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MAN AND FOREST

Science is a power and art is a feeling of people. In idea of the so-called
science on science it is considered that the possibility of application of science is
given by the level of public revenue. It has, however, its feedback. We are enlight-
ened that the victory over nature is, in fact, a defeat of man, since man is a
constitutional part of nature. Science and scientific and production progress as-
sociated have brought great success and improved the living standard of people.

Nevertheless, this valuable coin has its negative wrong side, which is represent-
ed by destructive war means and dangerous environmental pollution. While military
arms can be effective instantaneously and there is the possibility of controlling
them, though only to a limited extent, environmental pollution acts somehow
unwillingly, without direct intention but with slinking desctructiveness.

Mankind searches for means to prevent war destruction and, fortunately, finds
them. Therefore, the ways to understanding, which are given by an iron law of
sense, have been pointed out and realized. It is evident that a great war of mankind
would be their last war, in which only the defeated ‘would occur.

If we recognize that war belongs to the past and it is ranked out of human
law, the necessity of solving the other great jeopardy for mankind is opened. It
concerns pollution of air, soil and water without which our human genus cannot
live. In spite of concluding important international agreements, the desirable changes
do not advance quickly enough. Provided that armament is reduced the saved
investment can be used for the struggle against starvation. Hunger torments a great
part of manking, including, unfortunately, children, especially in developing
countries. Furthermore, considerable means can be given to remove environmental
pollution. Nevertheless, removing harmful substances is only a passive part of
pollution control. In an active sense, the only right solution is to change processes
of manufacture in such a way not to produce harmful substances at all, because
they often represent unworked valuable raw material as, for example, sulphur.
Consequently, the solution implies not only separating harmful substances, but also
preventing their production. Therefore, it is necessary to consider and design all
human works in such a way to be in conformity 'with nature and man. We are
often in the role of good workers who do wrong work in spite of making every
effort, because the approach to it is incorrect.

Our successful development is conditioned by harmony between us and nature.
At this point, the scientific approach itself predominated by reason, is insufficient.
Considerable emotional share, which is proper to arts, is desirable as well. It is
necessary to associate knowledge and feeling with high creative imagination,
particularly in long-range prospects.

To constitute new value standards, the present conditions and planned objectives
should be evaluated thoroughly. Artists led by their emotional impulse are speak-
ing about crimme against nature. Such a criminality need not always be conscious.
Murder and simple killing, however, have the same consequences for the afflicted.
It is difficult to recognize, admit and remove a mistake of the individual and even
those of the whole society. Nevertheless, it is the only way to prevent the threaten-
ing danger.

It concerns also the problem of conservation and management of green ve-
getation both continous green areas of forests and parks and those spread in groups
throughout the landscape. The United Nations, together with its Food and Agri-
culture Organization in Rome, has advertised a world-wide task “Everybody will
plant one tree at least” which refers to the old wisdom saying that “if you want
to sit in the shadow when you are old plant a tree when you are young”. The green
vegetation withers in all industrial towns of the world which is best exampled in
forests. Forests are rightly called “the lungs of mankind”. They are of decisive
importance for the environment. Forests are endangered still more, with regard to
their continuing mercenary destruction in developing countries, esp. in South Ame-
rica, with consequent destruction of the whole country and annihilation of its
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original inhabitants. In these countries, however, considerable people’s resistance
arises, in spite of the fact that it sometimes results in murdering as has happened
recently in the case of the so-called Amazonian G&andhi.

A quite new yet unknown phenomenon is withering and dieback of forests due
to industrial pollutants. Some damage has been observed even for a long time, but
the consequences which had been initially little apparent have broken out recently
like a big fire or explosion and have threatened the industrially well-developed
‘part of mankind. In well-developed industrial countries of Europe, pollutants,
released to the atmosphere, amounted to 523 million tons in 1960 and even 792
million tons in 1987. It is apparent most remarkably in the dieback of long-aged
forest communities. In 1986, the highest damage to forests was exhibited in Holland
(55 per cent), followed by the Federal Republic of Germany (54 per cent) and
England (49 per cent).

Analogous situation is in other countries. In addition to local sources, remote
transports of pollutants, which are borne even thousands of kilometres from the
place of their origin, have very unfavourable effects. The substances get to higher
atmospheric layers and are carried to considerable heights and distances by wind
flows. In our country, summits and mountain lakes are damaged in the Tatras.
Analogously, Scandinavian countries, for example, complain of damage from
European sources, e. g. from England.

It is conseguently a global problem which must be solved through close inter-
national cooperation. Therefore, the effort of our government to enlarge the existing
international agreements by further effective measures, especially in Central Europe,
is deserving.

It is quite obvious that mankind must change the production method and go on
to wasteless technologies, predominantly in natural way which is, however, very
difficult and requires long-term efforts. At present, it is necessary to search for all
paths to improve the existing undesirable condition.

Active international cooperation demands a comprehensive exchange of in-
formation. Small nations have a disadvantage that their mother tongue is not an
international language. To secure a valuable communication of knowledge, it is
necessary to interpret important data into international languages. This presupposes
perfect general knowledge of the language, as well as good experience in special
terminology. As early as in 1971 “The Foreign ILanguage Vocabulary of Special
- Forestry Terms” (in seven languages) was published ‘as a special issue of the
scientific journal Lesnictvi (Forestry). In 1986, it ‘was followed by the “Czech and
Slovak Terminological Dictionary — FORESTRY — Selection of basic terms with
Russian, German and English Equivalents”.

The Editorial Board of the scientific journal Lesnictvi, in their endeavour to
stimulate and deepen international cooperation in forestry, have decided to follow
with former experience and tradition of publishing the English version of this
journal, including one issue per year. It is evident that this issue cannot represent
the whole extensive activities of Czechoslovak scientists and specialists. Nevertheless,
it should be a window to our professional life from which our problems and their
solutions can be recognized and understood in the context of world-wide de-
velopment. It will facilitate informing the world professional public about our
activities. Up to the present, 213 impressions of the scientific journal Lesnictvi have
been distributed abroad and the papers published are annotated by the leading
documentation services, above all those of FAO UNO.

We appeal also to our Czechoslovak readers for supporting our effort which
gives them the possibility of publishing their findings in an international language
and comparing the text to deepen their knowledge.

We hope that this intention will be of general use and that Czechoslovak and
foreign forestry specialists will enrich it with their suggestions.

Academician Prof. Dr. Ing. Miroslav Vyskot, DrSc.
Chairman of the Editorial Board
of the scientific journal LESNICTVI (Forestry)
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CLOVEK A LES

Véda je silou a umeéni citéenim lidi. V pojeti takzvané védy o védé se soudi, Ze
moznost uplatnéni védy je dana vy$i narodniho duchodu, coZ ma ovSem i zpétné
vazby. Jsme pouceni o tom, zZe vitézstvi nad prirodou je vlastné porazkou c¢loveéka,
jezto ¢lovék je bytostnou soucasti prirody. Véda a na ni navazujici védeckovyrobni
pokrok prinesly velké uspéchy a zvy$ily Zivotni Groven lidi.

Tento cenny peniz ma vsak i zapornou, rubovou stranu, kterou predstavuji
zkdzonosné vale¢né prostiedky a nebezpec¢né zneci$téni zivotniho prostiedi. Zatim-
co vojenské zbrané mohou pusobit okamzité a lze je, i kdyz omezené, ridit, znecisté-
ni prostiedi pusobi jaksi nechténé, bez primého zaméru, ale zato s pliZivou zkazo-
nosnosti. ’

Lidstvo hleda a nastésti jiz naléza cesty, které mouhou zabranit vale¢né zka-
ze. Proto se vyty¢uji a uskuteénuji cesty dorozuméni, které plynou ze Zelezného za-
kona rozumu. Je totiZ zi‘ejmo, Ze velka valka lidstva by byla jeho posledni valkou,
v niz by byli jenom porazeni.

Uzname-li tedy, Ze valka patli do minulosti a je postavena mimo lidsky zakon,
otevira se nezbytnost r'eSeni druhého velkého ohrozeni lidstva, jimZ je znedisténi
vzduchu, pudy a vody, bez nichz nemuze nas lidsky rod zit. I kdyz uz byly uzavieny
vyznamné mezinarodni dohody, kyZzené zmény nepostupuji dostate¢né rychle. Sni-
zime-li zbrojeni, muzeme uSetrené vklady vénovat na boj proti hladu, ktery suzuje
velkou c¢ast lidi, a bohuzel i déti, zvlastée v rozvojovych zemich. Mohli bychom také
vénovat znac¢né prostredky na odstranéni necistot z nasSeho prostredi. Ovsem od-
stranovani &kodlivin je vlastné trpna c¢ast boje proti nim. V c¢inorodém smyslu je
jediné spravné reSeni zmeénit vyrobni postupy tak., aby pfi nich zadné skodliviny
nevznikaly, protoZze nezridka predstavuji nezpracovanou cennou surovinu, jako je
tomu u siry. Neni tedy cesta jen v odlucovani skodlivin, ale v zabranéni jejich vzni-
ku vubec. Proto je nezbytné vsechna lidska dila promyslet a osnovat tak, aby byla
v souladu s prirodou a ¢lovékem. Casto jsme totiz v uloze dobrych pracovniki,
kteri pres veskeré usili vytvori Spatné dilo, protoZe jeho pojeti bylo nespravné.

Podminkou naseho zdarného rozvoje je soulad mezi nadmi a prirodou. Zde ne-
sta¢i jen védecky pristup, ktery vladne predevsim rozumem, ale vyzaduje to i velky
citovy vklad, ktery je vlastni umeéni. Zejména v dlouhodobych vyhledech je nezbyt-
né spojovat védéni a citéni se zna¢nou davkou tviréi predstavivosti.

Abychom vytvorili nova hodnotova meéritka, je tieba posoudit velmi odpovéd-
né souéasny stav a vytycené cile. Umélei vedeni svym citovym vznétem jiz otevie-
né hovori o zlo¢inech na prirodé. Takovato zlo¢innost nemusi byt vidy védoma.
Oviem pro postiZzeného ma vrazda i prosté zabiti stejné zhoubny nasledek. Je obtiz-
né poznat, uznat a odstranit chybu jednotlivce, natoz pak chyby celé spole¢nosti.
Nicméne je to jedina cesta, jak zabranit hrozicimu nebezpeéi.

Je tomu tak i v otdzce ochrany a tvorby zelené, af jiz souvislé zelené lesu, sadu
anebo skupinovité roztrousené v krajiné. Spojené narody spole¢né se svou Organi-
zaci pro vyzivu a zemeédeélstvi v Rimeé vytyéily celosvétovy ukol ,kazdy vysadi
alespon jeden strom¥, coZz navazuje na starou moudrost, pravici, Ze ..chces-li sedét
ve stari ve stinu, v mladi vysad strom“. Ve v$ech prumyslovych oblastech svéta
hyne zelen, coz se nejvice zrac¢i na prikladu lesu. Lesy se pravem oznacuji za plice
lidstva a maji rozhodujici vyznam pro Zivotni prostredi. Nebezpeéi je o to vétsi, Ze
v rozvojovych zemich, zejména v Jizni Americe, pokracuje zi§tné ni¢eni lest s na-
slednou zkazou celé krajiny a vyhubenim plvodniho obyvatelstva. I zde se vsak
zveda mocny lidovy odpor, i presto, Ze kon¢i i vrazdénim, jak se stalo nedavno
v pripadé takzvaného amazonského Gandhiho.

Zcela novym, drive neznamym jevem je chradnuti a hynuti lesit v dusledku
prumyslovych §kodlivin. Nékteré skody byly pozorovany jiz dlouho, ale puvodné
malo zjevné dusledky propukly v poslednim obdobi doslova jako velky pozar nebo
vybuch a ohrozily prumyslové vyspélou c¢ast lidstva. Zplodiny, které unikaly na-
priklad v Evropé do ovzdusi, ¢inily v prumyslové vyspélych zemich v roce 1960
523 miliona tun a v roce 1987 jiz 792 miliénu tun. Nejnazornéji je to patrno praveé
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na hynuti dlouhovékého spolecenstva lest. Nejvétsi poskozeni lest vykazovalo v ro-
ce 1986 Holandsko (55 procent), NSR (54 procenta) a Anglie (49 procent).

Obdobnéa situace je i v dalSich zemich. Mimo mistni zdroje pusobi velmi ne-
blaze dalkové pienosy $kodlivin, které pronikaji i tisice kilometri od mista svého
vzniku. Dostavaji se do vys$sich vrstev ovzdu$i a vétrnymi proudy jsou zanasSeny
do velkych vySek a znaénych dalek. T u nas jsou pos$kozeny vrcholové ¢asti hor
a horska plesa v Tatrach. Obdobné si napriklad skandinavské staty stézuji na po-
$§kozeni z evropskych zdroju, napi. z Anglie.

Jde tedy o svétovy problém, ktery musi byt feSen za uzké meziniarodni spolu-
prace. Proto je velmi zasluzné usili nasi vlady prohloubit dosavadni mezinarodni
dohody o dal$i uéinna opatieni, zejména ve stfedni Evropé.

Je zcela zrejmé, ze lidstvo musi zménit zpusob vyroby a prejit na bezodpa-
dové postupy, prevazné prirodni cestou, coz ovSem je velmi obtiZzné a vyzada si
dlouhodobé usili. V této dobé je treba hledat vSechny cesty, jak zmirnit soucasny
nezadouci stav.

Aktivni mezinarodni spoluprace vsak vyzaduje rozsahlou vymeénu informaci.
Malé narody maji nevyhodu v tom, Ze jejich jazyk neni jazykem svétovym. K za-
bezpeéeni kvalitni komunikace poznatki je nezbytné interpretovat dulezité udaje
do svétovych jazyku. To vyzaduje dokonalé obecné jazykové znalosti i zvladnuti od-
borné terminologie. Proto jsme vydali jiz v roce 1971 , Cizojazy¢ny slovnik odbor-
nych lesnickych pojmu“ (v sedmi jazycich), ktery vysel jako zvlastni ¢islo védec-
kého ¢asopisu Lesnictvi. Na néj pak navazal v roce 1986 ,,Cesky a slovensky termi-
nologicky slovnik LESNICTVI — vybér zakladnich pojmi s ruskymi, némeckymi
a anglickymi ekvivalenty .

Redakéni rada védeckého c¢asopisu Lesnictvi, ve snaze podnitit a prohloubit
osvédcenou tradici vydavani anglické verze tohoto ¢asopisu v rozsahu jednoho
¢isla ro¢né. Je prirozené, ze toto ¢islo nemuze reprezentovat celou rozsiahlou ¢innost
c¢eskoslovenskych védcu a specialistit. Ma byt vSsak oknem do naseho odborného
zivota, z néhoz lze poznat a pochopit nasSe problémy i jejich reSeni v kontextu
s celosvétovym rozvojem. Umozni to lépe informovat svétovou odbornou verejnost
o nasi praci. Vzdyt jiz nyni je 213 vytisk(i Casopisu Lesnictvi zasilano do zahranic¢i
a anotovano v prednich dokumenta¢nich sluzbach, zejména FAO OSN.

Apelujeme také na nasSe domaci ¢tenare, aby podporili tuto nasi snahu, ktera
jim dava moznost publikovat svoje poznatky ve svétovém jazyku a srovnavanim
textu prohloubit jeho znalost.

Doufame, ze tento zamér bude obecné prospésny a Ze jej nasi i zahraniéni
odbornici svymi naméty jesté rozhojni.

Akademik prof. dr. ing. Miroslav Vyskot, DrSc.
predseda redakéni rady
védeckého ¢asopisu LESNICTVI
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FOREST AS AN ECOLOGICAL AND ECONOMIC FACTOR

M. Vyskot

VYSKOT, M. (Institute of Systematic and Ecological Biology of the CSAV,
Brno): Forests as an Ecological and Economic Factor. Lesnictvi, 35, 1989 (11) :
: 949-959.

The need of mankind increases faster than disposable sources of raw ma-
terials. It is manifested markedly in the case of oil which, as a strategic raw
material, becomes a reason for sharp economic and political conflicts. The
majority of fossil energy sources is exhaustible and forecasts on the future
development in this field are dreary rather than optimistic ones. Therefore,
attention is drawn to reversible resources among which the forest treasure is
of key importance. Nevertheless, it has been utilized only in part and not
economically enough.

forests; biomass: logging; air pollutants

WORLD FORESTS

The living substance, the so-called biomass of the Earth, is
estimated to be 1.8 billion tons in dry weight. The plants represent 97 %
of this sum with an 84% majority of forests. Therefore, forests partici-
pate in more than 4/5 of the dry biomass of our planet and form 40 % of
annual increment of terrestrial organisms. In accordance with the world
statistics, forests and fish are the most important living sources of
nature. Likewise, their annual biomass increment per 1 ha is rather high.
In tropical forests the annual dry biomass increment per 1 ha amounts
to 30 t and in the forests of our temperate zone it attains 10 t. For
comparison, in can be mentioned that meadows, steppes and savannas
reach an average annual dry weight increment of 9 t and fields re-
present 5 t per 1 ha. Logging is on the third place on a world scale, fol-
lowing the exploitation of oil and coal, and it is higher than iron pro-
duction.

The world forests cover 37 million km2 Two-thirds of these forests
are formed by deciduous tree species and one-third by conifers. The
world forest resources amount to 238 mld m3, of which 114 mld mJ,
i.e. 48 %, fall to coniferous forests. The share of forests on earth lands
amounts to 30 %. During the last two centuries the forest areas of the
Earth were reduced to a half. In Europe the highest reduction was
exhibited in England, where the forest area decreased to 5 %, followed
by France, Spain and Greece, where more than 80 % of the original
forests decreased. The present reasons for the tremendous decrease
of the world forests are associated with excessive logging, forest fires,
grazing and fallow lands. In spite of increased world wood processing,
there is 50 % of the world volume felled which has still been burned.
In developing countries even 80 % of the total volume felled is burned.
On the other hand, in advanced industrial countries only 3 % of the
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volume felled is burned. Wood as an energy raw material is on the
world programme as a result of the energy crisis. By the year 2000
wood is still expected to cover as much as 15 9 of energy demand.
In this connection, fast growing woody species are especially considered.
The amount of 6.25 m3 of wood is reported as an equivalent of 1 t of
oil. For example, acording to the Swedish programme it is presumed
that wood will cover even one half of the consumption. In tropical and
subtropical regions the so-called energy forest plantations are projected
at the photosynthetic efficiency of 1 — 2 % to increase the use of solar
radiation even to 6 %. The energy function, however, is not the main
mission of forests and wood, because the need for wood as an irreplace-
able raw material prevails from the economic point of view. The number
of wood products is ever increasing. In 1920, 1945 and after 1980 the
number of wood products was reported to be 2,500, 5,000 and more than
25,000, resp.

According to the forecasts of UNO and FAO the world is threatened
with a lack of wood and, therefore, forests must be regenerated to
increase their production in harmony with the landscape management.
Forests cannot be considered only ,,deposits” of raw material. The data
of UNESCO report that the non-production functions of forests over-
reach the production functions in many regions. The forests absorb
90 milliard tons of CO:2 per eyar. They remove 25 % of dust and 40 %
of SOz from the atmosphere. In the USSR, the total annual effect of the
forest was calculated at 450 — 640 roubles per 1 ha, of which the
share of wood was only 7 — 10 %. In economically less developed
countries the methods of the so-called agrosilviculture are considered.
It is a combination of field and forest management to prevent forest
devastation and increase the yield of the fields and forests. Voices of
warning against forest exploitation have been heard still more. It con-
cerns especially tropical forests, which cover about 20 mill. km?2, and
the majority of them is threatened with extinction or devastation by
the year 2000. It means a destruction not only of the forest, but also
of the whole environment. The global climatic balance and other
factors, necessary for life, are endangered. The CO2 content increases
and, in result of it, our temperate zone becomes warmer and drier.
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More than 10000 km? of the forest decrease on
the Earth per year! In accordance with scientific analyses the
forest area should not fall below 30 mill. km? on the Earth, not only for
economic reasons, but particularly for irreplaceable functions of the
forest, which influence oxygen production and atmosphere structure.
These facts indicate that forests cannot be a soil reserve for agriculture,
because they are ecological complexes, which must be covered with the
systems of the forest, water, field, industry and settlement. On the
contrary, pastures, natural meadows and wilderness should be consider-
ed natural resources of agricultural land.

CZECHOSLOVAK FORESTS

According to the data of the Federal Statistic Office, in 1984 the
total forest area of Czechoslovakia covered 4,580,585 ha, of which the
CSR and SSR shared 2,626,142 ha and 1,954,442 ha, resp. As a matter
of fact, all forest are in socialist ownership. Unified Agricultural
Cooperatives manage 125,939 ha and only 2,119 ha is privately owned.
In 1983, the number of inhabitants in Czechoslovakia amounted to
15,437,028. This represents consequently, less than 0.30 ha of forest
per one inhabitant.

The main species in Czechoslovakia is spruce with 43 04, followed
by beech, pine and oak with 18 %, 14 % and 8 %, resp. The other spe-
cies do not attain more than 5 % each, and some of them, which had
occurred previously on mass, as e.g. fir, die out of our forests. The
total growing stock of Czechoslovak forests amounts to 897 mill. m3. The
volume of wood felled increases all the time. In 1945 it amounted to
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about 8 mill. m3 inside bark per year, in 1970 14.4 mill. m3, in 1975
16.2 and in 1983 18.9 mill. m3, to which about 13 % of volume is to be
added for bark. The production capacity of wood-working industry was
enhanced from 100 % in 1948 to 1,058 % in 1983. The annual volume of
wood felled inside bark per one inhabitant of Czechoslovakia amounts
to 1.3 m3. The same value per 1 ha of forests attains 4.1 m3.ha~-1. The
so-called incidental and salvage fellings participate in the volume
felled considerably. In 1983 these unplanned and economically uncon-
trolled fellings represented 41 % of the total balance, which is about
8 mill. m3. In 1984 and 1985 salvage fellings increased to 50 %. Forests,
as mentioned above, are significant not only as wood producers, but
also as an important component of human life. Czechoslovakia is, for
example, dependent only on water precipitation in water balance, be-
cause, from the geographical point of view, it forms a certain roof of
Europe: most of its waters flow away. In spite of the fact that forests
form only 36 % of Czechoslovak territory, 51 % of total annual preci-
pitation fall on forest soil. The annual forest evaporation attains appro-
ximately 30 % of the total evaporation in our territory. Forests are
important moderators of the bioclimate. They modify extremes, absorb
and gradually release water, they are the most effective biological ob-
stacles to water and wind erosions. For a comparison, in Czechoslovakia
there are 3 mill. ha of soil which is endangered by water erosion and
1.5 mill. ha by wind erosion. Consequently, the whole third of our
territory and a half of agricultural soil are threatened by erosion. Even
at the present state of forests, floating debris of the Elbe river near
Dé&Cin attains 500,000 t and that in the lower stream of the Morava
350,000 t annually. Forests deliver air from dust and gas pollution. An

18.8
millm3

4, Proportions of woody spe-
cies and total growing stock
in 1985. Volume felled in 1986.
A — spruce, B — pine, C —
beech, D — oak, E — other
woody species. CSSR — the
Czechoslovak  Socialist Re-
public
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average deciduous tree covers e. g. oxygen consumption for three men.
1 ha of the forest absorbs 39 — 68 t of dust per year. Furthermore, the
recreational functions of the forest increase. They are utilized systematic-
ally by more than 75 % inhabitants. It was calculated. that the so-called
non-production functions of the forest surpassed the value of wood
felled even five times.

THREAT TO FORESTS

Pollution damage represents considerable losses in wood produc-
tion. Nevertheless, the damage to the forest functions in water manage-
ment, soil conservation, climate and in the health effect is much more
conspicuous. The western region of our country, especially that of the
Ore Mountains, is afflicted catastrophically. Not only the Ore Mountains
are endangered. The damage spreads to the Orlické and the Jizerské
Mountains, the Giant Mountains and the Beskids, likewise in Slovakia
the regions of Ziar n. H., RoZiiava and Lucenec are threatened. Even one
third of forests dies back, and by the year 2000 a serious threat is fore-
casted to more than a half of our forest wealth. It is necessary to realize
that this irretrievable damage can be prevented only by a change in
the technologies of industry and power engineering. Simultaneously,
there is the possibility of obtaining important raw materials such as, for

thous.ha
30

25

6. Afforestation according to
woody species: SM — spruce,
BO — pine, MD — larch,
DBf— oak, BK — beech, JD
— fir
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7. Development of wood ex-
port in 1980—1986: A — soft
wood, B — broadleaved wood

8. Threat to forests of the CSR
to December 31, 1985. Threat-
ened zones: Vitality of spruce
stands from the beginning of
damage:

A — up to 20 years

B — 21—40 years

C — 41—60 years

D — 61—80 years

example, sulphur compounds. Forestry can prevent directly only small
damage by planting more resistant tree species, particularly broad-
leaved ones and some introduced conifers, by different amelioration
approaches, above all of forest hydrological regime and some fertiliza-
tion methods.

There is another question of great importance: the harmony between
forestry and game management. In the order of damages which en-
danger forests, pollutions are closely followed by wildlife game, which
at insufficient hunting sustenance impairs tremendously our forests.
The damage is frequently not too obvious, but it has a long-term effect,
as e. g. in the damage to forest stands, especially those of spruce, by
deer game peeling. Likewise, fungal pests are responsible for signific-
ant damage. It is caused, to a great extent, by impairing the trees in
careless extraction of timber from forest stands. As it is apparent,
a complex of the problems is in question, which are to be solved con-
sistently respecting all basic conditions of the life and formation of
the forest.

COMPLEX UTILIZATION OF FOREST TREE BIOMASS

When evaluating the general situation, the problem of complex
utilization of forest tree biomass (dendromass) comes out. Up to the
present this question has been solved predominantly using methods of
mechanical technology and the wood was evaluated mostly according to
volume units. If we consider that in Czechoslovakia at the annual
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9. Threat to forests of the
SSR as of December 31, 1986:
A — heavy threat, B — medi-
um threat. C — slight threat

volume of wood felled of 19 mill. m3, the forest biomass of about 17 mill.
t in fresh weight and more than 9 mill. t when dry can be obtained, it is
obvious that there are still considerable reserves. Thin wood and bran-
ches remain lying unused and they are often uneconomically burned. This
represents approximately 6 mill. m3 of forest dendromass, which is about
5 mill. in fresh condition and 3 mill. when dry. It is to be emphasized
that the forest biomass has been wasted unbearably up to now and it has
been mostly destroyed as a troublesome ballast. Mechanisms are de-
veloped to rake and remove it and it is burned at many million expenses.
Furthermore, an unfavourable fact should be considered that recently
forest fires have destroyed and impaired nearly 1,300 ha of the forest
and have been responsible for a damage of over 17 mill. K¢&s. The
greatest share in this damage is represented by undesirable burning of
slash.

Therefore, it is necessary to pay heed to exploitation of unutilized
sources of forest biomass. In this sphere a wide field of activity is open
by complex methods of processing, especially by chemical approaches.
It is clearly apparent from the possibility of complex processing of
waste in logging of conifers. Green branches can be treated using the
method of needle separation, so that brown and green chips are ob-
tained. After mechanical treatment of needles the green chips are dis-
tilled by vapour to obtain vitamin-chlorophyll concentrate and volatile

Biomass —_— needle - mechanical  ————— distillation -——-——~,; cohobation ~——perfumery
separation treatment by vapour water soaps - washing agents
of needles liqueur production
- i chips vitamin-chlorophyl _volatile —| colours-lacquers
| ] concentrate oils production of medicinals
agglomerated hydrolysis methane N 1 -
materials fermentation i '—waxes -~ chemical technology
[ i direct production of |
chemical enzymatic biogas feeding maintainable 1
| methane feeding -
! refining
hydrolysate  hydrolysate fractionation
1 | immobilization
= — freihaRol stabiiization
furfural lignin
| |
evaporator
vanillin
wood molasses
50 °, sugar
|
cthanol fecding mixtures feeding yeast

10. Diagram of complex biomass treatment from needle tree species (Vyskot—Uher,
1979)
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11. Annual volume of inci-
dental felling in the forests
of the State Forest Enterprises
of the CSR in the period of
1963—1986. Large timber in-
side bark in mill. m5. A —
wind + snow + icing, B —
air pollutants, C — biotic
factors

mill.m3
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1965 1970 1975 1980 1985

oils with waxes. The concentrate can be used for direct feeding or for
the production of non-perishable feedstuffs. The volatile oils can be
utilized in the production of medicinals, colours, lacquers, liqueurs, soap,
washing agents, perfumes, etc. The whole process provides further
possibilities in refining, fractionation, immobilization and stabilization
of these substances.

Wood chips can be processed for agglomerated materials, or by
hydrolysis and methane fermentation. The hydrolysis can be either
chemical or enzymatic. Its products are wood molasses, feeding yeast
and ethanol or, in other series, furfural, lignin and vanillin. This
example demonstrates wide possibilities of chemical wood processing.
Wood is one of the principal home-grown raw materials of unique cha-

12, Annual volume of incident-
al felling in the forests of the
State Forest Enterprises of the
SSR in the period of 1960—
—1985. Large timber inside
bark in mill. m3. A — wind +
+ snow + icing, B — other
harmful factors, C — insect
pests

SSR (sr
ez A L L ]
——
: o 0
e c ) 13. Losses in wood production
= by air pollutants in Czecho-
= b slovak forests. Losses owing
9 i to: A — increment decrease,
p B — temporary exclusion from
= E production, — C — lifetime
. : decrease, D — thinning of
0 30 s00 750 thowse? o s 1 wue 2 wua stands, E — confusion of
=L 2 e woody species
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racter, which is given by the fact that under good management the
source of wood is inexhaustible and, on the contrary, wood production
can increase considerably as a result of forest improvement.

CONCLUSION

Forests are a great treasure of our planet. They provide not only
valuable raw material — wood, but they are important components and
factors of the environment. Nevertheless, world statistics show that the
forest area decreases rapidly, by which not only wood production but
also living conditions of people are threatened. On a world scale wood
becomes a shortage article, the utilization of which has been versatile
still more. Therefore, it is necessary to care for forests and to regenerate
them according to the ethical duty to pass them to future generations
in better condition than they had been assumed by us. Provided that
forests are to continue being improved, we must prevent damage to
them, especially by toxic pollutants.

In Czechoslovakia, there is 41 % of salvage fellings at the annual
wood volume felled of 19 mill. m3 inside bark. This indicates the ne-
cessity to increase the forest resistance potential. In addition to the
above-mentioned 19 mill. m3 of the annual volume felled, there is
6 mill. m3 of wood waste which is unutilized and/or even destroyed.
This concerns mostly branches which are a potential source of the
production of feeds, vitamins, medicinals and other products. There-
fore, the principal trend of complex forest management seems to be
the utilization of all disposable sources, in accordance with the de-
velopment of living conditions and prosperity of society to emphasize
the universal social importance of the forest.
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VYSKOT, M. (Ustav systematické a ekologické biologie CSAV, Brno): Lesy jako eko-
logicky a ekonomicky faktor. Lesnictvi, 35, 1989 (11) : 949-559.

Lesy jsou velkym bohatstvim na$i planety. Skytaji nejenom cennou surovinu —
dievo, ale jsou velmi vyznamnymi komponenty a c¢initeli zivotniho prostiedi. Sve-
tové statistiky vsak ukazuji, Ze rozloha lesu rapidné klesa, coz ohroZuje nejen pro-
dukci dreva, ale zhorSuje i podminky zivota lidi. Dfevo se stdvd ve svétovém meé-
ritku nedostatkovou surovinou, jejiz vyuziti je stdle vSestrannéjsi. Proto je treba
o lesy pecovat a zvelebovat je podle etické povinnosti, odevzdat lesy pristi generaci
v lepS§im stavu, neZ jsme je sami prevzali. Maji-li byt vSak dale zvelebovany, mu-
sime ¢elit poskozovani lesu, zejména toxickymi imisemi. Pri roéni tézbé kolem
19 mil. m3 dreva bez kiiry v CSSR je 41", kalamitnich tézeb, coz signalizuje nutnost
zvySovani odolnostniho potencidlu lesi. Mimo uvedenych 19 mil. m3 roéni tézby
zustava nevyuzito anebo je dokonce ni¢eno 6 mil. m3 stromového odpadu, zejména
vétvi, které jsou potencidlnim zdrojem pro vyrobu krmiv, vitaminua, 1é¢iv a dalSich
produkti, Ukazuje se tedy, Ze hlavnimi sméry dal§iho komplexniho hospodareni
v lesich je vyuzivani vSech disponibilnich zdroji v souladu s rozvojem zivotnich
podminek a prosperity spole¢nosti s hlavnim akcentem na celospole¢ensky vyznam
lesu.

lesy; biomasa; tézba dreva; imise
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BbICKOT, M. (MHCTUTYT cuUcTeMaTHueckoil W 3konoruyeckoi 6uonorum YCAH, BphHo):
Nleca B xaueCTBe 3KONOrMUECKOro M 3KOHOMMUuUECKOro ¢pakTopos. Lesnictvi, 35, 1989
(11) : 949-959.

Nleca — aTto Gonbwoe GoraTCTBO Hawel nnaHeTbl. OHU NpPeaoCTaBAANOT LEHHOE Cbipbe —
APEBECHHY, W SBAAIOTCA 3HAUMTENbHbIMU KOMMOHEHTaMK U hakToOpaMKu OKpyxalowen cpe-
Abl. BCeMUpHble CTaTUCTUMKM OAHAaKO MOKa3biBalOT, UTO naAowagb NecoB 6bICTPO NOHH-
XaeTcs. ITO YrpoxaeT He TONbKO MNPOAYKUMM APEBECUHbI, HO TakKXe YXyAwaeT yCnosus
CywecTsoBaHWa niogein. JpeBeCuHa CTaHOBUTCS OTCYTCBYKOWWM B MWMpPOBOM MacuwrTabe
CbIpbEM BCECTOPOHHEro MCnonb3oBaHWs. [103TOMy HYyXHO 3a6OTMTbCA O necax, BO306-
HOBNATL MX M, COrnacHo 3TUUeCKoW O00A3aHHOCTW, nepeaaTb neca O6yaywleMy MOKONEHUIO
B NYUlEeM COCTOSIHUM, ueM Mbl UX NpuUHANU. Ho pana aanbHeiwero BO30GHOBNEHUS Necos
Hago nNPeaoTBPaTUTb MOBPEXAEHWE NEeCOB, MNPOUCXOAALEE NPEUMYLEeCTBEHHO o4 BO3-
AeACTBMEM TOKCMUHbBIX 3arpa3HalowWUx BewecTs. [pu necosarotoBke okono 19 mnaH, M3
ApeBecHHbl 6e3 kopbl B rog, 8 YCCP ormeuaercs 419, py6ok nocne CTUXMitHbIx GEACTBHMHMA,
UTO CUrHaausupyet HeoGXOAMMOCTb MOBLILEHWA nOTEeHuuana yCToWuuMBocTW necos. Kpome
BbILWEYNOMAHYTbIX 19 MAH. M® rogoBOW PY6KM, HE WCrMONb3yeTCs, UNU Aaxe YHUUTOXaeTCs
6 MAH. M3 apeBecHbix OTXOAOB, MNPEUMYLWECTBEHHO BETBEW, KOTOpble SABNAIOTCA NOTEH-
UManbHbIM MCTOUHMKOM AN IPOM3BOACTBA KOPMOB, BUTaMWHOB, NEKAPCTBEHHbIX BEWECTB
M fanbHENWMUX NpoAYyKTOB. CneaoBaTenbHO NOKa3blBaeTCs, UTO rAaBHbIMU HanpaBNEHUAMMU
AanbHEWUIero KOMMNNEKCHOro Necoxo3fSMCcTBa fABASETCSH MCNONb30BaHWE BCEX MPUMEHUMbIX
MCTOUHWKOB, B CornaCMM C pa3BUTUEM YCNOBMIA CyuleCTBOBaHua W Gnarononyuuem o6-
uecTea, noguepkusas BceobuieCTBEHHOE 3HaueHWe Necos.

neca; 6uoMacca; necos3aroToBka; 3arpsasHaouwine seujecTea

VYSKOT, M. (Institut fiir systematische und 6kologische Biologie der CSAV, Brno):
Wilder als okologischer und 6konomischer Faktor. Lesnictvi, 35, 1989 (11) : 949-959.
Die Wailder stellen einen grossen Reichtum unseres Planeten dar. Sie bieten nicht
nur einen wertvollen Rohstoff — das Holz — aber gleichzeitig sind sie auch eine
bedeutende Komponente der Umwelt. Die internationalen Statistiken zeigen, dass
die Waldflachen schnell abnehmen, was nicht nur die Holzproduktion bedroht, son-
dern auch die Lebensbedingungen der Menschen verschlechtert. Das Holz wird im
Weltmassstab zum Mangelrohstoff, dessen Ausnutzung stets allseitiger wird. Deshalb
miissen wir fir die Walder sorgen, sie betreuen und veredeln, um entsprechend der
ethischen Pflicht sie den nachfolgenden Generationen in einem besseren Zustand
als wir sie {ibernommen haben, zu libergeben. Sollen sie aber weiterveredelt werden,
miissen wir ihre Beschiddigung mit toxischen Immissionen stoppen. Bei einem jahrli-
chen Einschlag von ungefihr 19 Mio. m? Holz ohne Rinde gibt es in der CSSR 41 %/,
Kalamitatennutzung, was die Notwendigkeit der Steigerung des Resistenzpotentials
der Wilder signalisiert. Neben den angefiihrten 19 Mio. m3 Einschlag/Jahr bleiben
unausgenutzt oder werden zerstéort ungefihr 6 Mio. m3 Baumabfall (Aste), die als
Potentialquelle fiir die Produktion von Futtermitteln, Vitaminen, Arzneimitteln und
von anderen Produkten anzusehen sind. Es zeigt sich also, dass die wichtigsten
Trends der weiteren komplexen Bewirtschaftung der Wilder die Ausnutzung aller
zur Verfligung stehenden Quellen entsprechend der Entwicklung der Lebensbedin-
gungen und der Prosperitit der Gesellschaft mit besonderem Nachdruck auf ge-
sellschaftliche Bedeutung der Wilder sein muss.

Walder; Biomasse; Holzeinschlag; Immissionen
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SCIENTIFIC JOURNALS
of the Czechoslovak Academy of Agriculture

present primary scientific studies on solved research projects from all
fields of agriculture and forestry. There are also published scientific
treatises, studies, and reviews of foreign literature dealing with
scientific problems. Papers from different research workplaces con-
cerning the same problem are edited in monothematic issues. The
articles are written in Czech or Slovak with summaries in Russian,
English and German.

In 1990 are published the following journals:

Rostlinna vyroba (Plant Production) ... ... ... 12 issues a year,
subscription 264 K¢s

Zivoé¢isna vyroba (Animal Production) ... ... .. 12 issues a year,
subscription 204 Kcs

Veterinarni medicina (Veterinary Medicine) . . . . . 12 issues a year,

subscription 180 K¢s
Zemeédélska technika (Agricultural Engineering) . . 12 issues a year,
subscription 180 K¢s

Zemeédeélska ekonomika (Agricultural Economy) . . 12 issues a year,
subscription 204 K¢s
Lesnietvi (FOXeSIEY) . s o v v »om o s mom o oo 8 o v 12 issues a year,

subscription 204 K¢és

Shornik UVTIZ (Proceedings of the Institute of Scientific and Technical
Information for Agriculture)

Genetika a Slechténi (Genetics and Plant

Breeding) . .. .. 4 issues a year,
subscription 68 Kcs

Ochrana rostlin (Plant Protection) . ... ... .. 4 issues a year,
subscription 60 Kés

Meliorace (Soil Improvement) . ... ........ 2 issues a year,

subscription 30 Kés
Sociologie zemédeélstvi (Sociology of Agriculture) 2 issues a year,
subscription 30 K¢és

Zahradnictvi (Horticulture) . . . ... ... ... .. 4 issues a year,
subscription 60 Kcs
Potravinaiské védy (Food Sciences) . ... .. .. 4 issues a year,

subscription 60 K¢és

The scientific journal “Scientia agriculturae bohemoslovaca’ serves
to readers abroad. The scientific articles and studies which represent
the Czechoslovak contribution to the world knowledge of agricultural
sciences are published here. The articles are written in English and
Russian. The journal is issued quarterly and annual substription is
68 Kc¢s (Czechoslovak crowns).

Véstnik Ceskoslovenské akademie zemédélské (“Bulletin of the Cze-
choslovak Academy of Agriculture”) is a periodical of the Czechoslovak
Academy of Agriculture and research institutes. It proviedes information
on problems relating to the agricultural science and research discussed
on plenary sessions, on sessions of the presidium, departments and
commissions of the Czechoslovak Academy of Agriculture, on con-
ferences and symposia. It publishes proceedings from international
congresses and reports from study journies from abroad. In numerous
columns it issues the materials about plans and results of activities in
particular institutes and workplaces. “Véstnik CSAZ” is published
monthly and annual subscription is 168 K¢s.




MOTIVATION SYSTEM IN FORESTRY

Z. Bludovsky

BLUDOVSKY, Z. (Vyzkumny ustav lesniho hospodarstvi a myslivosti, Jilovi§té-
-Strnady): Motivation System in Forestry. Lesnictvi, 35, 1989 (11) : 961-974.

The economic reform being introduced in the Czechoslovak forest management
the following features become typical: greater autonomy of enterprises, reduction
of controlling policies from the centre interfering with the activities of enter-
prises, promotion of interests in the maximum economic effects and in this
connection an emphasis on the responsibility for the condition and development
of the entrusted national property, for the management of forest stands. Reasons
of the consistent application of the principles of economic control are the more
and more complicated enterprise and between-enterprise cooperation, develop-
ment of interactions between the forest management and the ecological con-
ditions of different territories, orientation to the intensification of forest ma-
nagement. In new state-owned enterprises within the forest management the
analogical policies of economic control will be applied like in other branches
of the national economy. The differences consist first of all in greater participa-
tion of the state funds in financing the wirks, the results of which are socially
important, in the market nonrealized proceeds. In the economic centre, in the
Ministry of Forestry, Water Resources and Woodworking Industry specific
funds will be created: the fund for forest protection and development and the
fund for removal of calamity damage. Substantial changes take place in the
sphere of wage control. Besides the volume criteria in effect up to now the
claim of adequate formation of enterprise incomes and observation of obligatory
wage regulations will be put through. Emphasis is laid on the important role
of material stimuli motivating the interest of enterprise collectives in better
forest-management practices. This function will be fulfilled by the bonuses
paid in five-year intervals, A decisive criterion of granting the bonuses will
be the high quality of forest cultures and their tending. The new system of
planning brings about a considerable reduction in the number of obligatory
indicators set up in the state plan. Besides the obligatory economic prescriptive
standards the enterprises in the forest management will be claimed the obliga-
torily set-up supply of some kinds of rawtimber to the main clients. A cha-
racteristic feature of the economic mechanism restructuring in forest enterprises
is the greater role of forest legal rules, especially of forest law. From this
ensues a greater obligation of the regulations of the important controlling
instrument which is at a disposal in the forest management and by means
of which the regulations of legal norms are specified in a concrete way for
individual enterprises — forest-management practices. The fundametal docu-
ments of the forest-management practices — forest-management plans are
changing into obligatory projects of the formation and regulation of complex
processes of forest reproduction and of intensification of their socially appreci-
able functions.

economic reform; forest enterprises; forest tending; material stimuli; financing
of forest production

The economic reform of Czechoslovak national economy interferes
in forestry with non-negligible consequences in many spheres of its
activity. One of the most significant consequences is a change in the
position of forest enterprises in the system of their direction.
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Like in other production branches, there is a considerable increase
in the economic independence of forest enterprises, as well as a limita-
tion of directive interventions from the centre in enterprise activity;
support is given to efforts for maximization of economic effects and in
this connection, emphasis is laid on responsibility for the state and
development of the entrusted national property, in this case the responsi-
bility for custody in forest stands.

ECONOMIC DIRECTION

The reasons for wider and more consistent application of economic
direction principles in forestry are similar to those in other branches
of national economy. Internal and external relations of the forest
enterprises are becoming increasingly complicated as a result of progress
in production specialization and the ensuing extension of co-operation
both between and within the establishments. Management of these pro-
cesses is unthinkable without due economic link-up and without consist-
ent projection of economic consequences into the economic results of
participating subjects. The quantity and variedness of the society’s re-
quirements for forestry keep increasing. There are all the time more
complicated, more varied and more significant interactions between
forestry and ecological conditions in individual territories. The quan-
titative and qualitative expression of the traditional and newly required
benefits from forestry cannot ignore their economic expression and
incorporation into the system of enterprise and branch direction as well
as complementing the economic system by other effective instruments
of motivation and stimulation.

Owing to the limitation of extensive sources of forestry develop-
ment,- especially to the well-known fact that it will obviously be
impossible to continue spreading the forest area, it is inevitable to
orientate efforts to the mobilization of intensive development factors.
Intensification includes both the utilization of the available production
potential of forest stands and the multiple-use functions of forests.
Under more complicated ecological conditions when the negative factors
of civilization are increasing, it is necessary to achieve a maximal
volume of the desired effects and benefits from the same area of forest
fund. For these reasons, with an acceleration of the scientific and tech-
nological development, the direction processes in forestry are becoming
substantially exacting and hardly controllable without wider use of eco-
nomic methods and instruments.

Rational timber utilization cannot be ensured without the applica-
tion of effective economic instruments and market orientation of pro-
cedures and consumers.

INTEREST IN PROFIT

.Underestimation of economic interests was characteristic of the
used system of forest enterprise direction.

Enterprises’ interest was orientated, to a high degree, only towards
the achievement of planned - profit, without exceeding it. In contrast
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to most of other state economic organizations which delivered the profit
tax to the state budget at a level fixed by a percentage rate of obtained
profit, the profit tax for forest enterprises was determined in absolute
value as so-called profit tax of net profit balance. The annual obli-
gation of enterprises to deliver the profit tax was determined by superior
ministry in the financial plan. The net profit balance is all the enter-
prise’s profit which was not allocated, according to the valid regu-
lations, to the enterprise or sectorial funds or was not used for other
purposes. In the accounting of profit tax on net profit balance, the enter-
prises adjust it to cover the difference between the planned and actual
amount of other deliveries, by the difference between the planned and
actual allocations to both stimulation and state funds and by the dif-
ference between the planned and actual use of profit for other purposes.

The team of the enterprise has had only a minimal advantage from
the surplus profit. Consequently, the interest in higher protitableness
achieved by the increase of receipts from sales of own production or
performed services or by reduction of costs as a result of production
process rationalization, was substatially limited.

The situation changes substantially by the application of the general
principles of economic direction. Enterprises will return the profit tax
assessed by uniform percentage rate of arisen profit. The interest in
maximization of profit will considerably increase. The coverage of
a great part of enterprises’ economic needs, including those for the
remuneration of workers, will depend, above all, on the possibility and
ability of profit formation.

In the finance system of new state enterprises, subsidies from state
budget will still have the significant position under conditions of the
application of self-financing principles. It especially involves the sub-
sidies connected with the specified tasks of the state plan, the state
programmes for ecology, national defence etc. In forestry the subsidies
will be determined particularly for supporting socially important out-
puts of forest production, for the development of activities not providing
an immediate economic effect to enterprises, for meeting the needs not
being calculated into timber prices for social and political reasons
and the like.

PROFIT TAXES AND TAXES

Enterprise obligations towards the state.budget are determined by
the system of deliveries and taxes like in other sectors.

For the newly formed system of deliveries, be economic organiza-
tions to the state budget, the emphasis on conclusice significance of
criterion profit taxes and taxes fixed, in principle, universally for every
economic organization, can be considered as characteristic. It also
represents the difference owing to prevailing applications of deliveries
and taxes of income character, accompanied by a number of exceptions
to dehvery duties and. by undesirable redistribution processes.

The criterion-type deliveries are constructed in order to contribute
to-the realistic assessment of production factors — funds, labour force,
individual environment components. Except the mentioned income tax

LESNICTVI — 1989 963



(50 per cent of profit), profit taxes of regulative, sanction and similar
character, as well as those for environment utilization and/or environ-
ment damage, will be delivered. The P. A.Y.E. (pay as you earn) tax
is determined at a level of 50 per cent of paid wages and it is re-
funded from the expenses. The delivery rate is derived from the pro-
gress of relation concerning the social expenses for labour force repro-
duction to the sum of wages and bonuses.

In the delivery system of state enterprises in forestry, some im-
portant peculiarities will be applied which are linked up to the used
experience in regulation of economy in various considerably dif-
ferentiated income conditions of individual enterprises and in de-
cisions on unpredicted consequences of natural disaster damage to forest
stands. It refers particularly to the finance methods of silviculture and
the formation of resources intended for elimination of natural disaster
consequences.

At central authority level — the Ministry of Forestry, Water Re-
sources and Woodworking Industry — the specific centralized funds for
the fulfilment of its specific functions are administered: the fund of
natural disaster and the fund for protection and development of forests.

The principles for the formation and utilization of the fund for
natural disaster will have not be changed, in comparison with the used
practice. The fund is formed by enterprise deliveries and its means are
used for the financing of measures determined for the elimination of
consequences of extraordinary natural disasters. The calculation of needs
is being presented by enterprises to the Ministry.

The problems with the fund for protection and development of
forests are rather more complicated. This fund will partially compensate
the used special fund for silviculture whose purpose is the provision
of extra-investment means for silviculture performed at enterprises of
State forests. The allocations from the fund for protection and develop-
ment of Forests are largely intended for the financing of silviculture,
as well. Nevertheless, the mission of this fund will be wider. For example,
it will enable to solve the consequences of rise of differential rent in
the State Forest enterprises by redistribution of menas among individual
enterprises.

Redistribution of means among markedly independent state enter-
prises is a very delicate matter. Enterprise deliveries into the former
fund for silviculture followed from the annual balance of their sources
and needs and were included in to the annual financial plans. This
practice is not to be repeated. It is recommended to form the new fund
for protection and development of forests from enterprise forest taxes de-
termined by objective rates per 1 cubic metre of timber according to
the differentiated economic conditions of individual enterprises. Before
elaborating the methods of delivery differentiation with respect to the
fund, it will stand to reason to start from the long-term calculations
and to determine the delivery rate obligatorily for five-year periods.

Moreover, grant from the state budget will be concentrated in the
fund for protection and development of forest. Its major and permanent
part is formed by a grant for so-called works of universal importance
whose mission is to develop some universal, predominantly non-pro-
duction forest functions in wider national interest. The grant for
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ensuring that part of silviculture which could not be included, for
social and political reasons, among costs calculation justified by the
timber prices level, is also kept. A large share of grant for the formation
of the fund for protection and development of forests makes difficult
the possibility of determining the fund allocations for acceptable plan-
ning periods as the obligatory nature of allocations will be qualified by
the obligatory character of grant amount.

The fund for protection and development of forests can be used
as an actual instrument for economic stimulation of interest in silvicul-
ture development. The evocation of such an interest is enormously im-
portant in the conditions of the application of socialist self-government
principles. The team of the enterprise will strive above all for pro-
fit and therefore, it will be chiefly interested in the development of
activities yielding profit.

The outcome of silviculture has not been considered as market pro-
duction as yet. Expenses of tending of forest stands have had, in prin-
ciple, the character of long-term returnable investments. Considering
silviculture as the fulfilment of social order for tending of forest fund
and supposing the refunding of costs for fulfilment of this order from
centralized sources of Ministry fund, it is possible to achieve, without
methodical and factural difficulties, the formation of adequate profit
by silviculture.

The interest in silviculture development can also be supported
by means of an additional profit charge to costs paid from the fund
for protection and development of forests.

As mentioned above, the measures concerning the exclusive de-
velopment of some non-production functions of forest stands will be also
financed from the same fund. To emphasize their universal importance
and owing to the fact that their development is not dependent on the
simultaneous development of production function, it will be useful to
observe these activities of universal importance separately from silvi-
culture activities of polyfunctional or productive orientation. The means
of state budget will keep, henceforth, as the source for financing uni-
versal activities. The economic interest in the fulfilment of social order
for the development of ecological and social forest functions can be
promoted analogously as in the case of silvicultural costs, by additional
profit charge to the cost.

A practical application of principles for the formation and use
of the fund for protection and development of forests will show soon if
it is necessary to limit the sources of its formation only to the deliveries
of enterprises and grant from the state budget. The possibility of ex-
tending fund resources, for example for some sorts of refunds in relation
to damage done to forests, seems to be useful. There are sanctions,
above all, for permanent and transient removal of lands from the
forest land fund. Their low efficacy has been criticized for longer time
because the right of recovery for loss of land is disproportionately
lower, in comparison with the right of recovery for deterioration
of agriculture land. The advance in the rate of the recovery will result
not only in emphasizing -its sanction effect but also in significant in-
crease in the production of means necessary for forest improvement.

The concretization of rules for use of the fund for protection and
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development of forests indicates possibilities of financing investment
activities of universal orientation: construction of forest nurseries, trans-
port network, facilities for amelioration etc.

WAGE REGULATION

The specific procedure of wage regulation has been used in Cze-
choslovak forestry for more than thirty years. [t has been based on
the evaluation of each piece oi work by the coefficients of so-called
planning prices and their summarization into the complex index of
production volume.

In various periods this index was called diversely and the procedure
of evaluation, so far the construction of planning prices itself, has been
changed gradually. The index of production volume in forestry organiza-
tions fultilled the functions which were accomplished by the in-
dices of gross or net production in the respective branches. The means
could be used only to an extent adequate to the production expressed
by planning prices.

Except this function of wage regulation the index of production has
served for the measurement of achieved labour productivity, for the
expression of total outcomes of plan fulfilment, for the classification
of organizational forestry units in categories according to their
demanding character of management and ror further purposes.

In conditions of complex restructuring of the economic system,
essential deflection from the use of volume category in wage regulation
occurs. Therefore, the index of production activity becomes quite un-
necessary in this sphere and the conversion of each piece of work to
common coefficient by planning prices is unreasonable. The cancellation
of the r:entioned index is a logical consequence of this procedure.

An cxpected unfavourable course of timber sales, which form the
main income source of forest enterprises, is respected in the assesment
of further procedure regarding the formation of means. It is generally
well-known that in consequence of serious environmental disturbance
by air pollution and other harmful factors, forest stands increment
declines as it shows up by the cutting reduction, sometimes also by
impairment of assortment composition in supplies, and consequently
by a reduction of timber sales.

Nevertheless, forestry cannot expect a fundamental decline in
needs tor means in the next future. In spite of expansion of progressive
technologies, the demanding character of cutting is increased with
respect to the urgent need to solve the problems of complex utilization
of forest biomass by chipping and processing of logging slash, includ-
ing timber with volume under 7 cm at smaller end and further, hitherto
not suificiently used assortments and tree species. The extent of inten-
sification silvicultural measures will also be quickly increased within
the general conception and the share of silviculture in total production
activity will be higher than up to this time. Although the process of
mechanization continues satisfactorily, including the chemization of
silviculture, laboriousness and following demanding character of wages
remain high.
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Among important aims of wage policy in forestry, along with the
support of workers’ interest in profit maximization, the formation of
their effective interest in the intensification of custody of entrusted
forest resources and in the quality of silviculture is included.

An increase of the range of silvicultural intensification measures
be, to a certain extent, encouraged by the means of interest in
profit achieved from silviculture. The connection of economic interest
of enterprise teams with interest in silviculture quality and in traditional
use of means for forest tending with the aid of usual procedures re-
garding economic interest (e.g. by evaluation of forest stands at dif-
ferent stages of their development according to the price lists) is made
substantially difficult because of the excessive burden of paperwork in
relation to workers in forest operation.

Bonuses for the improvement of forest state will become a more
suitable and more effective instrument to ensure quality and rationaliz-
ation of silvicultural activity. Their application required replacement
of the used, not always well-arranged system of work take-over (for
every sort of work, the share which has to be taken-over at individual
direction levels is determined to the last detail) and of insufficient
evaluation with respect to the quality of established forest culture and
forest stands after cleaning and thinning. (A category called established
forest culture is defined in the Forest Act. The responsible worker is
liable to lay out a new forest culture not later than 2 years after logging
of forest stand and to establish this forest culture against harmful
factors during next 5 years).

The payment of bonuses for the improvement of forest state which
have been paid off up to date according to the outcomes of quality
evaluation of propositions assigned in forest management plans, will be
conditioned above all be the observance of allowable range of clear-
-cutting area and good quality of taken-over and established forest
cultures, tending measures and other intensification arrangements. The
factor of clear-cutting area used for this purposes, will include also the
area of forest culture hitherto not achieving the state of establishment
along with area not afforested up to this time. The take-over of esta-
blished forest cultures will be performed in a running way as soon as
the forest culture meets both the quantitative and qualitative demands
of corresponding directions. The elementary criterion of quality is the
observance of forest management provision about the tree species com-
position of forest culture, the provenance of used seed or seedlings,
necessary distance between seedlings, health state of forest culture etc.

In new conditions, the founder of state enterprise, that means the
Ministry of Forestry, Water Resources and Woodworking Industry, is
authorized to determine the factual conditions for allowance of incentive
components in wages. The principles of bonuses paid off for the im-
provement of forest state and for the achievement of high quality silvi-
culture will be arranged by obligatory instructions. Bonuses for the out-
comes of management in forestry will become a counterbalanc to off-
set the somewhat one-sided effect supporting the interest in profit
maximization. With respect to their importance, the amount of bonuses
and the group of workers who ave to get them will be determined.

A number of managing officers who could be given bonuses
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for the improvement of forest state, was very limited in the past. Accord-
ing to the respective instruction, it included only those workers “who
had influenced directly the achieved outcomes in comparison with the
qualified performing of forest management plan by their control and
organizational activity”. A section forest officer, district forest officer
and 'his assistant, and a director of forest enterprise are ranked among
those workers.

In consequence of continuing progress in specialization and coopera-
tion of enterprises, the group of workers who can influence silviculture
quality by their own activity, increases still more. The quality of seeds
and seedlings conditioning to the highest degree the quality of newly
established forest cultures has not depended only on workers of forest
sections and districts for a long time past. Many things depend on the
well-organized activity of forest nurseries directed by head office of enter-
prises. Analogous situation exists in other sect*ions of forestry, as well.
Bonuses for the improvement of forest state will be also afforded to
other workers contributing to the improvement of silviculture quality.

PLANNING, CRITERIA OF EFFECTIVENESS

A transition from the present direction function of annual plan to
the preferential task of the Five-Year Plan is accompanied by changes
of starting points for the elaboration of the Five-Year Plan, by a change
of effectiveness criteria and change in the procedure of elaboration of
the Five-Year Plan and economic plans of organizations.

The elementary starting point for elaboration of state plan for
a five-year period is a central instruction approved simultaneously with
the long-term prospect. The criteria of effectiveness, economic ba-
lance and optimization of proportion will be applied in the instruction
above all.

On a wider economic scale, the produced national income is consi-
dered to be the total criterion of mass effect, as well as the total criter-
ion of effectiveness is the national income per capita. The relations
between the national income (or net production) and the number of
workers or productive funds value will serve as particular economic
criteria in assessing the influence of productive factors on effectiveness.
It does not exclude the use of additional criteria for some specific
purposes of evaluation.

At the evaluation of effectiveness of economic organizations, the
profit (after returning of criterial profit taxes, income tax and obligatory
taxes to the fund) as total criterion of mass effect, and net profit per
worker as total criterion of effectiveness, are to be the elementary
criteria. The index of net profit per costs, profit per production funds,
the level and progress of variation export index will be used as partial
criteria. A criterion of contribution of economic organization to the
formation of national income will be the net production and its relation
per worker and to production funds.

At the evaluation of effectiveness of economic activity in forest
enterprises, it will be necessary to adjust these general cviteria to the
specific features of forest production and to complement them with other

968 LesnicTVI — 1989



ones, no less important from the point of view of performing the mis-
sion of forestry. At a glance at the general criteria of effectiveness
we find out they are closely connected with the effects following from
rational production which is succesfully realized on the market, from
the rational practice of services provided for a charge. Nevertheless, the
requirements for ecological and labour force balance are emphasized
without projecting the value into criteria of commodity and cash
balance.

Forestry realizes only part of effects made up on the home or foreign
market by its activity. The produced goods whose realization has brought
profit to the industry and individual enterprises, is essentially only
timber, to a limited degree production of sideline, if need there is a part
of seedling production for extra-forestry organizations etc. An extensive
and all the time increasing part of effects, arisen in connection with
spontaneous or purposeful development of important ecological and
social functions in forest stands, is not commercially realized. These
services are provided to society, represented as a rule by anonymous
users, free of charge and do not influence forestry’s participation
in national income formation;. similarly they do not participate in
profit of forestry enterprises.

In consequence of the mentioned long-term nature of forest pro-
duction, a great deal of expended reproduction costs is not connected
with temporary commensurable production realized on the market. The
outcomes of measures, for whose performance these costs are expended,
are the changes in forest fund state and the changes in production and
non-production effects on forest funds. Neither the forest fund, nor its
individual components, including the decisive means of production, i. e.
the land, have been valuably appraised for the present. In the economic
balance of forest enterprise, the changes arisen in consequence of
purposeful economic activity of the forester (even in consequence of
the effect of other factors) do not show up either positively or negatively.

The changes in the state of forest fund, which are the results of
reproduction (mostly intensification) measures of forestry organizations,
are significant effect of their economic activity. Volume of this effect,
and its comparison with costs expended for purpose of its achievement,
represents a non-negligible criterion of economic effectiveness in for-
est enterprises and in all forestry. In its assessment and inter-enter-
prise comparison, it is necessary to take into consideration not only the
versatility of ecological conditions but also a various degree of harm-
ful factors’ effect — air pollution and other consequences of civilization
processes on the changes of forest stand condition in individual regions.

It will be necessary to appreciate the effectiveness of tending of
forest wealth by an auxiliary technical criterion which is to be available
for the taxation of forests before changes in the state of forest fund
succeed in projecting the forest fund evaluation and in transforming the
changes in value of forest stands into the economic indices of forest
enterprises.

The instruction for the Five-Year Plan determines obligatory outputs,
on the one hand in relation to the central authorities, on the other hand
directly connected with individual economic organizations. (The instruc-
tion will be elaborated by the State Planning Commission in colabora-
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tion with central authorities and with the Planning Commissions both
of the Czech and Slovak republics).

From the formulation of general principles in economic directions
it follows that the specified supply of timber assortments for individual
tendencies of use will be ranked among obligatory assignments of
forest enterprises.

The approach to the determination of obligatory supply tasks has
to be appreciated with regard to the forming of adequate scope for
the progress in bussiness activity of forest organizations. Forest enter-
prises will have only little chance to increase the amount of market
production in contrast to enterprises of most other branches. The
Forest Act defines very factually and explicitly the duty to observe
timber cutting volume determined in the documents of forest mana-
gement plan. Enterprises cannot influence the production structure,
either. The location of planned cutting in actual forest stands is also
obligatory. The workers of enterprises must not dislocate the logging
measures at will under the conditions of increased interest in profit
maximization.

High economic independence and following high responsibility of
state forest enterprises for achieved economic outcomes (including
responsibility of white collar workers to the worker team) requires the
constitution of adequate space for spirit of enterprise, for the opera-
tional disposal of own production, for factual application of economic
interest in complex and maximal use of timber.

This aim cannot be achieved if the distribution of all (or almost all)
the production is determined by obligatory balances from the central
authorities. Under conditions of timber deficit which will not be easy
to overcome by the extending of domestic resources, far less by import,
it is necessary to insist on draining only a part of disposable resources
formed by allowable cutting for the purpose of obligatory supplies of
individual assortments as they are determined to forest enterprises.
The placement of remaining assortments will be solved by forest enter-
prises on the ground of economic profitableness. This is the way how to
form contemporaneously adequate economic pressure on the woodwork-
ing sector to cover part of its needs from central distributed funds
and the remaining part has to be obtained by commercial negotiations
with the producer. The fulfilment of supplies of state plan will be the
obligatory criterion of economic activity in forest enterprises up to the
time when the prerequisites for the complete application of market
relations in the economization with timber and wood products are
formed.

THE ROLE OF FOREST ACT

An increase of economic presure can lead, in certain conditions, to
the misuse of short-term enterprise or personal interests to the de-
triment of long-term social interest and to the detriment of forest
state. Simultaneously with the progress in economic direction methods
characterized by the support of interest in economic outcomes, the role
and importance of extra-economic instruments of influence, including
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the extra-economic barriers which are to prevent these essentially anti-
-social processes, are increased. Although it seems to be paradoxical,
enhancement of the role of extra-economic active and passive instruments
in influencing enterprise manners is an inevitable condition for more
consistent progress in economic direction of forestry. The legal regu-
lations, especially provisions of forest legislation, have a decisive place
among the instruments of extra-economic influence in forestry.

The contemporary legal regulations of forestry in Czechoslovakia
have been valid since January 1, 1978. It is formed, in harmony with the
federal state arrangement, by Forest Act No. 61 (1977) and by two Na-
tional Councils Acts: the Forest Management Act and the Forest Admini-
stration Act. The provisions on execution of the law are also integral
parts of complex forest legislation issued by the Ministry of Forestry,
Water Resources and Woodworking Industry of both the Czech and
Slovak republics, as well as the decrees on forest professional conduct
and relevant provisions, on forest guard and on proceedings in the
forest land protection, the decree on forest category formation and
respective management methods, management planning and others.

The Forest Act defines the mission and targets of forestry, defines
the concept of forest fund, codifies forest land protection, determines the
regime of administration and transfer of forest national property, mea-
sures for the formation of integrated forest parts, rights of recovery
for non-fulfilment of obligations following from the Forest Act and for
forest damage. It delimits forest category formation and the principles
of the development of forest functions.

The National Council Acts in relation to forest management and
forest administration regulate other points, above all the organization,
administration and professional conduct, determine the principles of
forest management, silviculture and forest protection, logging and trans-
port of roundwood, rights of recovery assessed by administrative autho-
rities in forestry etc.

Directions and instructions issued by the Ministries of Forestry,
Water Resources and Woodworking Industry in both republics have
also a statutory character. ,

In connection with development oi economic direction in forestry
and with significant increase in forest enterprise independence, ad-
herence to forest legal regulations is appraised and their effective-
ness is evaluated. Proposals for the new modification require that the
application of the Forest Act regulations and derived principles of ma-
nagement in forests with the aim to obtain short-term economic benefits
even for other reasons will be curbed more strictly than till this time.
this time.

Enhancement of the obligatory nature of one of the most signilicant
components in economic mechanism of forestry, forest management,
is also connected with an enhancement of the obligatory nature of forest
law and with an emphasis on inadmissibility of their damage. The used
relatively fairly liberal conception of forest management plans is being
revised at the present time and their enactment is considered the most
obligatory direction for economy in forest. Forest management plans are
changing to obligatory projects of formation and regulation in complicat-
ed processes of forest reproduction.
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BLUDOVSKY, Z. (Vyzkumny ustav lesniho hospodarstvi a muyslivosti, Jilovisté-
-Strnady): Motivacni systém lesniho hospodafstvi. Lesnictvi, 35, 1989 (11) :961-974.
V ramci ekonomické reformy dochazi v c¢eskoslovenském lesnictvi k vyraznému zvy-
Seni samostatnosti podniku, k omezeni zasahu centra do jejich ¢innosti, k podpore
zajmu na maximalizaci ekonomickych efekti a v této souvislosti ke zduraznéni zod-
povédnosti za stav a rozvoj svéreného narodniho majetku, za pécéi o lesni porosty.
Duvodem pro duslednéj$i uplatnéni principi ekonomického rizeni je rist slozitosti
vnitropodnikové a mezipodnikové kooperace, rozvoj interakci mezi lesnictvim a eko-
logickymi podminkami jednotlivych teritorii, orientace na intenzifikaci hospodareni
v lesich. V novych statnich podnicich lesniho hospodarstvi budou uplatnény ana-
logické postupy ekonomického rizeni jako v jinych vyrobnich odvétvich. Rozdily
spodivaji predeviim ve vyS$§i ucasti statu na financovani praci, jejichz vysledkem
jsou spolecensky vyznamné, trzné nerealizované prinosy. V hospodarském centru,
na ministerstvu lesniho a vodniho hospodarstvi a drevozpracujiciho prumyslu bu-
dou vytvareny specifické fondy: fond ochrany a rozvoje lesa a fond na odstrano-
vani nasledku kalamit. K zasadni zméné dochazi v oblasti regulace mezd. Misto
dosavadnich objemovych kritérii bude uplatnén poZzadavek primeérené tvorby pod-
nikovych duichodu a dodrzeni zavaznych mzdovych predpist. Zduraznuje se vy-
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znam hmotnych stimuli motivujicich zajem podnikovych kolektivii na zlepSovani
péce o les. Tuto funkei budou plnit prémie vyplacené v pétiletych intervalech.
Rozhodujicim kritériem pro vyplatu prémii bude dosazeni vysoké kvality lesnich
kultur a jejich vychovy. Nova soustava planovani piinasi vyrazné omezeni poétu
zavaznych ukazatelu stanovenych ve statnim planu. Pro podniky lesniho hospodar-
stvi bude mimo =zavaznych ekonomickych normativii ve statnim planu zavazné
stanovena dodavka nékterych sortimentt surového drivi hlavnim odbératelum.
Charakteristickym rysem prestavby hospodaifského mechanismu podniki lesniho
hospodarstvi je rast dlohy lesnickych pravnich norem, zejména lesniho zakona.
S tim souvisi i zvySeni zavaznosti ustanoveni dulezitého fidiciho nastroje, kterym
lesni hospodarstvi disponuje a kterym jsou ustanoveni pravnich norem konkretizo-
vany na podminky pracovi$sf — hospodarské upravy lesu. Zakladni dokumenty hos-
podarské upravy — lesni hospodarské plany se méni na zavazné projekty tvorby
a regulace slozZitych procest reprodukce lest a intenzifikace jejich spole¢ensky pro-
spésnych funkeci.

ekonomicka reforma; podniky lesniho hospodarstvi; péce o lesy; hmotné stimuly;
financovani lesni vyroby

BENYAbOBCKW, 3. (HayuHo-uccnepoBaTeNbCKWUi WMHCTUTYT NECHOrO XO3SWCTBA W OXOTO-
BeaeHus, MnosuwTte-CTpHagbl): MoTuBauMoHHas cuUCTeMa necHoro xossicrtea. Lesnictvi,
35, 1989 (11) :961-974.

B pamkax 3KOHOMWUECKOW pedopMbl B YEXOCNOBALUKOM NECHOM XO38WCTBE Pe3KOo MOBbI-
WaeTcs CaMOCTOATE/NbHOCTb NPEeAnpUSTUK, OrpaHUUMBAIOTCS BMeEWAaTeNbCTBa LUEHTpPa B MUX
AeATeNbHOCTb, NOAAEPXWBAETCH 3auHTEPECOBAaHHOCTb B MaKCUMHU3aUUU ISKOHOMMUYECKHUX
3MEKTOB M B CBA3M C 3TUM nNOAUEPKUBAETCS W UX OTBETCTBEHHOCTb 3a COCTOSHUE
W pa3BUTUE [OBEPEHHOro MM HauuoHanbHoro 6GoraTCTBa, 3a yXO04 3a /NECHbIMU Hacaxje-
HuamMu. [puuuHoi 6Gonee nNOCNeaOBaTENbHOrO BHEAPEHUS NPUHUMNOB 3KOHOMWUUECKOro
ynpaBneHus S$BNSETCA POCT CNOXHOCTU BHYTPWU3aBOACKOW W MeX3aBOACKOW KOonepauuu,
pa3BUTUE MHTEPaKUWW MEXAY NEeCHbIM XO35WCTBOM W 3KO/NOrMUeCKMMMU YCNOBUSIMU OTAEnNb-
HblX TEPPUTOPHIA, OPUEHTALUA Ha MHTEHCUMUKALMUIO BEAEHUN XO37WCTBa B necax. B HoBbIX
rocyapCTBEHHbIX NpPeAnpPUSTURX NEeCHOro xo38icTesa 6yAayT WUCNONb30BaHbl aHaNoruuHbie
MeToAbl 3KOHOMMWYECKOro ynpaBleHWs, Kak WM B APYrHWX NPOM3BOACTBEHHbIX OTpacasx.
Pa3zHuua coctouT npexae BCero B 6Gonee BbICOKOM Yy4yaCTUU roc6ioaxera B (UHAHCUPO-
BaHWWU paboT, pe3ynbTaTOM KOTOPbIX SBNSIOTCA C O6WECTBEHHOW TOUKWU 3pEeHUs nonesHblie,
Ha pblHKE He peanusupyembie 3ddekTbl. B 3KOHOMUUECKOM UEHTpe, B MHWHUCTEpCTBE
NEeCHOro M BOAHOrO XO03fIMCTBa W aepeBoobpabaTbiBalOWeit NMPOMbIWNEHHOCTU ofpa3syloTcs
cneuMdUyeckue nNecoxO3sUCTBEHHble OHAbI: (OHA 3awuTbl U pa3BUTUA neca U GOoHA
ANS YCTpPaHEHWA NOCNEACTBUHA CTUXMUIHBIX 6GeacTBui. [puHUMNUanbHbie W3MEHEeHWs npo-
McxoasT B 06nacTu perynupoBaHus 3apaboTHOM nnatel. B 3aMeH 06GbEMHbIX KPWUTEpbEB
BBOAUTCA Tpe6oBaHWe COOTBETCTBEHHOrO 06pa3oBaHWs AOXOA0B MNPEANPUATUR U cobnio-
AeHUs 06bs3aTeNbHbIX WHCTPYKUMK no 3apa6OTHOW nnaTe W No OnNnayuBaHUi0O paGOTHUKOB.
MopuepknBaeTcs 3HaueHWe MaTepUanbHOro CTUMY/NMPOBAHWUS 3aUHTEPECOBAHHOCTU KONNeK-
TUBOB NpPEANpUATUI B YXOAE 33 NecoM. 3Ty YHKUMUIO AOMKHbI BbINONAHATH NpeMUanbHble,
npeaocrasnseMble B WHTEpBanax NaTv ner. PewawownMm KPUTEpUEM ANS nNpU3HaHUA npe-
MUanbHbIX 6GyAeT AOCTUXEHWE BbLICOKOrO KaueCTBa NECHbIX KYAbTYp M yXoAa 3@ HUMM.
HoBas cucreMa nnaHWpoBaHUs NPUHOCUT OTUETNIMBOE COKpauwleHWe uucna obbs3aTenbHbiX
nokasaTenei YyCTaHaBNWBaAEMbiX TOCYAapCTBEHHbIM nnaHoM. /Jns npeanpuUsTUii NecHoro
X038WCTBa, Hapagy C o6bsA3aTenbHbIMU SKOHOMWUECKUMU HOPMaMW B rocnnaHe B 06bs-
3aTenbHOM nopsgke YCTaHaBNWBAeTCs nNOCTaBKa HEKOTOPbIX COPTUMEHTOB ApPEBECHOro
Cbipbsi OCHOBHbIM noTpe6uTensm. XapakTepHOW UEepPTOHW NEepecTPOHKM XO3AWCTBEHHOro Me-
XaHW3Ma npeanpUATUA NEeCHOro XO3fWCTBa NBNAETCA MNOBbIWEHWE 3HAYEHWUS NEeCHbIX pH-
AUYeckUx HOpPM, OCOGEHHO necHoro 3akoHa. C 3TUM CBS3aHO M nosblweHWe obbs3aTens-
HOCTW BaXHOro WHCTPYMEHTa YnpaBNeHWUS, KOTOPbIM NeCHoe XO3RWCTBO pacnonaraer
M B KOTOPOM YCTaHOBNEHWHR NECHOro 3akOHa KOHKPETH3MPYIOTCA Ha YCNOBUA NPOU3BOA-
CTBEHHbIX y4yaCTKkoB — necoycTtpoucrtBa. OCHOBHble AOKYMEHTbI NeCOYCTPOMCTBA — neco-
YCTPOUTENbHbIE NNaHbi CTAHOBATCH O6GbA3aTeNbHbIMM NPOEKTaMW CO34aHUA W perynuposa-
HWUS CNOXHbIX MPOUECCOB BOCMPOW3IBOACTBA NECOB M WHTEHCUMHMKAUMM UX OO6WECTBEHHO
NPOCNEWHbIX OYHKUHH.

3KOHOMHUueckas pedopMa; NeCOXO3ANCTBEHHbIE NPEANPUATHA; YXOA4 3a Necamu; maTepuans-
Hble CTUMY/bl; PUHAHCUPOBAHHE NECOXO03ANCTBEHHOro NPOU3BOACTBA
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BLUDOVSKY, Z. (Forschungsanstalt fiir Forstwirtschaft und Jagdwesen, Jilovite-
-Strnady): Motivierungssystem der Forstwirtschaft. Lesnictvi, 35, 1989 (11) : 961-974.

Im Rahmen der okonomischen Reform kommt es in der tschechislowakischen Forst-
wirtschaft zu einer wesentlichen Erhdhung der Selbstindigkeit der Betriebe (Be-
zirksbetriebe), zur Einschrinkung der Eingriffe des Zentrums in ihre Tatigkeit,
zur Unterstiitzung des Interesses an der Maximierung okonomischer Effekte und in
diesem Zusammenhang zur Betonung der Verantwortung fiir den Zustand und fir
die Entwicklung des anvertrauten Volkseigentums, fiir die Pflege der Waldbestian-
de. Einen Grund fiir die konsequentere Anwedung der Prinzipien der ¢konomischen
Leitung stellt das Anwachsen der Kompliziertheit der innerbetrieblichen und der
zwischenbetriebichen Koopeation dar, die Entwicklung der Interaktionen zwischen
der Forstwirtschaft und den Okologischen Bedingungen einzelner Territorien, die
Orientierung auf die Intensifikation der Waldbewirtschaftung. In den neuen staat-
lichen Betrieben der Forstwirtschaft werden analoge Verfahen der ékonomischen
Leitung geltend gemacht wie in anderen Wirtschaftszweigen. Die Unterschiede be-
ruhen vor allem im hoéheren Anteil des Staates an der Finanzierung der Arbeiten,
deren Ergebnis die gesellschaftlich bedeutsamen, auf dem Markt nicht realisier-
baren Beitrige darstellen. Im Wirtschaftszentrum, im Ministerium fiir Forst- und
Wasserwirtschaft und fiir die holzverarbeitende Industrie werden spezifische Fonds
gebildet: ein Fonds zum Schutz und zur Entwicklung des Waldes und ein Fonds
zur Beseitigung der Folgen von Kalamititen. Zu einer grundsitzlichen 'Verdnde-
rung kommt es auf dem Gebiete der Regulation der Lohne. Anstatt der bisherigen
Volumenkriterien wird die Forderung angemessener Bildung von Betriebseinkom-
men und die Einhaltung verbindlicher Lohnvorschriften geltend gemacht. Es wird
die Bedeutung materieller Stimuli betont, die das Interesse der Betriebskollektive
an der Verbesserung der Waldpflege motivieren. Diese Funktion werden Pridmien
erfiillen, die in flinfjahrigen Intervallen ausgezahlt werden. Entscheidendes Krite-
rium fir die Auszahlung der Primien wird die Erreichung hoher Qualitit von
Waldkulturen und deren Erziehung darstellen. Das neue Planungssystem bringt
eine bedeutende Einschridnkung der Anzahl verbindlicher, im Staatsplan festge-
legter Kennziffern. Fir die Forstwirtschaftsbetriebe wird auBler den verbindlichen
okonomischen Normativen im Staatsplan die Lieferung einiger Rohholzsortimente
an wichtigste Abnehmer verbindlich festgesetzt. Einen charakteristischen Zug des
Umbaus des Wirtschaftsmechanismus der Forstwirtschaftsbetriebe stellt der An-
stieg der Rolle forstlicher Rechtsnormen dar, besonders der des Waldgesetzes.
Damit hdngt auch die Erhohung der Verbindlichkeit der Bestimmungen des wich-
tigen Leitungsmechanismus zusammen, iiber den die Forstwirtschaft wverfiigt und
durch den die Bestimmungen der Rechtsnormen auf die Bedingungen der Arbeits-
stellen konkretisiert werden — der Forsteinrichtung. Die wichtigsten Dokumente
der Forsteinrichtung — die Forstwirtschaftspline wandeln- sich in verbindliche
Projekte der Bildung und der Regulierung wichtiger Prozesse der Waldreproduk-
tion und der Intensifikation ihrer gesellschaftlich niitzlichen Funktionen wum.

okonomische Reform; Forstwirtschaftsbetriebe; Waldpflege; materielle Stimuli;. Fi-
nanzierung der Waldproduktion

The author’s address.: .

Ing. Zdenék Bludovsky, DrSc., Vyzkumny ustav lesniho hospodérstvf a mysll-
vosti, Jilovisté-Strnady, 156 04 Praha 5 - Zbraslav . A y
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MINERAL NUTRITION OF NORWAY SPRUCE STANDS
IN THE WESTERN PART OF CZECHOSLOVAKIA

J. Materna

MATERNA, J. (Forestry and Game Management Reseach Institute, Jilovisté-
-Strnady): Mineral Nutrition of Norway Spruce Stands in the Western Part
of Czechoslovakia. Lesnictvi, 35, 1989 (11) : 975-982.

A survey is presented of the state of nutrition of spruce stands situated at
higher altitudes in the western part of Czechoslovakia. A leaf analysis has
demonstrated that there are great deficiencies in nitrogen and magnesium
nutrition. In comparison with the state of nutrition twenty years ago, the
nitrogen nutrition of the stands has only little improved (the proportion of
samples with nitrogen deficit decreased from 61.5 to 58 Y,); on the other hand
the magnesium nutrition of the stands worsened considerably. The proportion
of samples with a low Mg content increased from 13.2 9, to 63.4 9, The potas-
sium and calcium nutrition has also deteriorated (the proportion of trees
with K and Ca deficiency increased from 0.8 to 7.8%, in K and from 1.7 to
9.30/, in Ca). On the contrary the proportion of samples with insufficient con-
centrations of phosphorus decreased from 7.6 to 3.4 9, There is also a high
proportion of samples with a low content of Zn (9.6 7). Risks in the future
consists in a great expansion of the magnesium latent deficit, which can develop
into an acute one leading to marked yellowing, decreases in increment, tree
decline and higher mortality rates. The liming with dolomitic limestone is not
only an amelioration treatment but it can also be considered and practised
with respect to the tree nutrition.

Norway spruce; leaf analysis; forest stand nutrition; nitrogen; magnesium;
calcium; phosphorus; iron; zinc; manganese

In the forest of Czechoslovakia, sulfur dioxide is the main pollu-
tant causing injury up to the present time; fluorine, chlorine, ammonia
are responsible only for local injury in the vicinity of emission sources.
The role of ozone is not yet clearly understood, but acute injury caused
by high peaks of ozone concentrations have certain importance in the
development of forest injury in the sensitive forest tree species under
special weather conditions.

The indirect effect of air pollution on soil conditions and the in-
fluence of such changes on the state of forest stands has not such dra-
matic consequences as the direct effect of long lasting high sulfur di-
oxide concentrations, but in the future this way of intluence can develop
to a very important factor. Comparison between the results of chemical
analysis of soil samples from the beginning of the 60ties and 80ties
is a very intuitive example of such an unfavourable development (M a -
terna and Lochman, 1988). However, the consequences of this
development are mostly hidden and only on small places the soil has
lost its fertility entirely. ‘ :

Although other mechanisms are also involved, it is obvious that
changes in soil chemistry also lead to changes of mineral nutrition
levels. There is much information  about.the disturbances of mineral
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nutrition in stands with distinct symptoms of yellowing. It is mostly
the very low concentrations of magnesium, potassium and zinc that are
responsible for the occurrence of visible deficiency symptoms (Bosch
et al,, 1983; Zottl, 1985; Zech, 1983). Increased deposition of nitro-
gen compounds can increase the nutrient imbalance (Rehfuess,
1983). As such disturbances in mineral nutrition have a very negative
influence on vitality of the trees and can result in increased mortality
in the stands or of the stands, they are a very important warning, and
these phenomena can be considered as a visible consequence of the
‘processes which are going on, to a larger extent, without visible symp-
toms. Therefore we must be interested in the general situation in
mineral nutrition, as such information must be respected in the forecast
of further development of injury in the forests and can give an idea
about the possible limitations of wood production. From this point of
view, further information is presented, concerning the mineral nutrition
of Norway spruce stands in the western part of Czechoslovakia.

MATERIAL AND METHODS

The results are based on the leaf analysis of 1991 samples, collected from
Norway spruce stands during 1985—1988. During that time unfavourable thanges
occurred also in regions with relatively low level of air pollution with SO2. The
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samples were not collected in stands with visible symptoms of deficiency, and most
of the samples had a normal colour. The material has been collected from stands
at a higher altitude (above 700 m) in the mountains in the western and northern
part of the country. The air pollution with SOz of these regions is very low, rang-
ing between 10 ug . m~3 and 50 ug . m~3 on a long-term average.

The samples were collected from young Norway spruce stands (15—25 lears
old), from the 4th whorl. This way of collecting material enables us to get more
samples from a stand (10—15). The time of sampling is between October and De-
cember. One and two years old samples are analysed.

Analysis:

Ca, Mg, K, Mn, Fe, Zn — atomic absorption spectrophotometry
P, N — colorimetry

RESULTS

The results are presented in the graphs in Fig. 1 — 8. Concentrations
about and below the critical concentrations of the nutrients are distin-
guished in the samples of the first year, as generally accepted for
Norway spruce:

nitrogen 1.35 % magnesium 0.08 %
phosphorus 0.11 % zinc 0.002 %
potassium 0.35 % manganese 0.002 %
calcium 0.20 % iron 0.002 %
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If the concentration of the respective nutrient in the needles is higher
than this limit, the mineral nutrition is considered as sufficient with
the reservation that greater lack of a nutrient does not limit biomass
formation to such an extent that the content of other nutrients in the
needles increases to a normal level, although in other conditions the
soil reserves could not satisfy the nutrient demand.

Nitrogen

The nitrogen concentrations in more than one half of the samples
(58 %) are not high enough to ensure optimal growth of the trees. In
more than 10 % of samples the nitrogen content in the needles is ex-
tremely low, causing growth disorders and distinct colour changes. No
excess nitrogen nutrition was detected.

Phosphorus

The nutrition with this element can be considered as good accord-
ing to the results of needle analysis. Only 3.4 % of all samples have not
a sufficient level of P. Most of them were collected from stands an soils
developed on phyllite. Samples of about 30 % of trees have a very good
phosphorus nutrition.

Potassium

7.8 % of samples have an insufficient nutrition, but only 0.6 % are
in the range of extreme deficiency.

Calcium

The critical level of calcium in the Norway spruce needles, i. e. the
level not sufficient for normal physiological processes, is not reliably
determined. It can be somewhat lower than the critical concentration
used (0.2 %). In any case, concentration below this level is a sign of
very low level of nutrition of stands. As many as 9.3 % of the samples
lie in this range. The concentration of calcium in the samples of the
highest frequency (0.3 — 0.4 %) is also relatively low, and the same
applies to the amount of samples with the highest concentration.

Magnesium

The magnesium nutrition level is very unfavourable. 61.4 % of
samples have a Mg concentration lower than 0.08 %, which is probably
the critical level. Very low concentrations of Mg in the needles could
be detected in more than 20 % of all samples. In some of such samples,
typical symptoms of yellowing occur. The occurrence of a satisfactory
content of Mg in the needles is also relatively rare.

Iron

The critical concentrations seems not to be reliably determined,
but is seems that there is no deficiency in iron nutrition, as the soluble
iron is present in excess in very acid soils.
Zinc

More than 10 % of samples are below the critical limit.
Manganese

The range of manganese concentrations in the needles is very wide

— between 10! — 105 ppm. In no case did the concentration of Mn
decrease below the critical level of 20 ppm.
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DISCUSSION

Comparing the results of this broad assessment, based on sampling
in Norway spruce stands in higher elevations in the western part of
Czechoslovakia, with the results of assessment in the early 60ties (M a -
terna, 1964), two striking things occur:

— only limited improvement of nitrogen nutrition
— a very drastic deterioration of magnesium nutrition.

At the beginning of the 60ties in 61.5 % of samples the nitrogen con-
centration was less than 1.35 % and in 19.5 % of samples less than
0.9 %. If we consider that the soils have been influenced by increased
deposition of nitrogen compounds for about 20 years at the minimum
and the deposition reaches 10 — 15 kg N . ha~! more than under natural
conditions, it can be derived that the ecosystem has been enrviched with
more than 200 kg N . ha~1. This is not reflected in the nutrition of stands.
This is a distinct difference in comparison with some regions in western
Europe (the northern part of FRG, Holland), where a deposition of 60 kg
N .ha-! resulted in a very high nutrition level of forest trees. In GDR’s
Thiiringer Wald at higher altitudes, the nitrogen nutrition level, probably
due to long-range transport from western Europe, is also more favour-
able than in similar conditions in our country (Nebe et al, 1989).
An insufficient reaction of Norway spruce stands to low doses of
nitrogen is very well known from the experiments with nitrogen fer-
tilizers. An amount less than 60 kg N.ha~! mostly does not influence
the growth with the exception of Norway spruce stands stunted as
a result of extreme deficiency of the element. Probably the nitrogen
requirements of microorganisms in the humus layer must be saturated
before there is a surplus which the trees can use. Another possibility is
that acid deposition slows down the mineralization of nitrogen com-
pounds in the humus layer and this process limits the positive effect
of nitrogen deposition in the stands on the level of N nutrition.
These are the explanations for the fact that the increased nitrogen
deposition has not improved nitrogen nutrition until now. Nitrogen as
a key nutrient influences nutrition with other elements and the results
of the needle analysis. If insufficiency of this element limits the in-
crement and biomass production, it can happen that no deficiency of
another element can be detected. This applies especially to potassium.
The greatest shift was recorded in magnesium nutrition. At the
beginning of the 60ties there were some magnesium-deficient trees
(13.2 %), but the development since then can be characterized as dra-
matic. An increase to 63.4 % magnesium-deficient samples during 20
years is a serious warning. As to the causes, it must be stressed first
that the rocks on which the soils had developed and where the forest
stands were sampled, are very poor in this element, esp. the granite
and gneiss. Second, soils have been exposed to a relatively high acid
deposition for a long time. Last but not least it is necessary to consider
the theories according to which magnesium is washed out from the
needles by acid deposition after an impact of ozone (Rehfuess,
1986).
There is a distinct increase of the proportion of potassium-deficient
samples from 0.8 to 7.8 % and calcium from 1.8 to 8.3%. In both cases
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the effect of acid deposition is probably the cause. On the other hand,
phosphorus nutrition seems to have improved to some extent. At the
beginning of the 60ties, in 7.6 % of samples the phosphorus content
was low; at the present time this part has decreased to 3.4 05. All these
changes are in aggreement with development in other regions.

Risks in future development cannot be seen in the deposition of
nitrogen in the next 20 — 30 years; probably the stands could be able
to utilize the amount of deposited nitrogen. The risk is in the rapid
decrease of the level of magnesium nutrition, but also of the nutrition
with potassium, calcium and zinc. As to magnesium, the great extent
of latent deficiency can develop gradually, and in some areas rapidly,
into extreme visible symptoms of deficiency. Further consequences
include a decrease in increment, decreased resistance against other
stress factors, and increased mortality. The intensity and the extent
of nitrogen deficiency are great, but it is not possible to recommend
fertilization with this element. First, the area of healthy stands where
the fertilization can have adequate effect diminishes; second, it is ne-
cessary to protect the quality of surface waters. On the other hand it
is not possible to see any risk if in removing the malnutrition of the
stand with some other elements, fertilizers containing also nitrogen are
used (e.g. liquid fertilizers MgNsol, CaNsol or other fertilizers, where
the nitrogen is in relatively small amount).

Liming which has been practiced to a large extent for 10 years,
using dolomite, is a long-lasting measure for improvement of calcium
and magnesium nutrition. In closed stands, as the movement esp. of
calcium through the soil profile is very slow, it is not possible to expect
rapid improvement of nutrition with this element. The movement of
magnesium in the soil is more rapid than the calcium and therefore its
influence on the nutrition can be more rapid. It is necessary to continue
dolomite liming in the stands also from the point of view of nutrition
disturbances, and this must be considered in deciding about the intensity
and extent of liming.

With respect to the extent of nitrogen deficiency in the stand it is
not possible to neglect the fact that liming can stimulate the microbial
activity and thus decrease the amount of nitrogen compounds available
to the trees (Nebe, 1989), with possible consequences for the in-
crement of the stands.
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MATERNA. J. (Vyzkumny ustav lesniho hospodarstvi a myslivosti, Jilovi§té-Strna-
dy): Mineralni vyziva smrkovjjch porosti v zdpadni ¢asti Ceskoslovenska. Lesnictvi,
35, 1989 (11) : 975-982.

V predloZzené praci je podan prehled o stavu vyzivy smrkovych porosti ve vys$sich
polohach zapadni ¢asti Ceskoslovenska. Pomoci listové analyzy bylo prokazano
znacné rozsireni nedostatka vyzivy dusikem a horé¢ikem. Ve srovnani se stavem
pired dvaceti lety, se jen ve!mi malo zlep$ila vyziva porosti dusikem (podil vzorka
s nedostatkem dusiku klesl ze 61.5 na 58 9,), naproti tomu se vyziva porosti hoi-
¢ikem velmi podstatné zhorsila. Ze 13,29, stoupl podil vzorkt s nizkym obsahem
Mg na 63,4",. Také u drasliku a vapniku doSlo ke zhorSeni (podil stromu nedosta-
teéné vyzivenych stoupl z 0,8, na 7,89, u K a z 1,7 na 9,3% u Ca). Naproti
tomu klesl podil vzorki s nedostate¢nou koncentraci P ze 7,6 na 3,49, Vyskytuje
se také zna¢né vysoky podil vzorkl s nizkym obsahem Zn (9,6 °)). Rizikem pro
budoucnost je hlavné znac¢né rozsireni latentniho nedostatku hoféiku, které muze
prejit do akutniho stavu se zretelnym Zloutnutim, poklesem prirustu, chrfadnutim
a zvySenou mortalitou. Vapnéni dolomitickym vapencem nemuZe byt povazovano
jen za meliora¢ni zasah, ale posuzovano a realizovano i s ohledem na vyzivu.

smrk; listova analyza; vyziva porostu; dusik; horé¢ik; vapnik; fosfor; zelezo; zi-
nek; mangan

IylATEPHA, 5. (HayuHo-uccnepoBaTenbCKMii MHCTUTYT NECHOrO XO3AWCTBAa M OXOTOBEAEHMS,
Wunosuwre-CtpHaabl): MuHepanbHoe nMTaHMe €eNOBbIX HacaxAeHWW B 3anagHOW 4acTu
Yexocnosakun. Lesnictvi, 35, 1989 (11) : 975-982.

B npeanoxeHHon pa6oTe paaeTcs 0630p NO COCTOSHMIO MWUTaHUSA E€NOBbIX HaCaxAeHUN
B NOBbIWEHHOW MECTHOCTM 3anajaHoW yactu Yexocnosakuu. lpu nomowM NUCTOBOro aHa-
N¥3a NOATBEPAWNOCL 3HAUMTENbHOE PacnpoCTpaHEeHWe HEeJoCTaTKOB MUTaHUA a30TOM
W MarHuem. B cpaeBHeHun C coctosiHuem 20 neT TOMYy Hasaj, TONbKO HE 3HAUYUTEeNbHo
ynyywunoco nuTaHue asotoM (aons o6pa3yoB C HEAOCTAaTKOM a30Ta NoHUM3Mnach M3 61,5
Ha 589)), B nNpPOTUBONONOXHOCTbL 3TOMY NMUTaHMEe HaCaXAEHWA MarHUEeM 3HauyUTeNnbHo
yxyawwunocs. M3 13,20/, noBbicunocb NpouEHTHOe copepxaHWe o06pa3yoB C HU3KUM CO-
aepxanvem Mg Ha 63,49/. Takxe y kanbuus v kanus obHapyxunu yxyaweHue (gons ge-
peBbEB HEAOCTaTOUHO NUTaeMbix yBenuwuunacb u3 0,89, Ha 7,89, y kanua u u3z 179,
Ha 9,39, y kanbuus). B NpOTUBONONOXHOCTb 3TOMY NOHM3WNachb Aons o6pa3LuoB C He-
AOCTaTOUHOW KOHUEeHTpauuen docdopa u3 7,6 Ha 3,40/. PacnpocTtpaHeHa Takxe 3Hauu-
TENbHO BbICOKAs AoNs o6pa3uoB C HU3KMM coaepxaHuem uuHka (9,69,), Puckom ans
6yayulero B OCHOBHOM 3HAuUMTENbHOE PacnpoCTpPaHEHWEe CKPbITOr0 HEeAoCTaTKa MarHus,
KOTOpOe MOXeT neperTu B a3y aKyTHOro COCTOSHUS M 3HAUWUTENbHLIM MOXENTEHUEM,
NOHUXEHWEM TMPUPOCTA, UYAXNOCTbIO M NOBLIWIEHHOW CMEpPTHOCTbIO. M3BecTkoBaHue gono-
MUTHUECKUM H3BECTHAKOM HEeNb3s yUUTbIBaTb TO/NbKO KakKk MeNnopaTUBHbIE BMelwaTenscrsea,
HO ero cneayeTt yuuTbiBaTb Kak NUTaTeNbHOe BMeLIaTenbCTBO.

€Nb; NACTOBOW aHanu3; nUTaHue HacaxAeHWW; a30T, MarHuW, Kanbuui, pocdop; Xeneso,
UMUHK; MapraHey

MATERNA, J. (Forschungsanstalt fiir Forstwirtschaft und Jagdwesen, Jilovisté-Strna-
dy): Die Mineralstoffernihrung der Fichtenbestinde in dem westlichen Teil der
Tschechoslowakei. Lesnictvi, 35, 1989 (11) : 975-982.

Eine Ubersicht iiber den Zustand der Mineralstoffernidhrung der Fichte in den
hoheren Lagen in dem westlichen Teil der Tschechoslowakei. Mit Hilfe der Nadel-
analyse wurde ein ausgedehnter Stickstoff- und Magnesiummangel festgestellt. Im
Vergleich zur Situation vor 20 Jahren, hat sich die Stickstofferndhrung nur un-
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wesentlich verbessert (Anteil der Proben mit Stickstoffmangel sank won £1,59,
auf 58Y,), dagegen hat sich der Erndhrungszustand der Bestinde mit Magnesium
sehr deutlich verschlechtert. Von 13,29, hat sich der Anteil von Proben mit
niedrigem Mg Gehalt auf 63,4, erhoht. Auch bei Kalium und Kalzium kam es
zu einer Verschlechterung (Anstieg des Anteils der ungeniigend versorgten Biume
von 0,8 auf 7,89, bei K und von 1,7 auf 9,39, bei Ca). Dagegen sank der Anteil an
Proben mit einer ungeniigenden P Konzentration von 76 auf 34", Es gibt auch
einen hohen Anteil an Proben mit einem niedrigen Zn Gehalt (9,6 °,). Risiko fiir
die Zukunft ist hauptsdchlich die grosse Ausdehnung von latentem Magnesium-
mangel der in einen akuten Zustand mit einer deutlichen Vergilbung, Zuwachs-
riickgang, Vitalitatsverlust und einer erhéhten Mortalitdt ilibergehen kann. Die
Kalkung mit Dolomitkalkstein muss daher nicht nur vom Gesichtspunkt der Bo-
denmelioration aber auch vom Gesichtspunkt der Erndhrung betrachtet und durch-
gefiihrt werden.

Fichte; Blattanalyse: Erndhrung der Bestinde; Stickstoff; Magnesium; Kalium:
Kalzium; Phosphor; Eisen; Zink; Mangan
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MICROPROPAGATION OF MATURE TREES OF BIRCH
(BETULA PENDULA ROTH.) AND ASPEN (POPULUS TREMULA L.)

V. Chalupa

CHALUPA, V. (Forestry and Game Management Research Institute, Jilovisté-
-Strnady): Micropropagation of Mature Trees of Birch (Betula pendula Roth.)
and Aspen (Populus tremula L.). Lesnictvi, 35, 1989 (11) : 983-993.

Shoot multiplication of selected mature trees of Betula pendula and Populus
tremula was stimulated on WPM and modified MS medium containing cytokinin
(BAP, PBA or thidiazuron) and auxin (IBA or NAA). Apical and axillary buds,
shoot tips, nodal segments and leaf discs, cultured on WPM or modified MS
medium supplemented with BAP or PBA (0.6—2.0 mg.1-1) or thidiazuron
(0.001—0.05 mg.1-1) and IBA (0.05—0.1 mg.1-1), produced adventitious and
axillary shoots. Shoots excised from proliferating cultures were rooted on GD
or WPM, supplemented with low concentration of auxin (IBA, NAA 01—
—0.3 mg.l-1), or in non-sterile substrate. High rooting percentages were
obtained. The survival of micropropagated trees planted in the field was high
and at the end of the fifth growing season the trees attained large dimensions.

in vitro propagation; Betula pendula; Populus tremula; cytokinins; thidiazuron

Air pollution damages on forest stands growing in Czech mountain-
ous regions have reached a great extent. Large areas of Norway spruce
stands are destroyed and the regeneration is carried out with the tree
species which are more resistant to air pollution. Birch and aspen are
used in increasing numbers for afforestation of regions with high air
pollution damages. Rapid micropropagation of mature trees of Betula
pendula and Populus tremula is important for production of selected
trees suitable for afforestation of regions with high air pollution da-
mages. In vitro clonal propagation of mature trees and the effective
plant regeneration from leaf discs is an important prerequisite for the
application of genetic transformation methods in tree improvement
programs of both species.

In past years we have succeeded in micropropagation of mature
trees of Betula pendula and Populus tremula (Chalupa, 1981a, 1983a,
b, 1985a, b). Formation of adventitious and axillary shoots was stimu-
lated on explants cultured on nutrient media supplemented with cyto-
kinin, and regenerated trees were planted in the field. The present
communication describes results of our experiments with micropropa-
gation of selected mature trees of Betula pendula and Populus tremula
and the field growth of micropropagated trees.

MATERIAL AND METHODS

Initial explants were taken from selected mature plus trees and hybrids. Trees
were selected for their fast growth, good stem form and unusual structure of wood.
Totally, 7 mature plus trees (16—24 years old) of Betula pendula, and 8 mature plus
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trees (22—30 years old) of Populus tremula (diploid) and 3 hybrids of Populus tre-
mula X Populus tremuloides were selected for in vitro propagation.

Epicormic sprouts and twigs (taken from low growing branches) were used
as the source of initial explants of Betula pendula cultures. Axillary and apical
buds, shoot tips and nodal segments were used as initial explants. Twigs collected
in winter period were forced in water for a few days at the room temperature before
axillary and apical buds were excised. Bud scales and outer leaves were removed
from buds after sterilization.

Root segments taken from selected mature trees of Populus tremula were used
as the source of initial explants for aspen cultures. Root segments were placed on
moist peat and the root sprouts, which developed from buds, were used for culture
establishment. Root sprouts were cut into short nodal segments which were sterilized
and used as initial explants. Explants were sterilized in a mercuric chloride solution
(0.1 9,) for 20—40 minutes. After three successive rinses in sterile distilled water,
the explants were placed on agar nutrient medium.

Cultures were grown at 25°C, under 16 hour photoperiod of cool white fluor-
escent light with an illumination of 4—8 lux. Cultures were grown on modified
MS medium (Murashige and Skcog, 1962) or on WPM (Lloyd and
McCown, 1981) and on modified GD medium (Gresshoff and Doy, 1972).
The composition of the nutrient media used was described earlier (Chalupa,
1981b, 1983a, 1985a, b).

Three cytokinins were used for birch and aspen shoot multiplication: BAP
(6-benzylaminopurine), PBA [N-(phenylmethyl)-9-(tetrahydro-2H-pyran-2-yl)-9H-pu-
rin-6lamine] and thidiazuron (N-phenyl-N’-1,2,3-thidiazole-5-ylurea). BAP and PBA
were tested in concentrations 0.1, 0.2, 0.4, 0.6, 0.8, 1.0, 2.0, 3.0 and 5.0 mg.1-1, thi-
diazuron in concentrations 0.001, 0.002, 0.004, 0.006, 0.01, 0.02, 0.05 and 0.1 mg.1-1
Auxins NAA (1-napthaleneacetic acid) and IBA (indole-3-ylbutyric acid) were tested
in concentrations 0.1—1.0 mg .1-1,

Difco Bacto agar (6 g.1-1) was used to solidify nutrient media. Sucrose (20
or 30 g.1-1) was used as a carbon source. Media were autoclaved for 20 minutes
at 121 °C. Each treatment involved 25—35 explants and was repeated at least twice.

Rooted plantlets were transplanted into Jiffy-pots containing a mixture of
peat, soil and perlite (1 :1 :1 v/v/v) and were grown under a plastic sheet at a high
air humidity (95 %,) for 2—3 weeks. After two weeks, humidity was gradually reduced
to normal values. After formation of new adapted leaves, the plants were placed
outdoors and grown for 1—2 months in partial shade.

RESULTS

MICROPROPAGATION OF BETULA PENDULA ROTH.

Shoot Multiplication

Axillary and apical bud explants and shoot tips laid horizontally on
WPM or on modified MS medium supplemented with cytokinin (BAP or
PBA 0.6 —2.0 mg.1 1) and auxin (IBA or NAA 0.02 —0.05 mg.171)
initiated the growth in a few days. Within 2—3 weeks the size of
explants enlarged and 2—3 new leaves developed. After 5—6 weeks new
tissues with adventitious buds formed at the base of the cultured ex-
plants. Induced adventitious buds grew and developed gradually into
short shoots. Tissues with adventitious buds were also formed at new
developing leaves if the leaves were in contact with the nutrient me-
dium. The parts of leaves which were in contact with the medium
swelled and after 3—5 weeks adventitious buds developed. The tissues
with induced adventitious buds and shoots were excised and transferred
to the fresh medium of the same composition where shoot proliferation
continued. Fast growth of induced adventitous shoots was stimulated
on WPM containing low cytokinin and auxin concentrations (BAP 0.2 to
0.4 mg.1"1 and IBA 0.05 mg.171).
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- 2. Multiple shoots of Betula

P pendula produced on a nodal

1. Multiple shoots of Betula pendula developed from  segment cultured on WPM

adventitious buds formed at the base of shoot tip, containing thidiazuron and
cultured on WPM containing BAP and IBA IBA

Shoots excised from proliferating cultures were multiplied on WPM.
Shoots were cut into short nodal segments and shoot tips, which were
cultured on WPM containing cytokinin and auxin. Shoot tips and nodal
segments cultured on WPM supplemented with BAP or PBA (0.2 — 1.0
mg.1"1) and IBA (0.05— 0.1 mg.1"1) produced new axillary shoots
(2—8 shoots] within 4—5 weeks. The formation of callus tissue was
stimulated at the base of shoot tips and nodal segments. After 6—8
weeks adventitious shoots (4—28 shoots) developed from the tissue
(Fig. 1). The elongated shoots were separated and used for further
multiplication or were rooted.

The formation of new adventitious and axillary shoots was also
stimulated on media supplemented with thidiazuron and auxin (IBA
0.05 mg.1"1). Very low concentration of thidiazuron (0.001 — 0.004
mg .17 1) stimulated growth of axillary shoots and formation of callus
tissue at the basal part of shoot tips and nodal segments. After 6—8
weeks adventitious shoots (3—32 shoots) developed at the basal part
of segments (Fig. 2). High concentration of thidiazuron inhibited shoot
formation. The formation of new axillary and adventitious shoots was
also stimulated on WPM supplemented with a low concentration of
BAP (0.2 mg.1-1), thidiazuron (0.001 mg.1-1) and IBA (0.05 mg.l171).

The formation of adventitious shoots was also induced on leaf
segments (leaf discs) cultured on media supplemented with cytokinin.
Leaves excised from proliferating cultures were cut into segments (each
leaf into 4 segments) which were laid horizontally on WPM supple-
mented with cytokinin (PBA or BAP 0.6 — 2.0 mg.1-1). Within 5—6
weeks new adventitious buds were induced on leaf segments and gradu-
ally developed into short shoots. Each leaf segment with induced ad-
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3. Adventitious shoots formed on a leaf 4. Microshoot of Betula pendula rooted
segment of Betula pendula cultured on on agar WPM containing IBA (0.2
WPM supplemented with PBA mg.1-1)

ventitious buds produced 2—11 shoots (Fig. 3), which weie separated
and multiplied on the fresh medium.

The shoots of selected birch trees were multiplied, using adven-
titious and axillary shoots induced on cultured explants. Significant dif-
ferences in shoot proliferation rate between selected trees were ob-
served. The long shoots from proliferating cultures were harvested and
used for rooting.

Rooting and Acclimation

Microshoots excised from proliferating cultures were rooted on GD or
WIPM (half strength or full strength) containing low levels of auxin (IBA
0.1 — 0.3 mg.171). Within 2—3 weeks 74—96 % of shoots formed roots
(depending on the clone). Each shoot produced 3—8 roots (Fig. 4).
Rooted plantlets were removed from agar medium and agar was washed
from roots. Plantlets were transplanted into Jiffy-pots and were covered
with plastic to maintain a high relative humidity. Plants were grown
under high relative humidity for 2—3 weeks, then humidity was gradu-
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5. Plant of Betula pendula regenerated
in vitro, growing in potting mixture

NN

ally reduced to normal values. High survival rates (71—92 %) were
achieved. After new adapted leaves had formed, the plants were trans-
ferred from greenhouse outdoors (Fig. 5) and were grown in partial
shade. In May or June they were planted in the field.

Field Growth

The survival of Betula pendula micropropagated trees planted in the
field was high (94—100 % ). The height growth of planted trees continued
in summer, and at the end of the first growing seasons the trees were
15—25 cm tall. Almost all planted trees survived the first winter with-
out damage. At the end of the fifth growing season, the trees attained
a height of 210—360 cm. No abnormalities in the growth and morphology
of micropropagated trees were observed. Trees regenerated from the
same mother tree exhibited uniformity in the stem form and leaf colour
and morphology.

MICROPROPAGATION OF POPULUS TREMULA L.

Shoot Multiplication

Nodal segment and shoot tips placed upright on MS agar medium
containing cytokinin (BAP 0.1 — 0.6 mg.1"!) and auxin (IBA 0.1 mg.
.171) produced new short shoots from axillary buds within 2—3 weeks.
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6. Multiple shoots of Populus tremula 7. Multiple shoots of Populus tremula
formed on nodal segment cultured on produced on shoot tip cultured on MS
MS medium, supplemented with BAP medium, supplemented with thidiazuron
and IBA and IBA

Within 4—6 weeks shoots elongated and were cut into nodal segments
and shoot tips which were subcultured on fresh multiplication medium
where proliferation continued and multiple shoots were formed. Shoot
multiplication medium consisted of MS medium supplemented with low
concentration of cytokinin (BAP, PBA or thidiazuron) and auxin (IBA
or NAA). The multiplication rate and shoot growth depended on con-
centration and ratio of cytokinin and auxin in nutrient medium. MS
medium supplemented with low cytokinin concentration (BAP 0.1 mg.
.171) and a higher auxin concentration (NAA or IBA 0.2 mg.1"!) stimu-
lated formation of few shoots (3—6 shoots within 4 weeks) which
grew rapidly and reached a considerable length. MS media supplement-
ed with higher cytokinin concentration (BAP 0.2 — 1.0 mg.1"!) and
low auxin concentration (NAA or IBA 0.1 mg.1"1) stimulated formation
of numerous axillary and adventitious shoots (Fig. 6). On an average,
each shoot segment produced 8—22 shoots within a 4-week culture pe-
riod. With increasing cytokinin concentration the shoot number in-
creased. Shoot elongation was slower and shoots were shorter on media
with a higher cytokinin concentration. The high cytokinin concentration
(BAP 2—4 mg.171) resulted in the formation of numerous short shoots.

Rapid shoot multiplication was stimulated on MS medium supple-
mented with low concentration of thidiazuron and auxin (IBA 0.1 mg.
.171). Low concentration of thidiazuron (0.002—0.02 mg.17!) stimu-
lated formation of numerous adventitious shoots (Fig. 7). On an average,
each shoot segment produced 16—38 shoots within a 6—8-week culture
period. Shoots elongated slowly on media containing thidiazuron. High
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8. Formation of adventitious shoots on leaf segment 9. Microshoot of Populus tre-

of Populus tremula cultured on MS medium, mula rooted in non-sterile

supplemented with thidiazuron and IBA substrate under high air hu-
midity

concentration of thidiazuron inhibited shoot elongation from induced
adventitious buds. The shoot number produced on media containing a low
concentration of thidiazuion was significantly higher than on media
supplemented with adenine-type cytokinin.

The tormation of numerous adventitious buds and shoots was stimu-
lated on leaf segments cultured on medium containing cytokinin. Leaf
segments cultured on MS medium supplemented with thidiazuron
(0.01 —0.05 mg.1"1) or BAP (0.6 — 2.0 mg.1"!) and IBA (0.1 mg.1"1)
produced numerous adventitious buds within 2—4 weeks. After 6—8
weeks numerous shoots formed on leaf segments. On an average, each
leaf segment with induced adventitious buds produced 11—24 shoots
(Fig. 8).

For rapid shoot multiplication of selected mature trees of Populus
tremula we used MS medium supplemented with low cytokinin con-
centration (BAP 0.2 — 1.0 mg.1 1) and low auxin concentration (IBA
or NAA 0.1 mg.l1"!). The microshoots were subcultured in 4-week
intervals. Multiplication rates higher than 6—10 in a 4-week culture
period were obtained. A fast shoot multiplication of all selected clones
and hybrids was achieved.
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10. Micropropagated
trees of Populus tre-
mula growing in the
field

Rooting and Acclimation

Shoots excised from proliferating cultures were rooted on agar
GD or WPM (half strength) containing a low concentration of auxins
(NAA 0.2 —0.3 mg.1"1 and IBA 0.2 — 0.3 mg.1"1). Within 2—3 weeks
81—96 % of shoots formed roots (depending on the clone). High root-
ing percentages (64—88 %) of aspen microshoots excised from cultures
were also obtained when shoots were rooted in non-sterile substrate
(a mixture of perlite, peat and sand) under a high air humidity. The
shoot bases were first soaked with auxin solution (IBA 100 mg.171)
and after the auxin treatment the shoots were placed into solid substrate.
The roots formed within 3—4 weeks were well developed (Fig. 9) and
the growth of plants rooted in this way was fast.

Plantlets were transplanted into Jiffy-pots and were grown under
a high relative humidity for 2—3 weeks, then the humidity was reduced
to normal values. Most plants (76—92 %) survived the transfer into pot-
ting mixture. After new adapted leaves had formed, the plants were
transferred from the greenhouse outside and were grown in partial
shade.

Field Growth

Almost all micropropagated trees planted in the field survived. The
planted trees grew fast (Fig. 10) and at the end of the sixth growing
season the trees were 720—850 cm tall. No abnormalities in the growth
and morphology of micropropagated trees were found.

DISCUSSION

One of the most serious problem of micropropagation of forest trees
is the problem of ageing. The capacity of forest trees to be propagated
vegetatively decreases with increasing age. Juvenile explants grow and
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proliferate more easily than explants taken from a mature tree. Our
aproach to overcoming the problem of ageing consists in using juvenile
parts of mature forest trees (root sprouts, stump sprouts, epicormic
sprouts) for micropropagation (Chalupa, 1983a, 1984). Some parts
of mature hardwood trees, usually the roots and the base of stem, retain
juvenile characteristics for a long time. For the micropropagation of
Populus tremula mature trees we used root segments as a source of ex-
plants, and for Betula pendula mature trees, the epicormic sprouts and
twigs from low growing branches were used as sources of initial ex-
plants. Our results indicate that if juvenile parts of mature trees are
used, rapid micropropagation of mature trees can be achieved.

Genetic transformation methods have been developed for various
plants recently. One of the important prerequisites for the application of
recombinant DNA technology to forest tree species is the effective re-
generation of trees from transformed cells. Shoot regeneration from
leaf segments which were co-cultivated with Agrobacterium tumejaciens
is an efficient method used for the production of transgenic plants
(Horsch et al, 1985; Mc Cormick et al., 1986; Fillati et al.,
1987). In our experiments we have succeeded in tree regeneration from
leaf segments of Betula pendula and Populus tremula, which were cnul-
tured on chemically defined medium supplemented with cytokinin. The
obtained results indicate that the leaf disc method can be applied for
the development of suitable transformation system for Betula pendula
and Populus tremula trees.
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CHALUPA, V. (Vyzkumny ustav lesniho hospodafrstvi a myslivosti, Jilovi§té-Strna-
dy): Vegetativni mnozZeni dospélych stroma b¥izy (Betula pendula Roth.) a osiky
(Populus tremula L.) in vitro. Lesnictvi, 35, 1989 (11) : 983-993.

Vybrané dospélé stromy brizy a osiky byly mnoZeny pomoci explantiatovych kultur
péstovanych na WPM a na modifikovaném MS mediu. Jako zdroj pocateénich ex-
plantata byly u bfizy pouzity kmenové vyhony a nizko rostouci vétve, u osiky seg-
menty korent, ze kterych byly vypéstovany korenové vyhony. Jako pocateéni explan- °
taty byly pouzity axilarni a apikalni pupeny, nodalni segmenty prytu, Spicky pryta
a listové segmenty. Explantaty byly péstovany na WPM a MS mediich kterd obsa-
hovala cytokininy BAP nebo PBA (0,6—2,0 mg.1-1) nebo thidiazuron (0,001—
—0,05 mg.1-1) a auxin IBA (0,05—0,1 mg.1-1). Na téchto mediich bylo indukovano
vytvareni adventivnich a axilarnich pryti a bylo dosaZeno rychlého mnoZeni prytu.
Pryty odebrané z mnozicich se kultur byly zakofenény bud na GD mediu nebo na
WPM obsahujicich nizké koncentrace auxinu (IBA, NAA 0,1—0,3 mg.1-1), nebo
byly zakofenény v nesterilnim substratu za vysoké vzdusné vlhkosti. V obou pfipa-
dech bylo dosazeno vysokého procenta zakoifenéni. Zakofenéné rostliny byly pfesa-
zeny do substratu a po otuzeni byly vysazeny na venkovni pokusné plochy. Nebyly
pozorovany zadné abnormality v rustu a morfologii stromu vypéstovanych in vitro.
Na konci paté vegetaéni doby stromy vypéstované in vitro dosahly znadnych rozméri.

rozmnozovani in vitro; Betula pendula; Populus tremula; cytokininy: thidiazuron
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XANYNA, B. (HayuHo-uccneaosaTenbCkuit MHCTUTYT NECHOro XO38WCTBa M OXOTOBEAEHMSA,
Mnoeuwre-CTpHaabl): BeretaTuBHOe pa3MHOXEHWe cnensix gepesbes Gepesbl (Betula pen-
dula Roth.) u ocuuw (Populus tremula L.) in vitro. Lesnictvi, 35, 1989 (11) : 983-993.

M36paHHble cnenbie agepesbs Gepe3bl U OCMHbI Pa3MHOXa/lWCb NPU NOMOWM 3KCNNAHTATHbLIX
KYynbTyp Bbipawusaembix Ha WPM u Ha MoauduumposaHoi MS cpesge. Y Gepesbl B Ka-
uecTBe NEPBUYHOrO MCTOUHMKA OKCNNAHTATOB MWCMNONb30BAAMCb MNHEBble NOGEru W HHU3KO
pacTywMue BETKM, Y OCHHbl CErMEHTbl KOPHEW, M3 KOTOpbiX BbipawMBanMCb KOPHEBbIE
nob6ern. B kauecTBe nNepBMUUHbIX 3KCMNNAHTATOB MCMNONb30BaNWCb aKCHUASPHbIE W anuKanbHble
NoukWU, HopanbHble CErMeHTbl NOGEroB WM CEermMeHTbl NUCTOB. IKCNNaHTaTbl BblpawMBanWUCb
Ha WPM wu MS cpeaax, coaepxauux onpegeneHHble kKoHueHTpauuu BAM wan MNBA
uutokuHuHos (0,6—2,0 mr.n—1) wunu Tuauasypon (0,001—0,05 mr.n-1) u aykcuH WBA
(0,05—0,1 mr.n—l) Ha npHBOAMMbIX Cpegax WHAyuMpoBanoCb o6pa3oBaHWE afBEHTHB-
HblX W aKCUNAPHbIXx NOGEroB W AOCTUranoCb OUEHb 6bICTPOEe pa3MHOXeHue noberos. YKo-
peHeHus no6GeroB M3 pa3MHOXAEMbIX KYAbTyp agocturnoce unu Ha [l cpepe mnu Ha WPM
copepxalowem HU3KYI0 KOHUeHTpauuilo aykcuHa (MBA, HAA 0,1—0,3 mr.n-1), wunu
B HECTEpWNbHOM Cy6CTpaTe NpM BbICOKOW BO3AYWHOW BAAXHOCTH. Y 060MX TUNOB no-
Nyyanu BbLICOKOW NPOUEHT YKOpPEHEeHUs. YKOpPEeHEHHble pacTeHUs 6binu nepecaxeHbl
B cy6CTpaT M nocne 3akanku O6blNM NepecaxeHbl Ha NoNeBble IKCNEepPUMEHTaNbHblEe YUaCTKH.
Y nepesbeB BbipawMBaeMblx in vitro He Ha6noAanUCcb HUKakue abGHOPManbHOCTM pocTa
M Mopdonoruu. B koHUe NATOro BEreTaTMBHOro NEpuUoaa AepeBbs BbipawMBaeMble in vitro
AOCTUrNM 60NbWIMX Pa3MepoB.

pasMHoxeHue in vitro; Betula pendula; Populus tremula; uMTOKMHWUHDLI, TUAKA3YPOH

CHALUPA, V. (Forschungsanstalt fiur Forstwirtschaft und Jagdwesen, Jilovisté-
-Strnady): Autovegetative Vermehrung der adulten Birken (Betula pendula Roth.)
und Espenbdume (Populus tremula L.) in vitro. Lesnictvi, 35, 1989 (11) : 983-993.
Gewebekulturen der adulten Bdume der Birke und Espe wurden auf WPM
und modifiziertem Medium MS kultiviert. Als eine Quelle der Anfangsexplantaten
wurden bei der Birke Stammsprosse und unten wachsende Aste beniitzt, bei der
Espe die Wurzelsegmente, aus welchen Wurzelausschldge gezilichtet wurden. Als
Anfangsexplantate wurden Axilar- und Apikalknospen, nodale Segmente und Blatt-
segmente beniitzt. Explantate wurden auf WPM und MS Medien kultiviert, die
Cytokininen BAP oder PBA (0,6—2,0 mg.1-1) oder thidiazuron (0,001—0,05 mg.1-1)
und Auxin IBA (0,05—0,1 mg.1-1) enthielt. Auf diesen Medien wurde die Bildung
von Adventiv- und Axilarsprossen induziert und es wurde eine schnelle Sprossver-
mehrung erreicht. Die Sprosse, die aus vermehrten Kulturen entnommen wurden,
wurden auf GD Medium oder WPM gewurzelt, welche niedrige Konzentrationen von
Auxin enthalten (IBA, NAA 0,1—0,3 mg.1-1!), oder sie wurden in unsterilem Sub-
strat bei hoher Luftfeuchtigkeit gewurzelt. In beiden Fillen wurde ein hohes Be-
wurzelungsprozent erreicht. Die gewurzelten Pflanzen wurden ins Substrat umge-
setzt und nach Erhdrtung wurden sie auf die Versuchsflichen ausgesetzt. Es wurde
keine Wuchs- und Mophologieabnormalitit der in vitro geziichteten Bidume beobach-
tet. Am Ende der filinften Vegetationsperiode erreichten die in wvitro geziichteten
Biume grosse Dimensionen.

Vermehrung in vitro; Betula pendula; Populus tremula; Cytokininen; Thidiazuron
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THE PLANNED CONTENTS OF THE SCIENTIFIC JOURNAL LESNICTVI
FOR THE YEAR 1990

The scientific journal LESNICTVI is drawn in such a way as to introduce
recent advances in forestry and game management research with special regard to
the harmony among the decisive triad of biological, technical and economic sciences.
It also provides scope to specialists in other fields whose work is associated with
the above-mentioned orientation of the journal. Interesting articles which present
the latest news are published in the section “Topical Events”, an appropriate place
is intended for reviews, etc.

The period of the year 1990 is also outlined in this conception. Monothematic
and polythematic issues are to be alternated at a ratio of about 5:7. The first
monothematic issue will be devoted to the economics and economy of forestry, the
next one to ecology. followed by the issues with the topics of vegetative reproduction
of tree species, forest machinery and forest ergonomy. No. 11 will be published in
English again as a polythematic issue with recent contributions to the principal
scientific branches, incl. their practical applications. The following issue will be
polythematic again and we shall endeavour at a proper representation of papers
in the fields of biology, technology and economy.

The attractiveness of the journal is enhanced by supplements which offer the
reader surveys of statistical nature. This applies to the chapters entitled “Forestry
in Numbers” and “Game Management in Numbers”. Last but not least, the “Mathe-
matical Supplement” is intended for deeper knowledge of mathematico-statistical
methods, particularly as related to computerization.

We believe that such contents of the journal will comply with its main mission
and satisfy our exacting readers.

Academician Miroslav Vyskot
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THE IDENTITY OF APANTELES DIORYCTRIAE WILK.
AND A. MURINANAE CAP. & ZWOLF. (HYM: BRACONIDAE)

M. Capek

CAPEK, M. (Forest Research Institute, Zvolen, Research Station, Banska Stiav-
nica): The Identity of Apanteles dioryctrice Wilk. and A. murinanae Cap.
& Zwolf. (Hym.: Braconidae). Lesnictvi, 35, 1989 (11) : 995-1001.

Host relations, geographical distribution, and larval taxonomy of four species
of the Braconid genus Apanteles Foerst. (petrovae Walley, 1937; dioryctriae
Wilkinson, 1938; magnus Telenga, 1955; murinanae Capek & Zwoélfer, 1957)
were studied in detail. They are important parasitoids of serious insect pests
of forest coniferous trees. All four species were synonymized by Papp (1980)
with A. petrovae Wall, but the present study has shown that this synonymi-
zation is unjustifiable.

Braconid parasitoids of insect pests of coniferous trees; application of host
relations, geographical distribution and larval taxonomy for judging the identity
of Braconid species :

INTRODUCTION

The Hungarian Braconid specialist J. Papp published (in several
parts) a survey of European species of the Braconid genus, Apanteles
Foerster, 1862, in the form of keys with short taxonomical notes. In its
fourth part (Papp, 1980) he synonymized 4 species — important
parasitoids of serious insect pests of coniferous forest trees, namely
A. petrovae Walley, 1937, dioryctriae Wilkinson, 1938, magnus Telenga,
1955, and murinanae Capek & Zwolfer, 1957. He supported the
synonymization by a short footnote only: the types of dioryctriae Wilk.
and murinanae Cap. & Zwolf. were available to him, as well as a pair
of petrovae Wall.,, named by W. R. Mason from the Canadian National
Collection, Ottawa, and as regards to magnus Tel. he accepted the
opinion of Nixon (1973) about its intermediate position between
dioryctriae and murinanae.

There are many groups of sibling and morphologically hardly
distinguishable species in the huge genus Apanteles. The approaches
of alpha systematics may be insufficient for solving the problems
of their classification on specific level (both synonymization and valid-
ation) in such difficult groups of taxa. Therefore the present author is
trying to use some non-traditional approaches, namely the characters
of gamma systematics, for judging Papp’s synonymization.

MATERIAL AND METHODS

The synusia of Lepidopteran larvae in fir stands and their parasitoids was
examined during 15 years of a mass outbreak of Choristoneura murinana Hb. in
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Slovakia as well as in east France and southwest Germany (Capek & Zwolfer,
1957). The host range of Apanteles murinanae was investigated to great detail
not only among the Lepidopteran hosts feeding on fir, but also on other tree species
growing in fir stands such as oak, beech, spruce etc. The author found it also in the
Braconid materials mentioned by other forest entomologists who bred it from other
hosts and tree species, but he cannot warrant the reliability of the mentioned host-
-parasitoid relations. As regards the host relations of other three Apanteles spp.,
they were taken from the quoted literary sources. The same can be said about the
geographical distribution of all four Apanteles spp.

The larval taxonomy was studied on cast skins of the last larval instar from
bred cocoons. The gift of 4 cocoons of A. petrovae from the Canadian National
Collection, Ottawa, as well as the loan of 2 cocoons of A. dioryctriae from British
Museum (N. H.), London, are appreciated with thanks. Further 10 cocoons of A. mu-
rinanae from the author’s collection were examined. No cocoons of magnus were
available.

HOST RANGE

All four Apanteles spp. are solitary endoparasitoids of Microlepido-
pteran hosts feeding on economically important forest coniferous tree
species.

A. petrovae has the broadest range of known hosts of the four
Apanteles spp. studied. The Tortricid Petrova albicapitana Busck., min-
ing in young twigs of various pines, seems to be the principal host for
it, but it has been recorded also from other Microlepidopteran hosts
on pines, such as Tortricids (defoliator Choristoneura pinus Free., shoot
borer Rhyacionia frustrana Comst.) and Pyralids (e. g. cone feeder
Dioryctria auranticella Grt.). Zw 6 1fer (1961) considers the defoliators
such as Choristoneura fumiferana Clem. on firs and spruces or C. pinus
Free. on pines as accidental hosts for it. Finally, Marsh (1979) lists
the following further hosts: Barbara colfaxiana Kft. (cone feeder on
Pseudotsuga, Larix, Abies, and Picea), Dioryctria reniculella Grt. (cone
and new growth feeder on coniferous trees), Petrova pallipennis McD.,
and Zeiraphera canadensis M. & F.

A. diorystriae has only one known host — the Pyralid Dioryctria
peyerimhoffi de Joann., the cone feeder on Cedrus atlantica [(Wil-
kinson, 1938). One specimen was bred from a cone of Pinus nigra
(Nixon, 1973).

A. magnus was bred also from one host only — the Tortricid Eucosma
impropria Meyrick, the cone feeder on Larix . (Nixon, 1973).

A. murinanae is the principal Braconid parasitoid of Tortricid
Choristoneura murinana Hb., a serious defoliator of Abies alba. During
many years of systematic studies of the whole synusia of Lepidoptera of
fir crowns, only some further additional or occasional host species have
been found: defoliators Zeiraphera rufimitrana H.S., Parasyndemis
histrionana Froel., Archips piceana L., bud miner Epinotia nigricana -
H.S., and needle miner E. pusillana Peyr., all Tortricids. There are
further two host records from other tree species, namely the Tortricid
Zeiraphera diniana Guen., defoliator on spruce (bred by Aeschli-
mann in Switzerland) and the Gelechid Exoteleia dodecella L., needle
miner on pine (bred by Sierpinski in Poland), but they are evi-
dently only occasional hosts of this Braconid.
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It is interesting to note that each of the four Braconids studied
prefers the hosts on a specific tree genus, namely A. petrovae on pine,
A. diorystriae on cedar, A. magnus on larch, and murinanae on fir. The
Lepidopteran host species from other tree genera may be considered
as their accidental or occasional hosts only.

GEOGRAPHICAL DISTRIBUTION

A. petrovae occurs in North America from New Foundland up to
California and occupies probably the largest area of the four species
studied, while the second species, A. dioryctriae, is spread over the
smallest area: it is known from Morocco and Turkey. A. magnus was
described from Mongolia and was found also in northeast Siberia.
A. murinanae is recorded in Europe from-France up to Czechoslovakia
and Poland.

All four taxa occur in four continents and their areas taken together
(if it is really one species with three synonyms) can be characterized
as disjunctive.

THE TAXONOMY OF THE LAST INSTAR LARVAE

The cocoons of only 3 species were available. Differences were
found among them, mainly in the colour of cocoons, their contents as
well as in the larval morphology.

A. petrovae (4 cocoons examined) has whitish, translucent co-
coon and its contents are as follows: the droppings are pitch dark, iso-
lated from meconium which is light brown. The base of mandible is
nearly rectangular, almost as long as the blade with a little process at
the lower edge. The blade is asymmetrically bifurcated — the smaller
tip a little shifted to its toothless edge. The toothed edge with 19—20
teeth and the middle tooth half as long as the breadth of blade at the
point of this tooth (Fig. 1).

A. diorystriae (2 cocoonts examined) has also whitish, translucent
cocoon which has the following contents: black droppings are tied
together with dark brown meconium and larval cast skin. The base
of mandible robust, but a little shorter than the blade without any
process. The blade is asymetrically bifurcated and the smaller tip shift-
ed farther to its toothless edge. The toothed edge with 17—18 teeth
and the middle tooth almost as long as the breadth of the blade at the
point of this tooth (Fig. 2).

A. murinanae (10 cocoons examined) has white, opaque cocoon
with the following contents: the droppings greenish brown, isolated,
meconium brownish with purple streakiness. The almost rectangular
base of mandible longer than the blade without any process. The blade
asymmetrically bifurcated, the smaller tip shifted a little to its toothless
edge. The toothed edge with 16 — 17 teeth and the middle tooth as long
as the breadth of blade at the point of this tooth (Fig. 3).
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1.—3. The left mandible of last instar larva (orig. J. Novotny): 1 — Apanteles petro-
vae Wall.; 2 — Apanteles dioryctriae Wilk.; 3 — Apanteles murinanae Cap. & Zwolf.

DISCUSS:iON AND CONCLUSION

The cephalic structures of the final instar larva with supporting
evidence from life history and host relations proved to be a very valu-
able basis for reviewing the superspecific classification of the Braco-
nidae (Capek, 1970). The present paper is a first attempt to use
this approach for solving the problems on specific level.

The first described species of the studied Braconids is Apanteles
petrovae which was found as parasitoid of Petrova albicapitana Busck.
mining in young twigs of Pinus banksiana in Ontario, Canada by Wal-
ley (1937). It was recorded as an accidental parasitoid of Choristo-
neura fumiferana Clem. by Miller (1959) and its taxonomy was
described in detail by Mason (1974). Its complete host-list is in the
Catalog of Hymenoptera in America North of Mexico (Marsh. 1979].
Zwolfer (1961) compared the parasitoid complexes of European fir
budworm, Choristoneura murinana Hb. and its very closely related North
American spruce budworm, C. fumiferana Clem. He stated that the prin-
cipal parasitoid of C. murinana, A. murinanae, is strikingly different
from the principal parasitoid of C. fumiferana, A. fumiferanae, but very
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similar to its occasional parasitoid, A. petrovae. Similarly A. fumiferanae
is closely related to an occasional parasitoid of C. murinana, A. lineipes
Wesm. — a principal parasitoid of Zeiraphera rufimitrana H. S. Finally,
Papp (1980) designated A. petrovae as seniour synonym of further
3 studied species of Apanteles spp., which was accepted by later authors,
e.g. Tobias (1986). No author has analyzed their host relations,
geographical distribution and particularly the larval taxonomy to greater
detail from the standpoint of considering the competence of Papp’s
synonymization. The present application of these approaches proved
the unquestioned identity of A. petrovae Wall.

The second species, Apanteles diorystriae, was described as the
parasitoid of Dioryctria peyerimhoffi de Joann. in Morocco by Wil-
kinson (1938). Its close morphological resemblance to A. murinanae
was mentioned for the first time by the authors of the latter species
(Capek & Zwolfer, 1957), and later by Nixon (1973) who
mentions also one its specimen bred from the cone of Pinus nigra from
Turkey. The close morphological relation of these two species induced
Papp (1980) to synonymize them. However, the present examination
of its larval taxonomy as well as the evaluation of its host relations and
geographical distribution does not support this synonymization.

The third species, Apanteles magnus, was described from Mongolia
(Telenga, 1955). Its only one known host species is Eucosmia im-
propria Meyrick, feeding on the cones of larch in northeast Siberia [N -
xon, 1973). Papp’s synonymization of it with A. petrovae is based
on Nixon’s (1973) opinion on its intermediate position between A. di-
oryctriae and murinanae. Unfortunately, no cocoon of this species was
available and thus its larval taxonomy could not be examined.

The last species, Apanteles murinanae, was described as the prin-
cipal parasitoid of Choristoneura murinana Hbh. from Czechoslovakia,
southwest Germany and east France (Capek & Zwdolfer, 1957).
Its close morphological relationship to A. dioryctriae is mentioned al-
ready in its original description. Its hosts are listed by Capek (1961)
and Zwolfer (1961). Papp (1980) designated its name as a junior
synonym of A. petrovae. The detailed examination of immature stages,
host relations and geographical distribution has brought new views
throwing doubts on the justification of this synonymization.

The results of the present study have brought evidence proving that
Apanteles dioryctriae Wall. and A. murinanae Cap. & Zwdlf. are valid
species and that their designation as junior synonyms of A. petrovae
Wall. by Papp (1980) was unjustifiable. As regards the problem of
identity of Apanteles magnus Tel. which was not available for the
study, it could not be solved definitely.
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CAPEK, M. (Vyskumna stanica VULH, Banska Stiavnica): Identita luméika Apante-
les dioryctriae Wilk, a luméika A. murinanae Cap. et Zw. (Hym.: Braconidae). Les-
nictvi, 35, 1989 (11) : 995-1001.

Autor prinasa vysledky podrobného Studia $tyroch blizko pribuznych (,sibling*) dru-
hov rodu Apanteles Foerster (Hymenoptera, Braconidae), a to petrovae Walley, 1937,
dioryctriae Wilkinson, 1938, magnus Telenga, 1955 a murinanae Capek et Zwol-
fer, 1957, ktoré Papp (1980) pokladd za jediny druh — petrovae. Prvy, severo-
americky petrovae bol opisany ako hlavny parazitoid obalovaca Petrova albicapitana
Busck., ktory vrta v mladych vyhonkoch viacerych druhov borovic a prileZzitostne
i dalsich druhov obalovacovitych a vijackovitjch predovsetkym z borovic, menej zo
smrekov a jedli. Vyskytuje sa v USA a Kanade od atlantického aZ po pacifické
pobrezie. Stredozemny dioryctriae bol opisany ako parazoid vijacky Dioryctria
peyrimhoffi de Joann. zo suSiek cédra atlantického a vyskytuje sa od Maroka aZ po
Turecko, kde bol dochovany z bliZ§ie neuréeného hostitela v 3udke ¢iernej borovice.
Treti, vychodoazijsky magnus bol opisany z Mongolska a v severovychodnej Sibiri
bol zisteny ako parazitoid obalovac¢a Eucosma impropria Meyr., ktory vrta v $uskach
smrekovca. Kone¢ne stredoeurdopsky murinanae je hlavnym parazitoidom obalovaéa
jedlového, Choristoneura murinana Hb. a prilezitostne i dalSich obalovadov z jedle
a vynimoé¢ne i zo smreka. Vyskytuje sa medzi Vogézami a Karpatami. Kazdy z uve-
denych Styroch taxénov ma teda svoj okruh hostitelov na uréitej drevine, dalej svoj
ohrani¢eny aredl, a kedZe aj §tudium morfolégie lariev troch druhov (petrovae, dio-
ryctriae a murinanae) dokazalo medzi nimi dobré rozlifovacie znaky, napr. na hry-
zadlach, synonymizicie Pappa nemodze byf pokladani za opravnenu a vietky §tyri
taxony tvoria samostatné druhy.

lesnicka entomolégia; entomofagne parazitoidy; lumdikovité rodu Apanteles; zeme-
pisné rozSirenie; hostiteIské vztahy; morfolégia lariev

YAMNEK, M. (HayuHo-uccneposatenbckas craHuus HWUW necHoro xossicrea, BaHcka LUtas-
Huua): WUaeHntuta Gpakonmpa Apanteles dioryctriae Wilk. u GpakoHuaa A. murinanae
Cap. et Zw. (Hym.: Braconidae). Lesnictvi, 35, 1989 (11) : 995-1001.

ABTOp coo6waer o pe3synbrtatax MNoOAPOSHOro M3yueHus 4 oueHb 6AU3KO POACTBEHHbIX
Bugos poaa Apanteles Foerster (Hym.: Braconidae) a umeHHo petrovae Walley, 1937,
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dioryctriae Wilkinson, 1938, magnus Telenga, 1955 u murinanae Capek et Zwolfer,
1957, kotopbix Mann (1980) cuurtaer oaHum BuaomM — petrovae. MepBblii U3 HUX CEBEPO-
amMepMKaHCKWii petrovae onNMcaH . Kak napasutoua nuctoBepTku Petrova albicapitana
Busck., koTtopas MWHUpyeT Monogbie noSern HECKONbKWX BUAOB COCeH. Toxe onpeaeneH
KaKk CnyyaWHbiii napa3uTouMg M APYrUX BMAOB NUCTOBEPTOK NPEUMYLIECTBEHHO M3 COCEH,
pexe enen unu nuxt. Berpeuaetca 8 CLWUA wn B KaHapge oT aTnaHTMueckoro Ao nauudwu-
ueckoro nobepexbs. CpeausemHoMmopckui dioryctriae onucaH Kak napa3suTOMj OrHeBKM
Dioryctria peyerimhoffi de Joann. n3 wuwek Cedrus atlantica W HEW3BECTHOro xo3fkHa
u3 wuwek Pinus nigra. Bctpeuaetcs or Mapoko ao Typuuu. TpeTuit BOCTOUHOA3UaTCKMUI
magnus onucaH B MoHronuu u 6bin BbiBeaeH W3 nucrosepTku Eucosma impropria
Meyer., U3 wuwek NUCTBEHHUUbLI B CesepoBOoCTouHOW Cubupu. lMocneaHuin, cpegHeespo-
NEeWCKUn murinanae — NBNSETCS OCHOBHbIM Napa3sMTOMAOM MNWXTOBOW NUCTOBEPTKH
Choristoneura murinana Hb. u cnyuaiiHO ApPYyrux BUAOB NUCTOBEPTOK M3 MNUXTbl U ENW.
Bctpeyaetcs ot Bores go Kapnat. Kaxabii M3 npuBegeHHbix 4 TakCOHOB WMMEET CBOWM
AWana3oH XO03sWeB W CBOW OTAENbHblit apean. M3ayueHue MOPGONOrMM NUUMHOK TakKxe
TPEX BWAOB ONPEAENUNo XOPOLWMWE Ppa3NuuuTenbHble NPU3HakKU Mexay Humu (petrovae,
dioryctriae u murinanae), Hanpumep Ha BEPXHEH UENOCTH, UTO NPOTUBOPEUUT OBGOCHO-
BaHHOCTK lanna CMHOHUMMW3WPOBATb 3TH YETbIPE TAKCOHbI, KOTOPblE SBASIOTCS HACTOSWMMMU
CaMOCTOSTENbHbIMU BUAAMMU.

NlecHas 3HTOMONOrus; 3HTOMOMarHble napasuTouabi; 6pakoHuabl poaa Apanteles; reorpa-
Muueckoe pacnpocTtpaHeHue; COOTHOLIEHWE XO3AMH-NapasvuToua; MOpPdONOrua NUUMHOK

CAPEK, M. (Forschungsstation der Forschungsanstalt fiir Forstwirtschaft, Banska
Stiavnica): Identitit der Apanteles dioryctriae Wilk. sowie der A. murinanae Cap.
et Zw. (Hym.: Braconidae). Lesnictvi, 35, 1989 (11) : 995-1001.

Der Verfasser bringt Ergebnisse eines griindlichen Studiums von vier eng verwand-
ten (,sibling“) Arten der Gattung Apanteles Foerster (Hym.: Braconidae), und
zwar A. petrovae Walley, 1937, A. dioryctriae Wilkinson, 1938, A. magnus Telenga,
1955 und A. murinanae Capek et Zwolfer, 1957, welche Papp (1980) nur fiir eine
Art — A. petrovae Wall.-hidlt. Die erste von ihnen, die nordamerikanische A. petro-
vae wurde als Hauptparasitoid des Wicklers Petrova albicapitana Busck., welcher
in jungen Trieben mehrerer Kiefernarten miniert, festgestellt. Gelegentlich kommt
er auch in anderen Wickler- bzw. Ziinslerarten, vor allem von Kiefern, weniger
Fichten oder Tannen, vor. Sie erscheint in USA und Kanada von der atlantischen
bis zur pazifischen Kiiste. Die mediterrane A. dioryctriae wurde als Parasitoid des
Zunslers Dioryctria peyerimhoffi de Joann. aus den Zapfen von Cedrus atlantica
beschrieben und noch von einem nicht ndher bekannten Wirt aus Schwarzkiefern-
zapfen geziichtet. Sie kommt von Marokko bis zur Tiirkei vor. Die dritte, ostasiati-
sche A. magnus kennt man von der Mongolei und als Parasitoid des Wicklers
Eucosma impropria Meyer., der in den Liarchenzapfen in Nordostsibirien lebt. Zu-
letzt ist es die mitteleuropdische A. murinanae, der Hauptparasitoid des schwarzkop-
figen Tannentriebwicklers Choristoneura murinana Hb. und gelegentlich noch ande-
rer Wicklerarten von der Tanne, ausnahmsweise auch Fichte. Sie kommt von den
Vogesen bis in die Karpaten vor. Jedes von den erwidhnten vier Taxonen hat also
seinen eigenen Wirtskreis an bestimmten Holzarten sowie ein begrenztes Ver-
breitungsareal. Auch das Studium der Larvenmorphologie von 3 Arten (petrovae,
dioryctriae und murinanae) hat gute Differierungsunterschiede zwischen ihnen, z. B.
an den Mandibeln nachgewiesen, sodass ihre Synonymisierung von Papp als kaum
berechtigt angenommen werden kann. Alle vier Taxone soll man deswegen fiir gute
obzwar einander nahe Arten halten.

Forstentomologie; entomophage Parasitoiden; Brackwespen der Gattung Apanteles;
geographische Verbreitung; Wirtsbeziehungen; Larvenmorphologie.

The author’s address:

Doc. ing. Miroslav Capek, DrSc., Vyskumna stanica VULH, Lesnicka 11, 969 23
Banska Stiavnica
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TOPICAL PROBLEMS

BALANCE OTF ESSENTIAL OILS FROM CONIFEROUS TREE BIOMASS

There is a dangerous paradox in today's world. The environment is getting
worse rapidly. forests die back but wood consumption increases fast and wood is
wasted remarkably. In our country the situation is just like that. We cut about
20 mill. m? of rawtimber outside bark per year, in assortments of industrial im-
poitance. We do not utilize, however. thinner tree dimensions which fall away in
final cutting and during silvicultural treatment. Improvement of this unbearable
condition is a task of the management sphere using appropriate effective economic
measures. For a right decision objective factography is necessary. Therefore, the
problems mentioned were included into the tasks of basic and applied research.

The increasing demand for wood requires acquaintance with the present state
and future prospects of biomass (dendromass) balance of principal tree species in
volume and weight according to individual components of aboveground and under-
ground tree parts. As early as in 1960 we started with exacting analytical studies
resulting in monographs of 200 trees from juvenile stage to adult individuals up to
150 years of age. which were published in Czech and in English (M. Vyskot,
1972—1989).

In our endeavour to accelerate practical application of our research results, we
have presented three patents on the use of coniferous slash which were approved
and published with descriptions of the invention. In this connection, it is important
to know the yield of essential oils from the treated dendromass as well as its
composition. For this purpose we established research in 1983 to analyse econo-
mically important coniferous tree species. Of the native species it included spruce,
fir, pine and larch. Introduced tree species were represented by grand fir and
Douglas fir. The yield was investigated for five years. The yield percentage in
Norway spruce, silver fir, Scotch pine and European larch ranged from 0.04 to
0270, 054 to 0.82°,, 0.19 to 043", and from 0.00 to 0.21 %, respectively. As far as
the exotics are concerned, in grand fir and Douglas fir the essential oil yield was
from 0.49 to 1.09Y, and from 0.33 to 1.15", respectively. As apparent, among the
native conifers the relatively highest yield was recorded in fir followed by pine
and spruce. Nevertheless, spruce and pine are of importance from the point of view
of potential biomass quantity. The same is true of the exotics, grand fir and Douglas
fir, under study. In both these species the maximum yield of more than 17, was
exhibited. Their mass utilization has not been considered, however. because of their
low occurence.

The quality of essential oil depends on many factors which affect the life of
the tree. Nevertheless, the essential oil of each type has its characteristic properties.
When using available standards, gas-chromatographic analyses revealed that limo-
nene and g-pinene prevail in the essential oil of spruce, limonene and phellandrene
in fir and limonene and «-pinene in pine, which also applies to larch, as well. The
same composition can be found in grand fir while Douglas fir showed the largest
representation of g-pinene, followed by «-pinene and bornylacetate. Essential oils
include many other components, of course, which are, not infregquently, of key
importance even in small amounts. Therefore, it is necessary to continue developing
complex research in the biological, chemical and other scientific disciplines to get
thoroughly acquainted with this rich natural treasure and to use it reasonably for
the sake of the human society.

Akademik CSAV prof. dr. ing. Miroslav Vyskot, DrSc.,
Ustav systematické a ekologické biologie CSAV, Botanickd 8, 602 00 Brno
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RESULTS AND PROBLEMS OF AERIAL APPLICATION
OF PESTICIDES AND BIOPREPARATIONS IN CZECHOSLOVAK
FORESTRY

M. Svestka

SVESTKA, Forestry and Game Management Research Institute, Res. Station
Horni Ceska): Results and Problems of Aerial Application of Pesticides and
Biopreparations in the Czechoslovak Forestry. Lesnictvi, 35, 1989 (11) :1003-
-1014.

The summary of the results of the aerial treatment of forests against insects
and weeds in the CSR, based on the findings of the author, is presented
in the study. Regular aerial application of chemicals has been practiced in the
Czechoslovak economy since the forties of this century. Most frequently, in-
secticides and biopreparations are in this way applied against Zeiraphera di-
niana, Lymantria monacha, Cephalcia abietis, Pristiphora abietina, Operophtera
brumata, Tortrix viridana etc. In recent years, the aerial application of herbi-
cides has been used during the formation of forest on large clearings after blow
downs., The aegial application of pesticides is restricted only to essential cases
when there is a threat to the forests’ existence. The penetration of the droplets
of insecticide oil solutions in spruce stands was researched and the effect of
insecticides on insectivorous birds was studied. The assortment of insecticides
was, until the beginning of the seventies, based on preparations containing
chlorinated hydrocarbons. After their prohibition in 1974, mainly organophospho-
rous insecticides were used, together with pyrethroids and ecologically less
damaging inhibitors of the chitin synthesis, as well as biopreparations contain-
ing the bacterium Bacillus thuringiensis, The effectiveness of aerial treatment
was evaluated on the basis of the relation between the growth reaction of woody
species and the damage caused to assimilation organs by the insecticide. The
extent of growth losses was expressed in m’3 of wood per one hectare in a year.

protection of forest; aerial application; insectides herbicides; biopreparations;
entomofauna and birds; economic effectiveness

Forest in Czechoslovakia occupy 4.5 mill. hectares (11.1 mill. acres),
i.e. 35.8 % of the area of the conutry. Coniierous trees occupy 67 % of
the area; of that, Picea 47 %, Pinus 14 9%. other conifers 6 %. Broad-
-leaved tree species are on the area of 33 %, of that Fagus 17 %. Quer-
cus 7 %, other broad — leaved trees 9 %.

Aerial treatment of forest stands has had a long trzdition in our
country. The first aerial application of an insecticide was carried out
already in the year 1926, i. e. after Canada, U. S. A., U S. S. R., Switzerland
and Germany, as in one of the first countries in the world. Regular
aerial chemical control in the Czechoslovak forestry has been practiced
since the forties of this century on an area 20 000 to 40 000 ha (50 000
to 10 000 acres) annually. Most frequently, aerial applications have been
used in forestry to apply insecticides and biopreparations to control
pests, and recently also herbicides to control weeds in forest stands.
Fertilizers ave also applied from aircraft, mainly limestone intended
for soil improvement.

LESNICTVI, 35 (LXID), 1989, ¢. 11 1003



Aerial treatment of forest stands includes the use of airplanes and
helicopters and shows in comparison with the terrestrial application
a series of advantages. Aerial treatment of forest stands may be done
in bad terrain conditions, where the use of terrestrial machines is very
difficult or even impossible. Aerial application devices have a consider-
ably higher performance, so the treatment is carried out more rapidly
which is very important in the case of the mass outbreak of dangerous
pests which may cause large economic losses. Aerial protection of
forest stands saves labour and increases work productivity, but it is
extremely difficult to control all conditions influencing the quality and
security of the treatment. It is necessary to stick accurately to the
prescribed technologies. The weather may considerably influence the
result of the application of pesticides and biological preparations. This
concerns mainly the windspeed and vertical air streams during the
work. With respect to actual application methods, maximum values are
determined for them. Further important factors are the rain which may
cause the washing of the preparations, the temperature which intluences
the effectiveness of preparations, sun radiation which speeds their de-
composition etc.

AERIAL APPLICATION OF INSECTICIDES

Insect pests were in the past a disaster for forest stands. For instance, Ly-
mantria monacha caused in the past in our country six large known calamities
with clear eatings and destruction of Norway spruce stands on areas of thousands
of hectares. First the development of aerial techniques and the production of in-
secticides ment the basic change in the control of calamity insect pests. Besides
the control of the pests, insecticides also exhibit a more or less pronounced un-
favourable effect on other components of the zoocoenosis, so their aerial application
is limited only to really necessary cases with the mass outbreak of a pest which
may cause important losses. The choice of the method, the process of application
and the working regime depend on the properties of the insecticide, on the age and
area of stands, on zoning and on configuration of the terrain. The treatment time
is determined so that the most sensitive stages of the pest are hit and its natural
enemies and other components of the zoocoenosis are be saved. The saving of pa-
rasites and predators is important as they are concentrated on the rest of the pest
population and cause permanent reduction of its population density. The application
of the insecticide is always connected with the control of the number of the pest
before the treatment and after it. This control enables the assessment of the effective-
ness and economics of aerial application.

In the past decades, insecticides have been applied most frequently from air-
craft to control defoliators of spruce. These defoliators were of the order Lepidoptera
(Zeiraphera diniana, Lymantria monacha) and of the order Hymenoptera (Cephalcia
abietis, Cephalcia arvensis, Pristiphora abietina). Further, insecticides have also been
applied aerially to control defoliators of the oak such as those of the order Lepi-
doptera (Lymantria dispar, Operophtera brumata, Tortrix viridana).

PENETRATION OF SOLUTIONS OF INSECTICIDES INTO FOREST STANDS

Until the early nineteen-seventies, forest protection in our country used for
the control of harmful forest insects mainly chlorohydrocarbons (DDT, Lindane),
dissolved in oil. In aerial application, the usual dose was 10 1.ha-1 (0.892 gallon.
acre—!) with a content of 109, active substance. The area treated at one flight
was as a rule 50 ha (124 acres) of forest stands. This economical application method
provided a high work productivity and high effectivity on the larval stages or on
imagines of harmful insects, To study the effect of insecticides on other compo-
nents of the zoocoenosis, we investigated the penetration of the drops of the oil
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1. Percentual representation of drops within the range 1 — 75 u

Vertical crown layer
Age class upper mean ’ lower
[%]
111 .65 9% | 98
Iv. 71 88 l 92 I

solution through the space of the treated forest stand and the spray coverage of
spruce needles in individual vertical layers of tree crowns.

The measurement itself was based on the catching of drops of the applied in-
secticide on the prepared slides located in vertical tree crown strata of the 3rd age
class (41—60 years) and of the 4th age class (61—80 years) with continued canopy.
Afterwards, particle size was measured in the laboratory. Data were evaluated
numerically and graphically, followed by the determination of the size composition
of the spray spectrum and the mean size of particles of oil solution. Then the
number of particles per one sq. cm area was found. The degree of coverage was
derived from the density and mean size of particles.

The size of drops in the aerial LV spray of oil solution ranged from 1 u to
360 u, the most numerous drops were within the range from 1 u to 75 u (from
659, to 989, of the whole number of drops). The groups of the largest drop size of
100 y4—360 u dominated in volume.

The mean size of drops expressed my means of average volume declined down-
wards from tops of crowns. The share of drops within the range of 1u—75 u con-
siderably increased with decreasing height. The number of drops per one sq.cm was
reduced pronouncedly in the direction from crown tops downwards to the ground;
in the 3rd age class the reduction was more obvious (4115 — 150) than in the 4th
age class (3068 — 180) (Tab. I).

The obtained coverage degree declined in the direction from crown tops
downwards. The reduction was higher in the 3rd age class (5.5, down to 0.6 %)
than in the 4th age class (5.0 %, to 1.0 *})).

According to the measurements in upper vertical strata, 49—57 Y%, and 51—58 ¢/,
of pesticide volume was produced in the determined volume range of average
particle size required for LV spray, i.e. 50—250 g, and for ULV spray, i.e. 25—125 p,
respectively. The requirement to produce 80/, of pesticide volume in the determined
range was not met here. This spray portion was held in lower crown layers where
the throughfall of larger drops is difficult.

It was found that the per-hectare application rate of 10 litres of oil solution
is optimum in the described stand conditions. The coverage obtained at the above-
-mentioned aerial spray rate of oil solution applied per one hectare exhibits only
small values in lower crown strata and if the dose per hectare is to be reduced, the
coverage is obviously unsufficient.

It was found that with suitably determined per-hectare dose of insecticide
while keeping a certain acguracy od aerial application (depending, besides other
factors, mainly on the signalizing of air fields, correct function of the application
equipment), the flow of the insecticide from the assimilation area of trees under
control may not be too large and the undesired cumulation of the insecticide in
soil or on other plants may be considerably reduced.

THE EFFECT OF OIL SOLUTIONS OF INSECTICIDES ON BIRDS

Much attention was also paid to the effects of the application of oil solutions
of insecticides on insectivorous birds, which play an important role in the control
of insect populations, with the aim of purposefully increasing the numbers and
species representation of birds in forest stands. For instance, in investigating 71
boxes (37 were occupied by four species of the genus Parus, as found after the
application of 10 1.ha-! (0.892 gallon.acre-1!) oil solution with a content of 1079,
active substance DDT, it was found that the insecticide had not killed the young
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though the older birds had been out, seeking food in the aerially treated forest
stands. In another case after the application 20 1.ha-1 (1.784 gallon.acre-1) of oil
solution with a content of 69, phenitrotione, oak forest stands showed mortality
of part of their insectivorous birds. This confirms that large area and mainly repeated
application of insecticides may be dangerous for birds. Persistent insecticides do
not cause acute poisonings at commonly used doses, but may be cumulated in the
organism and may be the cause of disease. Some preparations of the group of orga-
nophosphates are much more toxic, mainly when applied as aerosol, so that the
danger of acute intoxications of birds is increased. But it is without doubt that the
generation changes, chronical disturbances and cumulative effects are far more
dan<erous than a single intoxication: the latter may reduce population density of
some bird species in a limited area which, however, may recover soon as a result
of migration from neighbouring areas.

USE OF INSECTICIDES DILUTED IN WATER

At the beginning of the 70ies in Czechoslovak forestry it was forbidden to use
air control and (with exceptions) to apply terrestrially chlorohydrocarbons; and
because of water management reasons, the use of oil as insecticide carrier was also
banned. Insecticides for the control of harmful insects in the forest were based on
phosphorus (phenitrothion, pirimiphosmethyl); there were also pyrethroids (per-
methrin, cypermethrin, deltamethrin, cyhalothrin) and other specific insecticides
(thiocyclam, diflubenzuron).

Preparations are generally formulated as emulsion concentrates or as wettable
powders which are diluted in water to a volume dose 50—100 1.ha-! (4.5—8.9 gal-
lons . acre—1). In this way the performance of aerial equipments was considerably
lowered: at one flight only an area of 5 ha (12.3 acre) is usually treated. Demands
for technical, organizational and economic protection measures for the control of
insects pests were also increased. The application equipments for LV and ULV
application (for instance, rotation atomisers Micronaire AU — 3000) are used only
to a limited extent because of increased demands for the flight technique, necessary
use of special formulations of insecticides and certain doubts about the possibility
of sufficient cover of leaves and needles of forest stands by preparation drops at
the application of very low volumes, usual at UV and ULV applications.

At the choice from the above mentioned spectrum of insecticides more and
more stress in aerial application is laid not only on the achievement of reliable
effect on the pest, but also on favourable toxicological and hygienic parameters of
the preparations. Having given up the use of the comparatively toxic but rapidly
decomposing organophosphates, non-specific in relation to insects, foresters later
introduced the use of pyrethroids which affect also non specifically the insects
but show low toxicity to warm blooded animals. For instance, in a large control
campaign against Zeiraphera diniana on an area of 46 000 ha (114000 acres) in
mountain conditions at the beginning of the eighties, comparison was made of the
effectiveness of aerial application of the pyrethroid permethrin, a mixture of per-
methrin and the organophosphate pirimiphosmethyl, and pirimiphosmethyl alone. The
preparations were applied from helicopters and, consequently, the effectivenes was
evaluated according to the obtained reduction of egg abundance and also according
to the defoliation of the treated stands. The obtained results are summarized in
following table (Tab. II).

II. The results of the aerial application of insecticides against Zeiraphera diniana

Dose Reduction Defoliation
Active substance ; i of egg number of forest stands
ng. ha [() ] [n ]

] 0 0
Pirimiphosmethyl 500
+ permethrin 37.5 (= -4 \
Permethrin 50 72 1040
Pirimiphosmethyl 500 | 62 20—-50
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At the present time attention is more and more turned to specifically acting
insecticides, for instance, inhibitors of the synthesis of chitin (diflubenzuron, teflu-
benzuron etc.) which act selectively only on certain groups of insects, for instance,
on larval stages of defoliators.

EFFECTS OF AERIAL APPLICATION OF INSECTICIDES ON ENTOMOFAUNA

In large-area aerial application for the control of Zeiraphera diniana, investi-
gation was focused on the combined effects on insects living in tree crowns, on
insects of the herbaceous layer, on insects flying above ground surface, and on
insects of soil surface and in soil, as well as on insects in water streams, and on
vertebrates. The effect of aerial treatment was studied by comparing the numbers
of species investigated in the treated and untreated areas. The maximal mortality
of insects and spiders was found in tree crown space, the target area of the control
insecticide. Besides the mortality of 80—87 Y, caterpillars of the pest Zeiraphera
diniana, investigation in a 1 m? plot showed 70 to 230 specimens of non target
species of Arthropoda. Number of flying insects above the ground surface, mainly
representatives of the genus Diptera, was reduced during some days to 20—30 "/, in
comparison with the control and its number began to be increased again a fortnight
after the application, There was no influence on the insects of the soil surface,
obviously because the insecticide did not penetrate to the soil through crowns of
the treated forest stand and through the herbaceous layer. Likewise, no differences
in the representation of individual groups of soil fauna in the treated and control
plots were found. A pronounced effect of the treatment was found in the fauna of
creeks. The number of affected larvae of water insects transferred by the stream
was rapidly increased after the application and reached a 10 to 30 times larger
quantity than normal. The spray hit water insects sensitively, but no species was
fully destroyed, as later investigation on application localities showed. The influence
on vertebrates was minimal. As conclusion it may be stated that single aerial
application of an insecticide showed also unfavourable consequences but did not
destroy the investigated components of the ecosystems.

AERIAL TREATMENT OF WINDFALLS

In recent years after the repeated catastrophic windfalls the danger of the
mass outbreak of bark insects has increased. This concerns mainly the bark beetle
Ips typographus which then attacks also standing spruce stands. To prevent attack
on lying windfall and rapid mass outbreak of Ips typographus at suitable
localities, preventive spraying of windfalls from helicopter was tested just before
the swarming or at the beginning of the swarming of the pest. Simultaneously with
preventive wood protection, the number of bark beetles was also reduced. This
concerns bark beetles which fly onto the lying trees. Pyrethroids were applied [per-
methrin and cypermethrin at a rate 200 g.ha-! (0.178 pounds.acre—1)]. Better
dispersion and adhesivity of spray drops were achieved with wetting agent at a 19/,
concentration. During application the helicopter should fly as low as slowly as
possible above lying trees to produce a perfect distribution of spray drops on stem
surface. When the helicopter flies 10 m above the windfall at a speed of 40 km.h-1,
the intensity and uniformity of the treatment are satisfactory in a working belt
30 m wide. The destruction effect on imagines of Ips typographus persisted for
a period of 2 to 4 weeks. This method is designed for the use in special cases, not
generally.

ECONOMIC EFFECTIVENES OF AERIAL APPLICATION OF INSECTICIDES

Insect pests kill the trees by their feeding; they may cause disturbances in
physiological processes which lead to reduced resistance and to a fall of the in-
crement. It is obvious that aerial treatment, performed in time, is to prevent the
development of the outbreak of pest and the rise of injuries on neighbouring forest .
stands. As the insecticides show also effects that are unfavourable and aerial
application is expensive, it is useful to carry out the protection treatment only
when it is obvious that the mass outbreak cannot be stopped in a natural way,
though the height of assumed injuries caused by insects exeeds the costs of aerial
treatment. The evaluation of the prevention is to be based on the relation between
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the growth reaction of the tree species and the damage to leaves and needles as
one of the fundamental questions.

In southern Moravia the mass outbreak of nun moth (Lymantria monacha L.)
included an area of about 1500 ha. The mass outbreak of temporary type threatened
to grow into larger clean feedings and for this reason it was necessary to apply
chemical control after shorter time of feeding. We used this locality for the de-
termination of increment losses after defoliation of Norway spruce forests by short
time feeding of defoliators. Analysis of 556 borings from sample trees in polluted
and control forest stands offered sufficient basis for biometric evaluation of increment
changes by a dendroecological method. We investigated mainly increment reaction
to defoliation of different intensities in forest stands of various age. The secondary
question was, if the different increment reaction in the trees occurs in dependence
on their position in the forest stand structure. The evaluation resulted in the following
conclusions:

The magnitude of increment losses is directly proportional to the reduction
of assimilation mass in tree crowns attacked by feeding. In two years of maximal
effect of feeding, at a defoliation of up 1/3 of assimilation mass of crown, these losses
represent (in rounded-off values) 309/, at a defoliation between 1/3 up 2/3 of green
mass 50", and at a loss of needles larger than 2/3 of crown 70%, of increment of
control forest stands not affected by feeding. The increment losses are, of course,
spread over a longer period, and even in the third growing season after the chemical
treatment, resulting in the destroying of pest population, the recovery in more de-
foliated forests did not reach the normal increment level of unharmed forests. On
an average for the last five-year period, the increment losses depending on feeding
degree had a ratio of about 20 Y, : 30 %/, : 50 9.

Relative increment losses derived from the development of the diameter incre-
ment may — based on the conversion to concrete survey units and size of forests
harmed by various degree of feeding — serve for expression of production losses
due to feeding of defoliators (in cu.m/ha/year), or for economic evaluation of these
injuries in forestry, This method serves mainly in the evaluation of economic para-
meters and in choosing individual forest protection measures in complex forest
protection.

Actual evaluation of increment losses and average price of wood, and their
comparison with the costs of aerial treatment of one hectare of spruce stands,
resulted in the fact that already at the weakest degree of the clean eating the value
of the increment loss exceeded three to four times the expenses of aerial treatment,
at a medium eating three to seven times, and at the strongest eating as much as 7
to 11 times. The economic evaluation indicated that aerial treatment performed in
time, i.e. at the beginning of mass outbreak, was in this case economically effective.

AERIAL APPLICATION OF BIOLOGICAL PREPARATIONS

When selecting preparations for aerial control of forest insect pests
researchers increasingly take into consideration criteria connected with
wildlife protection. In Czechoslovak forestry there are intensifying efforts
to limit the non specifically acting preparations and to replace them by
preparations which are of selective effect on certain insect groups, are
not toxic to vertebrates, preparations to which insects do not develop
resistance. The principle is that the treatment should kill only such
numbers of pests as necessary for keeping balance in the forest. At the
present time biopreparations on the basis of Bacillus thuringiensis offer
the greatest possibilities for use in the control of caterpillars of butter-
flies eating in forest stands. They do not possess the destructive effect
on caterpillars as chemical insecticides, but have selective effect on
caterpillars of butterflies and save other insects, mainly parasites and
predators, and are not harmful to other components of the ecosystem.
A comparison of the effect of aerial application of the biopreparation
of Bacillus thuringiensis and chemical insecticides is listed in the follow-
ing table (Tab. III).
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III. Number of killed insects in the control of Zeiraphera diniana (1980)

Number per 1 m?
Group . .
Bacillus Pirimiphos- ;
thuringiensis methyl Permethrin
Zeiraphera diniana ' 78 172 462
Diptera 2 16 37
Homoptera = 33 21
Hymenoptera 9 '
Coleoptera = 1
Heteroptera - 3 B
Arachnoidea = 1 2
i In total 80 235 535

At the present time we use in our country both smaller and larger
control measures based on aerial techniques — airplanes and heli-
copters. Control methods are developed for Tortrix viridana, Opero-
phtera brumata, Zeiraphera diniana, Lymantria dispar and we test
possible use for the control of other pests, for instance Orgyia recens
and of gnats.

Use is made of the foreign preparations Dipel, Thuricide HP, Teknar,
and of the Czechoslovak preparations Bathurin 82 and Moskitur. Bio-
preparations are formulated as wettable powders or colloid liquids and
are applied diluted in water in spray form, in volume doses 50 to 200 1.
.ha-1 (4.5 to 17.8 gallon . acre~!) containing 1 — kg of the bioprepara-
tions. The preparing of the spray emulsion in the ease of the powder
biopreparation is more laborious, so with aerial application it is neces-
sary to use a special mixing device. The powder biopreparation is to be
slowly poured into the mixing container with only one quarter of water
which is to be complemented after the mixture is made. With the use
of this mixing device, aerial application was not slowed down. As the
viscosity of the spray suspension is to be in certain limits because of
correct function of air application device, it is necessary to select satis-
factory ratio of dilution of the biopreparation in water, and that means
relatively high volume of spray suspension which also secures sufficient
quality of cover of treated forest stands by the bacterial preparation.
Researchers seek the possibility of the effective use of auxilliary sub-
stances for better dispersion and adhesion of the bacterial preparation
on the assimilation organs of forest trees.

In the spring period when the biological preparations are usually
applied, the weather in Central European conditions in unstable, mainly
the temperature ranges close to the lower limit unfavourable for the
infective development of Bacillus thuringiensis. For that reason we seek
possibilities, in these conditions, to provide a reliable effect of aerial
application of biopreparations. One of the ways is to find and use
a synergistic effect with the sublethal dose of suitable chemical insecti-
cide, so that a satisfactory effect on caterpillars of the pest may be
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IV. Comparison of the effect of experimental treatments on other insects (1977)

. Bacillus
Group ” fr ‘::;Ii u'-;l_s thunrffzensts benetiinin

permethrin
Lepidoptera 124 136 | 123
Hymenoptera - 8 i%
Coleoptera . i0 4
Diptera 5 - -
Others _ 2 -

secured and assimilation organs of trees may be protected, and simul-
taneously, a satisfactory effect on non-target insects may be maintained.
The result of the experiment is given in Table IV.

AERIAL APPLICATION OF HERBICIDES

The large extent of wind calamities after the year 1984 caused not
only extensive calamity fellings, but also unusually large extent of clear
cut areas. These facts caused extensive soil preparation for afforesta-
tion and weed killing in forest plantations. These operations done in
time secure successful afforestation of clear cut areas. A serious problem
is connected with the protection and care of new forest plantations
in regions with concentrated calamity fellings where hitherto used
technologies, based on mechanical killing of weeds and spot application
of herbicides, are not satisfactory. For that reason, aerial application
with acceptable hygienico-toxicological parameters was introduced. The
target is to provide conditions for successful establishment and growth
of the forest stand for a hundred-year period by one application of
a minimal necessary dose of herbicide. Hence, reasonable use of che-
micals in our forests is considered as an acceptable, economical and
necessary measure.

In areas to be afforested, there is a broad spectrum of mostly pe-
rennial herbs and shrub, as well as tree weeds. Perennial grasses are
frequent. Only helicopters are used for aerial application. In weed Kkil-
ling in plots to be afforested, and directly in the planting, we are to
consider not only the mostly negative influence of the weed but also its
importance for soil erosion control and as the source of wildlife food.
For that reason it is necessary when selecting the herbicide and the
rate of its application to respect, beside the economic target, also
ecological points of view in regions with different natural conditions
and mainly water conservation.

At the present time the most frequently applied preparations for
weed Killing on forest soil are those on the basis of hexazinone (wet-
table powder, emulsion concentrate, granulate) and glyphosate (emulsion
concentrate) which have a wide non-selective spectrum of effect on
herbs of the genera of Monocotyledonae and Dicotyledonae and on broad-
-leaved trees and Larix; in recommended doses they do not affect the
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most common conifers — Picea, Pinus and Abies. They cannot be
applied to stands of broad-leaved trees and Larix, which are species
securing higher stability of future forest stands. The proportions® of
Quercus, Fagus and Acer are also to be increased in the future. What
seems promising here is the preparation on the basis of fluazofopbutyl
(emulsion concentrate) which may be used without risk of damage
on conifers and broad-leaved trees in plots with dominating grasses
which are selectively Kkilled.

AERIAL APPLICATION OF HERBICIDES DILUTED IN WATER

In aerial application of herbicides in the spray form there is an
increasing risk of drift of the herbicide outside the target plot. This
drift is influenced mainly by weather conditions and the working regime
of aplication. Of the meteorological factors, the decisive ones are
mainly wind and thermal radiation inversion. Unprecise application of
herbicides due to unfavourable weather conditions and unsuitable ope-
ration regime may be prevented by the determination of limit values
of weather conditions and of flight height. Further, it is recommended
to use nozzles which produce large drops with mean volume diameter of
300 u and larger. To keep the required relation between the size of drops,
cover of plants and the biological effectiveness of the herbicide, it is
necessary to apply volumes of 100 to 200 1.ha-! (8.9 — 17.8 gallon.
.acre~1) from the height of 10 m.

The limit values of weather conditions in the spraying of herbicides:

Hexazinon — permitted windspeed up to 2 m.sec~!, air temperature
1 to 25 °C, soil must not be frozen, nor covered by snow, slight rain dur-
ing application is no obstacle.

Glyphosate — permitted windspeed up to 2 m.sec~!, air tempera-
ture 10 to 25°C, relative air humidity minimally 50 %, rain within 6
hours after application reduces effectiveness.

Fluazifop-butyl — permitted windspeed up to 2 m.sec~1, air tem-
perature 10 to 25°C, relative air humidity minimally 50 %, rain in 30
minutes after the application reduces the effectiveness.

Conditions of thermal radiation inversion are fully unsuitable for
aerial application of water emulsion of herbicides. The sedimentation of
drops is much more difficult and the herbicide may be drifted to large
distances. Inversion conditions may be identified, as to orientation, by
smoke: it does not rise and remains on the ground without movement.

AERTAL APPLICATION OF HERBICIDES IN GRANULATED FORM

As the wind is a major limiting factor in application of herbicides,
often making the application impossible or reducing it, researchers
sought a method to reduce its effect. For this reason the application of
granulated preparation (hexazinon) was tested. The assumption for the
application was that granules of a higher specific weight may be more
precisely located also at stronger wind than spray drops. As the carrying
substrate of herbicide we used siliceous sand with grains 0.6 to 1 mm
in size, with a specific weight of 1.45. The 5% active substance hexazi-
non is bound to sand grains.
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For the application of the granules, trials were carried out with an
application equipment consisting of two rotating discs carried by the
hellcopter. Before application, investigation in testing flights was con-
ducted, concerning total width of spread, working width of the strip
treated, and uniformity of the spread in an operation zone at a flight
height of 10 m and 20 m and at a flight speed of 60 km.h~1. The objective
was the determination of the most suitable working regime for the appli-
cation of the necessary does (30 kg granules.ha~!). In the testing
ilights, the spread granulate was caught into collecting cones and on the
basis of weight, quality the actual dose per hectare was determined. The
results showed that the uniformity of the spread of granules is better
when they are applied from the height of 20 m, the working width being
20 m. On the basis of tests, the following working regimes were de-
termined:

a) For application to unforested clear cut areas: Dose per second
1.03 kg granulated herbicide, flight height minimally 20 m, flight speed
60 km . h~1. Dose per hectare under these conditions is 30.8 kg granulated
herbicide.

b) For application to uniorested clear cut areas: Dose per second
1.03 kg granulated herbicide, flight height minimally 20 m, flight speed
70 km.h~L Dose per hectare under these conditions is 26.5 kg granu-
lated herbicide.

Limit values of weather conditions for aerial application of granu-
lated herbicide.

Hexazinon — permitted windspeed up to 4 m.sec !, air temperature
1 to 25 °C, soil must not be frozen nor covered by snow, slight rain dur-
ing the application is no obstacle.

The evaluation of results of field application of granulated herbicide
with the active substance hexazinon shows that weed was Kkilled in
50 % of the area of treated plots; in 30 % of the area the weed was
weakened. The results contributed to the establishment of a new fores:
in calau:ity clear cut areas.
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SVESTKA, M. (Vyzkumny ustav lesniho hospodaistvi a myslivosti, pracovisté Horni
Ceskd): Vysledky a problémy letecké aplikace pesticidi a bioprepardati v lesich CSR.
Lesnictvi, 35, 1989 (11) :1003-1014.

Prace obsahuje souhrnné zpracovani vysledku letecké ochrany lesa proti hmyzim
skidetim a bureni v CSR dle poznatkQi autora. Pravidelna leteckochemicka é&innost
je v ceskoslovenském hospodarstvi uplatiiovana od 40. let tohoto stoleti. Nejcastéji
jsou letecky aplikovany insekticidy a biopreparaty proti hmyzim Sktdcum Zeiraphera
diniana, Lymantria monacha, Cephalcia abietis, Pristiphora abietina, Operophtera
brumata, Tortrix viridana aj. V poslednich letech je uplatfiovédna i leteckd aplikace
herbicidu pfi zakladédni lesa na velkych holindch po vétrnych polomech. Letecka
aplikace pesticidi se omezuje na nezbytné nutné pripady, kdy je ohroZena existence
lesa. Vyzkumné bylo sledovidno pronikani kapi¢ek olejovych roztoku insekticidu do
smrkovych porosta, dale byl sledovan vliv insekticidii na hmyzozravé ptactvo. Sorti-
ment insekticidu byl az do pocatku 70. let zaloZen na pfipravcich obsahujicich chlo-
rované uhlovodiky. Po zakazu jejich aplikace v roce 1974 byly pouziviany predev§im
organofosforové insekticidy, dale pyrethroidy a ekologicky Setrnéj$i inhibitory syn-
tézy chitinu i bioprepariaty s obsahem baktérie Bacillus thuringiensis. Hodnoceni
efektivnosti leteckych obrannych zasahti bylo posuzovédno na zékladé vztahu mezi
rustovou reakci dreviny a poskozenim asimilaénich orgdnu Sktdcem. Velikost pri-
rustovych ztrat byla vyjadrena v m3 difeva na jeden hektar za rok.

ochrana lesa; letecka aplikace; insekticidy; herbicidy; biopreparity; entomofauna
a ptactvo; ekonomické efektivnost

LUBECTKA, M. (HayuHo-uccnenoBaTENbCKUI MHCTUTYT NECHOro XO358NCTBA U OXOTOBEAEHMSA,
FopHu Yecka): Pe3ynbrathi v npo6Gnembl camonerHoi o6paGoTku nectuyugamu m Guonne-
napatamu B necax YCP. Lesnictvi, 35, 1989 (11) : 1003-1014.

MNpvBoaATCS CBOAHbIE Pe3ynbTaTbl CaMONETHOW NeCOo3aWMTbl OT HaCEeKOMblX W COPHAKOB
no paHHbIM aBTopa 3a YCP. Owxa perynapHo npoBoautca C 40-x rofoB W BKAKOYaEeT,
rnaBHoOe, MHCEKTUUMAb M GuonpenapaTel NPOTUB BPEAHbIX HacekoMblx Zeiraphera diniana,
Lymantria monacha, Cephalcia abietis, Pristiphora abietina, Operophtera brumata,
Tortix viridana. B nocnegHue rogbi C caMoneTa ONpbICKWMBalOT neca W rep6uuugamu npu
neconocajgke Ha OOGLIMPHbIX rOAbIX YyuacCTKax MOCNe MNONOMOB, OrPpaHUuUMBAasCb NULWbL Ta-
KMMM CnyuasaMW, Korga necy rpo3uT yHUuToxeHue. HayuHble pa3paboTku u3lyuanu npo-
HUKaHWe Kanenb MacnaHblX PacTBOPOB MHCEKTMUMAOB B E€/bHUKW, a TakXe Ha Haceko-
MMUSIAHLIX nepHaTbix. Bnaots Ao Hauana 70-x roaoB COPTUMEHT WMHCEKTUUMAOB COCTOSN M3
npenapaToB, COAEpXawnx XNOpUpoBaHHble yriesoaopoabl. [ocne ux sanpewenus 8 1974 r.
MCnonb3oBanuChb, rnaBHbIM 06pa3oM, OpraHoMOCKOpPHbIE MHCEKTULUAbI, NUPETPOUABI U 6O-
nee wapgsuie 3KONOTHIO WHTUOUTOPBI CUHTE3a XWTUHA, Kak W 6Guonpenaparbl, coaepxa-
wue 6Gaktepun Bacillus thuringiensis, DddOEKTUBHOCTb CaMONETHOW NECco3aWMTbl olle-
HUBANW Ha OCHOBE OTHOILEHWS MEexX/Ay POCTOBOW peaklMu APEBECHOI nopoabl U noBpexae-
HWEM OpPraHoB aCCUMMUNALMM BpeguTeENneM. PasMep nNpUPOCTHbIX NOTEpPb Bblpaxanu B M3
APEBECHHbI/ra B roa.

necosauiuTa; CaMONETHOE ONpbICKMBaHWE; WHCEKTUUUADI, repbuuunabl; 6uonpenaparbl; 3HTO-
ModayHa M nepHaTble; 3KOHOMUUEeCcKas 3MMDEKTUBHOCTD

SVESTKA, M. (Forschungsanstalt fiir Forstwirstchaft und Jagdwesen, Arbeitsstitte
Horni Ceskda): Ergebnisse und Probleme der Flugapplikation der Pestizide und Bio-
praparate in bohmischen Wildern. Lesnictvi, 35, 1989 (11) : 1003-1014.

Die vorliegende Arbeit enthilt eine zusammenfassende Bearbeitung der Ergebnisse
des mit Hilfe von Agrarflugzeugen durchgefiihrten Waldschutzes gegen Schédlinge
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und Insektenschidlinge als auch gegen Unkrduter in der CSR entsprechend den
Erkenntnissen des Verfassers. Die regelmissige flugchemische Tatigkeit wird in der
tschechoslowakischen Forstwirtschaft ab der 40er Jahre dieses Jahrhunderts durchge-
fiihrt. Am h&ufigsten werden mit Hilfe von Agrarflugzeugen Insektizide und Biopri-
parate gegen Insektenschiddlinge Zeiraphera diniana, Lymantria monacha, Cephalcia
abietis, Pristiphora abietina, Operophtera brumata, Tortrix viridiana u. a. gespriht.
In den jlingsten Jahren werden Flugzeuge fiir die Anwendung von Herbiziden auch
bei der Aufforstung grosser Blossen nach Windbriichen eingesetzt. Die Flugapplika-
tion von Pestiziden beschridnkt sich nur auf solche Notfille, bei denen die Existenz
des Waldes bedroht wird. Es wurde experimental die Durchdringung der Tropfchen
von insektiziden Ollésungen in die Fichtenbestidnde und der Einfluss der Insektizide
auf sog. insektenfressende Vaégel untersucht. Das Sortiment von Insektiziden beruhte
bis zu Beginn der 70er Jahre auf Priparaten mit chlorierten Kohlenstoffen. Nach
Verbot deren Applikation im Jahre 1974 kamen vor allem Organophosphatinsektizide,
Pyrethroide und okologisch schonende Inhibitoren der Synthese von Chitin als auch
Biopréaparate mit Bacillus thuringiensis zum Einsatz. Die Effektivitit der Schutz-
massnahmen, zu deren Realisierung Agrarflugzeuge eingesetzt werden, wird auf
Grund der Beziehung zwischen dem Wachstum der Bdume und der Beschiddigung
der Assimilationsorgane des Schidlings beurteilt. Die Zuwachsverluste werden in
m3 Holz/ha/Jahr ausgedriickt.

Waldschutz; Flugapplikation; Insektizide; Herbizide; Bioprdparate; Entomofauna und
Vogel; dkonomische Effektivitidt
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TREE FOLIAGE PROCESSING AND ITS UTILIZATION

J. Ilavsky

ILAVSKY, J. (Forest Research Institute, Zvolen): Tree Foliage Processing and
its Utilization. Lesnictvi, 35, 1989 (11) : 1015-1024.

Technology of tree foliage harvest and its processing into feeding flour is
desribed. The composition of amino acids in spruce needles is analyzed, along
with the nutritive value of feed flour produced from the needles. From the
viewpoint of nutritive values, the feeding flour from tree foliage is at the same,
or higher level, compared with agricultural and forest grasses which are grazed
by forest game most frequently. With additional feeding of forest game in
winter, using feedstuff with the supplement of flour from tree foliage, damages
to forests caused by game are decreasing. It has also favourable effects as an
additive into feedstuff for sheep and lambs.

technology of tree foliage harvest; utilization of tree foliage; feed flour from
tree foliage; nutritive value of feed flour from tree foliage

PROBLEMS

Tree foliage has been used in our country only to very small extent
up to now. In the past farmers in some regions raked shed leaves and
needles from stands and used them as litter for farm animals. Such
utilization meant in the majority of cases uncontrolled removal of
nutrients from forest soil and deterioration of site conditions, and there-
fore forest management resisted it.

At present, problems of tree foliage utilization are being solved in
connection with the introduction of new mechanized technologies of
logging.

The goal of the solution was to design a technology and system of
machines for tree foliage harvest, its processing into feed flour and to
analyze chemical composition of tree foliage and the produced flour
from the viewpoint of its nutritive values.

MATERIAL AND METHOD

A study was conducted in spruce stands in economic unit-spruce forest of
higher altitudes, group of forest types of beech-fir stands, lower degree, at altitudes
of 800—900 m where the site class for spruce is 1. During the work on the design
of the technologies and system of machines we started from terrain conditions and
other factors affecting management of forests under particular conditions of the
region for which the technology was designed. For the processing of tree foliage
into feeding flour, the machines and equipment to be used for manufacture of feed-
ing components in agriculture were designed to cover the greatest possible range.

Samples from 40, 70, 90 and 120 year old stands were taken for analyses of
the chemical composition of tree foliage and the produced flour. In each age class,
trees from at least 2 different stands were analyzed. In each stand branches from
at least 30 trees, representing by their characteristics the mean trees in stand, were
chipped. From the mixture of chips being produced from the chipped branches,
crude samples with the amount of approximately 10 kg of chips were taken from
different places. These were divided by quartering to have samples with a weight
of 0.5—1.0 kg. 34 samples were analyzed on the whole. Analyses were made in
three independent laboratories and results from all analyses were evaluated together.
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RESULTS AND DISCUSSION

LOGGING TECHNOLOGIES AND TREE FOLIAGE UTILIZATION

The utilization of tree foliage started to be interesting aiter the
introduction of mechanized limbing by one-operation limbing machines,
or by multioperation processors and harvesters. With regard to the
prevailing mountainous character of the terrain in Slovakia, the limbing
machines and processors are used mainly at landings. Whole trees are
skidded from stand to the landing and are limbed and bucked here.
A large amount of branches is consolidated at the landings (Fig. 1).
These branches were recently burned without any effect directly at
landings. In the case that burning of branches was not possible due to
near stands, buildings, or for other reasons, the storage capacity of the
landings was reduced for a long period ahead and the heaps of branches
became a suitable place for the speading of forest pests. Thereiore it
was necessary to consider the processing of this raw material from the
viewpoint of its utilization and also from the technological viewpoint.

The utilization of branches had to be consolidated while limbing
machines allowed the introduction of chipping technology using mobile
chippers. Chipping of the branches provides more homogeneous ma-
terial, suitable for further transport and handling.

For the harvest of tree foliage the following system of machines was
designed:

felling — power saw

skidding — tractors LKT 81 and LKT 120 with winches

limbing and bucking — processors OSA and KP 40, limbing machines
OVP and APOS resp.

chipping of branches — chipper SV 6-068, Bruks 800 CT resp.

transport of chips — container set on the chassis TATRA 815.

Next step was to solve the problem of utilization of this raw ma-
terial. With regard to the known problems of processing in the wood-
working and pulp and paper industry we sought a non-traditional
method of the utilization. The utilization for feeding and power-energe-
tic purposes was chosen to be further studied, verified and introduced
in production.

1. Branches collected at landing near 2. Chipping of branches at landing
delimbing machine
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THE TECHNOLOGY OF TREE FOLIAGE UTILIZATION FOR FEEDING
PURPOSES

Branches coilected from limbing machines are chipped by the mobile
chipper (Fig. 2). Chips are blown out from the chipper direcily into
containers and then they are transported into the mill for the production
of teed tlour. This mill was constructed on the basis of agricultural
machines and equipment manufactured in series.

Chips are unloaded in the intake hall and are carried by a system of
conveyers into the sorting machine SIKO-2 (Fig. 3). Wood is an undesir-
able part ov feedstufis since it reduces their digestibility, so it must be
sorted out of the chips. The sorting machine SIKO-2 was developed
in the Scientific- and Production Association Silava, in Saleaspils, Latvian
SSR. It is operating on the pneumatic principle. Lighter tree foliage in
a vertical pipe is sucked into a bin and heavier wcod fractions in the
upper part of the pipe fall onto the conveyer. Tree foliage includes not
only needles but also all lighter particless of bark, wood, non-woody
thin branches and buds.

Sorted tree foliage is transported by a system of conveyers into
a drum drier where it is dried to a moisture content of 10—12 %
(Fig. 4). Dried tree foliage falls into a grinder where it is ground into
feed flour. The flour can be transported by the pneumatic system onto
a packing line and dispatched in sacks to consumers, or is transported
to bins which are part of the granulating line. On the granulating line,
hay, straw, groats, molasses, vitamin-rich components, biofactors and
other feeding ingredients are added to the flcur and granulated feed-
stuffs are produced according to recipes for each particular species of
animals. Annual capacity of the pilot plant with one shift per work-day
is 500 tons of flour and 2500—3000 tons of granulated feedstuffs.

The energy demand for flour drying were one part of this solu-
tion. With artificial drying of agricultural products, heating oils or gas
are used as a source of energy. With the aim to eliminate the use of
these sources, a furnace for the burning of a sorted wood fraction
was designed. The combustion gases are conveyed through drier and the

3. Sorting machine SIKO 2 4. Drying of tree foliage in the drier
. BS 6 E1 with the utilization of the ener-
gy from waste wood combustion
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whole regime of heating is connected with the automated regulation of
drying.

At present, another technological part of tree foliage distillation is
added to the pilot plant. According to opinions of specialists in the
field of livestock physiology (Gallo et al, 1987), at high doses of the
flour the rumen digestion of animals can be affected by the volatile
oils from tree foliage. Therefore tree foliage will be distilled before
drying and in this way the volatile oils will be removed from it. These
oils will be used in the chemical industry.

NUTRITIVE VALUE OF FEED FLOUR FROM TREE FOLIAGE

Closer attention has started to be paid to the analysis of tree foliage
chemical composition only recently. Tree foliage contains a lot of
valuable, biologically active substances. However, not all were quantified
and their specific effects with the use of tree foliage as feedstuff were
not determined. As we can see from the data in Tab. I tree foliage
contains many amino acids.

After the processing of tree foliage into feed flour, laboratory
analyses were performed for the presence of substances important for
animal nutrition. The results of the analyses are given in Tab. II. From
the nutrition standpoint, flour from tree foliage compares with hay.

The effect of flour storage time on its quality was also studied.
The analyses were made during 11 months of storage. The results are
given in Tab. III.

As we can see from the results of analyses a decrease of nutritive
values occurs during flour storage. With some indices, for example
nitrogen compounds, nitrogen-free substances of the yield, P, Ca, these
alterations are statistically insignificant. However, a high statistical
significance is reported for the alteration of moisture and dry matter
(correlation coefficient 0.927); this means that the moisture contents
of the flour is increasing and therefore the flour must be stored in dry
rooms. The content of beta-carotene changed most markedly during the
storage. Its content in the flour decreases during storage in a linear way
according to the function:

y = 48.26 — 3.07 . x

where: x — duration of storage in months
y — content of beta-carotene in mg . kg1

The correlation coefficient is 0.904. The course of the dependence
is shown in Fig. 5. The storage has a strong unfavourable effect on the
content of this valuable component of flour.

The appearance and smell of the flour did not show any signs of
deterioration and even the analyses revealed no substances not admiss-
ible from the feeding viewpoint. It is recommended to consume the flour
as soon as possible after production to eliminate its quality deterio-
ration.

Feeding trials with farm animals and forest game were made to
test the produced flour.

As to farm animals, trials were made with lambs. The control group
was fed with traditional feedstuffs and in experimental group 9 % of
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I. Analysis of amino acids composition in spruce tree foliage

Name of amino acid ] Unit ’ X Xmax Xmin Sz

Asparagine mg.g! 12.1373 25.3294 5.9290 5.2923

% 10.9338 14.041 7.432 1.8019

Threonine mg.g-! 5.0191 9.1137 2.6915 1.6935
Y% 4.617 5.549 3.530 0.518

Serine mg.g! 5.2096 9.2551 2.5515 1.8974
% 4,712 5.313 4.059 0.337

Glutamine mg.g! 18.8979 41.8682 7.0998 9.0579
% 16.829 25.988 12.358 4.256

Proline mg.g! 8.6419 18.2014 3.4342 4.1299
% 7.655 11.298 5.663 1.712

Glycine mg.g! 5.8510 10.1189 3.0294 1.8294
% 5.247 6.343 3.978 0.653
Alanine mg.g! 6.9845 11.2768 3.978 0.653
% 6.565 12.574 4.451 1.998

Valine mg.g! 6.2400 10.5326 3.2635 2.0156
% 5.736 6.788 4.771 0.524
Methionine mg.g-! 1.297 2.7811 0.7323 0.588
% 1.201 1.867 0.819 0.383

Isoleucine mg.g-! 5.0666 8.7418 2.6106 1.6952
% 4.638 5.392 3.939 0.379

Leucine mg.g! 9.1689 15.4699 4.7423 3.1723
% 8.356 9.164 7.439 0.654

Tyrosine mg.g~! 4.5876 8.3910 1.8111 1.8686
% 4.076 4.651 3.421 0.312

Phenylalanine mg.g~! 7.0177 11.2364 3.4617 2.1872
% 6.462 7.818 5.334 0.690

Histidine mg.g! 3.4375 5.9586 1.9442 1.3252
' 3.107 3.672 2.488 0.362

Lysine mg.g-! 5.2508 10.6498 3.0521 2.2344
% 4.751 6.187 3.645 0.859

Arginine mg.g! 5.3970 8.6287 2.9506 1.8943
% 5.115 5.155 3.761 0.600

Altogether mg.g! 110.2454 180.4020 52.9494 37.9145

flour from tree foliage was added to the diet. During additional feeding
with the flour from tree foliage, the mean daily gains increased by
11.5 % and the feed efficiency improved by 7.9 %. During commissional
evaluation of cooked meat, cooked liver and meat broth, no negative
effects were found to be exerted by the flour from tree foliage.
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II. Analyses of the composition of feed flour from tree foliage

Unit S T Sa
Moisture % 7.95 10.60 3.30 2.05
N - general % 5.52 9.35 4.18 1.04
N - protein % 5.52 7.36 4.21 1.25
N - digestible % 1.74 3.45 0.80 0.66
P mg.kg ! 0.90 2.35 0.10 0.68
K mg.kg! 3.06 3.85 256 | 048
Ca mg kg1 5.20 018 | 058 | 3.04
Na mg.kg ! 0.17 0.20 0.12 0.03
S mg.kg! 1.20 2.26 0.72 0.62
Mg mg.kg-1! 2.22 5.04 0.75 1.43
Fe mg. kg1 0.78 137 0.32 0.40
Mn mg.kg~! 0.24 0.33 0.16 0.07
Zn mg.kg1! 0.07 0.11 0.05 0.03
NH3 % 0.002 0.002 0.002 —
acetic acid % 2.02 2.02 2.02 -
butyric acid o | 0 0 0 —
lactic acid A 0.14 0.14 0.14 -
ash % 5.82 19.70 1.85 3.67
COx % 44.23 49.71 39.82 3.55
insoluble rest % 2.64 7.20 0.78 1.85
starch % 2.61 3.56 1.87 0.62
crude fibre % 34.66 43.43 22.84 6.25
pure fibre % 30.06 | 30.06 30.06 —
acid of water extr. mgKOH/100 g | 835.20 | 835.20 ‘ 835.20 —
PH/KCL 4.14 4.38 | 3.9 1.57
PH/H-0 4.21 4.46 3.98 1.76
dry matter % 92.90 99.24 89.34 2.71
fat % 3.88 8.10 f 1.86 1.56
carbonates % 0.20 0.30 ‘ 0.10 0.10
sugar - general % 2.75 3.88 ' 181 | 0.94
sugar - reduced 1.37 167 | 117 | 0.21
sugar - unreduced A 1.38 2.21 I 0.64 0.73
f - carotene mg.kg1 47.68 130.00 ‘ 8.70 | 30.64
C - vitamin mg.kg-1 2145 | 2640 | 1540 | 501
NO; mg kg1 1.08 144 | 070 0.30
NaCl % 0.06 0.12 0.015 0.03
substances extracted by ether % 6.30 7.20 5.80 0.70
nitrogen-free substances of yield % 41.11 44.60 36.90 2.84
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1II. The effect of storage on the quality of flour from tree foliage

Period of storage

Contents of substance Unit

| fresh 1 3 4 7 9 11

] month | months Imonths months | months | months
Moisture | e 58 | 56 | 72 | 92 | 102 | 108 | 104
Dry matter g 94.2 94.4 92.8 90.8 89.8 89.2 89.6
Nitrogenous substances | 6.4 5.5 7.1 6.0 5.7 5.8 6.7
Fat 9 6.0 6.0 5.4 5.1 5.3 5.2 4.9
Ash 9 10.2 9.4 12,5 11.1 9.5 10.4 10.3
Fibre %o 30.3 33.1 275 28.7 31.4 32.8 28.4
Nitr.-free subst. of yield 9 41.3 40.4 40.3 39.3 37.9 35.0 39.4
Rest insoluble in HCI ° 73 | 6.52 9.6 8.1 6.6 7.5 7.2
NaCl 0.07 | 0.04 0.02 | 0.16 0.1 0.02 -
Ca % 0.87 0.66 1.00 ! 0.56 0.75 0.64 0.56
P 0.11 0.11 0.20 ! 0.11 i 0.12 0.11 0.11
f} - carotene mg.kg! 55.5 35.7 42.0 l 38.6 ] 21.2 18.3 19.0

Feeding experiments with lactating ewes with lambs were also per-
iormed. 4 and 8 % of flour from needles was used as an additive the
traditional feed ration. In the experimental group with a 4% supplement,
the weight gain of lambs increased by 12.8 % in comparison with the

— mg.kg1

- CAROTENE

f

5. Dependence of decreasing of beta-
-carotene contents on the duration of the
storage of feed flour from tree foliage

501

454

40+

351

301

254

20

151

Y= 48,258-3,072x

10 12

FLOUR STORAGE

IN MONTHS

LESNICTVE — 1989 1021




IV. Comparison of the contents of main nutrients in agricultural and forest grasses
and in flour from needles

Contents of nutrients in grasses Mean contents
Nutri Uit (Katreniak, 1989) of nutrients
LIRS o in flour from
agricultural forest needles
Nitrogenous substances % = 1.80 - 4.46 4.18— 9.35
Fat % — 0.14 1.16 1.86— 8.10
Nitrogen-free substances '
of yield % 5.02— 39.17 | 36.90— 44.60
Digestible nitrogenous
substances % — 0.36 - 3.40 0.80 3.45
Fibre % = 1.56— 7.66 | 22.84— 43.43
Ca mg.kg ! 0.60- 070 | 020 1.60 | 0.10— 235
p - carotene mg.kg ! 33.00 - 68.00 20.60 —164.00 l 30.00—130.00

control group. In the experimental group where 8 % of flour was added,
the gain of lambs increased by 16.7 % in comparison with the control
group. It is supposed that these differences resulted from the positive
effect of the flour on the health state of the ewes, on the production and
biological value of milk, and thereby on the good health state of the
lambs (Gallo et al, 1987).

Additional feeding of forest game in winter resulted in better health
state and decrease of damages in forests caused by game. Damages due
to peeling and browsing by red deer dropped to 20 % of former damage
extent and intensity (Chudik, 1987).

Katreniak (1989) dealt with problems of red deer nutrition
from natural vegetational sources. He gives the contents of nutrients
for different kinds of grasses growing on agricultural lands and in forest
which are preferably grazed by forest game. These values are compared
in Tab. IV with those of the same nutrients in the feed flour from
needles. As we can see from the results, the flour from needles has for
all given nutrients either the same, or mostly higher, values than in
grasses grazed by forest game most frequently. Beta-carotene is import-
ant for the formation of vitamin A. Ca and P, and other mineral sub-
stances comprised in the flour are very important for red deer as
building substances during the formation of skeleton and antlers. In
winter, a high content of fat is very important as an energy source.
A high content of fibre is also very significant for the nutrition of
ruminants. Katreniak (1989), using the data from the work of
Schauer, notes that roe-deer need 60 up to 80 % of wood components
in food, red deer and chamois at least 30 %; this means they need food
with high content of fibre — a fact important not only from the view-
point of nutrition but also from the viewpoint of forest game digestion
improvement. Also Chudik (1987) confirms these data. These results
show that feed flour from needles included in granulated feed mixtures
can be a highly valuable feedstuff for the additional feeding of forest
game and also farm animals.
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CONCLUSION

Tree foliage has been a neglected raw material until recently.
Modern logging technologies make it possible to utilize also this ma-
terial. The results of experiments have shown that the flour produced
from tree foliage can be a valuable feed supplement with specific
effective substances for additional feeding of farm animals and also
forest game.
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ILAVSKY, J. (Vyskumny ustav lesného hospodarstva, Zvolen): Spracovanie stro-
movej zelene na krmivo a jeho nutriénd hodnota. Lesnictvi, 35, 1989 (11) : 1015-1024.

Pri stromovej technolégii fazby dreva sa na odvoznych miestach pri procesoroch
a odvetvovacich strojoch hromadia velké mnoZstvd vetiev (obr. 1). Na ich zuzZitko-
vanie sa navrhla technolégia, pri ktorej sa vetvy sekaju pojazdnymi sekacékami
a nasekané Stiepky sa v kontajneroch dopravuji na dalSie spracovanie (obr. 2).
Ziskani surovina sa vyuZiva na energetické a kfmne uéely. Stiepky sa roztriedia
na stromovu zelenn a drevnu frakciu (obr. 3). Stromova zelen sa su$i v bubnovej su-
Sicke a Srotuje na krmnu mucéku (obr., 4). Drevna frakcia sa spaluje v S§pecidilne
upravenom kurenisku a ziskanad tepelnd energia sa vyuzZiva na suSenie zelene. Vy-
robend mucka sa pouziva ako doplnkovy kifmny komponent v granulovanej krmnej
zmesi hlavne na prikrmovanie lesnej zveri, ale tieZ na krfmenie oviec. Analyzovali
sa nutriéné hodnoty ihli¢ia aj vyrobenej mucky, v tab. T je skladba aminokyselin
v ihli¢i smreka a v tab. IT vysledky analyz nutriénej hodnoty vyrobenej mucéky.
Pocas dlhodobého skladovania sa znizuje kvalita mudky (tab. III a obr. 5). Pri
kifmnych sku$kach s jahnatami, pri ktorych sa pouzilo granulované krmivo s pri-
mesou 4%, az 9%, mucéky zo stromovej zelene, sa zvy$ili prirastky jahniat o 11,5/,
az 16,79, oproti kontrolnej skupine. V tab. IV sa porovnava nutri¢nid hodnota mucky
zo stromovej zelene s poInohospoddrskymi a lesnymi trdvami, ktoré lesna zver naj-
castejSie spasa. V dosledku prikrmovania zveri v zimnom obdobi granulovanym
krmivom s muékou z ihli¢ia sa znizili $kody spbdsobované zverou obhryzom a od-
hryzom na 20 9%, pdvodného rozsahu a intenzity.

technolégia fazby stromovej zelene; vyuzitie stromovej zelene; kfmna mucka zo
stromovej zelene; nutricnd hodnota mucéky zo stromovej zelene
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MNABCKH, 5. (HayuHo-uccnepoBaTeNbCKWM MHCTUTYT NecHoro xo3sicTtsa, 3soneH): [e-
pPepa6GoTka ApeBECHOi 3eNeHW Ha KOpMa M WX nHUTatenbHas ueHHocts. Lesnictvi, 35, 1989
(11) : 1015-1024.

lNpu necosaroToBke METOAOM AEPEBbEB C KPOHOW HaKOMAAETCs Ha MecTax BbIBO3KW NpH
npouyeccopax W CYUKOPe3Hbix MaluuMHax Gonbwoe konuuectBo BeTBew (puc. 1). Bbina
npeanoxeHa TEXHOMNOTUS AN WX YTUNU3auWWU: BETBM PYyGAT Ha CaMOXOAHOW py6GuTenbHoM
MallMHe W nepepabGoOTaHHYl wWeny nepeeBo3aT KOHTEWHEPOBO3aMM K MECTy nocneaylowewn
nepepa6otku (puc. 2). MonyueHHOe CbiPbe WCMOMb3YIOT AN 3HEPreTUUEeCKUX U KOPMOBbIX
yenen. Lleny CoOpTUpYIOT Ha APEBECHYIO 3€NeHb W ApeBecHyil dpakuuio (puc. 3). Ape-
BECHYIO 3eneHb cywar B GapaGaHHOW CylIMNKe; Aane OHa MPOXOAWT MpoueccoM rpy6oro
noMona Ans MONyyYeHUs W3 Hee KOPMOBOM Myku (puc. 4). [lpeBecHylo pakuuio CXHUraloT
B cneyuanbHo NPUCNOCOGNEHHOW TONKE W NOMAYUYEHHYIO TENNOBYK 3HEPrUI0 MCMONb3YIOT
ANS CYWwKu 3eneHu. MyKy MCnonb3yiloT Kak A06ABOUHbLIW KOMMNOHEHT B rpaHyNUupoBaHHOW
KOPMOBO# CMECH rnaBHbiM 006pa3om Ans MOAKOPMKM NECHOW AMYMU, HO Takxe ANs noa-
KOpMku oBel. B Ta6n. | npuBeaeH COCTaB aMMHOKMCNOT B XBOM enu, B Tabn. |l pesynbratbl
aHanu3a nWTaTenbHOM UEHHOCTW nepepatoTaHHOW Myku. [IpU ANUTENBHOM XpaHEHWU CHHU-
XaeTrcs kauectBo Myku (tabn. Il m puc. 5). MNpu nogaue Myku srHsTam, Korga B onbiTe
nojaBanu rpaHyNMpoOBaHHbIi KOpM C npumecbio 4 pgaxe 9%, Mykn u3 ApeBecHOM 3eneHw,
nosbicuncs npusec srHatT Ha 11,5 gaxe 16,79, B CpaBHEHWM C KOHTPONLHOW TrPYNMOW.
B Ta6n. IV pgaHo cpaBHeHMe MWUTaTENbHOM LEHHOCTU MYKU M3 APEBECHOM 3€eNeHW C no-
NEeBbIMU KynbTypaMW WM NECHbIMWU TpaBaMu, KOTOpble AWuYb yYaule BCero noegaer. B pesynb-
TaTe NOAKOPMKW AWUM TpaHyAUpPOBaHHbIM KOPMOM B 3UMMHMUIA nepuos O6bin CcokpaweH
ywep6, NpUUMHAEMbIH AWUbID O6KyCbiBaHWEeM W oTkycoiBaHuem B 209, or ucxogHoro
o6beMa U UHTEHCUBHOCTH.

TEXHONOIr1g pyﬁKM ADEBECHOW 3€MeHW; UuCnonb3osBaHue ApeBeCHOﬁ 3eneHn; MykKa Ang
OTKOpMa M3 APGBECHOﬁ 3eneHn; nutarenbHas UEHHOCTb MYKWU U3 ApGBGCHOﬁ 3eNeHUn

ILAVSKY, J. (Forschungsanstalt fiir Forstwirtschaft. Zvolen): Verarbeitung der grii-
nen Baummasse zu Futtermitte]l und sein Nutritionswert. Lesnictvi, 35, 1989 (11) :
:1015-1024.

Wenn bei der Holznutzung die Baumtechnologie angewendet wird, so h&ufen sich
an den Stellen der Abfuhr um die Prozessore und um die Entastungsmaschinen
groBe Mengen von Asten an (Fig. 1). Zu ihrer Verwertung wurde eine Technologie
entwickelt, nach welcher man die Aste auf mobilen Hackmaschinen zerkleinert und
die kleingehackten Holzscheite werden in Containern zur weiterer Verarbeitung
abtransportiert (Fig. 2). Der gewonnene Rohstoff wird fiir energetische und Fiitte-
rungs-Zwecke ausgentiitzt. Die Holzscheite werden unterteilt in Baumgriin und in
die Holzfraktion (Fig. 3). Das Baumgriin wird in einer Trommeltrockenkammer ge-
trocknet und zu Futtermehl verschrottet (Fig. 4). Die Holzfraktion wird in einer
speziell modifizierten Heizung verbrannt und die gewonnene Wirmeenergie wird
zur Trocknung des Baumgriins ausgentiitzt. Das erzeugte Mehl wird als ergdnzende
Futterkomponente im granulierten Futtergemisch hauptsédchlich zur Fiitterung des
Wildes, aber auch zur Fitterung der Schafe verwendet. Die nutritiven Werte der
Nadeln und des erzeugten Mehls wurden analysiert. Die Zusammensetzung der
Aminosduren aus den Fichtennadeln ist in Tab. I und die Ergebnisse von Analysen
des nutritiven Wertes des erzeugten Mehls sind in der Tab. II enthalten. Wihrend
einer langfristigen Lagerung sinkt die Qualitdt des Mehls (tab. III und Fig. 5). Bei
Fiitterungsversuchen an Lammern, bei denen ein granuliertes Futter mit einer PRei-
mischung von 4 bis 99, des Baumgriin-Mehls verwendet wurde, haben sich die
Zuwichse der Lammer — im Vergleich mit der Kotroll-Gruppe — um 11,5 bhis
16,79, erhéht. In der Tab. IV wird der nutritive Wert des Baumgriinemehls mit
dem Werte landwirtschaftlicher Griser und jener Waldgriser verglichen, die durch
das Wild am hiufigsten abgeweidet werden. Als Folge der Fiitterung des Wildes
mit granuliertem, durch Nadelmehl bereichertem Futter in der Winterperiode wurden
die Nage- und FraBischdden durch Wild um 209, des urspriinglichen Umfangs und
der urspriinglichen Intensitit herabgesetzt.

Technologie der Nutzung der griinen Baummasse; Ausnutzung der griinen Baum-
masse; Futtermehl aus der griinen Baummasse; Nutritionswert des Mehls aus griiner
Baummasse
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CONTROL OF THE CONVERSION PROCESS TOWARDS THE
STOCHASTICALLY DEFINED NORMAL FOREST BY THE LINEAR
AND STOCHASTIC PROGRAMMING

J. Kouba

KOUBA, J. (Institute of Applied Ecology and Ecotechnique, Univ. of Agriculture, VSZ,
Kostelec nad Cernymi lesy): Control of the Conversion Process towards the Stochastically
Defined Normal Forest by the Linear and Stochastic Programming. Lesnictvi, 35, 1989 (11):
1025 —1040.

In this paper the author’s original design of a new theory of normal forest is described;
in this theory first of all premature final cuttings (salvage cuttings) are taken into consideration
as a result of which premature new forestation will necessarily be to performed. In the intro-
duction there is a formulation of the theory expressing and estimating incidental fellings
on the basis of the regeneration theory. The theory of estimate comprises the function of reli-
ability R(z), expressing the probability of survival, the probability that the forest will not
have to be cut before the period 7€ (0 < ¢ <~ o). Using the functions of Weibull’s distribu-
tion, the function R(z) has been written. The function of the intensity of forest destruction
in the period (z, ¢ + Ar) can be calculated as follows:

R'(1)
R(1)

By integration of the function of intensity L(z) in equidistant time intervals the intensities
corresponding to the respective ranges of these intervals will be obtained (age degree/class/
— 10 /or 20/ years). Applying the composition of the last intensities and the proportions
of planned final cuttings stated by the law (e. g. in the CSR Edict no. 13/78), a matrix
of probabilities of the transition of-homogenous regular Markov chain will be made. From
this matrix the stationary distribution of forest in age classes can be calculated, which will
provide the basis for a normal forest. The fundamental part of this study is the calculation
of the optimum control of cut in individual age classes (they cannot be smaller than expected
proportions of salvage cuttings) in the decennia of the so-called adjustment period, i. e.
period when the actual, original age structure is to be adjusted to the normal (stationary)
age structure. Is it of course necessary to reckon with some planned cuttings of a part
of younger stands. The process of conversion is optimized by a simplex method of conti-
nuous linear programming. The objective function is the maximum volume of total final
cuttings over the conversion period. In conclusion there is assessed a possibility of using
other methods, especially stochastic programming, which enables consideration of the va-
riance of task parameters and to solve the problems of finding the optimum control under
uncertainty. The illustrative examples presented in this study demonstrate that this method
offers better results than a great many methods used until now, e. g. so-called formula
methods.

L) = —

normal forest; conversion to normal forest; random processes; theory of control; linear
programming ; stochastic programming; adjustment period

In managing the forest production development in practice, effects of harmful
factors have been met, which represent an economic risk of forest management. Cala-
mities in forests are their actual manifestation. Calamities causing destruction of forest
stands, establishment of a clear-cufr area and the duty of reforesting, influence the age
structure development at a most significant way. Calamities cannot be predicted quite
well in practice, their random character must be presumed. For expressing their in-
fluence on production a theory of random processes can be applied. Bases of its application
have been presented in a number of my works (Kouba, 1969, 1972, 1973) focused
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on forests in which the effect of immission damage (or widely forest sicknesses) can
hardly be observed, and on certain bases of sick forests development simulation (Kouba
1986, 1987). This work deals with the theory of calamity development estimations
according to the age of stands and with the bases of process optimization of converting
a forest into a normal forest, characterized by treating the calamities on the basis of
random processes and harvest cut.

THEORY OF NORMAL FOREST BASED ON RANDOM PROCESSES, CALAMITY
PROBABILITIES, AND FOREST PRODUCTION CONTROL

Impossibility of reaching even-age class distribution in practice bas been assumed
as one the most serious shortcomings of a classic normal forest theory, especially owing
to the occurrence of calamities in forests. I have based the new normal forest theory on
the principle of involving the probable occurrence of calamities, expressed in age
classes on the basis of random processes theory (in particular Markov chains), into
the normal forest theory.

The expression of a forest age structure development in terms of a regular Markov chain
is given in the form of a transition matrix describing the probability of process transition
(a share of forest area) from the status 7 to the status j, the matrix elements being denoted (pij),
I 7 TR, 1

P11 piz O 6% 0
P21 0 P23 e 0
P = WU NE W R E LR TE B R W M G @))
Pn-1,1 0 0 e Pn-1,n ‘
1 0 i 0

The transition probabilities p;,; in the first column are the spatial shares of the clear-cut area,
caused by salvage cutting and the harvest cut of the mature age stages (including salvage cut) during
one step (decennium). The last age stage is harvested totally. The probabilities pi,i-1 above the major
diagonal are the spatial shares of i-th age classes which will transit into the nearest higher stages
(process statuses) in the same step — for more detail see (Kouba, 1969, 1973). The elements (pi;)
are non-negative, the sum of each line equals 1. The distribution of age stages in the step (decen-

nium) 7 is the line probability vector p® with the elements (p1®, p2® ..., pp®), the sum of which
equals 1. The Chapman-Kolmogorov relation is valid:
p) = plo) Pt )
Iimp@ Pt = a 3)
[—w

and further
a = aP 4)

where a = (a:) is the stationary vector not depending on the initial vector p(). Considering (4),
the elements a can be computed:

i—1

| | BN
=1
o= (5)
Z H Pii+1
k=1 i=1

o
I pi,i+1 the expression is defined to equal 1.
i=1

The stationary age structure is the basis of the new normal forest theory — see (Kouba,
1972, 1973, 1983), where theoretical grounds and special literature are presented sufficiently.
This theory presents the age structure development, the development of all basic taxation values
and their stationary (normal) values for a working circle and their groupings for larger territorial
units. The expression according to tree species is possible, the natuial succession of forest tree
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1. The space of possible decisions (the = O]

hatched area) in the boundaries of which

the final cut can be chosen in contrnl-

ling the conversion process of an actual 0.8

forest to a normal one (based on the

random processes theory) o
0.61 p{;n)

i /I —_—

0.4 J B
0.2
1) I age classes

i vV VL VIL VL = 20years

species can be assumed e. t. c. It has not been possible to recognize the salvage cutting probabilities
(in a2ge stages) at the appropriately representative and good level. Therefore the share of a final
felling quoted by the 1950, 1970, and 1980 Forest Inventories has been used in my works.
A similar approach has been chosen by some forest researchers in the G. D. R. That has enabled
deeper study of the problem and achieving suitable iesults in assessing both contemporary and
future production of our forests. The forest succession in agreement with this theory approzches,
in muffled oscillations, the stationary status- the normal one.

Already since the problem has been studied there has been the question of the
optimum confrol of the forest age structure development and its conversing into target
normal status corresponding to a certain composition of salvage and harvest clear-cuts
expressed in the form of transition probabilities in age stages (Kouba, 1967, 1969).
In Fig. 1., the limits in which the volume of total clear-cut can be selected are de-
monstrated, described as a space of possible decisions. The acceptable controlled values
(shares of total clear-cut harvest) cannot be lower than the calamity shares and cannot
exceed the whole clear-cut harvest, the limits of which are stated with consideration
of total economy of conversion process which, together with the initial age structure,
determines the time of conversion. This idea, I think, makes significant difference
between works of Suzuki (1959 —1984), see also Kohinora, Amano (1986) and mine,
because Suzuki does not take info consideration salvage cuttings at all — he takes the
decennial clear-cut harvest rations as the probabilities p; ;. Suzuki’s works became
accessible in Europe at the beginning of the 1980’s, when I could get them with the kind
help of professor Suzuki. Suzuki starts from the theory of reliability (renewal),
especially from the probability of harvest clear-cut in a certain age stage — see formula
(24). The Japanese name jt the “Gentanritu” — Gentan Probability. He considers
these probabilities to be stable, or changing in time only a little. Then it can be said that
our namely post-war yield regularion, represented at first by working circles and characte-
ristic rotation period and eventually by harvest percentages (in Decree of the Ministry
of Forest and Water Management of the C. S. R. No. 13/78) is actually in agreement
with Suzuki’s concept, though in its construction the Markov chains theory was not
used, because that possibility had not been known. The explanation based on the renewal
theory is less illustrative than the direct explanation using the Markov chains theory
which gives the possibilities to express and analyse a number of time characteristics,
as I have pointed out (e. g. Kouba, 1977). On the other hand, the renewal theory
enables theoretical grounds of estimation, and forest stand destruction probabilities
(which are the natural risk in forest management) to be precised and systematized
remarkably.
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BASIC PRINCIPLES OF EXPRESSING AND ESTIMATING THE FOREST
STANDS DESTRUCTION PROBABILITIES USING THE THEORY
OF RELIABILITY (RENEWAL)

The theory of renewal deals among others with the likelihood description of successful
operation of an element or a whole group of elements and, eventually, systems composed
of a number of elements. Important relations between discrete expression of this theory
and homogeneous regular Markov chains theory can be demonstrated. When using the
reliability theory as a logical ground and theory of, above all, probability of forest stands
destruction caused by various, factors we assume the continuous expression of basic
terms and functions as an underlying presumption of this theory.

In this work the Weibull (1939) statistical distribution treated in the book by Beyer,
Girlich and Zschiesche (1982) was applied. To save the space in the further text,
definitions and adequate functions of basic terms of the renewal theory are written on the
left hand side and their expression with the means of Weibull distribution on the right
hand side.

Definition 1. The probability F(z) of failure is the probability that an element fails
for the first time before the time 1€ (0 < ¢ < o0):

F(t) = P(T <) = 1 —exp (— Ar%) (6)

>0;a>0: >0

T is the period of successful (failureless) work of an element; the density of such a pro-
bability is

f(e) = F'(¢) = Aar*~1 exp (— At2) @)
Definition 2. The probability that an element does not fail until the timere (0 < ¢ <
<< o0) is the probability of survival (the function of reliability):

R()=1—F(@)=P(T >1t) = exp (— At?) (8)

R'(@®)=—F'(v) — see (7)

Definition 3. The mean time before failure 7' is

To= | ot ©)
Supposing integral conveages, further equations are obtained by the integration per
partes:

m (2
Ty == f R() dt - B (10)
o l;

Definition 4. Failure rate L(z) of an element in the interval (z, ¢ -+ Ar) under the
condition it has not failed in the interval (0, z)

F) RO
1 —F@) R(z)

L) = = Jate-1 (11)
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The function of reliability R(z) or F(t), respectively, seems to be the most advan-
tageous basis of the estimation theory of a forest stand damage process development.

It seems to be logically possible that by the professional forestry knowledge the
proportlon of still undamaged forest stands can be estimated in the proximity of the be-
ginning and the end of the glven factor’s effect. It can be supposed that share of ori-
ginal whole stand destroyed in the aggregate during the period of that factor’s effect will
be estimated appropriately. It is necessary for expressing the function of reliability
R(7) to estimate their values R; and Ry at two convenient time moments z; and z5. The
parameters of the funcrion R(z) expressed on the Weibull distribution can be computed
from the formulae derived by Kasparova (Kouba, Kasparova, 1988):

ln (ln Rl)
In R»

= (12)
n
In ( )
2
A= ;:nﬁ (13)

A number of harmful factors only occur at certain time intervals of forest life;
their influence has been rising since the beginning of any of them and when they reach
a certain maximum they decrease gradually until their actual or registerable influence
vanishes. Every such a factor, however, destroys by itself only a part of the total forest
area. Thus the function R(z) was improved according to (8) to the form:

R(t) = cexp (—At%) + (1 —¢) (14)

where ¢ is the constant (0 < ¢ < 1) indicating the total share of initial forest area which
is destroyed during its life-span by the given harmful factor. If ¢ = 1 then (14) becomes
the original function (8), if ¢ = 0 then R(z) ever equals 1, which stands for the situation
when the factor has no effect.

The function R(7) in the form of (14) has the same first derivative as the original
function (8). Its first derivative is the negative expression (7). When calculating the
intensity L(z) the simple expression (11) cannot be applied but

Aar*=1 exp (—Ar%)
cexp (—At%) + (1 —¢)

L) = (15)

The appropriate form of the function R(z), either (8) or (14), can express or estimate
the course of the jntensity of typical forest destruction processes.

The course of the sum destruction intensity L(z) is expressed as a superposition
of destruction intensities L;(z) corresponding to i-th harmful factor from the whole set
of factors eligible in the given forest area:

L) = Z Li(t) (16)
g=1

The sum function of reliability is:

R(1) = l—n—_[ Ri(1) = exp (— i ftLi(z) dt> (17)
i=1 e

=1
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I. The estimates of reliability function values R; (t) and their parameters, Ri (t) —
the destruction of young plantations, R2 () — typical snowbreak damage in co-
niferous forest of the mean age, R3(t) the damage caused by wind and old age,
R4 (t) — undefined random damage

Function ! I ' I2 ‘ R, R: ¢ ! a ‘ A .
Ri(2) 1 2 0.3333] 0.1 045 | 10675 | 1.09862

Ra(t) 19 90 0.99 | 0.001 0.1 ' 42002 | 4.27776.10°8
Ra(t) 100 200 0.9 0.2 ~ | 3932 | Lamaz100 |
Ry - " ‘ o |- ] 0.0005 |
and finally:

F) = (Z Lt(t)> : (H Ri(z)) (18)

t=1 i=1

The estimates of the factors which serve as the ground for the process optimization
in conversion towards the normal forest are stated in the Tab. I. and the graphs of the
functions R(z), F'(¢) and L(z) are shown in Figs. 2. and 3. Considering the function
R(z) the annual ratio of reforested forest area can be computed

1 1

p=——— = (19)
f Red 1°
and the stationary age structure a(z) in the continuous form as well:
__ R@

The integ-al R(z) in (17) is solved only by numerical metheds. As for the reasons
of practic: | use the forest stands are divided into age stages (classes). It is necessary that
the expression of the stated functions be connected with their discrete forms or their
analogies for equidistant intervals with corresponding span which is denoted r (» = 10

T ~~
50

SN Rylt1- Rl Fylt) R (t)
wFal Ny — = RyltFR3[t) Rylt)
NN N ——m Rolt!Fglt)
O N ———= Ry¥

%

NN

A

M

N

0.5 1

2. The examples of
aggregate reliability
functions R(t) accord-
ing to (17) and F'(t) =
= — R'(t) according to
(18), derived from Ri(t)

5 70-0 200 200 ;a 54(;) according to the
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3. An example of the
superposition of the de- aaa{
struction probabilities -

derived from the func- g2
tions Ri(f) — R4(t) ac-
cording to the Tab. I

0,074 |

RIt) = Ry(t) - R2(t) -Ry(t) - Rglt)

0.75 1

"_’Z @;j - for age classes

4. The stationary age (7p- ——== aft)
structure according to
(21) for age classes, 7 =
= 20 years, including
the demonstration of 5. /
the step-by-step inte- i /
gration and the statio- | / ’

nary age structure ac- . - r=20years
cording to (20) -——F-4--F4-A4-F-4---¥___ L classes

T u T

0 20 60 100 140 180 220 260 300

age

or 20 years). On the basis of the stationary age structure described in (20) the stationary
vector a = (a;) can be formulated:

P— f R@dt, i=1,2,..., n (21)
To G-

where 7 is the sequence of the age stage (class), r is ever the span of the age class. The
example of the vector a for » = 20 with the illustration of step by step integration
is shown in the Fig. 4.

The transition probability can be computed from the elements of that vector:

pan =21 i—1,2,.. ,n—1 (22)
aig

and the destruction probabilities:
pin=1—piin (23)

which are the discrete analogy of the function L(z). The discrete analogy of the derivative
F'(z) is the vector q = (g;) i. e. Suzuki’s Gentan probabilities:
gi=FGr) —FG—Dri=12...,n (24)

The discrete analogy of other functions and their relation to the Markov chains
theory see in Kouba (1989) or the theory in Karlin (1968). On the basis of (22) and
(23) the matrix P can be constructed [see (1)]. The probabilities (23) are then one of the
grounds of the optimal conversion towards stochastically defined normal forest.
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THE BEGINNINGS OF THE OPTIMAL CONTROL OF THE FOREST PRODUCTION

The basic principle of the control theory is the task to find the optimum trajectory
of the controlled system developing towards a designed target status. In this case the
target is the conversion of actual age structure to the normal one corresponding with
the maximum sustained and continuous forest production under the circumstances
given, above all, by the productive ability of a forest but also by the natural risk of their
development. The research of the forest age structure and consequently of the forest
production has led to the consideration of the possibility to use the methods of the linear
and dynamic programming (Kouba, 1967) and further on to the expression of salvage
cutting influence by the Markov chains, to the use of the controlled Markov chains
or to their control by means of the linear programming (Kouba, 1969). The task
of conversion of the actual forest to the normal one without considering the calamities
was solved by Nautiyal and Pearse (1967). Our rask is based on the ideas from the
first part of the article illustrated simply in Fig. 1.

It is beyond dispute that converting an actual initial forest age structure to a given
normal one expressed in spatial distribution is only possible by adequately chosen
decennial final cut in corresponding age stages and decennia within the conversion
period. The problem of the choice can be described by following values:

1. pin — the decennial share of calamities in the i-th age stage according to (25)

2. pi1™ — the decennial share of the possible total final cut (which must include also
the salvage cutting) in the 7-th age stage

3. pi1® — the decennial share of the total final cut (composed of an optional part
of clear-cut and fixed salvage cut) in the 7-th stage and z-th decennium
of the conversion period.

pin® =pn, i=1,2,...,k (25)
pin < pin® < piim, py < pu™, i=k+1, B+2,...,n (26)

4.7;1  — decennial share of planned harvest cutting in the 7-th age stage given in the
Forest Law of the C. S. R.
5. ;1™ — the normal decennial cutting shares in the 7-th age stage

pi, P =m1, t=1,2,...,,1
w1 = { - 2 @7)

i, Pil < il i=1+4+1, 14+2,...,n

which will be applied from the moment of conversion on the stand with the normal age
structure calculated from (27) according to (5). Theoretically, the normal age structure
will be maintained by the application of the cutting shares (27) in the future. The values
according to points 1, 2, 4, and 5 for our simple example are presented in Tab. II.

The principle of conversion control is based on the determination of the cutting
shares in single decennia at eligible age stages taking into account the relations (25) and
restrictions (26) so that on reaching the target (5) based on (27), (22) and (23) the maxi-
mum of total harvest volume can be reached during the whole conversion period.

The simplex method of the continuous linear programming is used to solve the
task. The standard statement of the task is:

Ax ? b (28)
cTx —— max (29)
x>0 (30)
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II. The basic probabilities of the task solving the conversion to the normal forest,
used for the linear programming task in the Tab. III

Age class
r = 4Q years it pir(m) Tit 1AM
)
1 0.2 0 0 0.2
2 0.1 0.5 0.3 0.3
3 0.2 1 1 1
4 0.3 1 — —

III. The simplex table of the task of the conversion control of an actual forest
to the normal forest based on the random processes. Z is the objective function

Interval
1 ‘ 2 3 Variant

E Column

8|8

ElSl1 2 3 ‘ 4 5 6 7|8 9 10 bi ’ ba
1| 1 ~008 | 004
2 1 > 0.04 0.04

1| 3 1 < 0.2 0.2
4 1 >~ 004 | 008
5 1 - 0.2 0.4
6|02 02 02 -1 =0 )
71 1 1 > 0.112 0.056

2| 8| 1 1 < 0.24 0.12
9 1 1 = 0.4 0.4
10 1 1 =02 | 04
11 0.2 02 02 02 |-1 -0 0
1201 01 01 |-0.1 | =0 | 0
13|05 05 05 |-05 i >0 L0

|

3 (14 1 1 1 — 0.4 0.2

15 1 1 1 | — 04237 | 0.4237
|

16 | 1 1 1 1 |-1 [ =0.339 0.339
17 | 1 1 1 |—1 -1 = 0.2373 0.2373
z | 13 435 706 | 13 435 706 876 | 13 435 706 | —» max

To illustrate the use of the proposed procedure, two simple examples were chosen.
For the task statement to be printed, three initial age stages with the span 40 years were
chosen and consequently the 40-year interval of computation steps. Table III. contains
the task statement in the form of a simplex table. In the area defined by indexes of rows
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and columns there is the matrix A of coefficients a;; containing only non-zero elements.
In the columns &;—b2 there are the values of our required cuttings for the following
initial distribution of our 40-year age stages:

Variant Age stage
1 2 3 -
b 0.4 0.4 0.2
ba 0.2 0.4 0.4

For both examples the matrix A is the same.

The coefficients of the objective function ¢Tx in the row denoted z, the value of
which is being maximized, is determined from the yield tables, or on the basis of the
Forest Inventories (see e. g. Kouba, 1985) or on the basis of those data expressed
by the prices of supposed wood assortments.

The list of concrete clear-cut areas in age stages at each decennium (the elements
of the vector x(z) and the total volume of final cut in cubic meters according to (29) are
the results of the task. There are the results of Tab. III. in Tab. IV. The com-
putations were performed with the aid of the MPSX system (IBM software). The

IV. The solution of the simplex task from the Tab. III the felling area x; (t) in each
40 year interval of the conversion period, the objective function z i. e. the ma-
ximum of total final cuttings the conversion period (3 intervals, r = 40 years)

Variant
Variable No. Age class
r =40
b1 ba
1 x:1(1) 0.08 0.04
2 x2(1) 0.08031 0.10031
! 3 x3(1) 0.2 0.4
1st interval 0.36031 0.54031
5 1 x1(2) 0.07206 0.10806
6 2 x2(2) 0.032 0.016
7 3 x3(2) 0.31969 , 0.29969
8 4 x,(2) 0 ’ 0
2nd interval 0.42375 0.42375
9 1 x1(3) 0.08475 0.08475
10 2 x5(3) 0.05095 0.19495
11 3 x,(3) 0.288 0.144
3rd interval 0.4237 0.4237
z
m3.ha-1 644.33 734.07
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matrix P(z) is determined for each stage being of the same form as in (1) but depending
on the step t. The elements of its first column are

x1® Xp—1®
Pllm — W, . .,Pn—l.l(t) = m sPn,l(") =1 (31)

The elements above the diagonal are ever calculated according to (23). If we need that
the eligible taxation values be calculated, formulae (15)—(35) are used (in Kouba,
1983). In these formulae, instead of equation (15) given there, here (2) the following
expression should be used:

P& = pt-l.P(r) (32)

and we can obtain the values describing the optimally controlled process of conversion
to a normal forest on the basis of random processes which was determined in characteriz-
ing the target of the control. The examples of development of the basic taxation values,
i. e. growing stock, final cutting, total and final salvage cutting, are presented in Fig. 5.
and 6. In Fig. 7. the development of salvage cutting share is demonstrated, in Fig. 8.
and in Fig. 9 the development of the rotation period and mean age are presented.

5. The development of the growing s004{m*hd"]
stock (in m3.ha-1) derived from the
homogeneous regular Markov chain
(MR) and the conversion controlled
by the linear programming (LP),
both converging to the normal (op-
timum) value of the growing stock

r interval, r=40years

0 1 2 3 4 5 6 7 £ 9 10

0,451
\/f\ ’
0.40‘ ————
\f —
0.351 MR LP
0.30 ——— -
B
I~
0.25' \\
0,20
interval, r=40years L interval, rx40 years
T T T T T T T T T T T T T T T T T T T T
01 2 3 4'5 6 7 8 9 10 07 2 3 4 56 7 8 9 10

6. The development of total final cut- 7. The development of the share of sal-
ting (A) and salvage one (B) in m3.ha—-! vage cutting of the total final cutting.
according to the Markov chain (MR) and A — the share of the felling area, B —
the conversion controlled by the linear the share of volume felled. MR — Mar-
programming (LP), both converging to kov chain, LP — linear programming
the normal (optimum) values
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100
95
90

85

80

interval, r=40 years

interval, r=40 yeors
T T 5 P

01 2 3 4 5 6 7 8 9 10
8. The development of actual rotation
period, MR — Markov chain, LP — li-
near programming

T T T T T T

01 2 3 4& 5 6 7 8 8§ 10
9. The development of the mean age of
the working circle. MR — Markov chain,
LP — linear programming

[m3ha]

/\ //\ 10. The development of

4501 the growing stock (in
m3 . ha-1) derived from
the homogeneous regu-
400+ N lar Markov chain (MR)
MR LP and the conversion con-
trolled by the Ilinear
programming (LP), both
converging to the nor-
mal value of the grow-
ing stock according to
Tab. V

500 {

3501

T interval, r= 20 years
o 1 0 11 12 13 14 15

23 456 7 89

As a comparison there is the development controlled by the homogenous Markov chain
with the matrix P corresponding to (27) demonstrated in the figure. The normal values
of presented quantities are achieved after three steps.

In solving these tasks it is necessary that the maximum of the growth function’s
first derivative be achieved within the rotation period. In Fig. 10 there is demonstrated
the development of the total volume of the task formulated on the estimates in Tab. I.
(see also Fig. 1—4). Regarding the requested achievement of the age structure with
the rotation period higher than 100 years the process develops so that in the beginning
the age stages are reduced to the number of 5, only later the process approaches the
required adequate normal distribution. Thus it is necessary to solve the question of the
optimum conversion period. The Pontryagin principle of maximum seems to be
a pretty chance of solution.

The presented task can be solved using the methods of the stochastic programming.
The methods of the stochastic programming, widely the methods of control under
uncertainty are the appropriate perspective tool for making our task more precise.
A number of variants can be considered. The stochastic programming requires the
knowledge of two first statistical moments (i. e. the mean and the variance) and at the
same time stochastic character of all or only some parts of the model determined in
(28)—(30) can be consired. Estimating the model parameters can stem from the estima-
tion methods as they are commonly used in e. g. solving the net or sequential models when
often the f distribution is being used. First two moments of this distribution are obtained
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V. The basic probabilities of the linear programming task demonstrated in Fig. 9

Age class initial stationary
r = 20 years P put™ il Ti(m vector vector
! p© a
1 0.053 0 0 0.053 0.23 0.184629
2 0.052 0 r0 0.052 0.216 0.174843
3 0.075 0.2 ‘ 0 0.075 0.199 0.165751
4 0.064 0.5 0 0.064 0.185 0.15332
5 0.09 0.95 0.2 0.2 0.11 0.143508
6 0.14 1 0.5 0.5 0.0525 0.117806
7 0.21 1 0.9 0.9 0.005 0.057403
8 0.43 1 1 1 0.0025 0.00574

from the estimate of optimistic, probable and pesimistic value of a given parameter.
At the same time the bases of estimation can be applied, which are presented in the
former part of this article.

CONCLUSION AND FURTHER PERSPECTIVES OF THE RESEARCH

As the principle result of the work such fact can be assumed that the normal forest
theory based on expressing the effect of, above all, salvage cuttings on the development
of the spatial forest structure has been theoretically precised further on. Following
topics were treated and solved, theoretical bases of expressing and estimating the forested
area destruction probability in dependence on the age, both in discrete and continuous
form, based on the reliability theory (of renewal). Its application enables to describe
mathematically in general the process of forest destruction caused by both harmful
factors and, since a certain moment, even their natural decay as a consequence of limited
life span of the forest.

Based on such grounds it is possible to make theoretically proved estimates, to ana-
lyse them together with further consequence and to support them. And finally, to ex-
press them in the mathematical-statistical form on the basis of empirical data. The results
of such theoretically well established estimates and expressions are used as most
important principles of the optimum forest production control, among which the con-
sideration of both the natural and anthropogenically conditioned risk belongs un-
doubtely. The task of optimizing the process of conversion of initial (actual) forest
age structure to the normal structure represented by the stationary vector of age stage
distribution is one of the basic tasks of the optimum forest production control. The
examples presented in the paper illustrate the reality of solving that task by means
of the simplex method of the continuous linear programming. The procedures stated
here are supposed to facilitate better results achievement than the.methods which have
been commonly used so far in the harvest regulation and which have been constructed
on the variants of so-called formulae methods, as a matter of fact. Solving these tasks
requires, of course, further elaboration. The use of the linear programming brings
the advantage of considerably simple and easy introduction of further factors (limits)
of e. g. economic and technological character. In considering the actual (10-year) age
stages the range of processed tasks rises rapidly, which is not, however, an unsolvable
task nowadays. Further progress is represented by using the methods of the stochastic
programming when also the variance of task parameters may be taken into account.
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The methods of the stochastic programming may be connected with other operational
research methods. Finally, the theory of controlled Markov chains may be applied.
The use of such methods should further bring the methods of forest production control
closer to the reality.
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KOUBA, J. (Ustav aplikované ekologie a ekotechniky VSZ, Kostelec n. C. lesy). Ri-
zeni procesu wvyrovndni k stochasticky definovanému normdlnimu lesu linedrnim
a stochastickym programovdnim. Lesnictvi, 35, 1989 (11) : 1025-1040.

Prace rozviji puvodni autorav navrh nové teorie normalniho lesa, zaloZené predevsim
na uvaze predéasnych mytnich tézeb (kalamit), které si soucCasné vynucuji pred-
éasné nové zalesnéni (Kouba, 1969, 72, 73, 77 etc.). Uvodem je formulovana teorie
vyjadreni a odhadu téchto nahodilych téZeb na zadkladé teorie obnovy. Teorie odhadu
je zalozena na funkeci spolehlivosti R(f), vyjadrujici pravdépodobnosti preziti, pravdé-
podobnost, Ze les nebude nutno vytézit pfed obdobim t€(0 <1t < o). V praci je
funkce R(t) vyjadfena na zakladé funkei Weibullova rozdéleni. Z této funkce vy-
poéteme funkei intenzity znic¢eni lesa v obdobi (¢, t + A t):

R
R(1)

Integraci funkce intenzity L(t), v ekvidistantnich éasovych intervalech, ziskdme in-
tenzity odpovidajici prislu§nému rozpéti téchto intervalu [vékovy stupen (trida) —
10 (resp. 20) let]. Na zakladé kompozice poslednich intenzit a podili umyslnych
mytnich té%eb predepsanych zakonem (napf. v CSR Vyhl. & 13/78 Sb.), utvofime
matici pravdépodobnosti pfechodu homogenniho regularniho Markovova Tretézce.
Z této matice vypoc¢teme stacionarni rozdéleni lesa ve vékovych stupnich, na kterém
zalozime normalni les. StéZejni Casti prace je vypocet optimalniho fizeni — tézeb-
nich podila ve vékovych stupnich (které nemohou byt men$i, nez predpoklddané
podily kalamitnich tézeb) v jednotlivych decenniich tzv. doby vyrovnavaci, tedy
doby, ve které pozadujeme vyrovnani konkrétni, vychozi vékové struktury na veé-
kovou strukturu normadlni (staciondrni). Pri tom je samozifejmé nutno poditat, Ze
bude tfeba nékdy umyslné tézit i ¢ast mladSich porostu. Proces konverze je optima-
lizovan simplexovou metodou spojitého linedrniho programovani. Uéelovou funkei
je maximum celkovych mytnich téZeb za obdobi konverze. Zavérem je posouzena
moznost aplikace dal§ich metod, predevsim stochastického programovéani, které umoz-
nuje poditat i s rozptylem parametrti dlohy a reSit tak otdzky nalezeni optim&lniho
rizeni v podminkédch netplné informace. V praci uvedené ilustrativni priklady uka-
zuji, Ze navrzend metoda dava lepdi vysledky, neZ fada doposud uZivanych tzv.
vzorcovych metod.

Lty =

normalni les; konverze k normalnimu lesu; ndhodné procesy; teorie Fizeni; linearni
programovani; stochastické programovani, doba vyrovnavaci

KOYBA, fA. (MHcTuTyT npuknagHoi akonorum a akotexHukun CXWM, Kocreneu Hag Yep-
HbiMKU [lecbl): YnpaBneHuWe npoueccoM BblIpaBHUBaHUSI K CTOXaCTMYECKM onpeaeneHHOMY
HOpMalnbHOMY necy nMHeWHbIM W CTOXaCTUYeCKMM nporpammupoBaHueM. Lesnictvi, 35,
1989 (11) : 1025-1040.

Pa6oTta yrny6nseT nosHaHWs NO MNPEXHEMY MPOEKTy HOBOW TEOpPUM aBTOpa — TEOPHUM
HOpMa/nbHOro neca, OCHOBAHHOW Ha PacCYXAEHUW O NPEexXAEeBPEMEHHbIX rnaBHblX pybkax
(cTux. 6eactsmit), KOTOpbie CepaBHO BbIHYXAAlOT NpexaeBpeMeHHoe obnecHeHue. B BBe-
AEHUK CHOPMYNUpOBaHa TEOPWsS BbIPaXeHWs U OUEHKU ITUX CAyuyanHbix Py6OK Ha OCHO-
BaHWMW Teopuu oOHOBNEHUR. Teopus OUEHKWM OCHOBaHa Ha MYHKUMM HagexHocTu R(t), Bbl-
paxalouwein HaBepHOe BbIXWUTUE, BEPOSTHOCTb TOrO, UTO Nec He O6yAeT HYXHbIM BbIpyGUTb
no nepuoga r€ (0 < 1 < oo). B pabote yHkuusa R(t), BblpaxeHa Ha OCHOBaHWMU (DYHKUMH
pacnpeaeneHua Beinbynna. M3 AaHHOW yHKUWYU pacuuTtaem YHKUUIO HHTEHCHBHOCTH
YHUUTOXEHUSA neca 3a nepuoa (¢, t + At):

R(t)
R(1)

MHTerpupys MYyHKUUIO UHTEHCUBHOCTM L(t), B 9KBUAMCTAHUMOHHbIX WHTEpBanax nony-
UMM MHTEHCUBHOCTHM OTBEUAIOWME COOTBETCTBYIOWEMY pa3Maxy AaHHbIX UHTepeanos (BO3-
pacTHas cTeneHb (knacc) — 10, (1. ¢. 20 net). Ha ocCHoBe KOMNO3WUWK NOCNEAHUX
MHTEHCUBHOCTE W AoNei rnaBHbix py6OK nepAnUCaHHbIX 3akoHoMm (Hanpumep B UCP
Ornawenne 3a N° 13/78 C6.), cosaaayT MaTpuuy BEpPOSATHOCTEH nepexoaa rOMOreH-
HOW perynspHon uenu Mapkosa. M3 pgaHHOW MaTpuubl pacuuTaeM CTalMOHapHoe pasje-
neHue neca B BO3PACTHbIX CTEMEHSX, Ha KOTOPOM 3al0XWM HOpManbHbli nec. OcHosoM

L(t) = —
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pa6oTbl — pacueT ONTUManbHOro ynpaBAeHWUS — pPYOGKOCTHbIX AOnei B BO3pacCTHbIX rpyn-
nax (oHW MoryT 6biTb U MEHbWKMHK, YyeM npeanonaraeMbie ot py6ok nocne ctux. Geacreus)
B OTAENbHbIX AECATUNETUAX TaK Ha3blB. Nepuoja BbipaBHUBAHUA, T.€. A0 TOro nepuoaa,
B KOTOPOM Tpe6yem BbipaBHUBAHM KOHKPETHOM, WCXOAHOW BO3PaCTHOW CTPYKTYpbl Ha
HOpManbHyl BO3pacCTHYK CTPYKTypy (cTauuoHapHyio). lpu 3TOM €eCTECTBEHHO cneayer
pacuuTbiBaTh, uTOo 6YAYT NPOBOAWTb pY6KYy Yy Monofbix HacaxaeHwi. lMpouecc koHBepcuu
ONTUManU3uMpoBaH CUMMNEKCHbBIM METOAOM NUHEWHOro nporpammupoBaHus. LleneBoit yHk-
uMen — MakCHUMyM OOwMx rnasHbix pyGok 3a nepuoa KOHBEpCUM. B 3aknioueHuu oueHeHa
BO3MOXHOCTb MPUMEHEHUS CNeaylowux MeToAoB, NPEXAE BCEro CTOXaCTMUYECKOro nporpam-
MUpOBaHHUs, NO3BONAOUIEE PACUMTbIBATL W Ha AMCNEPCUIO NapaMeTpoB 3ajaHus W Tem
CaMblM pELWUTb BOMPOCHI MOWCKa ONTUMaNbHOrO YMpaBNE€HWS B YCNOBUAX HENONHOW WH-
dopmauuu. B pabote npuBeaeHble, WANIOCTPATUBHLIE MPUMEPbHI MOKa3bIBAOT, UTO MNPEANO-
XEeHHblI MeToa Aaer Nydyuwuve pesynbTaTtbl, UEM pAj MUCNONb30BaHHbIX TakKk Ha3blB. METOA0B
cdopmyn.

HOpManblii Nec; KOHBEPCUS K HOPManbHOMY necy; CAyuyaiHble NpoLEecChbl; Teopus ynpasne-
HUS; NMHEHHOe NpOorpaMMUpOBaHUE; CTOXaCTUUECKOEe MPorpaMMWMpoBaHue; CPOK — MNepuos
BblpaBHUBaHUS

KOUBA, J. (Inst. f. applizierte Okologie u. Okotechnik d. Landwirt. Hochschule,
Kostelec nad Cernymi lesy): Steuerung des Ausgleichprozesses zum stochastisch de-
finierten Normalwald durch lineare und stochastische Programmierung. Lesnictvi,
35,71989 (11) : 1025-1040.

Die Arbeit entwickelt den urspriinglichen Vorschlag des Verfassers der neuen Theorie
des Normalwaldes, die vor allem auf der Erwigung vorzeitiger Endnutzungen (Ka-
lamitdten) aufbaut, die gleichzeitig vorzeitige neue Verjlingung des Waldes erzwin-
gen. Einleitend wird die Theorie der Darstellung und der Schitzung dieser Zufallsnut-
zungen aufgrund der Theorie der Erneuerung formuliert. Die Schétzungstheorie ist
auf der VerlidBlichkeitsfunktion R(t) gegriindet, die die Wahrscheinlichkeit des Uber-
lebens darstellt, die Wahrscheinlichkeit, da der Wald nicht abgeholzt werden muf}
vor dem Zeitraum r€(0 <t < oo ). In der Arbeit wird die Funktion R(t) auf der
Grundlage der Funktionen der Weibullschen Verteilung ausgedriickt. Aus dieser
Funktion berechnen wir die Fuktion der Intensitit der Waldvernichtung im Zeitraum
t t+At): R'(®)

R(t)

Durch Integration der Intensitatsfunktion L(t) in Aquidistanten Zeitintervallen be-
kommen wir Intensitdten, die der entsprechenden Spanne dieser Intervalle entspre-
chen [Altersstufe (Klasse) — 10 (bzw. 20) Jahre]. Aufgrund der Komposition letzter
Intensitdten und der Anteile planmiBiger Endnutzungen, die durch das Gesetz vor-
geschrieben sind (z.B. in der CSR Verlautbarung Nr. 13/78) bilden wir die Wahr-
scheinlichkeitsmatrix des Ubergangs der homogenen reguliren Markovschen Kette.
Aus dieser Matrix berechnen wir die stationdre Einteilung des Waldes in Altersstufen,
auf der wir den Normalwald aufbauen. Den wichtigsten Teil der Arbeit bildet die
Berechung der optimalen Leitung — der Nutzungsanteile in Altersstufen (die nicht
kleiner sein konnen, als die vorausgesetzten Anteile der Kalamitidtsnutzungen) in
einzelnen Dezennien der sogen. Ausgleichzeit, also derjenigen Zeit, in der wir den
Ausgleich einer konkreten Ausgangs-Altersstruktur auf die normale (stationire)
Altersstruktur erfordern. Dabei muf3 sebstverstdndlich damit gerechnet werden. daB
man eventuell irgendeinmal absichtlich auch einen Teil jlingerer Bestdnde wird
abholzen miissen. Der Konversionsproze wird durch die Simplex-Methode der
kontinuierlichen linearen Programmierung optimiert. Die Zweckfunktion stellt das
Maximum der gesamten Endnutzungen im Konversionszeitraum dar. Zum Schluf3
wird die Moglichkeit der Applikation weiterer Methoden beurteilt, vor allem der
stochastischen Programmierung, die es moglich macht auch mit der Streuung der
Parameter der Aufgabe zu rechnen und auf diese Weise auch die Fragen der Ermitt-
lung optimaler Leitung in Bedingungen unvollstindiger Information zu lésen. Die
in der Arbeit angefiihrten illustrativen Beispiele zeigen, daB die vorgeschlagene
Methode bessere Ergebnisse liefert als eine Reihe der bis jetzt angewandten sogen.
Formelmethoden.

Normalwald; Konversion zum Normalwald; zufillige Prozesse; Leitungstheorie; Li-
nearprogrammierung; stochastische Programmierung; Ausgleichzeit

L(t) =
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