To exercise the rights
of game management is allowed on hunt-
ing grounds only; these, upon suggestion
of socialist organizations, are approved
by respective District National Commit-
tees. The area of the hunting ground
as provided by law should not be less
than 500 hectares, the exeptions to this
rule being enclosures, hunting grounds
supervised by research institutes, and
the like. In 1973 the average size of
the hunting ground in Czechoslovakia
was 1.409 hectares; in the Czech Socialist
Republic this average amounted to 1.215
and in the Slovak Socialist Republic to
1.912 hectares.

The so-called special hunting grounds
are grouped with those discussed abo-
ve; enclosures and pheasantries may be
included in this special type. The esti-
mates made as if on December 31, 1972
indicated the total area of enclosures
and pheasantries in Czechoslovakia to be
38.245 and 156.023 hectares, respectively.
In the Czech Socialist Republic the for-
mer occupied 23.313 hectares, in the Slo-
vak Socialist Republic 14.932 hectares;
the respective figures for the latter were
94.965 and 61.058 hectares.

THE WAY OF EXERCISING THE
RIGHTS OF GAME MANAGEMENT

In an effort of providing that the exer-
cise of the game management rights and
control may be shared by the widest pos-
sible circle of the working people in Cze-
choslovakia, the greater part of approved
hunting grounds are let to socialist orga-
nizations through the Associations of
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Hunters, these exercising the game ma-
nagement rights thereon. This explains
why ‘the Co-operative Farms regularly
lease all of their hunting grounds, the
State farms do the same except for tho-
se referred to as reserved, and of the
hunting grounds owned by the State
Forests some 60—70 per cent are let out.

The Associations of Hunters are de-
fined as the socialist organizations under
which the working people in town and
country possessing due shooting licence
associate to exercise in common the ga-
me management rights. Membership in
the organization for every hunter is li-
mited to one such association only. An
indispensable condition for obtaining the
valid shooting licence is to pass special
examination in game management (first
shooting licence) and become member
of either the Czech or Slovak Association
of Hunters.

In Czechoslovakia no individual is
allowed to hire a hunting ground. In
hiring the hunting ground from a so-
cialist organization, the Association of
Hunters is bound to pay a certain sum
of money to legal users of the hunting
land, which has been specified by offi-
cial announcement of the Ministry of
Agriculture and Foodstuffs. The rate of
charge is dependent upon the game spe-
cies kept on the particular hunting
ground and upon quality class of the
hunting ground. This rate is generally
kept so low as to allow, in compliance
with the socialist character of Czecho-
slovak game management, all citizens of
the country to take part in the exercise
of the game management rights, even
those who have retired and their in-
comes are not high. Thus, for instance
in 1972, the total sum paid for the hire
of all hunting grounds amounted to
8,885.441 K¢s, which, when -calculated
per hectare area, made an average of
0.96 K¢s.

Killed game is considered the property
of the hunting association; this may
either keep it for its own use or sell it.
The takings for sold game, or for de-
livered live game, are credited with the
association’s account. The association of
hunters is bound to settle the losses in
agriculture and silviculture that have
resulted from exercise of the game ma-
nagement rights, just as those due to
the game damage, in compliance with
respective legal regulations. On behalf of
the Ministry of Agriculture and Food-
stuffs the associations of hunters are
supervised by pertinent organizations
affiliated to the Czech or Slovak Union
of Hunters.



The voluntary work done by sports-
men-hunters in their associations acts
toward strengthening the alliance of
workers and peasants; in doing so, they
evidence that game management is not
only an industry concerned with produc-
tion but also an activity of special in-
terest that has developed into an im-
portant kind of active relaxation for
the working people. The results of their
work performed during the recent period
have offered enough evidence that the
working people in this country are ca-
pable of raising Czechoslovak game ma-
nagement to a higher level than was
the one at the time of the capitalist
regime.

THE HUNTER'S CARE OF GAME

The breeding of game in the hunting
grounds can prove successful on the as-
sumption that the principles of the hun-
ter’s care of game are strictly observed.
The person made responsible for this on
every hunting ground, which has been
provided by law, is referred to as ,ga-
me manager’. The notion, ,the hunter’s

care of game’, has a relatively broad
meaning in the socialist game manage-
ment. In the first place, it includes the
care aimed at improving the carrying ca-
pacity of the hunting ground and envi-
ronmental conditions for the life of ga-
me, and the care of game during the
winter hardships; this consists mainly
in the systematic additional feeding of
game, the foods supplied in sufficient
amounts and good quality; further the
care covers the protection of utility ga-
me against noxious game species and
the animals held noxious in game ma-
nagement (such as roving dogs, cats,
and the like); veterinary care, protection
against incompetent people, and pro-
vision for necessary coverts and peace to
game abiding on the hunting ground,
which in particular holds true for the
periods when game is subject to biolo-
gical troubles (such as antlering, time
of gestation, throw and upbringing of
the young, brooding of feathered game
species etc.). In the wider sense the no-
tion also includes the running Kkill
through which those individuals or
groups are culled from the populations
of individual game species that have

I. Stocks of utility game species in Czechoslovakia, estimates as if March 31, 1973

Game species Number Game species Number

| Red deer 45.038 Hare 1,448.945

Fallow deer * 6.981 Rabbit 65.252

Moufflon 10.684 Partridge 1,115.884

Roe deer 289.150 Pheasant 1,354.215
Wild boar 17.203

References: Vykaz Mysl (MZVz-CSR) 1-01 O jarnim kmenovém stavu zvéfe k 31. 3,
1973. — Vykaz Polov (MPV-SSR) 1-01 o jarnom kmenovom stave zveri

k 31. 3. 1973

II. Stocks of some rare game species in Czechoslovakia, estimates as if March 31, 1973

i ;

Game species Number ‘ Game species ' Number Game species Number
Bear ‘ 471 ‘] Sika deer ’ 816 ‘ Capercailzie 3.961
Lynx 652 American deer 56 l Heath cock 10.017
Wild cat 2.068 Chamois 1.356 Hazel grouse 12.080

|| Bezoar goat 27 Bustard 697

References: Vykaz Mysl (MZVz-CSR) 1-01 o jarnim kmenovém sta'u zvéfe k 31. 3. 1973,
— Vykaz Polov (MPV-SSR) 1-01 o jarnom kmefovom stave zveri k 31. 3.

1973
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been found undesirable in respect of
breeding. In doing so, hunters assist in
improving, via selection, the quality of
game stocks from the aspects of health
condition, weight, and development of
high-score trophies.

THE STOCKS OF GAME

Factual stocks of the utility game
based on the physical census conducted
as if March 31, 1973 are shown in Table
I; while those of the rare game species
in Czechoslovakia are included in Table
II. The Tables include all game of the
given species that occurred in Czecho-
slovak hunting grounds on the above
date, both in free and special (enclosu-
res and pheasantries being meant in the
latter) hunting grounds.

In an effort of securing due harmony
among the interests of agriculture, fores-
try, and game management and to pre-
vent serious losses in agriculture and
silviculture, the hunting grounds of
Czechoslovakia are grouped under qua-
lity classes for the major game species.
There are four such quality classes;
Class I includes hunting grounds cha-
racterized by the best conditions for game
raising, while Class IV covers those with
the worst conditions. Within each qua-
lity class are then fixed the so-called
standardized spring stocks for major ga-
me species that are being kept in the
particular hunting ground and can be
represented therein without being po-
tentially dangerous in respect of caus-
ing unbearable damage to agricultural
or silvicultural stands. Table III below
shows these standardized stocks for ma-
jor game species (red deer, fallow deer,
moufflon, roe deer, wild boar, hare,

partridge, and pheasant), together with
numbers of individual game species and
areas of the hunting grounds in which
respective game species are Kkept.

THe Red Deer

In Czechoslovakia, red deer is raised
in forest hunting grounds that cover a
total area of 2,392.916 hectares; the
greater part of this area are free hunt-
ing grounds, enclosures being represent-
ed in a relatively small extent only.
The census made in the spring of 1973
revealed the stock of red deer to be
45.038 head, which meant 151 per cent
of the standardized spring stock, the
fixed figure being 29.723 head. From a
comparison of these two data follows
that the red-deer hunting grounds in
Czechoslovakia were (and still are)
,overloaded’ in the greater part of in-
stances.

In an effort of solving this adverse si-
tuation, the so-called red-deer breeding
regions were established in 1961, as sug-
gested by the late Assist. Professor Dr.
Ing. J. Neéas (School of Forestry,
University of Agriculture, Brno), one of
the foremost experts in game manage-
ment. In these regions was then ini-
tiated the project of planned red-deer
raising, in accord with the principles
developed by Dr. Ing. J. Necas. Imple-
mentation of the principles provided
conditions for gradually obtaining the
desired idea of factual red-deer stocks
and their Structures in rounded-off re-
gions the areas of which ranged from
10.000 to 50.000 hectares. To attain this
was impossible before within the usual,
small-size hunting grounds, for the ra-
dius within which the movement of one

III. Standardized spring stocks for major species of utility game

Species Number Area, ha Species { Number Area, ha
Hoofed game Small game
Red deer 29.723 2,392.916 Hare in field 1,259.672 6,254.959
Fallow deer 5.362 163.425 Hare in forest 194.944 1,986.460
Moufflon 6.707 237.934 Partridge 1,724.335 4,650.816
Roe deer 247.149 5,240.268 Pheasant in 133.679 166.102
pheasantry
Wild boar 5.020 416.296 Pheasant in free
hunting ground 919.946 3,280.042

References: V}"kazr Mysl (MZV2-CSR) 1-01 o jarnim kmenovém stavu zvéfe k 31. 3. 1973.
— Vykaz Polov (MPV-SSR) 1-01 o jarnom kmefiovom stave zveri k 31. 3.

1973
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red-deer group occurs reaches far beyond
boundary of the usual hunting ground.
And this was doubtless the main reason
for the undesirable ,overloading’ by red
deer during the previous years. As a re-
sult of the above arrangement the rais-
ing of red deer outside the red-deer re-
gions could be discontinued, with the
exception of quite extraordinary cases.

At present, there are altogether 55 red-
-deer regions in Czechoslovakia, and all
of the red-deer hunting grounds have
been grouped under them. The manage-
ment in each region has been placed
in the hands of pertinent Regional Na-
tional Committee which sets up, to this
end, a board of advisers selected among
local experts in red-deer rearing.

The red deer kept in enclosures is
less numerous; target stocks of game
have been fixed for enclosures in Cze-
choslovakia, in dependence upon local
conditions. These special hunting grounds
in which the intensive method of red-
-deer raising is practised are expected
to produce, in the years to come, vigo-
rous trophy game for the kill by sports-
men-hunters and, at the same time,
high-quality breeding animals for the
purpose of stocking.

The Fallow Deer

Fallow deer in Czechoslovakia is kept
largely in enclosures; the scattered po-
pulations that live in free hunting
grounds are but few in number. On the
whole, we may say that stabilization has
been achieved in this game species; the
1973 estimate indicated the factual num-
ber as 6.981 head, which meant 130 per
cent of standardized stock fixed at the
level of 5.363 head. From the standpoint
of rearing, this difference is far from
causing troubles, for under the condi-
tions of enclosures the target stocks can
easily be accomodated to suit the chang-
ing situation in nutrition and the gene-
ral 'level of care given to the game
species.

Considered from the standpoint of
quality, in particular from that of the
development of trophies, the fallow deer
kept in Czechoslovakia may be classed
as rather below the standard. The same
holds true for the fallow-deer popula-
tions that live in free hunting grounds.

The Moufflon

The raising of moufflons in Czecho-
slovakia has attained the world top le-
vel, and the animals produce record

trophies. But Czechoslovakia has been
holding another primacy in the rearing
of moufflon; more than one third of its
total number in the world is kept in
this country. The spring census of 1973
indicated the factual number of this ga-
me species as 10.684 head, which meant
159 per cent of the standardized stock
fixed at the level of 6.707 head.

The greater part of the present mouff-
lon stock live in free hunting grounds,
where adult males produce mightiest
trophies when about seven years of age.
The rearing is intentionally centred in
definite localities characterized by highly
suitable natural and economic conditions,
with stony ground and a drier type of
mineral soil. In doing so, we gradually
develop typical moufflon rearing regions.

Besides the rearing in free hunting
grounds, the moufflon is also kept in
deer parks, frequently together with
fallow deer to which it is relatively to-
lerant. Under these conditions of raising
the game species, too, produces trophies
of very good quality in some cases.

The Roe Deer

Roe deer is the most abundant game
species in Czechoslovakia, practically
occuring in all hunting grounds, simi-
larly as the hare. The varied natural and
economic conditions of Czechoslovak
territory doubtless are beneficial to the
raising of roe deer. During the recent
decades, due to the rapidly progressing
rationalization of agricultural production,
numerous populations of typical field roe
deer have developed in areas where
commassation was effected; while be-
fore, under the small-area method of
farming, this game species used to live
largely in the forest. The spring census
of 1973 revealed that the factual stock
of roe deer was 289.150 head, which
meant 117 per cent of the standardized
stock fixed at 247.149 head. This excess,
which occurs in places, usually results
in marked degradation of the species
quality, both in its weight and the deve-
lopment of trophies. Also the damage
caused by the game to agricultural and
silvicultural stands tends to increase in
such cases.

The roe deer of Czechoslovakia produ-
ces trophies that may be graded as rat-
her below the standard, which is lar-
gely accounted for by improper breed-
ing. It is true that, under the conditions
of ordinary hunting grounds, the requi-
rement for maintaining the fixed stan-
dardized stock is observed in most cases,
whereas this is not the case.with the
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sex ratio, 1:1, and the present stocks
show, largely, an appreciable excess of
females. =

Although idividual populations of roe
deer often are of unequal quality, anot-
her reason for the breeding failure is
to be looked for primarily in insuffi-
cient variability of the grazing available
to the animals, in which this species is
very particular. Poor genetic foundation
of some populations occurs in quite extra
ordinary instances. This has been confir-
med most recently with the populations
of field roe deer which, due to the im-
proved nutritive conditions, show in-
dications of superiority over the stocks
in forests, both in weight and the deve-
lopment of trophies.

The Wild Boar

During the twenty years past, wild
boar has expanded in Czechoslovakia to
an extraordinary extent. According to
legal standards that were operative be-
fore in the sector of game management,
the raising of wild boar in the open was
allowed only in the territory of the pre-
sent Slovak Socialist Republic, whereas
in that of the Czech Socialist Republic
this mode of its rearing was strictly
prohibited owing to the serious damage
caused to agricultural stands. As a re-
sult, the rearing of wild boar was con-
fined to enclosures only.

The operations of war and the move-
ments of armies brought about un-
controllable leakage of this game species
from enclosures to free hunting grounds.
At first, the trend to expansion of its
stocks was inconspicuous; later this trend
became ever-increasing, so that at pre-
sent the species occurs either as a steady
or unsteady (migratory) element in the
great part of Czechoslovak hunting
grounds. Socialist game management
sees to it that the wild boar continues
abiding Czechoslovak hunting grounds
as a common game Species, but its
stocks must not exceed the limits accep-
table to agriculture.

Lesser stocks of the wild boar can
also be found in enclosures. Since it is
intolerant to other game species, the
custom has been to keep it separately, in
smaller parts of the enclosures. On the
whole, the individuals kept under en-
closure are, as a rule, inferior in vigour
to those living free.

For the years to come it is suggested
to establish regions of wild-boar free
rearing, in such localities where existen-
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ce of this game species will prove com-
patible with the interests of agriculture.
It is further intended to develop and im-
plement expedient principles of rearing
for the regions.

The Hare

The hare is by far the most widely
distributed and abundant game species
of Czechoslovak hunting grounds, and it
can be found represented more or less
in all of them. Especially the productive
field, or the largely field hunting grounds
of the lower elevations, where typical
hare-rearing husbandry is practised,
have become known due to the high kills
of hare obtained on collective hare-hun-
tings. Bags counting several hundreds of
hares are a current phenomenon, and
even kills exceeding far the limit of one
thousand hares per day are no exception.
On more elevated hillocks and hillfoot
situation the hare occurs in lesser num-
bers, and at elevations over 700 m its
occurrence is but sporadic.

Factual stocks of hare in 1973 re-
vealed a total of 1,448.945 head, which
was 99 per cent of the standardized
stock fixed at 1,454.616 head. Planned
rearing of this game species gives re-
latively accurate results. When the stan-
dardized stocks are observed, even the
occasional damage caused by hares to
agricultural and silvicultural stands is
tolerable. The most productive hunting
grounds, where larger accumulations of
hare occur, aré occasionally threatened
by certain epidemic diseases. Thus, dur-
ing the period following World War II,
tularemia has been primarily the case.
This disease is under strict control of
veterinaries and precautions are taken
in due time to its suppression.

For the years to come, further mode-
rate intensification of hare rearing is

" expected, which may be utilized better

than before, even for exporting live
animals to foreign countries .

The Partridge

Roughly during the past twenty years
the partridge stocks in Czechoslovakia
have been indicating a relatively strong
trend downward. This phenomenon,
which has been evident not only in Cze-
choslovakia but also in all other count-
ries of Central Europe, consists of a whole
complex of causes that are connected,
among other things, also with the pro-
cess of conversion in which the previously
predominating small-scale system of



farming grades into the large-scale met-
hod of production operating on large
areas and applying the rational appro-
ach in all respects. It is not only the
large field units under individual agri-
cultural crops that do not answer to the
partridge habit; also the high level of
mechanization used in agricultural, large-
-scale production and the application of
chemicals mean adverse effects. All that
together with the other adverse agents
has doubtless brought about decrease in
the partridge stocks. ’

The census made in the spring of
1973 indicated the factual stock of
partridge as 1,115.884 individuals, which
was but 65 per cent of the standardized
stock fixed at 1,724.335 individuals.

Eery effort has been made among
the large collectives of sportsmen-hun-
ters to improve the sad conditions as
outlined above. The assitance by farmers,
who are fully aware of the great useful-
ness the partridge means for agriculture,
is highly valuable within this trend, too.

The Pheasant

Compared to the above results in the
partridge rearing, situation in the sector
of pheasant rearing shows the opposite
trend. During the ten past years appro-
ximately, the stocks of pheasants in
Czechoslovakia have more than doubled
and this upward trend continues. Re-
sults of the 1973 census indicated the
factual stock as 1,354.215 birds, which
meant 128 per cent of the standardized
stock fixed at 1,053.625 birds.

Most of the present pheasant stocks
are found in ordinary hunting grounds
controlled by the hunting associations.
The most productive pheasant hunting
grounds extend in the lowlands. It is
noticable that even the trials have pro-
ved successful with introducing pheas-
ant to the higher, hillfoot situations,
roughly up to elevations of 600 m, where
the bird gets gradually acclimatized to
more adverse climatic conditions. The
extraordinary interest shown by the
greater part of the hunting associations
in the furtherance of pheasant rearing
has brought valuable experience and
good results also under the conditions of
small-scale intensive rearing, primarily
when applying the form of half-wild
rearing; the main object of this form
being to save pheasant eggs from the
nests that have been uncovered and
dislocated in cutting the field crop or
otherwise endangered in free hunting
grounds, and to rear by artificial met-
hods the birds hatched from the eggs

thus saved. These birds are then releas-
ed into the hunting ground.

The method of tame pheasant rais-
ing with the use of a breeding covey is
practised in pheasantries. Most of
these pheasantries are under manage-
ment of the State Forests, the remaining
portion is controlled by the associations
of hunters. Level of this kind of phea-
sant rearing, which is intensive in essen-
ce, is largely high in all respects, and
the stocks offer changes for large Kkills
that not infrequently attain as much as
several thousands of birds bagged on
one single day.

The Other Game Species

Besides the major game species dis-
cussed in previous chapters, whose rais-
ing means the chief factor of game pro-
duction in Czechoslovakia, there are
also many other, less represented species
in Czechoslovak hunting grounds. The
most important of them have been in-
cluded in Table II.

Capercailzie, heath cock, hazel grouse,
and bustard are classed with the group
of rare game species here.

The stocks of capercailzies and heath
cocks in Czechoslovak hunting grounds
have been slightly decreasing over the
period following World War II. The chief
reason is seen in that the bird species
have recently been exposed, in their na-
tural biotopes, to disturbing effects re-
sulting from the higher rates of visits in
the forest stands and from other changes
in the environment natural to these ga-
me species. In the case of the heath cock,
impact of these agents becomes often
integrated by modifications in the lands-
cape’s economic character, as a result of
the extensive land improvement works
carried out in the landscape and, con-
sequently, the more intensive utilization
of the soil. The stocks of hazel grouse
likewise show the trend to decreasing,
the reason being the same as with heath
cocks. Slightly higher stocks of all the
three game species are still found in
hunting grounds of the Slovak Socialist
Republic.

The bustard stocks, on the other hand,
indicate a slight upward trend in the
slow process. Moreover, this bird spe-
cies reveals the trend to spread western-
ly from its original localities. Until re-
cently, the bustard used to be the per-
manent game species of the flat hunt-
ing grounds in southern Slovakia; at
present, the species has already become
resident in some field hunting grounds
of southern Moravia. The existing system
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of large-area farming completely answers
to the habit of this rare game species.

The rare game species of the family
of hoofed animals are kept here both in
enclosures and free hunting grounds.
Concerning the species kept in enclosu-
res: the bezoar goat is to be men-
tioned in the first place, occurring as
one single population in the Palava
Hills enclosure (southern Moravia). Its
unique position in the world is that
locality lies most to the north among
those where this game species occurs.
There is another rarity of international
importance, the unique population of
white stags kept in the Zehusice enclo-
sure (Central Bohemia) and counting
about 40 head. — American deer is
kept here in enclosures, and so is Sika
deer which, unlike the former, occurs
also in free hunting grounds, mainly in
western Bohemia.

Special notice is due to the rearing of
chamois. Until recently, this rare game
species could be found in free hunting

grounds of three Czechoslovak localities
only; specifically, in the High Tatras
(Slovak Socialist Republic) — the ori-
ginal home of chamois, and in the Je-
seniky and LuzZické Mountain Ranges
(Czech Socialist Republic) to where the
species was introduced several tens of
years ago. Unfortunately, the conditions
of life for chamois, its natural environ-
ment features an ever-increasing trend
to aggravation in all of the three locali-
ties, the reason being the same as point-
ed to above — the growing rate of vi-
sits to the localities and the disturbances
resulting therefrom for animals. To im-
prove the situation, another two loca-
lities have been selected in the Slovak
Socialist Republic; one in the Low Tat-
ras and the other in the Large Fatra
Range. Either of them is expected to
offer the animals the relatively highest
degree of rest. New chamois populations
coming from the High Tatra locality ha-
ve already been introduced, and the
results obtained so far are highly pro-
missing.

IV. Review of the utility game hunting in Czechoslovakia

Annual average Annual | Annual
. (R T P T 1971 1972 average | average
Game species 1961 —65 | 1966 —70 1961 —72 | 192529
\ Kills
Red deer 14.551 14.979 15.049 15.081 14.815 ‘ 3.816
Fallow dear 1.432 1.606 1.720 1.652 1.547 1.522
Moufflon 1.090 1.316 1.679 11.832 1.295 93
Roe deer 69.741 80.217 79.760 89.869 76.202 27.846
Wild boar 5.615 6.795 8.852 10.507 6.784 1.462
Hare 772.574 |1,155.174 |1,353.303 | 1,288.398 |1,023.371 | 901.953
Partridge — 78.451 70.952 34.864 71.153 | 689.256 |
Pheasant 418.187 | 935.136 |1,173.775 |1,133.514 | 756.159 | 152.513 }
Capercailzie — 151 187 141 155 715+
Heath cock = 604 759 635 631 3.028+
Wild goose — 1.748 3.511 2.329 2.083 6.118
Wild duck 51.162 | 115.320 | 139.515 | 126.444 91.718 35.353 |
Note: In column ‘Annual average 1925 —1929 are the data with* (capercailzie and

heath cock) given only for interval 1927 —1929.
References: For 1961 —1965: Zasméta V.: Myslivost ve tfeti pétiletce. In Czech. Lesnicky

Casopis 13, 1967, No. 8: 677—690

For 1966 —1970: Zasméta V., — Svarc J.: Myslivost v pétiletce 1966 — 1970.
In Czech. Lesnicky ¢asopis 18, 1972, No. 10: 943 — 954

Separately for 1971, 1972: Vykaz Mysl (MZVz-CSR) 1-01 na rok 1971, 1972.
In Czech. Vykaz Polov (MPV-SSR) 1-01 za rok 1971, 1972. In Slovak.

For 1925—1929: Stérba M., Toupal J.: Vyvoj lesniho hospodafstvi a spotieby
dfeva v CSR. In Czech. Praha, 1960
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V. Review of the noxious

game hunting in Czechoslovakia

Annual average Annual | Annual
i 1971 1972 average | average
Game species 1961 —65 I 1966 —70 1961—72 | 1925—29
o Kills
Fox 44.323 34.296 32.060 30.533 37.974 11.833
Badger 2.193 1.983 1.545 1.337 1.980 1.255
Marten 6.075 6.232 5.731 5.010 6.023 2.875
Otter 23 — _ — — 324
Nyctereutes procyonoidaes — 13 14 10 12 —
Polecat 19.794 23.456 24.504 19.902 21.721 11.678
Ermine 10.137 15.978 9.584 10.162 12.527 1.523+
Other weasel 47.075 46.801 52.675 49.567 47.635 30.637+
Muskrat 19.816 — 2.415 1.971 — 14.284
Squirrel 1.003 707 354 478 782 80.937
Note: In column ‘Annual average 1925— 1929’ are the data with* (ermine and other

weasel) given only for interval 1927 —1929.

References:

Casopis 13, 1967, No. 8: 677—690 .
For 1966—1970: Zasméta V., Svarc J.: Myslivost v pétiletce 1966 —1970.
In Czech. Lesnicky ¢asopis 18, 1972, No. 10: 943—954
Separately for 1971, 1972: Vykaz Mysl (MZVz-CSR) 1-01 za rok 1971, 1972.
In Czech. Vykaz Polov (MPV-SSR) 1-01 za rok 1971, 1972. In Slovak.
For 1925—1929: Stérba M., Toupal J.: V¥voj lesniho hospodafstvi a spotieby

drfeva v CSR. In Czech. Praha, 1960

VI. Review of the rare game hunting in Czechoslovakia

For 1961 —1965: Zasméta V.: Myslivost ve téeti pétiletce. In Czech. Lesnicky

' Annual average Annual | Annual
. 1971 1972 average | average
Game species 196165 i 1966 — 70 1961 —72|1927—29
- Kills
Sika deer — 363 489 453 397 -
American deer - 12 21 12 —
Chamois 6 6 7 6 6 19
Bezoar goat — 1 — - — —
Bear 5 11 16 15 9 14
Lynx 95 99 109 92 97 14
Wolf 44 43 22 40 41 4
Wild cat 553 1.053 848 788 805 378

References: For 1961 —1965: Zasméta V.: Myslivost ve tfeti pétiletce. In Czech. Lesnicky
¢asopis 13, 1967, No. 8: 677 —690
For 1966—1970: Zasméta V., Svarc J.: Myslivost v pétiletce 1966—1970.
In Czech. Lesnicky ¢asopis 18, 1972, No. 10: 943 —954
Separately for 1971, 1972: Vykaz Mysl (MZVz-CSR) 1-01 za rok 1971, 1972.
In Czech. Vykaz Polov (MPV-SSR) 1-01 za rok 1971, 1972. In Slovak.
For 1925—1929: Stérba M., Toupal J.: Vyvoj lesniho hospodafstvi a spotieby

dfeva v CSR. In Czech. Praha, 1960
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procyonoida.es

The Slovak Socialist Republic is also
one of the few countries of Central Eu-
rope where some species of the large
predatory animals have survived and are
kept outside confinement. These are:
bear, wolf, lynx and wild cat. The stocks
of bear show a slight trend to rising
bear hunting is permitted only in spe-
cially justified cases. The stocks of wol-
ves, lynxes, and wild cats must be
controlled by Kkilling if the predators
endanger too much those of utility game
species, the red and roe deer in parti-
cular.

GAME HUNTING IN
CZECHOSLOVAKIA

The hunting and shooting of game in
Czechoslovak hunting grounds follows a
definite schedule made up beforehand
and approved by the respective District
National Committee. The in-seasons for
individual game species, the modes of
hunting, and the out-of-seasons are fix-
ed by the Ministry of Agriculture and
Foodstuffs in respective national  re-
public. In co-operation with the other
organs concerned the Ministries are to
see to it that continuation of all game
species in Nature is maintained.

From the data in Table IV will be
evident the development of hunting uti-

lity game species in Czechoslovakia
over periods 1925—1929, 1961 —1965,
and 1966—1970 in annual averages,

further over 1961—1972 in a wider aver-
age, and separately for the last two
years 1971 and 1972. The same mode of
presentation is used in Table V for the
development of hunting noxious game
species, and again in Table VI for that
of hunting rare game species.

VII. Results of Live Game Trapping

The TUtility Game Species

A longterm upward trend in the hun-
ting is evident for most of the major uti-
lity game species (moufflon, roe deer,
hare, pheasant); in fallow deer as a ty-
pical park deer the numbers of bagged
animals reveal a stabilized pattern; in
patridge and other rare feathered ga-
me species may be stated a longterm de-
cline in the numbers of kills; while with
red deer there is a typical increase in
the numbers of bagged animals dur-
ing the years following World War II,
compared to the counts recorded for
years between the two World Wars. In ge-
neral may be stated that the planned
game management in Czechoslovakia
and the assiduous and skilled care of
game by large collectives of sportsmen-
-hunters have already brought remark-
able results, also in the numbers of
kills with individual game species.

Shooting is the chief mode of hunting
game in Czechoslovakia. Moreover, live
game is also trapped to be used for stock-
ing and as export material to foreign
countries. The trapping of game is re-
latively slight with hoofed species; with
hare, partridge, and pheasant, on the
other hand, it is more important, as
may be evident from Table VII.

The Noxious Game Species

With the exception of squirrel, the no-
xious game species in this country reveal
evident and appreciable increases in the
numbers of kills during the period fol-
lowing World War II, compared to si-
tuation during the pre-war period. To
some extent, these increases in stocks
of the noxious game species are analo-

Annual Annual Annual

Game species average average 1971 1972 average
1961 —65 1966 —70 1961 —72

Hare 49.741 39.431 59.720 47.712 46.108

Partridge 43.630 23.219 21,131 7.185 30.213

Pheasant 59.223 48.982 58.981 58.106 54.903

References: For 1961 —1965: Zasméta V.: Myslivost ve tfeti pétiletce. In Czech. Lesnicky
Casopis 13, 1967, No. 8: 677—690
For 1966—1970: Zasméta V., Svarc J.: Myslivost v pétiletce 1966 —1970.
In Czech. Lesnicky ¢asopis 18, 1972, No. 10: 943 —954
Separately for 1971, 1972: Vykaz Mysl (MZV2-CSR) (1-01) za rok 1971, 1972.
In Czech. Vykaz Polov (MPV-SSR) 1-01 za rok 1971, 1972. In Slovak.
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-gous to those observed in stocks of the
utility game species. To elucidate the
data in Tab. V is to be added that otter
is out of season the whole year round
and has been so for a longer period of
time, the aim being gradual rise of its
'stocks. Muskrat hunting has declined
because shooting this species is prohi-
bited; it may be only trapped in nets

‘or leather-bags. Raccoon is no home spe-

cies @n Czechoslovakia; its occurrence
here in the most recent years has been

‘due to natural spread.

The Rare Game Species

Most of the rare game species listed
in Table VI are hunted in exceptional
cases only, to serve the scientific, rese-
arch and, when necessary, representative
aims. Lynx, wolf, and wild cat are hunt-
ed as normal noxious animals.

"THE SOCIAL TRADE HUNTING

ORGANIZATIONS

In Czechoslovakia there are two social
trade organisations of sportsmen-hunters;
the Czech Hunting Union (for the Czech
Socialist Republic) and the Slovak Hunt-
ing Union (for the Slovak Socialist Re-
public). In these two organizations have
been associated all Czechoslovak citizens
who exercise the right of game mana-
gement, further all cynologists and fal-
coners, these two categories admitted for
membership as exceptions by the Central
Committee of either Hunting Union.

There are altogether 121.000 members
in the Czech Hunting Union and 33.500
members in the Slovak Hunting Union.

REFERENCES:

Socialist character of the game manage-
ment in Czechoslovakia is reflected also
in social structure of the members: about
409, are workers, 209, farmers, 109,
employees of forestry organizations, and
30 9, other professions (clerks, employees
of armed forces, and the like).

SUMMARY

During the period following 1948,
Czechoslovak game management has ex-
perienced significant results in all res-
pects, due to the effective help rendered
by the Communist Party of Czechoslo-
vakia and the Czechoslovak Government.
The position of game management in the
socialist society has been defined by
Law No. 23/1962 Sb. (Law Gazette) on
Game Management and by due provi-
sions in execution of it. The central cont-
rol over game management in Czechoslo-
vakia is due to pertinent Ministries of
Agriculture and Foodstuffs in indivi-
dual republics; while in the regions and
districts, game management is under the
control of the Regional and District Na-
tional Committees.

The stocks of game species in the hunt-
ing grounds have been standardized to
meet the carrying capacities of respec-
tive hunting grounds for individual ma-
jor game species. The production ex-
pressed in the level of Kills shows a
steady upward trend with most utili-
ty game species. This trend is most cons-
picuous with the pheasant. Moreover, the
care given to the game species with rare
occurrence in Czechoslovakia and to
animals that live free in nature is far
from negligible.

1. STERBA M., TOUPAL J., 1960, The development of forestry and wood

consumption in the Czech Socialist Republic, Prague. — 2, ZASMETA V., 1968, Economics of
Czechoslovak game management. First edition, State Agricultural Publishing House, Prague. —
3. ZASMETA V. 1969, Game management in the third five-year plan. Lesnicky &asopis 13,
no. 8 :677-690. — 4. ZASMETA V., SVARC J., 1972, Game management in the period of the
five-year plan from 1966 to 1970. Lesnicky c¢asopis 18, no. 10 : 943-954. — 5. Statement Mysl
(MZVz-CSR) 1-01 on the hunting districts, game stocks, and shooting in 1971 and 1972 and on
the spring stock population of game on March 31 1972 and March 31 1973. — 6. Statement Polov
(MPV-SSR) 1-01 on the hunting districts, game stocks, and shooting in 1971 and 1972, and on
the spring stock population of game on March 31 1972 and March 31 1973.

CHOV ZVERE A JEHO VYSLEDKY V CESKOSLOVENSKE SOCIALISTICKE
REPUBLICE

Myslivost v Ceskoslovenské socialistické republice dosidhla po roce 1948 za
Géinné pomoci Komunistické strany Ceskoslovenska a vlady CSSR po vSech stran-
kdch pronikavych uspéchi. Jeji misto v socialistické spole¢nosti je dédno zdkonem
¢. 23/1962 Sb. o myslivosti a provadécimi piedpisy k nému. Ustfedni rizeni mysli-
vosti v CSSR prisludi ministerstviim zemédélstvi a vyZivy Ceské a Slovenské socia-
listické republiky. V krajich a okresech je myslivost rizena krajskymi a okresnimi
narodnimi vybory.
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Po strance vyzkumné a védecké je problematika myslivosti v CSSR fe§ena na
pracovistich Vyzkumného ustavu lesniho hospodarstvi a myslivosti ve Zbraslavi-
-Strnadech, Vyskumného ustavu lesného hospodarstva vo Zvolene, Statniho vete-
rindrniho ustavu pro lovnou zvér v Jihlavé, dale na lesnické fakulté Vysoké Skoly
zemeédélské v Brné, na Lesnickej fakulte Vysokej $koly lesnickej a drevarskej vo
Zvolene a na dalsich vysokych Skolach zemédélskych a veterinarnich.

V pétilece 1971 az 1975 je ve schvaleném statnim planu vyzkumu reSena na useku
chovu zvére a jeho ekonomiky problematika Biologie chovu a chorob zvére a ochra-
na proti §koddm zvéri, rozdélend do Sesti ukold a 35 dil¢ich vyzkumnych ukolu,
které resi kolektivy vyzkumnych pracovniku a jednotlivei vySe uvedenych pracovi$t.

Kmenové stavy zvére jsou v honitbdch normovany podle GzZivnosti honitby
pro jednotlivé hlavni druhy zvére. U vétSiny druhtt uzitkové zvéire se myslivecka
produkce trvale zvySuje. Nejvyraznéjsi je tento vzestup u bazantl. Vyznamna péle
je vénovana i vzacné se vyskytujicim druhtm zvére a zvirat volné v prirodé
Zijicich.

Prof. Ing. Vitézslav Zdsméta, Ing. Jaroslav Svare, lesnickd fakulta VSZ,
Brno

THE RADIO CONTROL OF TRACTOR WINCHES IN SKIDDING

Because of relatively complicated Pardubice, which produces and repairs
regeneration methods, the cable extract- the radio sets, has also well deserved
ion has a great importance in Czecho-  of this success.
slovakia, especially in Czech lands. Apart The Z 5511 tractors are applied both
from the continuously increasing signi- jn final and intermediate fellings. They
ficance of special forestry tractors are used particularly in the cases when
amounting to about 200 vehicles in CSR the special forestry tractors are not
only, they are especially Z 5511 and the effective, i. e. in incidental fellings made
subsequent Z 6718 tractors equipped with on small areas and, especially, in thin-
radio-controlled winch TNP-1, which nings. In some enterprisesy these trac-
are becoming in favour. Since 1970, their tors brought about a fundamental turn
application has achieved a surprising in skidding of wood obtained from in-
rise, this being documented by a number termediate fellings. The technology ap-
of 500 radio-controlled tractors up to 1974.  plied in the forest enterprise Réjec,
It is wunderstood that this rise has
brought about several problems of
organizational and production charac-
ter, but their convenient solution
has promoted their development at
the same time. So, for instance. the
Ministry of Forests and Waters togelner
with the enterprise, which assembles and
delivers these tractors — SLPV Chru-
dim — established a simple, but on high
level organized territory plan, within
which the radio-controlled tractors
equipped with one of 15 possible frequ-
encies may move without any risk that
the winches will be brought into acti-
vity at an undesirable moment. The use
of these devices is based on appro- 1. Unloading of timber by Z 5511 trac-
priate instructions and rules. The good tor in a log depot. — Traktor Z 5511 pii
repairing service of the firm TESLA rampovani dieva na skladce
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where operate three-man crews, may
serve as an example. Two members of
this crew fell and trim the trees, and
the tractor driver controls the winch by
means of radio station and ensures wood
extraction to the lines with space 25—
—30 m.

The extracted wood is skidded to the
log depots and thereafter transported by
skidding vehicles equipped with hyd-
raulic grapple to landings where the
raw logs are converted. The outputs of
3-man group, including the timber deli-
very to forest depot, amount to about
18—20 cu. m per day within volume ra-
tes 0,10—0,15 cu. m. The extract of time
standard in hours per 1 cu. m, by
which the tractor operators are renume-
rated, gives evidence how intensively the
productiveness of skidding is influenced
by radio control (table I).

This outline gives evidence that the
economic productiveness of one-man
crew equipped with a radio station is
by 359, higher than that of two-man
crew.

2. Tractor operator, equipped with the
Lesana radio station, controls log extrac-
tion by winch cable. — Ridi¢ s vysilaci

The Z 5511 tractor is equipped with a stanici Lesana ridi vyklizovani lanem
front unloading device, which makes it navijaku
I
Volume in cu. m
Skidding | "upto | 0.20 | 0.50 | 1.00 | upto | 0.20 | 0.50 | 1.00
Crew distance | 0,19 | 0.49 | 0.99 | more | 0.19 | 0.49 | 0.99 | more
m soft coniferous and hard broadleaved
- | broadleaved wood wood
one-man 401 0.44 | 031 | 026 | 020 | 0.66 | 0.50 | 0.41 | 0.31
two-man 500 0.68 | 0.47 | 0.40 | 0.31 1.01 ‘ 0.77 | 0.63 | 0.48
one-man 801 055 | 040 | 0.34 | 0.28 | 0.88 | 0.68 | 0.57 | 0.46
two-man 900 0.84 | 0.61 | 0.52 ’ 0.43 | 1.35 I 1.05 | 0.88 | 0.71

possible to pile rapidly timber to heaps.

The proper winch control is very
simple; it is based on the electro-pneu-
matic principle, it is to a great degree
trouble-free and the appropriate Cze-
choslovak patent was granted to the
workers of the Research Station Kitiny.

The radio set Lesana VAW 010 is

composed of all-transistor receiver on
the tractor and transmitter (weight 2 kg)
carried by tractor operator in a knap-
sack.

From the safety point of view, it is
necessary that another person works
within sight, so that the work in crews
is very convenient.

Ing. M. Dressler, CSc., Vyzkumnd stanice VULHM, K#tiny u Brna
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NOVOTNY M., NOVOTNY V., RUPRICH J., VICENA I.:
ELEMENTS OF GPTIMUM DECISION — MAKING IN FORESTRY

PRACTICE. 1973, PRAGUE

This publication appears in the book
market within the period when the in-
troduction of new machinery and che-
mization and herewith connecting deci-
sion-making on their optimum use in
planning and organization of technolo-
gical procedures requires to abandon
the traditional subjective approach to
decision-making in the field of produc-
tion management based on experience
and, further, to accept the methods of
scientific programming as a basis in
the decision-making and production ma-
nagement.

A brief outline of optimum decision-
-making, management theory and met-
hods of operation analysis as an in-
strument of optimum decision-making
is given in chapters 2. and 3. covering
96 pages of this publication. They inclu-
de explanation of basic terms and prin-
ciples as plausible prerequisites for the
applicability of calculation results and,
further, they demonstrate that the comp-
licated calculations must not discourage
forestry practice from the application of
the operations analysis methods, be-
cause the computer technique is able to
cope with the complexity of calculations
but it requires, as a rule, a team work.
The explanation is illustrated by ver-
bal characteristiques of outputs, quanti-
ties and their symbols in the mathe-
matical, graphical, table and figure
forms. This methodological apparatus is
applied in the explanation of indivi-
dual methods of operations analysis, and
the model block diagrams and the sim-
ple computer operations (see e. g. the
simplex method on p. 56) create in this
way a wuseful basis and approach to
the chapter 4. of the publication, i. e. to
practical applications of the optimum de-
cision-making in forestry.

This chapter also contains, on 96 pa-
ges, analyses and discussions (illustrated
by practical samples of calculations) of
the most topical problems of forest ope-
rations: planning of operational prog-
rams, planning and lay-out of invest-
ments, and optimum control and plan-
ning of production activities.

The part dealing with planning of
production programs presents and sol-
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ves some examples concerning the ana-
lysis o the optimum character of produc-
tion plan and the optimization of log-
ging program of forest enterprise. The
part dealing with planning and lay-out

of investments gives the methods
and calculations for the dislocation
of landings of forest enterprises,
for the determination of log depot

capacity in feeding landings with timber
for the most suitable combination of
conversion lines, for the determina-
tion of the number of transwerse
loaders necessary for loading, and for
the optimum equipment of enterprises
with skidders. The part concerning the
operative control and planning of pro-
duction activity includes examples of
methods and calculations necessary for
the control of timber transport within
forest enterprise, for the construction of
operative plan of time control of logging
operations, for the allocation of capacities
to machines applied in forestry and for
the choice of suitable technologies,
further for the optimization of manpo-
wer number in timber loading to wa-
ggons and, finally, for the assessment
of probable time losses in timber trans-
port by lorries. Some of the above men-
tioned methods (e. g. the simplex met-
hod) may be also applied for the solu-
tion of other designs than those given
as examples in the publication (e. g. for
the solution of economical concentration
and lay-out of forest nurseries, for the
manpower optimization in nursery ope-
rations ete.).

All examples given by the authors are
based on the concrete natural quantities,
simplified for facilitating the calcula-
tions. This makes it possible that the
production controlling officers both in
forest enterprises and specialized cen-
tres may cope with these methods in
general, as well as in the preparation of
input data for their processing by com-
puter.

The introductory part of the last
chapter is of great importance both for
the whole forestry practice and, especi-
ally, for the officers who, at different
management levels, make decisions at
what time the modern economic-mathe-



matical methods may be successfuly ap-
plied in forestry practice.

The subsequent parts of this last chap-
ter summarize the general principles go-
verning the procedures in the applica-
tion of the methods concerning opti-
mum decision-making in the control
practice and draw attention to some di-
fficulties which may arise. Preference is
given to the very serious questions joint
with the formulation of problems and
the procedures applied in their solution.
This chapter is finished by the outline
of some problems connecting with the
definition of factors significant for the
optimization, by the suggestion in which
way the numeric data should be acqui-
red and processed for the construction
of a model, as well as which procedure
should be chosen in team work during

the application of the methods of ope-
rations analysis.

The content of publication and the
form of explanation destined particular-
ly for the workers in forestry practice
will be certainly welcomed not only be-
cause the collective of authors is widely
known by their useful work in the field
of forestry economics, management and
practice, but also because the difficult
problems are described in a form
comprehensible even for the forestry
practicians without any detriment to the
scientific level of this publication. It
should therefore serve as a ready and
comprehensive source of reference and
as a manual to those who are respon-
sible not only for the forestry practice
control, but also for their optimum de-
cision-making.

Prof. Ing. Otakar Pold k, lesnickd fakulta VSZ, Brno
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