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SOME RESULTS OF FORESTRY RESEARCH IN CZECHOSLOVAKIA

In implementation of our long-term editorial policy are we presenting to
our foreign readers a poly-thematic English issue of our scientific journal ,Les-
nictvi”, the objective of which is to publicize this way some major results of
Jorestry research carried out in Czechoslovakia.

We have made it a standard routine to inform this way the world forestry
public about our work in the effort to demonstrate our coniribution to the
progress of forestry science which is of tremendous importance lo mankind
development.

As it is well known to most readers and [riends of our scientific journal,
the January-February 1971 double-issue contained a vocabulary of forestry
terms in the Czech, Slovak, Russian, English, German, French, and partly in
Spanish languages, the aim of which was to improve in an easily understandable
manner the understanding of specialized forestry terminology in the languages
mentioned above. The vocabulary's reference numbers make it possible to find
the respective term equivalents in any of the said languages, and by the
end of 1971 an alphabetic English register was published as an Annex to the
Vocabulary, enabling quick conversions of forestry terms from the English.
Similar German language and other registers are under preparation.

To characterize the subject-maiter contents of this English issue of ,Les-
nictvi”, we should say that without attempting to submit a fully representative
sample we have chosen to release the achievements of some forestry sciences
that can well document the trends and findings that had been followed or accu-
mulated in recent years.

First is a mensurational paper dealing with forest stand increment pattern,
summarizing and supplementing the research information on the current incre-
ment of forest stands, namely on the so called Total Current Increment which
is theoretically defined by the first derivative of the total volume production
(yield) formula. It has been stressed again that in silviculture and forest mana-
gement the growing stock and its increment are the very major bases of forest
management programming and execution of forest operations. The wvalidity
of the formulae expressing the volume-increment relationships has been docu-
mented and verified by the author on more than 500 Norway Spruce sample
trees by way of stem analyses.

The paper is followed by a study of new trends in the science of silviculture,
basing methodically on the principles of retrospection and futurology, as well
as on those of logology and logometry. According to its author, the major basic
problem and action research projections emphasized are the biological automation,
silvicultural rationalization, and silvicultural programming.

The causality governing the growth of forest tree species populations and
of the tree-storey biomass should become a real backbone of stand management
biotechniques, and in this sense has been very much appreciated the contribution
of the International Biological Programme and of the associated UNESCO
Project Man and Biosphere to research of the world's forests. A demonstration
experimental plot supporting a model Silver Fir (Abies alba Mill.) stand,
belonging to the Fagetum quercino-abietinum forest ty, pe group, has been described
to show Czechoslovakia's participation in the former Programme.

To facilitate the investigations into the tree growth process and the choice
of optimum silvicultur procedures, the UniAgri-1 apparatus (Czechoslovak
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Patent) and a tree increment analyzer based on Eklund's year-ring instrument
were designed or improved.

In recent years has been growing increasingly the significance of the so
called forest influences and, consequently, that of the multiple uses of [orest
lands. The subject was, inter alia, on the agenda of the Sixth World Forestry
Congress 1966, held in Madrid, Spain, as well as of the Fifth Congress convened
in 1960 in Seattle, U. S. A. At both Congresses, serious difficulties had been
emphasized involved in the economic quantification in terms of value of various
forest influences. The paper on valuation of forest recreation is concerned with
the utility value of the recreational areas, determining the recreational potential
and recreational effect. A relative comparison was made of the the recreation
supply cost incurred by forest management, and the price for [orest recreation
to be paid by the consumer. The recreation valuation method designed by the
author is applicable to forest management, particularly to planning and projections
of the recreation and production functions of the forest, as well as to decision-
making on the optimum forest uses policies.

There is a study on computer applications to model business management
systems relating to forestry, the cutcome of which is that the proposed general
model of business management of forest operations based on the employment
of computer techniques is both feasible and economical, one of its merits being its
stage-after-stage development and putting in operation. While the full-coverage
management model is nearing completion, the major elements of the part-coverage
model of short-term planning and logging management had been already tested
with success.

The author of the jollowing paper has paid his attention to research projects
dealing with [orest environments in Czechoslovakia in the years 1965—1970,
embracing the subjects of forest bioclimatology, forest geology, and forest soils.
The core of the paper lies in forest soils research which had been concerned
particularly with the water, air and lemperature forest soil regimens, with the
problems of humus development and classification, with forest site fertilizing
and forest soil forest stand relationships.

Advanced technology, which has been assuming growing importance ta
forestry, is the topic of a paper on new design electrodes for tree barking by
electric current. This is yet another improvement on a Czechoslovak patent, as
well as an additional information on the features of the method. It has been
found that the performance of the installation depends to a considerable degree
on the time required for treatment of the under-bark stem (log) tissues by electric
current. The desired changes in them, particularly the temperature ones, must
proceed rapidly, and this is why built-up electrodes mounted on an endless
electrode band had been designed and found technologically superior, making
it possible to utilize in a better and more economical way the patent referred
to above.

The last original contribution deals with crooked logs bucking on log depots,
and is based on logging records relating to a riverine forest area of 10,900 ha,
yielding some 46,320 cu.m. of annual cut. It has been established that one of the
controlling factors is the location of the log conversion place, and the best solution
proved to be a central log conversion and supply yard, resulting in considerably
better marketing and returns from big-diameter iree-length logs.

The poly-thematic issue of Lesnictvi contains a review of the forestry college
textbook Principles of Forest Growth and Production, and another on the Collec-
tion of lectures delivered at the 50th Anniversary of Forestry Research Conference,
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It is more than evident from the aforesaid that this issue of the scientific
journal Lesnictvi has only brought selected examples of solutions to the major
research problem areas of foresi management and forest research. In no case has
its objective been an exhausting problem and solution coverage, this being out
of question on the available confined pages. The aim has been to draw the
attention of foreign readers to forest research projections and efforts prevailing
in Czechoslovakia and aiming at one ultimate goal — the best service to deve-
lopment of her Socialist society.

Prof. Dr. Ing. Miroslav Vyskot, Dr. Sc.,, Corresponding Member of the Cze-
choslovak Academy of Sciences

NEKTERE VYSLEDKY VEDECKOVYZKUMNE PRACE
V CESKOSLOVENSKEM LESNICTVI

Podle osvédcené praxe piedkladdme zahranicni ctendiské obei naSeho vé-
deckého casopisu Lesnictvi polytematické éislo v anglickém jazyce, kieré ma touto
formou zpFistupnit nékteré vysledky védeckovyzkumné prace v ceskoslovenském
lesnictvi.

Stalo se jiz dobrym zvykem, ze timto zpisobem informujeme Sirokou les-
nickou verejnost o na$i prdci ve snaze vyjddrit nds prispévek k pokroku odvétvi
tak vijznamného pro vjuoj lidstva.

Jak je vétsiné ctendaru a prizniveu naseho uedeckeho ¢asopisu zndmo, vydali
jsme ve dvojéisle 1—2/1971 Cizojazycnyg slovnik odbornjch lesnickiych pojmi
v cestiné, slovenstiné, rustiné, angliétiné, néméiné, [rancouzstiné a v Fadé pojmu
i ve Spanélstiné ve snaze prispét velmi pristupnou formou ke znalosti specidlnich
vyrazt v uvedenych jazycich. Slovnik je opatien ciselngm kodem, ktery umoz-
niuje prevod do vSech pouzitjch jazyku. Koncem roku 1971 vysel jako specidlni
ptiloha anglicky rejstiik naseho cizojazyéného slovniku, ktery umozriuje rychly
prevod z anglického jazyka. Dalsi klice pro némcinu, ev. pro ostatni svétové
feci se pripravuji.

K vlastnimu obsahu tohoto ¢isla védeckého casopisu Lesnictvi v anglickém
jazyce wuvddime, zZe bez ndroku na uplnou reprezentaci prindSime vysledky
z néktergch oboru lesnického odvétvi, které mohou dokumentovat tendence a re-
zultdaty, jez byly na tomto useku koncipovdny a ziskdny.

Pruni prdce si vsima prirustového rozboru lesniho porostu a shrnuje dosa-
vadni poznatky o vyzkumu bézného prirtusiu lesnich porostu, zejména o tzv. cel-
kovém bézném priristu, ktery je teoreticky pruni derivaci k celkové hmotové pro-
dukci. Pro pésténi lesit a hospodarskou upravu lesi jsou porosini zdsoba a jeji
prirust vlasiné nejdalezitéjsimi prvky programovdni a uskutecriovani hospodar-
skych opatieni. Matematické vyjadieni téchto vztahi je dokumentovdano a prezkou-
§eno na vice nez 500 analyzovanych jedincich smrku (Picea excelsa Link).

Na tuto praci navazuje studie o novych smérech ve védni discipliné pésténi
lesti. Metodicky vychdzi z principu retrospekce a [uturologie, piFicemz exaktni
bazi tvoii logologie a logometrie. Jako hlavni zakladni problémové a realizaéni
soubory jsou akcentovany biologickd automatizace, péstebni racionalizace a pro-
gramovdni v pésténi lest.

Kauzalita ristového procesu populaci lesnich dievin a biomasy stromového
patra slouzi jako redlny podklad pro péstebni biotechniku. V tomto sméru se
velmi oceriuje prinos vyzkumu biomu lesa Mezindrodniho programu (Interna-
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tional Biological Programme) a na néj navazujiciho projektu UNESCO Clovék
a biosféra (Man and Biosphere). Jako dokladovy objekt je prezentovdna jedlina
(Abies alba Mill.) ve skupiné lesnich typi Fagetum quercino - abietinum.

Ke zkoumdni riustového procesu a k odvozovani nejvhodnéjsich fytotech-
nickych zdsahi byly konstruovdny, resp. novelizovdny aparatury UniAgri 1 (Cs.
patent) a analyzdtor pririustu na principu Eklundova piistroje.

V' posledni dobé stdle vice roste vyznam tzv. uziteénych funkci lesa. Tato
problematika byla mimo jiné predmétem V. Svétového lesnického kongresu 1960
v Seattle, USA, a VI. Svétového lesnického kongresu 1966 v Madridu ve Spa-
nélsku. Na téchto kongresech byla konstatovdana znaénd obtiznost ekonomického
vyjadieni uziteénijch funkci lesiu. Publikovany prispévek vénovany ocenéni lesni
rekreace si v§ima uzitkové hodnoty rekreaéniho tzemi urcujici rekreaéni poten-
cidl a rekreacni efekt. Jsou zde vyjadieny naklady rekreace zatézujici lesni hospo-
dafstvi na strané jedné a konzumenta rekreace na strané druhé. Navrhovand
metoda je pouzitelnd v hospoddiské upravé lesu, zejména v planovani rekreaénich
a produkénich funkci lesa a v hospoddiském uréeni lesa.

Dalsi prace si vS§imd vgznamu samoéinného pocitace v modelu Fidiciho
systému lesniho hospoddisivi. Konstatuje se, ze navrieny globdlni model pro
Fizeni lesniho hospoddistvi s vyuzitim samocinného pocitace je redlnj a vjhodny.
Jako piednost se zdiraziiuje moznost etapovité vystavby a realizace. Celkovy
model se nachdzi ve stadiu kompletovani, pricemz jsou jiz odzkouSeny hlavni
prvky diléitho modelu pro kratkodobé planovdni a Fizeni tézebni cinnosti.

Rozvoj vijzkumu z védnich obori prostiedi lesa v Ceskoslovensku za leta
1965— 1970 je obsahem dalsiho elaboratu. Zahrnuje obory lesnické bioklimato-
logie, lesnické geologie a lesnické pedologie. Tézistém prispévku je lesnické
ptidoznalstvi, kde byly zkoumdny zejména vodni, vzdusné a teploini rezimy pud,
problematika tvorby a hodnoceni humusu, hnojeni lesnich pud a vztahy mezi
pudou a porosty lesnich drevin.

Technické stranky, kterd md stdle stoupajici vyznam v lesnim hospoddf¥stvi,
si v§ima prispévek o novych elektroddch pro odkorriovani dieva elekirickymi
proudem. Vychdzi se pritom z ¢és. patentu pro odkorriovdni dieva elektrickym
proudem a konstatuje se, zZe vjkonnost tohoto zarizeni je znaéné zdvisld na dobé
potiebné k pusobeni elektrického proudu na podkorni vrstvy kmene. Uvedené
zmény, zejména tepelné, musi probihat rychle. Proto byly vyvinuty sloZené
elektrody s nekonecngm pdsem diléich elekirod, které se osvédcuji, protoze umoz-
riuji lepsi a uéinnéjsi vyuziti citovaného patentu.

Posledni puvodni sdéleni je vénovano zpracovdni kiivého dieva na skladech.
Vychdzi se pritom z faklografie oblasti luzniho lesa s roéni tézbou 46 320 plm
na ploSe 10 900 ha. P¥itom bylo zjisténo, Ze jednim z rozhodujicich faktori je
misto manipulace. Zde se nejlépe osvédéil centralni manipulaéni a expediéni sklad
se znacné vys$Sim zpenézenim tlustych surovich kmeni.

Polytematické cislo je doplnéno recenzemi celostdtni ucebnice pro vysoké
Skoly Zaklady ristu a produkce lesii a sborniku referati z konference k padesati
letium lesnického vyzkumu.

Toto ¢islo védeckého casopisu Lesnictvi ukazuje pouze na nékterych piikla-
dech teSeni hlavnich oborovych problémi v lesnickém odvétvi a jeho védecké
i vyzkumné ¢innosti. Smyslem je upozornit zdjemce na sméry a prikopnické
snahy v Ceskoslovenském lesnictvi, adekvdini potiebam rozvoje socialistické
spoleénosti.

Prof. Dr. Ing. Miroslav Vyskot, DrSc, ¢len korespondent CSAV
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V. Korf ANALYSIS AND PATTERN OF FOREST
STAND INCREMENT

It is very well known in forestry that in a Working Circle (basic unit of cut regulat-
ion) the volume of growing stock, its pattern, and its increment are and will remain basic
elements of forest management, both for the purpose of yield regulation and for all other
management purposes. This is a finding that had been formulated for the first time in 1795
by one of the foremost German foresters, J. Ch. Paulsen, by the words: “Ohne genaue
Kenntnis von der Grofle des Holzvorrates und dessen Zuwachs ist es unmoglich die
Forste aufs Vollkommenste und nachhaltig einzurichten”.

This basic finding has been constantly stressed in forest management in various
connections, and it is also included in various methods of yield regulation as well as in
various conceptions of growing stock and increment control, the latter having gained
particular significance namely since World War II. The search for appropriate methods
of growing stock and increment control has been motivated by the objective to collect
the best possible information on the condition of the forest, and to utilize it in forest
management intensification.

The problems of growing stock and increment control had been studied by a number
of authors, both abroad and in this country, and theoretically justified and practically
being verified methods on the subject were recommended, some of them applying also
to the age-class management system, i. e. to the age-class evenaged forest. As for the
selection system, the growing stock and increment control has been for long the theore-
tical backbone of the “méthode du contrdle” and has been also applied practically and
perfectioned to real forests. It should be borne in mind, however, that in the future the
objective will be not only a quantitative control but also that it will be necessary to exa-
mine (measure) the forest growing stocks also from the point of quality. In this country
it was A. Priesol (1961) who elaborated after World War II. the methods of forest
production control on a comprehensive approach basis.

In forest management, the cut regulation is generally based on the volume of grow-
ing stock and on its distribution, as well as on the average increment figures (MRI, TRI),
in association with the rotation, and particularly with the area and volume representation
of individual age-classes. However, in contrary to the above, the basic production
indicator for forest planning should be the Current Stand Increment, which is in fact
the very primary factor. It is because only by addition of the current increments will in
the course of time — according to the nature of this increment — be created either the
growing stock (volume) of the residual stand, or the total volume production. In line
with the above definition, of primary importance is the so called Total Current Increment
(TCI), this being the actual volume production for a definite period of time (period, or
one year). Its part is the residual (main) stand current increment, which is accumulated
in the form of the stand volume (residual stand volume). Under normal conditions is the
whole forest stand growth process a result of tree growth combined with periodically
recurring cutting, the latter affecting — inter alia — also the rate of growth. Thus, the
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major growth element that must be studied in the first place is the Total Current Incre-
ment (TCI), which is, from the point of theory, a differential coefficient of the total
volume production.

The Total Current Increment has been assuming greater importance particularly
because it is at the same time a yardstick for the evaluation of the silvicultural and other
measures aiming at higher production of quality timber. It is obviously hard to judge
the effects of certain silvicultural operations on the yield variations without knowing
the actual pattern and development of the Total Current Increment. It is also an undi-
sputed fact that Forest Management only can play the major role in the comprehensive
evaluation of the impact of specified silvicultural practices on the quantity and quality
of wood production. It is Forest Management only supplying all the necessary production
process information and planning on the basis of it the development of forestry towards
fulfilling in the optimum and maximum degree the national role of forests.

A great number of scientific papers, theoretical studies, and dissertations following
the above goal have been written on the utilization of the Current Stand Increment in
Forest Management and Silviculture, yet efficient application of this forest production
yardstick to forestry pracice has been so far relatively scarce, with the exception of the
management and silviculture of the selection forests, where this value has been assigned
a concrete contents and role in the conception of the control methods. The possibilities
of utilizing the Current Increment in Forest Management and Silviculture with regard
to evenaged forest stands have been discussed in my earlier papers (Korf 1960, 1961,
1962), in 1967 G. Hildebrandt published a thorough study on the major methods of
Current Increment determination, and also in the recent college textbook by Vyskot
et al. (1971) has adequate attention been paid to current increment of individual trees
and forest stands in the evaluation of the Czechoslovak and foreign biometrical and
mensurational papers.

There is no need for particular stressing that the Total Current Increment of evenag-
ed forest stands operated under the clearcutting management system can be regarded
in a Working Circle as a total cut measure only under the assumption (if there is) of
a certain normality of the age-class distribution. The proportion of all or some age-classes
is also the major element of present cut regulation in this and other countries. As a rule,
the distribution of age-classes would be abnormal and this is also why the Total Current
Increment — measure of wood production at the moment — would be different. Thus
for instance abnormally high Total Current Increment would be recorded generally
for Working Circles showing large area surpluses of medium age-classes (second and
third) since at this very forest stand age the Current Increment has its culmination. The
Total Current Increment of a Working Circle would be calculated in this country on the
basis of actual growing stock of individual age-classes, and the growth rate (increment
percentage) taken from the yield tables. The theory of this method had been justified
already during World War II. when the latter had been used for the purpose of quick
forest assessments (Korf 1944).

The importance of the Current Increment has been well known already to earlier
foresters’ generations, and the necessity has been also stressed again and again to look
both for feasible methods of its determination and for its best practical utilization in
the regulation of forest production. It is particularly necessary to recall, in this context,
the ideas of an outstanding Czechoslovak forester, R. Hasa (1925) who, when studying
the Swiss check method (“methode du contrdle™) pointed out the imperative necessity
to take up as soon as possible the problem of Current Increment measurement. To this
end, HaSa recommended the setting up of experimental forests showing typical tree
species and age-class patterns in which systematic increment survey and inventory
would be pursued.
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The search for suitable methods of Current Increment determination has thus
become a major forest mensurational research project not only in this country but also
abroad, this being also evident from a considerable number of papers published on the
subject. The significance of Current Increment has been emphasized particularly at the
International Congress of the Forest Research Institutes in Rome in 1953, and in the
papers submitted to the 25th Congress Section had invariably been quoted as a major
forest research project the development of a practical, economically feasible, and suffici-
ently accurate method for the measurement of the Current Increment of forest stands.

Regarding utilization of the Current Increment of forest stands, the opinion has
been prevailing for the time being that it is necessary to devise in the first place the
methods for the Current Increment measurement to serve as a production yardstick
in older stands awaiting regeneration (Hildebrandt 1967). It is namely very important
that forest stand reproduction planned in the working plans be fully justified also from
the point of economics. In other words, in the chronological and spatial sequence of the
planned stand regenerations should inter alia be applied as an important factor the Total
Current Increment and its changes (development) throughout the regeneration period.
It goes without saying that there are more criteria and factors governing the planning
of stand regeneration, and thus the Total Current Increment will have to be assigned
a role it deserves among them.

In young forest stands is it possible at the moment to abstain from the Volume
Current Increment determination because of the complexity of the problem, and the
choice of thinning type and grade aiming at improved production may be objectively
based on the quickly-determined basal area; to the same end can as much as possible be
utilized the results of research conducted by Assmann (1953, 1954) as recommended
by Hildebrandt (1957).

More and more has been also emphasized the utilization of quantitative forest
production projections and the resulting cutting possibilities to technological and eco-
nomic development of forestry, and beyond any doubt also in this field will the knowledge
of the Current Increment variation for individual stands and for whole Working Circles
be a safe guideline, naturally along with other indicators. The knowledge of the Total
Current Increment is also likely to be of future significance in the checking of forest
management records, in certain aspects of forest valuation, etc.

The employment of statistical methods and modern computing techniques in this
country and abroad has made it possible to resolve certain problems of theoretical and
practical importance relating to stand volume determination and to increment measurem-
ent. A number of fairly complex questions have remained, however, still unresolved,
and presently are they on the program of biometrical research. In Czechoslovakia,
forest biometrics research has been concerned with clarification of the laws governing
the growth of evenaged and unevenaged forest stands. The primary objective has been
the accumulation of theoretical knowledge and their verification on extensive empirical
material in the process of construction of Czechoslovak yield tables and elaboration of
suitable methods of Current Increment quantification. In this respect I should refer
to the papers of our foremost forest biometrics researchers (J. Halaj, A. Priesol,
V. Korf, J. Rehék, S. Smelko, J. Wolf, etc.).

THE THEORY OF GROWING STOCK SAMPLE TREE AND INCREMENT
SAMPLE TREE

In this Chapter certain theoretical results of my biometrical research on forest

stand increment will be discussed and their verification by means of concrete stand
measurements.

LESNICTVI — 1972 BH87



In a fully enumerated forest stand the mean diameters of the individual diameter-
-classes were designated d; (f = 1, 2, 3, ..., 1) and the respective class tree frequencies
ny. The number of diameter-classes is /, and the sum of all diameter-class frequencies is

I
nj=N . (€]
Jj=1
Therelative tree frequencies in terms of percentage for individual diameter-classes are
1

n y . 100 i
Wj 100 and their total is —N—Z ny = 100 9% (1a)

Any tree diameter-class dj is further represented by a mean tree volume vy, so that
the volumes of individual diameter-classes are ny . v;, and the volume of the whole

stand is

j=1

n.oy=1V. ' 2

JUR

J=1

The relative volume representation by individual diameter-classes in terms of

percentage is - Vvi 100, and the sum of all partial representations is thus
I
100
R Z ny . vy = 1009, . (2a)
Jj=1

Finally, in a similar way can be expressed in absolute and relative terms the distribu-
tion of the Annual Current Increment over the individual diameter-classes, this increment
per one tree characterizing the respective class being denoted as 7;. Thus, the increment
of any diameter-class is #n; . v;, and the stand increment / is then the sum of all the

diameter-class increments

n;.i;=1. (3)

.MN

Jj=1
The relative increment (in terms of percentage) of individual diameter-classes is
ﬂ—lﬂ 100, and the sum of such percentages is
1
1
%‘02 ny . iy = 1009, . (3a)
j=1

On the basis of the above formulae is the Mean Volume Sample Tree (Growing
Stock Sample Tree) an arithmetic average of the diameter-class volumes

Ez—ﬁ. ny .oy . 4
=1
The Mean Annual Current Increment per one tree is then
1 d
i=wzn;.i;. ©
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It is now appropriate to represent graphically the relative distribution of tree
diameter frequencies and the volume percentages for individual diameter-classes. The
two frequency polygons we obtain are in a certain very significant relationship. For
small tree breast-high diameters is

ny
N 100 > V 7 100

while for larger diameter classes is it, vice versa

n -9
N 100 < —— V 100

It should be added, however, that the above relationships could be expressed

N’
in forestry, the same method had been used also in this case.

It can be seen from the graphic representation that the two polygons have a point
of intersection corresponding to the DBH of the Mean Volume Sample Tree (Growing
Stock Sample Tree) d,. The proof of this is very simple and was submitted by Korf
in 1961. The abscissa d, of the intersection point P; of the two polygons in fact determines
the position of the Stand Sample Tree.

A similar relationship can be assumed for the DBH distribution percentages and
the volume distribution percentages by individual DBH-classes. In the latter case will
the respective polygons be having the intersection point P the abscissa d; of which
represents the breast high diameter of the Increment Sample Tree, placing theoretically
also its position within the polygons.

In the following we shall be concerned with a theoretical analysis of the relationship
between the Mean Sample Tree volume (Stand Sample Tree volume) v, and the Annual

- Current Increment per one tree of the stand in question 7.

It may be assumed in principle that there is a certain stochastic correlation between
the volumes of individual trees in the stand o; and their respective increments #; that
can be expressed by the regression equation given below

iy = flvg) (©)

This assumption is quite realistic since the Annual Current Increment is virtually
deposited by the cambium activity on wood layers produced in earlier years, and conse-
quently there must be a close relationship of the two variables — strictly speaking a stocha-
stic one. Let us assume further that the DBH distribution within individual DBH-
-classes is approximately normal. It is also well known that under certain circumstances
can the function f(x) be expanded in a Taylor series of this general form

a5 ia : S n; n . Vj 3 oy s
sufficiently by simple ratios| —° 7 etc. ). Since it is customary to use percentages

fx) =

f() —a) + f;(!a) (x —a)2+ ... —%—f() (x — a)¥ + Rpya(x)
(7

in which Rz,1(x) is a residue. Should the above series be convergent for a given point x
and its sum be equal to f(x), the above residue must be

lim Ry1(x) = 0 .
k>0
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Our hypothetical equation expressing the increment of any tree of the stand 7; =
= f(v;) will be expanded in line with the above explanations, in a Taylor series for
the value a = v, i. e. around the Mean Sample Tree volume (Stand Sample Tree),

so that
;7—) _ " k(= -
i=fop=f@ + L2 -+ L —op .+ L -y )

The above series expansion will be confined on its right side to (¢ + 1) members, and
under this assumption will for any diameter class with #; tree frequency the volume
increment be

s = mfter) = mf®) + m L oy — )+ my L oy —ap .+
. ®
. f‘k(|) _—

The sum of partial increments of all diameter classes is then the total stand increment I

1 1

Z =me(w=2 f() ny(vy — v) +
F=1 J=1 =1 7=1 9
, ©)

ny(vy —
and the mean current increment per one tree lS
1

. ni(vs — ) > ni(v; — )

5 Z iy f( ) Z /@) Z a9
i= — f@) + - +45 ~ 8 o

It is obvious that the second series member is represented by the expression (designated

as m)
i

Z ny(vy — v)

Jj=1 =m
N

which is the first central moment known to be equal to zero (m; = 0). The third member
of the right-hand side of the equation is

Z"J('U] — )

j=1
=m
N 2
which is the second central moment. The same will apply to other central moments
m3, My, ..., My, and this way the increment equation (for individual trees) will be much

simplified ) B
f (v) f 3("0) ms .. /'(@) my . (10a)

i = f(v) + 2 + g
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The distribution of tree frequencies and volumes governing the above moments is
available, consequently it remains to choose properly the function

i = f(vg) - ©6)

According to our previous measurements of the Norway Spruce and Scots Pine
stands is it possible to express the function (6) by a simple formula
iy = Ko (6a)
in which K and 7 are the parameters that can be derived from the empirical data by means
of the method of least squares. The curve represented by the above equation passes
through the zero point of the rectangular coordinates, this being in perfect agreement
with the reality since for zero volumes the corresponding increments must be zero too.
In the simplest and as it appears in the frequent case will » = 1, so that the formula will
then represent a straight line passing through the origin and having a K sloping coefficient
@@ = Ky).
If however the abovedescribed relationship is analyzed on the basis of empirical
data 2y, 7; obtained from sample trees selected at random, it may occur that due to various
random factors may the regression line miss the coordinate origin and its analytical

expression will then be
y=a-+ by (6b)

as demonstrated by S. Smelko (1967) by analyzing mathematico-statistically the empi-
rical data of 12 Norway Spruce stands found in Slovakia. In contrast to the above, for
a general tree population the curve represented by the above function will be passing
through the coordinate origin irrespective of its linear or non-linear character.

Under the assumption of linearity between the variables »; and #; will the average
one-tree increment be given by the formula (10a)

1= flv) =Ko (6¢)
since the second and higher derivatives are equal to zero. Thus, the Growing Stock

Sample Tree is identical with the Increment Sample Tree, this resulting also directly

from the 7 formula since this increment figure attributed to the Increment Sample
Tree under the validity of linearity iy = K vy is

1
K njvy
2
N

In a more general case when n =+ 0, the Increment Sample Tree is slightly shifted
from ». The displacement depends, as obvious from the equation (10a), on the respective
differential coefficients and central moments and can be in either direction from the
Growing Stock Sample Tree.

1 =Ko,

THE EXAMINATION OF THEORETICAL FINDINGS BY APPLICATIONS
TO A CONCRETE FOREST STAND

The examination of the abovementioned theoretical relationships was carried out
in a number of Norway Spruce and Scots Pine stands, and for the research purposes
sample trees were used placed appropriately within the tree population, similarly to the
technique employed by Smelko (1965). Having in mind comprehensive increment
research objectives, aimed inter alia also at re-examination of the methods proposed
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1. Basic volume
stand (School Forest, Kostelec nad Cernymi lesy). — Zakladni hmotové a piirtstové
tidaje smrkového T0letého porostu (Skolni lesni podnik v Kostelci nad Cernymi lesy)

and increment characteristics

of a T0-year old Norway Spruce

dy Tree frequency Volume Increment
J . y LN 1\1[@ vy ny . vy s ’V 100 7] ny . i i’-’_’ng
% cu. m. cu. m. % cu. m cu. m. ’ %

1 11 1 0.20 0.0834 0.0834 0.04 0.0015 0.0015 0.03
2 12 6 1.19 0.1035 0.6208 0.27 0.0019 0.0118 0.19
3 13 13 2.58 0.1247 1.6211 0.70 0.0019 0.0250 0.40
4 14 16 3.17 0.1522 2.4348 1.06 0.0024 0.0385 0.62
5 15 27 5.35 0.1789 4.8298 2.10 0.0032 0.0869 1.41
6 16 22 4.37 0.2147 4.7239 2.05 0.0042 0.0927 1.50
7 17 29 5.75 0.2478 7.1849 3.12 0.0046 0.1340 217
8 18 37 7.34 0.2878 | 10.6469 4.62 0.0063 0.2319 3.75
9 19 35 6.94 0.3288 | 11.5071 4.99 0.0081 0.2829 4.57
10 20 45 8.93 0.3708 | 16.6854 7.24 0.0102 0.4603 7.44
11 21 33 6.55 0.4077 | 13.4535 5.84 0.0115 0.3786 6.12
12 22 37 7.34 0.4654 | 17.2189 7.47 0.0129 0.4762 7.70
13 23 44 8.73 0.5255 | 23.1222 10.04 0.0143 0.6305 10.19
14 24 37 7.34 0.5740 | 21.2387 9.22 0.0167 0.6197 10.02
15 25 27 5.35 0.6169 | 16.6558 7.23 0.0174 0.4698 7.59
16 26 25 4.96 0.6922 | 17.3052 7.51 0.0187 0.4677 7.56
17 27 15 2.97 0.7454 | 11.1806 4.85 0.0214 0.3207 5.18
18 28 19 3.97 0.8146 | 15.4780 6.72 0.0239 0.4548 7.35
19 29 13 2.58 0.8478 | 11.0219 4.78 0.0241 0.3134 5.07
20 30 9 1.79 0.9385 8.4463 3.67 0.0244 0.2194 3.55
21 31 7 1.39 0.9713 6.7993 2.95 0.0284 0.1985 3.21
22 32 4 0.79 1.0280 4.1121 1.79 0.0359 0.1435 2.32
23 34 1 0.20 1.2501 1.2501 0.53 0.0466 0.0466 0.75
24 35 1 0.20 1.4308 1.4308 0.62 0.0433 0.0433 0.70
25 36 1 0.20 1.3601 1.3601 0.59 0.0380 0.0380 0.61
504 | 100.00 230.4116 | 100.00 6.1862 | 100.00

for Current Increment determination, once again were tested the above described
relationships by means of empirical mensurational data on a 70-year old Norway Spruce
stand (Schwappach’s II Site Class) where some time ago a permanent sample plot had
been set up (area 0.50 ha, all trees numbered). The sample plot stand was successively
clear-cut in 1965, and stem analyses were made of all its trees, using 2m-long sections.
On this basis the Current Volume Increments (stem volume) were calculated for the
last five years, i.e. for the period 1961—1965, and the obtained five-year periodical
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increments were converted to annual ones. There were altogether N = 504 trees on

the sample plot, and the results of measurements are entered in Table I. All trees of the

stand were assigned — in line with statistical rules .— to 1-cm DBH-classes, the total

number of the latter being / = 25, the lower d; = 11 cm, the upper d; = 36 cm, and the
1

0
tree population Z nj = N = 504 trees. The number of trees in individual diameter-

j=1
-classes was given both in absolute and in relative terms (9,).

The single tree volumes for individual diameter-classes are in fact arithmetic ave-
rages of volumes of all trees belonging to a certain diameter-class. Thus for instance the
17cm diameter-class comprises all trees of the stand under study with diameters ranging
from 16.5 to 17.4 cm, the total (aggregate) stem volume of which was 7.1849 cu. m. Since
there were 29 trees in this diameter-class, the respective arithmetic average is v; = 7.1849:
129 = 0.2478 cu. m. The stem volumes of all trees analyzed were rounded off to the
fourth decimal, the same applying to increments too. The aggregate stem volume of all’
tree diameter-classes was

i

e Z ny . vy = 230.4116 cu. m. ,

=1
the Mean Tree volume was

1
] «—
0 = WZ ny . v; = 0.4572 cu. m.

J=1

The volume representation of individual DBH-classes was also expressed in terms of
percentage of the aggregate stem volume o. b. = 230.4116 cu. m. = 100 9.

The relation of the tree frequency percentages and the volume percentages for
individual DBH-classes can be best seen in Fig. 1. The two polygons have a common
intersection point P; corresponding to the abscissa d, = 21.9 cm, which is the very
DBH of the Mean Volume Sample Tree — of the Stand Sample Tree.

A similar technique was employed to determine the Stem Volume Current Annual
Increment. Individual annual current increments were computed for all 504 analyzed
trees on the basis of their five-year periodical current increment, as indicated above.
According to the tree classification, the increment figures (Tab. I) were assigned to
individual DBH-classes. In other words, the DBH-class d; = 28 cm comprising all
trees with a diameter range { 27.5—28.4cm ) showed a total annual current
stem increment of 0.4548 cu. m. Thus, the annual current increment per one
tree of this DBH-class amounted to # = 0.0239 cu. m. The aggregate stem
volume increment for all the trees of the stand (for all DBH-classes) was thus

%
10

relative tree-frequency
distribution by DBH

—— relative tree-volume
1. Relative tree-frequencies distribution by DBH
and relative volume-frequen-

cies by DBH-classes. Position |
of the Mean Volume Sample 4/
Tree. — Vztah relativniho za- |
stoupeni stromovych ¢etnosti a |
relativniho zastoupeni hmot 2{
‘podle vyéetnich tlousték. Po- |
dloha stredniho hmotového L /

10

kmene T T8 T 2 Tk 300 T & om

LESNICTVI ~ 1972 593



Z nji; — 6.1862 cu. m.
Jj=1

and the average incremsnt per tree

i
= LNZ ny . iy — 6.1862 : 504 = 0.01227 cu. m.
Jj=1

This is the annual stem volume current increment of the Increment Sample Tree. With
regard to the fact that the relative distribution of the above increment over individual
DBH-classes also depends on the relative DBH distribution, their interrelationships
can be followed easily, e. g. in the polygons of the relative tree frequency and tree volume
distributions.

%
10 2. Relative tree-frequencies and
relative increment-frequen-
A ——— relative tree-frequency  cies by DBH-classes. Position
8 /\ distribution by DBH of the Mean Increment Sample
N — : Tree. — Vztah relativniho za-
/ relative tree-incremen - s ‘ = 4
8 / distribution by DBH stoupeni stromovych Cetnosti
y a relativniho zastoupeni pri-
/\/ riastu podle vyéetnich tlousték.
" / Poloha prirastového vzorniku

2

DBH-d,
216 -
10 14 18 22 26 30 4 em

And this is also why the increments of individual DBH-classes were also given in
terms of percentage (related to the aggregate increment = 6.1862 cu. m. = 100 %,).
The relationship of the tree frequency percentage and increment percentage polygons
can be seen particularly in Fig. 2. This graphic representation shows (together with
figures in Tab. I) that for the smallest diameters is

B s B

N 7 100 .

The two polygons intersect each other in point Ps, the abscissa of which (d; = 21.6
cm) represents the DBH of the Increment Sample Tree. This is also how in principle
also the Increment Sample Tree position within the population is determined. The
respective proof is similar to that applied to location of the position of the Growing
Stock Sample Tree. With tree diameters larger than is the DBH of the Increment Sample
Tree tend the relative tree frequencies be smaller than the corresponding increment
percentages, 1. €.

M 100 < MY

N 7 100 .

In the graphic representation, the polygon of relative tree frequencies is higher
than that of increment percentages up to the Increment Sample Tree position (inter-
section point P> of the two polygons) from then on is it below the increment percentage
distribution polygon.
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To investigate (find) the relationship of the v; and #; variables which is generally
expressed by the equation (11), the least squares method was used to calculate the para-
meters K = 0.03064, and n = 1.258, so that the actual equation is

i = 0.03064 v;1.258

The equation expressing the relation of v; and #; does not represent in this case
a straight line but a comparatively flat convex curve. The relationship of the two variables

expressed this way testifies to the fact that the adjusted increment per one tree # is not
only a function of the Mean Tree volume v but that in general is it given by the series

II. Increment figures adjusted according to equation i; = 0.03064 v;1-%8 (School Fo-

rest, Kostelec nad Cernymi lesy). — Vyrovnané piirtistové udaje podle zavislosti
ij = 0,03064 v;1-2% (Skolni lesni podnik v Kostelci nad Cernymi lesy)

J d; i i vy1-258 iy ny .1
1 11 1 0.0834 0.0439 0.0013 0.0013
2 12 6 0.1035 0.0576 0.0018 0.0108
3 13 13 0.1247 0.0729 0.0022 0.0286
4 14 16 0.1522 0.0936 0.0029 0.0464
5 15 27 0.1789 0.1147 0.0035 0.0945
6 16 22 0.2147 0.1444 0.0044 0.0968
7 17 29 0.2478 0.1729 0.0053 0.1537
8 18 37 0.2878 0.2087 0.0064 0.2368
9 19 35 0.3288 0.2468 0.0076 0.2660
10 20 45 0.3708 0.2871 0.0088 0.3960
11 21 33 0.4077 0.3234 0.0099 0.3267
12 22 37 0.4654 0.3820 0.0117 0.4329
13 23 44 0.5255 0.4451 0.0136 0.5984
14 24 37 0.5740 0.4974 0.0152 0.5624
15 25 27 0.6169 0.5446 0.0167 0.4509
16 26 25 0.6922 0.6296 0.0193 0.4825
17 27 15 0.7454 0.6910 0.0211 0.3165
18 28 19 0.8146 0.7727 0.0236 0.4484
19 29 13 0.8478 0.8125 0.0249 0.3237
20 30 9 0.9385 0.9232 0.0283 0.2547
21 31 7 0.9713 0.9641 0.0295 0.2065
22 32 4 1.0280 1.0353 0.0317 0.1268
23 34 1 1.2501 1.3243 0.0405 0.0405
24 35 1 1.4308 1.5694 0.0480 0.0480
25 36 1 1.3601 1.4735 0.0451 0.0451

504 5.9949 : 504 = 0.0119 5.9949
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3. Relation of single tree in-
crement and single tree vo-
lume in a Norway Spruce
stand. Adjustment curve. Po-
sition of the Volume and
Increment Sample Trees. —
Vztah prirasta stromd v po-
rosté k jejich hmotam. Vy-
rovnavajici krivka. Poloha
hmotového a  piirastového
vzorniku

i=00M9
o 05 10 15 cum

expansion according to equation (10a). In the series representing the right side of the said
equation are present in addition to the derivatives also the second and higher central
moments.

It goes without saying that when using the adjusted increments resulting from
equation (6¢), we obtain both for the individual diameter classes and for the whole stand
the increment somewhat different from the case when no increment adjustment had been

1

done. This can be best seen from Tab. II, where anz} = 5.9949 cu. m., as compared

Fork
with the previously given figure 6.1862 cu. m. calculated by addition of the increments
assessed by direct measurement. The difference 6.1862—5.9949 cu. m. represents in
this case 3 per cent. The arithmetic mean resulting from the adjusted increments 5.9949 :
: 504 = 0.0119 cu. m. is a figure we can also obtain from the formula (10a). And really,
if we evaluate the right-hand series with four members only, we obtain already exactly
the Mean Current Increment (according to equation 10a)

i= @)+ l;(,é 0 g g fl—vf@ my = 0,0119 cu. m.

T 41
It results from the above that:

1) The Increment Sample Tree is in our case not identical — even for non-adjusted
increments of individual diameter classes — with the Growing Stock Sample Tree.
If we carry out an interpolation on the basis of Tab. I (containing non-adjusted increment
figures), then we find that the Growing Stock Sample Tree the volume of which is » =
= 0.4272 cu. m. has a breast high diameter d; = 21.8 cm. The mean increment computed
on the basis of the non-adjusted increment figures is 7 = 6.1862 : 504 = 0.01227 cu. m.
Again by way of interpolation can we find by means of Tab I. a breast high diameter
corresponding to this increment, i. e. d; = 21.6 cm.

2) If we use, however, the adjusted increments obtained from equation (6¢), the

respective increment total is 5.9949 cu. m., and the corresponding increment mean i =
= 0.0119 cu. m. According to Tab. II, the above increment figure belongs to a breast
high diameter d; = 22.3 cm.

3) It is obvious from the two increment figures obtained in different ways that it is
possible in practice to regard the Mean Volume Tree (Growing Stock Sample Tree)
of a v volume at the same time as an Increment Sample Tree, since the breast high
diameters (DBH) of the two sample trees are very close.
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DISTRIBUTION OF CURRENT STAND INCREMENT BY DIAMETER-CLASSES

It is undeniably interesting and eventually also important economically to know
the relative volume (or basal area) and relative increment proportions by individual tree
diameter classes. According to Assmann (1961) this problem had been studied by
several researchers like Kraft (1884), Japing (1911), Vanselow (1951), Magin (1952)
and others. The available research findings on this subject have clearly shown that
in evenaged normally thinned forest stands the dominant and co-dominant trees (1 -+ 2
Kraft’s-classes) produce the bulk of the stand increment, this share being some 85—95
per cent. Other tree categories only account for a comparatively small part of the entire
increment. Moreover, it can be stated that the relative increment proportions of the
mentioned tree categories are greater than the corresponding volume proportions.

As for the relative distribution of the stand volume and of the increment by tree
diameter-classes, the issue has been already clarified. It is thus also obvious that of
decisive importance in the increasing relative increment proportions over the relative
growing stock (volume) proportions is the diameter-class of the Increment Sample Tree
(Growing Stock Sample Tree). For better illustration of the situation were the results of

4. Relative stand volume and 40- ......
increment  distribution by - Vv
DBH-classes. — Relativni za- %
stoupeni porostnich hmot a
prirtistit  podle tloustkovych 30
trid
20 T.....
r—_] stand volume
['":] increment

10+

| bz i ‘DBH=£§

] [ B I E—
1-15 16-20 21-25 26-30 31-36 cm

III. Absolute and relative distribution of a 70-year old Norway Spruce growing
stock and increment by DBH-classes. — Absolutni a relativni rozdéleni porostni
zasoby a prirtstu smrkového 70letého porostu podle DBH

Diameter class Volume Increment
DBH o. b. T
(cm) cu. m. % cu. m. %
11-15 9.5899 4.16 0.1637 2.65
16—20 50.7482 22.03 1.2018 19.43
21—-25 91.6891 39.79 2.5748 41.62
26—30 63.4320 27.53 1.7760 28.71
31—-36 14.9524 6.49 0.4699 7.59
Total 230.4116 100.00 6.1862 100.00
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our experimental stand converted from 1-cm diameter-classes to 5-cm ones, and follow-
ing this, the relative distribution of the stand volume and increment in absolute and
relative terms is as follows (Tab. III).

SUMMARY

The paper contains a short review of the available research results on current in-
crement of forest stands, particularly on the so called Total Current Increment, which
is theoretically the first derivative of the total volume production. In forest management
and silviculture, the growing stock and its increment are virtually the all-important
elements of forest planning and implementation of the forest operations. From the above
conclusions also results the particular significance of the recently once more emphasized
growing stock and increment control, applying in this country namely to management
of evenaged forest stands (age-class management system). All forest research institutions
of the world have put the problem of current increment determination high on the list
of their research priorities, the major objective being particularly the elaboration of
a suitable, economical, and sufficiently accurate method of current increment measu-
rement. Also the biometrical research carried out in Czechoslovakia deserves much credit
for the contributions to the solution of the above problem by J. Halaj, J. Rehik,
V. Korf, 8. Smelko, J. Wolf, and others.

With regard to the complexity of the increment issues were resolved, apart from
the selected methods for current increment determination, also certain particular
questions of theoretical nature, e. g. the position of the Growing Stock Sample Tree
and of the Increment Sample Tree within the tree stand population. The statistical
positions of these two important trees of any forest stand were established by means of
the relative tree frequencies, relative volume and increment distribution by tree diameter
(DBH) classes.

The frequency polygons based on the above relative figures (percentages), i. e.

—;% lOO,lj;—j 100, andn—j;j— 100 are in definite relations enabling general theoretical

conclusions on the location of the two sample trees.

A generally valid expression for the average single-tree current increment (z), i. e.
for the increment attributed to the Increment Sample Tree, is represented by the equa-
tion (10a) the underlying theory of which and final form had been described too. To
quantify the relation of the individual stand tree volumes »; and their increments on
the basis of our considerations and experiments, a simple equation has been suggested

1 = Koy (6a)

in which K and # are the constants that can be easily computed from the empirical
mensurational data by the least squares method. Of great importance is the circumstance
that for » = 1, i. e. in case of a linear correlation between the »; and 7; variables is the
Growing Stock Sample Tree identical with the Increment Sample Tree. In a more
general case is the position of the Increment Sample Tree somewhat different from that
of the Stand Volume Sample Tree. The above displacement is in fact so small ‘that
a Mean Tree having a V' volume may be regarded at the same time as an Increment
Sample Tree. )

From the point of forest operations is important the relative stand volume and
increment distribution byindividual tree-sociological or diameter classes, more specifically
the shares of the individual tree categories in the generation of the Current Increment.
The problem has been studied from the viewpoint of tree-sociological classes, as reported
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by Assmann, by several authors. As for the diameter classes, the findings are similar,
and it may be stated that the relative volume shares (percentages) for smaller DBH
classes are greater than the corresponding relative increment shares. For bigger tree
dimensions (breast high diameters) is it just the reverse since the larger DBH-classes
are necessarily associated with greater increment shares.

The abovedescribed relationships and theoretical findings were tested on men-
surational data obtained by way of stem analyses of 504 trees on a permanent Norway
Spruce sample plot, School Forest, Kostelec n. C. lesy.

Received for publication March 27, 1972
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Prirustovy rozbor lesniho porostu

V praci jsou nejprve struéné shrnuty dosavadni poznatky o vyzkumu bézZného
prirastu lesnich porostu, zejména o tzv. celkovém bézném piirastu, ktery je teore-
ticky prvou derivaci k celkové hmotové produkci. Pro hospodaiskou upravu a pésto-
vani lesu jsou v podstaté porostni ziasoba a jeji prirtst nejdulezitéj§imi prvky
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planovani a realizace hospodai'skych opatieni. Z toho také vyplyva zvlastni vyznam
v posledni dobé zvlasté zdurazniované zasobové a prirustové kontroly, a to v nasich
podminkach zejména pro hospodarstvi se stejnovékymi porosty (pro hospodarstvi
s vékovymi tridami). Na vSech svétovych vyzkumnych pracovistich je problematika
bézného prirtstu lesnich porostii prvoradym biometrickym vyzkumnym problémem.
Jde pritom zejména o nalezeni vhodné ekonomicky unosné a dostate¢né presné
metody ke stanoveni béZného prirGstu lesnich porosti. Také nas c¢eskoslovensky
biometricky vyzkum vykonal pri reSeni této otazky mmnoho zasluzného zejména pra-
cemi J. Halaje, A. Priesola, J. Rehaka, V. Korfa, S. Smelky, J.
Wolfa aj.

Se zretelem na tuto slozitou prirGstovou problematiku byly kromé navrhu
zduvodnénych metod k stanoveni bézného prirtstu porostit vyreSeny nékteré dule-
zité dil¢éi otazky teoretické povahy. Mezi nimi je to i otazka polohy zasobového
a prirastového vzorniku v porostnim souboru. Polohy obou téchto dulezitych stromu
v porosté jsou nazorné reSeny pomoci relativnich podilu stromovych ¢etnosti, porost-
nich zasob a prirastu v tloustkovych stupnich.

Polygony téchto relativnich hodnot (vyjadienych v 0), ti.
nj njuy njij

5 100, =100, —F

100,

jsou v konkrétnich vzajemnych vztazich, z nichz je mozno polohu obou vzorniku
velmi dobre teoreticky odvodit.

Pro obecné vyjadreni prirustu i, pripadajiciho praumérné na jeden strom, to zna-
mena prislu$ejiciho prirtstovému vzorniku, plati teoreticky zdtvodnéna rovnice v ko-
necné upravé (10a). Pro vyjadieni zavislosti mezi hmotami jednotlivych stromu
v porosté (vj) a jejich prirtsty se na zakladé provedenych rozbort doporucéuje jed-
noducha rovnice

1; = Ko, (6a)

kde K, n jsou parametry, jez se daji urcit na zakladé empirického materidlu me-
todou nejmensich ¢tverct. Dulezité pritom je, Ze pro n = 1, tedy za piedpokladu
linedrniho vztahu mezi veli¢inami v;, i; je vzornik porostni zasoby soucasné vzor-
nikem piirtstovym. V obecnéj$im piipadé je poloha prirustového vzorniku ponékud
posunuta od pelohy vzorniku porostni zasoby. Tento posun je prakticky tak maly,
7Ze je mozno stfedni strom o hmoté v povazovat soucasné za prirustovy vzornik.

Pro hospodarska opatieni je dulezité relativni rozdéleni porostni hmoty a pii-
rastu na jednotlivé sociologické, popr. tloustkové tridy. Konkrétné jde o to, jak se
podileji jednotlivé stromové kategorie na tvorbé bézného prirtstu. Tato problema-
tika se zietelem na sociologické tridy byla zkoumana, jak uvadi Assmann, néko-
lika autory. Pokud jde o tloustkové stupné (tridy) jsou poznatky obdobné a je mozno
konstatovat, Ze relativni (procentualni) podily zasoby u tencich tloustkovych stupint
jsou vétsi nez prislusné relativni prirtstové podily, U tlustSsich dimenzi (vycetnich
tlousték) je tomu naopak, nebof na téchto tlou$tkovych stupnich se koncentruji
daleko vétsi prirtstové podily.

Uvedené vztahy a teoretické poznatky byly piezkou$Seny na konkrétnich udajich
z 504 analyzovanych stromi trvalé vyzkumné smrkové plochy na Skolnim lesnim
podniku v Kostelci nad Cernymi lesy.

AHanua NMPHPOCTA NECHBIX HACAKIEHHH

B pa6ore npexie Bcero KopoTko 0606LIeHbI CyllecTBYIOliHe CBelenus 00 MCCielOBaHHH Te-
Kyllero mnpupocTa JeCHHIX HacaXkKIeHHii, TJIaBHLIM 06pasoM o TaK HaspiBaeMOM OfuieM TeKyljeM
IPHPOCTE, KOTOPHIM TEOPeTHUECKH ABJAETCA TEePBOIf NPOM3BONHOM OT 06Ul TPOM3BOAMTENBHOCTH
MaccCel. HJIH XO03AUCTBEHHOTO Jzecoycrpoi&crna M JIeCOBOICTBA 3amnac JeCHBIX Hacamneunﬁ H HX
MPHPOCT TO CYIIECTBY ABAAIOTCA HauboJsiee BaKHBIMM BJIEMEHTAMM IIAHMPOBAHMA M peasjdsalluH
X0o3AHCTBeHHbIX MeponpuaTHi. OTciona TakkKe BhITeKaeT ocofoe 3HaueHHe B TOCJHeNHee BPeMs
0co60 mNONUEPKMBAEMOTO KOHTPOJS C TOYKM 3PEHMA 3araca M TPUpPOCTa, a HMEHHO B HAUIMX
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yCIOBHAX THaBHEIM 06pasOM IJIA JIECHBIX XO3AMCTB C ONHOBO3PACTHBIM HacakleHweMm (maa
JIeCHBIX XO3HMCTB ¢ KiaaccoM Bospacra). IlpofieMaTHKa TeKylljero NpPHpOCTa JECHBIX HAacCaxk-
neHM# Ha BCeX MCCHIeNOBaTeNbCKMX paboumx OO6BeKTax B MUpe ABJAETCA I1epBOOYepenHOit 6uo-
MeTpPHYECKOH HaydyHO-HMcclenoBaTenbckoi npobaemoii. Ilpu stoM peus uier, mpekne Bcero, 0 Ha-
¥OKJIEHHH IPHTONHOro, OKOHOMHMYECKH IIOCHJILHOrO M JOCTATOYHOrO MeTOHa OMpeNesieHHus TeKy-
Llero TpMpocTa JIECHHIX HacakneHuit. Taxkke Hamle yexocjoBallkoe GHOMETpHYECKOe Hay4HOe HC-
CJlelOBaHME NIPH PeLIeHMH STOTO BOMpOca CHEeNaso MHOroe, B uacTHocTH paboramm: M. Tanaiie,
A. llpuecona, U Pxeraxa, B. Kopda, Il. liMmenxu, N. Bonda u np.

ITpuHuMast BO BHMMaHMe 3Ty CJIOKHYI0 NPOGJIEMATHKY INPHPOCTA, IOMHMO IPOEKTOB IOA-
4epKUBAEMBIX METOIOB ONpeIeicHUA TeKylero NMpMpoCTa, paspelieHbl HEKOTOpbie Ba)KHble UYacTHbIe
BONPOCHl TEOpeTH4ecKoro xapakrepa. K HMM OTHOCHTCA TakKe BONIPOC MeCTa CpeAHEro CTBOJNA TIO
LIPUPOCTY M 3aracy 3eJeHOil MacChl B JIECHOH COBOKYIHOCTH. Mecra 060Mx 9THX BaKHLIX IEpeBbEB
B HaCAXKJIEHUH HAIJISAAHO pPEIIeHH NPH IIOMOLIM OTHOCHTENBHHIX NO0JIe 4acTOTH IepeBbeB, 3araca
¥ TIpPHPOCTAa HacaXXKIEHWIT B CTENeHAX IO TOJIHHE.

TTo/MIOHEl  STHX OTHOCHTENBLHBIX 8HaueHHit (BeipakenHnix B 0)), T. e.

nyiy
I

nv;

14

2100,

N 100,

100,

HaxomATCA B KOHKPETHBIX B3aMMOCBA3AX, MO KOTOPBIM MOXHO BeCbMa XOpOIIO TEOPeTHYECKU BbI-
recTH MecTo 060MX MOIesbHBIX LepeBhEeB.

Hns obuiero Bolpa’keHHs NPUPOCTA, NPUXONAIIETOCA B CpelHeM Ha OIHO IepeBo i, T. €. OT-
HOCALIIErocst K CpelHeMy CTBOJIy TI0 NPHPOCTY, CHPABEIJHBO TEOPETHYeCKH 0OOCHOBAHHOE ypaBHe-
aue B koneuHom Buae (10a). Ius BeIpaKeHMs 3aBHCHMOCTH MEXKIY MacCaMH OTIeJbHBIX Je-
PEBLEB B HACAKIEHHHM Vj M MX TPHPOCTAMM, HAa OCHOBE IIPOBENEHHLIX AHAJM30B, Mbl PEKOMEH-
JlyeM fipocToe ypaBHeHHe

i; = Ko (62

raie: K, m — mnapaMeTps, KOTOpble MOMKHO ONpENeJHTh Ha OCHOBE SMIMPUUYECKOTO MaTepHasa
[pH TOMOLIM MeTroja HauMeHbIMx KsanpatoB. Ilpu stoMm BakHO TO, yTo Isi N = L, cienosa-
TeJBHO, TPH TIPEATNOCHIIKEe JHHEHHOTO OTHOIIEHHS MEXIy BeIMYMHAMH Vj, ij CpemHMif CTBOJX TIO
3amacy 3eJeHON MacChl OJHOBPEMEHHO SHBJAETCH CPEIHHM CTBOJIOM 1O mpupocty. B ofmem ciy-
yae MECTO CpelHero CTBOJIA IO IIPHPOCTY HECKOJBKO CMelleH OT MecTa CpelHero CTBOJa IO 3e-
NeHoi Macce. DTO CMeNjeHHe IPAKTHYeCKH TaK MaJio, UTO CpelHee IepeBO Maccoii B MOXHO CdM-
.1aTh ONHOBPEMEHHO CPENHMM CTBOJOM IO IPHUPOCTY.

Ilnst  XO3AUCTBEHHBIX MEPOTIPUATHH BaXKHO OTHOCHTEJIBHOE paslieieHHe 3eJleHOH Macchl
M 1pHpoCTa Ha OTHeJbHbIE COLIMOJOrHYeCKHe KJACChl MJIM sKe Kiaccel mo Tosuiune, Kopkperno
peus MIeT O TOM, KakuM 06pasoM OTIeJbHble KaTerOpMH JepeBheB YYACTBYIOT B 06pasoBaHMHU
TEKYIIero Mpupocra, OJTa InpofieMaTHKa, y4UTHIBAA COLMOJOrMYECKHEe KJacChl, KaK IPUBOIUT
AccMaH, M3yvanach HECKOJBKHMH aBTopaMu. UTO KacaeTcs CTemeHM TONIIMHBI (Kjacca), cpene-
HHMA AHAJNOTMUHEI, TPHYEM MOKHO KOHCTATHPOBATH, YTO OTHOCHTEJBHBIE NOJH (TIpOlLeHTHEE) 3e-
neHoro samnaca y 6Gosee cnabpix KJaccoB IO ToJmMHE 6OJblle, YeM OTHOCHTEeJNbHEIE LOJH TIPH-
pcera. Y Gonee CMJBHEIX pasMepoB (mmaMerp Ha BhICOTE TpylH), HaoBOpOT, TaK KaK Ha ITHX
Gosee CHJBHBIX TI0 IMaMeTPy CTBOJAX KOHIIEHTPUPYETCA ropasno (oJiblie MpupocTa.

IIpuBeneHHble OTHOIIEHHSA WU TEOPETHYECKHE CBeNeHHA ObIM TIpOBepeHbl HAa KOHKPETHHIX
paHdpix 504 aHaNU3MPyeMLIX  JlepeBbeB C TIOCTOSHHOM  MCCIeNOBATENbCKOH — eJOBOH  IUIOIjanu
B yue6HOM necHom mpemnpustuu B Kocrenmm n/4Y. JI.

Holzzuwachsanalyze eines Forstbestandes

In der Arbeit werden zuerst kurz die bisherigen Erkenntnisse iiber die Erfor-
schung des laufenden Zuwachses in Forstbestinden und besonders iiber den lau-
fenden Gesamtzuwachs zusammengefafB3t, der theoretisch die erste Derivation zur
Gesamtmassenleistung ist. Fiir die Forsteinrichtung und den Waldbau sind im we-
sentlichen der Bestandsvorrat und sein Zuwachs die wichtigsten Elemente fiir die
Planung und Realisierung der WirtschaftsmaBnahmen. Hieraus ergibt sich auch
die hohe Bedeutung der in der letzten Zeit besonders betonten Holzvorrats- und
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Zuwachskontrolle, und zwar in den Bedingungen der CSR besonders fiir die Be-
wirtschaftung gleichaltriger Bestinde (fiir die Wirtschaft mit Altersklassen). Auf
allen Forschungsstellen in der Welt ist die Problematik des laufenden Zuwachses
von Forstbestinden ein erstrangiges Forschungsproblem. Es geht hierbei vor allem
darum, geeignete, okonomisch traghare und ausreichend genaue Methoden zur
Bestimmung des laufenden Zuwachses von Waldbestianden zu finden. Auch die
tschechoslowakische biometrische Forschung leistete besonders mit den Arbeiten
von J. Halaj, A. Priesol, J. Rehak, V. Korf, 8. Smelko, J. Wolf und
anderen vieles fir die Losung dieser Frage.

Mit Riicksicht auf diese komplizierte Zuwachsproblematik wurden aufler den
Entwiirfen der hervorgehobenen Methoden zur Bestimmung des laufenden Zu-
wachses einige wichtige Teilfragen theoretischen Charakters geldst. Unter anderem
ist es auch die Frage der Lage des Stichprobenbaums fiir die Vorrats- und Zuwachs-
bestimmung in der Bestandsgesamtheit. Die Lagen dieser beiden wichtigen Bdume
im Bestand wird anschaulich mit Hilfe der relativen Anteile der Baumhiufigkeiten,
der Bestandsvorrite und des Zuwachses in den Stirkeklassen gelost.

Die Polygone dieser relativen Werte, die in Prozenten ausgedriickt werden,

nj n;v; nji;
d. h. N 100, % 100, T
die Lage der beiden Stichprobenbiume sehr gut theoretisch abgeleitet werden kann.
Fiir die allgemeine Erfassung des Zuwachses i der im Mittel auf einen Baum ent-
fallt, das heilit der dem Zuwachsstichprobenbaum zugeordnet ist, gilt die theore-
tisch begriindete Gleichung in ihrer endgiiltigen Form (10a). Zur Erfassung der
Abhéngigkeit zwischen den Holzmassen der einzelnen Biume im Bestand (v;) und
ihrer Zuwachsraten wird aufgrund der durchgefiihrten Analysen nachstehende ein-
fache Formel empfohlen

100, sind in konkreten Wechselbeziechungen, aus denen

i = Koy (6a)

wo K und n Parameter sind, die aufgrund des empirischen Materials mit der Me-
thode der kleinsten Quadrate bestimmt werden konnen. Wichtig ist hierbei, dafl
fir n = L, also unter Voraussetzung einer linearen Beziehung zwischen den Gro-
flen v; und i; der Stichprobenbaum fiir den Bestandsvorrat gleichzeitig auch der
Stichprobenbaum fiir den Zuwachs ist. Im allgemeineren Fall ist die Lage des Zu- -
wachsstichprobenbaums gegeniiber der Lage des Holzvorratsstichprobenbaums etwas
verschoben. Diese Verschiebung ist praktisch so klein, dafl ein mittlerer Baum mit
der Holzmasse v gleichzeitig als Stichprobenbaum f(ir den Zuwachs betrachtet wer-
den kann.

Fur die MafBnahmen der Forsteinrichtung ist die relative Verteilung der Be-
standsmasse und des Zuwachses aul die einzelnen soziologischen oder gegebenen-
falls auch die Stirkeklassen wichtig. Konkret handelt es sich darum, wie sich die
einzelnen Baumkategorien an der Bildung des laufenden Holzzuwachses beteiligen.
Wie Assmann anfiihrt, wurde diese Problematik mit Riicksicht auf die soziolo-
gischen Klassen von einigen Autoren untersucht. In bezug auf die Stidrkestufen
(Stidrkeklassen) sind die Erkenntnisse &#hnlich, und es ist festzustellen, daf3 die
relativen (prozentuellen) Anteile des Vorrats bei den diinneren Stiarkeklassen grofer
sind als die entsprechenden relativen Zuwachsanteile. Bei den stiarkeren Dimensionen
(Brusthohendurchmessern) ist das umgekehrt, denn auf diese hdoheren Stirkeklassen
konzentrieren sich bedeutend grofiere Zuwachsanteile.

Die angefiihrten Beziehungen und theoretischen Erkenntnisse wurden an den
konkreten Angaben von 504 analysierten Biumen der dauernden TFichtenbestands-
forschungsfliche im Schulforstbetrieb in Kostelec nad Cernymi lesy iiberpriift.

Analyse d’'accroissement du peuplement forestier

Dans le travail on résume tout d’abord sommairement les acquisitions
actulles de la recherche relatives a l'acroissement courant des peuplements fore-
stiers, notamment ledit accroissement courant total qui, au point de vue théorique,
est la premiere dérivation de la production totale en volume. Pour l'aménagement
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forestier et la sylviculture ce sont en somme le volume sur pied et son accroissement
qui constituent les éléments les plus importants pour la planification et la réali-
sation des mesures d’aménagement. Il en ressort aussi l'importance particuliere,
accentuée notamment dans le dernier temps, du contréle du volume sur pied et des
accroissements, et cela dans nos conditions notamment pour l'exploitations des
peuplements équiennes (pour le regime comprenant les classes d’age). Dans toutes
les stations mondiales de recherche la problématique de l'accroissement courant des
peuplements forestiers constitue le probleme de recherche biométrique de premier
ordre. Il s'agit notamment de trouver une méthode convenable, économiquement
acceptable et suffisamment précise, permettant de déterminer ’accroissement courant
des peuplements forestiers. C’est également notre recherche biométrique tchécoslo-
vaque qui a bien mérité de la solution de cette question, notamment grace aux
travaux des auteurs suivants: J. Halaj, A. Priesol, J. Rehak, V. Korf,
5. Smelko, J. Wolf et autres.

Compte tenu de cette problématique compliquée en matiere d’accroissement,
on a preésenté, outre les projets de méthodes soulignées, destinées a la détermination
de laccroissement courant des peuplement, la solution de certaines questions par-
tielles importantes de caractere théorique. C'est entre autres également la question
d’emplacement (de la position) des arbres modeles indiquant d’'une part le volume
sur pied et d'autre part l'accroissement dans la population du peuplement, dont
on a trouvé la solution. Les positions de ces deux arbres importants dans le peuple-
ment sont suggestivement représentées au moyen des quotients relatifs des fré-
quences des arbres, des volumes sur pied et de l'accroissement en degrés d’épaisseur.

Les polygones de ces valeurs relatives (exprimées en %) soit
nyiy

ny njvj
. 100 —
N 100, == 100, =7 100,

se trouvent en rapports réciproques concrets, dont on peut tres bien théoriquement
déduire la position des deux abres modeéles.

Pour exprimer en général l'accroissement revenant en moyenne a l'arbre i,
c’est-a-dire appartenant a l'arbre modeéle d’accroissement, on applique la forme fi-
nale de l'équation théoriquement justifiée (10a). Pour exprimer les corrélations
entre les volumes des arbres particuliers dans le peuplement (v;) et leurs accrois-
sements, on recommande d’appliquer, sur la base des analyses effectuées, I’équation
simple suivante:

i; = Ko (62)

ou K, n sont les parametres qui peuvent étre déterminés sur la base du matériel
empirique, en appliquant la méthode des moindres carrés. Ce qui est important ici,
c'est que n =L, et que par conséquent l'arbre modele du volume sur pied est
simultanément, sous conditions du rapport linéaire entre les grandeurs vj, i;, 'arbre
modéle d’accroissement. Dans le cas plus général la position de l'arbre modéle
d’accroissement est quelque peu écartée de la position de 'arbre modeéle du volume
sur pied, Cet écartement est cependant pratiquement tellement insignifiant qu’on
peut considérer l'arbre moyen d'un volume v simultanément comme arbre modele
d’accroissement,

Ce qui est important pour l'application des mesures économiques, c’est la
division relative du volume sur pied et de l'accroissement en classes sociologiques
particuliéres, éventuellement en classes d’épaisseur. En réalité, il s’agit de déter-
miner comment participent les différentes catégories d’arbres a la formation de
l'accroissement courant. Par rapport aux classes sociologiques cette problématique
a été examinée, comme la mentionne Assmann, par plusieurs auteurs. En ce
aui concerne les degrés (classes) d’épaisseur, les acquisitions sont analogues et on
peut constater que les quotients relatifs (en pour cent) du volume sur pied sont
plus grands chez les degrés d’épaisseur plus faibles que les quotieints relatifs
d’accroissement correspondants. Quant aux dimensions plus fortes (épaisseur
4 hauteur de poitrine), c’est le contraire qui a lieu, car sur ces degrés d’épaisseur
plus. forts se concentrent des quotients d’accroissement beaucoup plus grands.
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Les rapports et les acquisitions théoriques mentionnés étaient vérifiés sur les
données concretes, tirées de 504 arbres analysés sur la parcelle expérimentale per-
manente d’épicéa dans L’entreprise forestiere VSZ a Kostelec n. C. lesy.

The author’s address:

Prof. Dr. Ing. Vaclav Korf, Dr.Sc., Védeckj’f lesnicky ustav VSZ,
Kostelec nad Cernymi lesy
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M. Vyskot NEW TRENDS IN THE SCIENCE
OF SILVICULTURE

In forestry sciences as well as in other sciences more and more have been
pursued the long-term concepts and approaches basing on the logological princip-
les. However, forestry is handicapped in this case, at least in the field of silvi-
culture, by the unusually long production periods, and a limiting criterion of
our investigations from the viewpoint of tangible results is particularly the factor
of time. Yet even despite the above comparatively unfavourable circumstance
do apply to forestry sciences the same laws and rules governing other science
sectors, and if we adopt as a basis of our approach logology or logometry, i.e.
the sciences of science, we find that a major problem is the information explosion
representing the knowledge so far accumulated, the majority of which has not
been applied efficiently to production. The idyll of encyclopaedism as well as the
idyll of subsistence farming do belong irreversibly to past times, and the Soviet
scientist Prof. G. M. Dobrov has formulated an axiom saying in free inter-
pretation “With increasing man’s knowledge, the utilization of this knowledge
has decreased”. This is but a recent resonance of Socrates’ ancient saying
“Scio me nihil scire” (I know that I do not know anything). According to inter-
national statistical figures solely in the field of nature sciences some three million
scientific books and papers are being published annually, and it is well known
in the great libraries and documentation centres that the bulk of printed scientific
information has been neither demanded nor borrowed — to idle uselessly. More-
over, the degree of efficient knowledge utilization has been declining according
to the same international information sources. This is, understandably, a state-
ment based on relative comparisons, as demonstrated again micely by the Soviet
statistical records comprising interesting evidence that one single scientist's
contribution to national economy would be some 50,000 roubles a year.

When applying the above general considerations and figures to the particular
field of forestry, we learn that also here the general rule of disjunction and
caesura of theory and practice, more specificaly of research and production,
has retained its validity. To arrive at the root of the problem, it is necessary to
recall at least shortly the basic rules of logology. There are, essentially, four
of them: 1) the exponential law, 2) the crystallization law, 3) the cumulation
law, and 4) the transition law.

The exponential law, constituting the basic law of science, was formulated
already in 1844 by Friedrich Engels in the following way: “The science
advances proportionally to the amount of knowledge inherited from previous
generations. In the terminology of mathematics, the development of science is
governed by an exponential law.”
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The law of crystallization may be characterized by saying that the total
number of scientists and researchers increases proportionally to the square (of
the number) of outstanding scientists.

The cumulation law is in fact the law of extended knowledge reprcduction.
John Bernal has ccmmented on this that great scientific theories are, in
contrast to great art, in everlasting movement and somewhat “under repair”

'The law of transition of an exponential curve into a logistic one characterizes
a discrepancy between the absolute growth of scientific information and the
possibilities of the society to put it in practice, the uppermost limit of science
explotaticn being essentially the Gross National Income and the number of
the country’s inhabitants. The available experience has shown that the scientific
potential dces not embrace, as a rule, more than 6 —8 per cent of the population.

With regard to the opportunities of putting the scientific and research
achievements in practice is it necessary in a Socialist Society to point out the
role of economic planning aiming at a systematic modernization and innovation
of the production resources. This must be based, however, on the interest and
enthusiasm of researchers and practitioners induced and encouraged by means
of the material and psychological incentives. Mcreover, of great importance is
also the initiative and relation of the two partners.

SILVICULTURAL PROJECTIONS

The perspectives of silviculture and of silvicultural research in terms of
futurology for the period until 2000 can be summarized in three principal problem
and action areas:

1) biological automation,
2) silvicultural rationalization,
3) silvicultural programming.

Further work in the field of biological automation can very appropriately
be based on the progressive traditions of Czechoslovak silviculture, particularly
on those of natural regeneration of target tree species, and various forest mana-
gement systems trying to resolve the difficult tasks of long-term scheduling and
location of forest operations (zeitliche und raumliche Ordnung im Walde). The
present extent of natural forest regeneration amounts to only 6 — 10 per cent
of total forest reprcduction, while the actual potential increase is as much as
30 per cent. Similar conclusions apply to problems of the so called primitive
selection, i.e. to initial selection of suitable species, ecotypes, and specimens of
forest trees. By way of appropriate phytoselection can be increased considerably
the stability and production of forest stands both in the quantitative and parti-
cularly qualitative terms.

Silvicultural rationalization is likely to apply in the future in the first place
to reduction of young stand densities, to efficient mechanization and chemization.
Extraordinary attention should be also paid to the question of natural forest
regeneration density and to optimum spacing of the new tree plantations. In
intermediate-age stands of the II to IV age-classes is an important research and
management objective to improve the stand firmness, namely that of Norway
Spruce woods, and to stimulate production in general. It is thus a mecessity to
intreduce and/or prescribe more iniensive stand treatments embracing on the
whole up to 20 per cent of the growing stcck by means of mechanization or
chemization. We have in mind primarily the logging systems based on mini-
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-chain-saws and timber skidding machinery suitable for forest conditions of
Czechoslovakia. There is also an cpen field to make a maximum use of the
long-term experience with the Czech 3- mm management method designed by
Josef Bohdanecky, which is considered to be very progressive both from
the point of its basic idea and system of biotechnology. With coniferous tree
species, particularly with Norway Spruce, augmented raw timber resources without
major investment expenditure would foster significantly the output of wood for
chemical processing.

As for chemistry applications to forestry, the orientation should be towards
new chemical preparations based on organic arsenides, which are efficient both
with broadleaved and coniferous tree species. The preparations exert, at the
same time, neither any toxic effects on man nor on the surrounding stand and,
in contrary, they lower the risk of mass outbreaks of the noxious agents, especially
of bark-beetles, on the organisms attacked.

Silvicultural programming represents a new subject based on the so called
hybrid sciences, dealing with long-term projections of forest management and
production and designing them by means of ccmputers. A number of research
projects on the subject have been already initiated, and some papers published;
the study “The forests of the future and programmed silviculture” by Prof. V.
G. Nesterov (1968) serving as an example.

Particular attention should be given in the above connection also to forest
classification and to forest management along the lines of new metheds of forest
phytotechniques. The constantly advancing industrial civilization has been neces-
sarily bringing about an extensive depletion of natural resources and human
health, and from this point of view is it imperative in this country to protect
particularly the mineral water springs and areas in general. To this should
be added the conservation ol extensive [orest recreation areas in the proximity
of big industrial agglomerations and housing projects.

It is for instance desirable that from the above point of view be quantified
and incorporated in the economic plans the allocation (setting up) of the special-
-purpose forests under selective management. On the other hand is it however
necessary to pay attention to the establishment and silviculture of the various
types of lignicultures which should comprise, apart from the existing poplar
plantations the area of which is limited both by climate and site, also commerci-
al growing of introduced forest tree species.

EXAMPLES OF NEW RESEARCH APPROACHES

In the field of gnoseology has it become increasingly necessary to study
and explain the causality of natural phenomena and to replace the present pre-
dominantly empirical methods by exact ones. One of such research projects which
had been attacked on a world-wide basis is the study of the tree layer biomass
of the tree species asscciations under the International Biological Programme.

The major objective of the International Biological Programme and of the
project Man and Biosphere is research and measurement of the biosphere pro-
ductivity, this applying particularly to analyses of the productivity of ecosystems.
An analytical approach to the study of such complex systems requires investi-
gations to be carried out from the viewpoint of a great number of sciences and
various science and research specializations. The Internaticnal Biological Prog-
ramme is not only of scientific importance, but also of considerable social
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and economic significance to all mankind. This is because it is concerned
with the key problem of world food supply and future production of organic
matter by animals and plants.

The forestry sciences are expected to deal in the first place with Internatio-
nal Biological Programme research projects investigating the productivity of
terrestrial plant associations, particularly of the forests (PT). The Programme
projects are also under way in several places of Czechoslovakia, and our Depart-
ment is engaged in the study of a riverine forest in Southern Moravia, of a hill
forest of the School Forest Farm, Faculty of Forestry, Agricultural University
Brno, and of a Norway Spruce stand in the Bohemian-Moravian Hills area. The
first report on a research project near Lednice, Southern Moravia, had been
submitted earlier (Vyskot 1970).

Another research site is located in the Fagetum quercino-abietinum forest
type group, compartments No. 107 and 108, Forest District Olomuéany, near
Blansko. The exact geographical location of the site is given by the co-ordinates
49°19'25” northern latitude, and 16°40'11” eastern longitude. The altitude is
460 m, and the plateau gently sloping to north-east is underlain by granitite
parent rocks. The soil is a brown forest sandy loam, the annual rainfall accord-
ing to measurements of the Olomucany Meteorological Station averages 628 mm,
the mean annual temperature 7.8°C. In 1971, the age of the stand under study
was 51 years. The total stand area is
10.84 ha, that of the research plot
surveyed in 1959, 1965, and 1970 is
0.84 ha. Silver Fir prevails in the tree
species composition by its 90 per cent,
other tree species represented being
Eurcpean Larch, Norway Spruce, Scots
Pine, European Beech, and some other
admixed harwoods.

For forestry research work within
the International Biological Program-
me, a number of specialized method
descriptions were published: Duvig -
neaud P., Ambroes P., Ta-
hon ]J. “La productivité primaire des
écosystémes terrestres”, Galoux A.,
Grulois ]. “Echanges radiatifs et
consectifs en phase vernale”, Moléa -
ncv A. A, Smirnov V. V.
“Metodika prirosta drevesnych raste-
nij’, Newbould P.]. “Methods for
Estimating the Primary Production of
Forests”, Ovington J. D, New-
bould P. J. “General Procedures for
Determining the Organic Production
of Woodlands™. After we had studied
all the abovenamed methods, we arri-

1. Partial view of the Silver Fir expe-
rimental plot, Block 108, Forest District
Olomucany. — Dil¢i pohled na vyzkum-
nou plochu s Abies alba Mill. v odd. 108
polesi Olomucany
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hydrology findings and is based on long-term research experience in the Teller-
man Forest. In the course of our investigations was the Mol¢anov-Smir-
nov research method further improved, the tree heights were measured with
the Blume-Leiss hypsometer, and in the determination of the leal surface areas was
the photographic paper replaced by the photoplanimeter and galvanometer. In
crder to be able to study the effects of tree crown orientation and exposure, all
sample trees were assigned not only to a northern quadrant, but also to the sou-
thern, eastern, and western ones. Moreover, since we were interested in the shares
of specified tree crown part in total prcduction, the Silver Fir crowns were
further sub-divided in the upper, central, and lower parts. The volumes were
determined by xylometric methods and not by less suitable mensurational pro-
cedures. Besides, certain minor changes and improvements were introduced as
required by our research programm.

2. Year-ring width curves in-
dicating DBH increment after
logging in 1960. 1 — Dominant

3 trees, 2 — Co-dominant trees,
2 3 — Intermediate trees, 4 —
""" 1 Shaded trees, 5§ — Dying trees,
9 — Letokruhové kiivky udava-
¢ jici tloustkovy prirust po téz-
; bé v roce 1960: 1 — predrusta-
vé, 2 — urovioveé, 3 — vrusta-
YL T vé, 4 — zastinéné, 5 — hynou-
60 65 52 60 65 yar CI stromy
mm mm
) - —— (o 3
- — -2
= .
0 0
4 —] %
3. Average annual diameter z 32 I
increments for individual tree | ;
categories: I — Dominant, II - b
— Co-dominant, III — Over-
topped. — Graf znazorfiujici ° 5
prumér jednoro¢nich tloust- * 1%
kovych pFirtstt v raznych 7| i
kategoriich stromt: I — pred- 2| 12
rustavych, II — turoviiovych a 7 1
IIT — podiroviiovych 1930 40 50 60 70 year

The sample trees representing the dominant, co-dominant, and lower-storey
trees were chosen oh the basis of biometrical measurements carried out in 1970,
and of social tree classification, so that they are in fact representative samples
of the respective tree classes. In September 1970 were taken from the model
Silver Fir trees at breast height diameter increment cores (in perpendicular
directions) by the Pressler borer, and were examined on a tree-ring analyser
of the Department of Silviculture.

The results obtained from the analyses of individual sample trees are very
extensive, and this is why with regard to a specific objective of our study we
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1. Aerial biomass of Silver Fir model population, fresh and dry weights per ha
a v suSiné na 1 ha (vaha v kg) — kmen

Billets
Samgrle tree Crgss Sawdust of Im-long Brg:gles

o. section seckion
Fresh Sa 1—- 5 1073.6 715.5 26 085.1 996.2
weight Sa 6—10 503.3 42.1 13947.9 1036.8
Sa 11-15 3489.3 1133.7 104 300.8 7915.1
Sa 1-15 5066.2 1891.3 144 333.8 9948.1
Dry Sa 1— 5 640.5 426.9 15562.4 996.2
weight Sa 6—10 295.3 24.8 8 180.7 1036.8
Sa 11—-15 2191.1 712.6 65511.0 7915.1
Sa 1-15 3126.9 1164.3 89 254.1 9948.1

1I. Aerial biomass of the Silver Fir model population, fresh and dry weights per ha
stavu a v susiné na 1 ha (vdha v kg) — koruna

Sample branch Samples
for 3
Sample tree. needle ?ecuori
No. photo- | Of sample
Sa Needles | Shoots | _pani- branches
metry
Fresh state Sa 1— 5 184.0 121.9 62.1 1.7 14.0
Sa 6—10 104.0 73.7 30.3 14.8 11.8
Sa 11—-15 1155.5 737.3 418.2 29.7 106.0

Sa 1-15 1443.5 932.9 510.6 46.2 131.8

Dry state Sa 1- 5 90.5 59.2 31.3 0.8 8.8
Sa 6—10 53.9 37.8 16.1 7.4 6.8
Sa 1115 568.9 355.8 213.1 13.9 65.4
Sa 1-15 713.3 452.8 260.5 22.1 81.0

aimed primarily at the quantification of the biomass (living matter), being of
course also. interested in the increment pattern and its changes. The year-ring
investigations of individual model Silver Firs for the years 1928 — 1970, i.e.
for the stand ages of 8 — 50 years have shown that maximum year-ring widths
were attained in 1939 on dominant trees, amounting to almost 5 mm per year.
However, in 1970 the above figure dropped to a half. The co-dominant Silver
Fir trees had widest year-rings (3 mm) in 1939 and 1942, yet their width
declined to mere 0.5 mm in 1968. The lower storey Silver Firs showed widest
year-rings (2 mm) in 1934 and 1946, but throughout the last 15 years had
the year-ring width fallen below 1 mm. The dominant and lower storey Silver
Fir sample trees showed slightly increased year-ring widths in 1970. The above-
described year-ring growth amnalyses make it possible to conclude in general
on the maximum year-ring width amplitude, ranging from 4.8 mm to 0.2 mm,
with absolute maximums in the years 1939 — 1946, and minimums in the
period 1967 — 1969. The dry years of 1948 — 1950 have resulted in narrower
year- rings.
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(kg) — tree stem, — Nadzemni biomasa modelové populace jedle ve svézim stavu

First Total
green Needles
branch Needles Branches Stem
173.8 1.6 29 045.8 1.6 1170.0 27824.2
145.5 16.7 15 692.3 16.7 1182.3 14493.3
319.1 4.0 117 162.0 4.0 8234.2 108 923.8
638.4 22.3 161 900.1 22.3 10586.5 151 241.8
109.0 0.8 17 735.8 0.8 1105.2 16 629.8
85.4 8.7 9631.7 8.7 1122.2 8500.8
196.2 2.0 76 528.0 2.0 8111.3 68 414.7
390.6 11.5 103 895.5 11.5 10 338.7 93 545.3
(kg) tree crown, — Nadzemni biomasa modelové populace jedle ve svézim
Needles and shoots Total
Main
branches
Sa Needles | Shoots Sa Needles Shoots | Branches
7 636.9 5231.0 | 2405.9 1005.9 8842.5 5354.7 2467.9 1019.9
1285.7 914.9 370.8 383.8 1800.1 1003.4 401.1 395.6
10788.0 | 6924.1 3863.9 6 206.7 18 285.9 7691.1 4282.1 6312.7
19710.6 | 13070.0 | 6640.6 7596.4 28 928.5 14049.2 | 7151.1 7728.2
3751.6 2537.6 1214.0 | 630.5 4482.1 2597.6 1245.3 639.2
666.6 470.4 196.2 225.3 960.0 515.6 212.3 232.1
5313.7 3343.6 1970.1 3796.5 9758.4 37133 | 2183.2 | 3861.9
9731.9 6351.6 | 3380.3 4652.3 15 200.5 6826.5 | 3640.8 | 4733.2

The aggregate results of model Silver Fir trees have indicated that the
fresh state weight of an average dominant Silver Fir tree was 664.7 kg, and its
corresponding dry weight 389.8 kg, the largest shares in the above figures being
the stem fresh weight (489 kg) and dry weight (291.8 kg). Of the other tree
parts, i.e. needles, shoots, and branches, the needles are heaviest, weighing 94.0
kg in fresh state and 45.6 kg in dry state. A mean lower storey Silver Fir sample
tree weighs in fresh state 28.3 kg only, its dry weight being 17.1 kg, the stem
representing 23.4 kg of the former figure. The needles weigh only 1.6 kg in
green state, and 0.8 kg in dry state. A mean co-dominant sample tree when
fresh weighs 136.7 kg, when dry only 87.0 kg, its stem 110 kg in fresh state,
and 69.0 kg in dry state. Of the remaining tree parts the branches occupy the
first place with their 14.7 kg of fresh weight, and 12.1 kg of dry weight. This
signifies that in terms of weight the needles prevail solely in the dominant Silver
Fir trees, while in the co-dominant and lower storey ones it is the branches
that weigh more.

LESNICTVI — 1972 611



111, Surlace area ol Silver Fir needles

(sqq. m.). — Plocha jehli¢i jedle v m?

e Dominant Shaded Co-dominant Total
gory (1-5) (6—10) (11—15) (1—15)
Sample trees 1203.805 20.128 107.146 1331.079
Sample tree
average 240.761 4.026 21.429 22.466
Total/ha 13723.380 2492.090 21 236.140 37 451.610

Interesting is also the relationship of the weight and surface area of the
needles; an average Silver Fir sample tree of the dominant class has a needle
surface area of 240.8 sq. m., a low storey tree 4.0 sq. m., and a co-dominant
Silver Fir sample tree 22.5 sq. m. When relating the above three figures to
one hectare, a remarkable needle surface area of 3.75 ha will be obtained. This

quantitative figure will have to be, however, analyzed [rom the viewpoint of
" quality, particularly with regard to active participation of individual needle
sectors in the photosynthesis. For better illustration and understanding is it
necessary to convert the biomass figures to 1 ha. The dominant will then weigh
37.9 m. t./ha in fresh state, 16.0 m. t./ha in dry state, and the needles of this
tree class when green will weigh 5.3 m. t /ha, when dry 2.6 m. t./ha. Also the
shoots weigh more in green state than the branches (2.5:2.2 m.t./ha), yet the
ratio is reversed for the dry matter figures (1.2:1.7 m.t./ha). Their stems
weigh 14.5 m. t./ha in fresh state, and 8.5 m. t./ha in dry state. From among
the other parts of trees of this category, biggest weight share is that ol fresh
branches (1.6 m. t./ha) and that of dry branches (1.4 m. t./ha). Most repre-
sented co-dominant Silver Fir trees total 135.4 m. t./ha in fresh state, 119.1
m. t./ha in dry state. Also in this tree category heaviest are the stems (iresh
108.9 m. t./ha, dry 68.4 m. t./ha), of the other parts of co-dominant Silver Fir
irees the greatest share goes to branches (weighing 14.5 m. t./ha when fresh,
and 11.9 m. t./ha when dry).

For forestry purposes is it important to makc a relative comparison of
the Silver Fir production expressed in terms of weight (metric tons) with the
volume production expressed in terms of cu. m. Thus, the dominant Silver Fir
trees represent a volume of 40.1 cu. m./ha, of which the share of derbholz is
33.7 cu. m., and that of small wood 6.7 cu. m./ha. The shaded (lower storey)
Silver Fir trees make up a total volume of 21.7 cu. m./ha, of which derbholz is

1V. Summary table of volume (cu. m.) and biomass in fresh and dry state (m. t.),
svézim stavu a susiné (t) 50leté jedle na 1 ha

Volume (cu. m./ha)
Tree category
Derbholz Small wood Total
L (¢1—5) 33.4 6.7 40.1
III. ( 6—-10) 12.6 9.1 21.7
II. (11—15) 129.8 24.8 154.6
Total 175.8 40.6 . 216.4
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12.6 cu. m., and small woed 9.1 cum. The co-dominant Silver Firs represent
154.6 cu. m./ha, their derbholz volume accounting for 129.8 cu. m., that of
small wocd for 24.8 cu. m. It is important to note that of total of 1,667 trees per
ha, in 1970—1971 there were 57 dominant Silver Fir trees, 619 lower storey ones,
and 991 co-dominant Firs. An average Silver Fir (Mean Tree) has a breast-
-height diameter of 11.9 c¢m, a height of 14.2 m, and a basal area of 111.2 sq.
cm. Its stem volume is 0.130 cu. m., of this the derbholz accounts for 0.105
cu. m., the small woed for 0.025 cu. m.

When we add to the above figures on the Mean Tree those in terms of
weight, we find that it weighs in green state 114.5 kg, in dry state 71.4 kg.
Of this the stem proper accounts for 90.7 kg of fresh weight, and for 56.1 kg
of dry weight.

The aggregate results indicate the volume (cu. m.) and the biomass in fresh
and dry state (m. t.) of a fifty-year-old Silver Fir population, related to the
area of one hectare. The aggregate figures reveal that the Silver Fir volume/ha
is 216.4 cu. m., of which the share of derbholz is 175.8 cu. m., that of small
woed 40.6 cu. m. The fresh state per hectare weight is 190.8 m. t., the stem
weight proportion being 161.9 m. t. The dry matter weight for the whole Silver
Fir stand is 119.1 m. t./ha, of which the stems proper weigh 103.8 m. t./ha.
The figures show that at the age of 51 years the Silver Fir production under
the given environment was 176 cu. m. derbholz/ha, and that the stand biomass
weighed 191 m. t./ha in green state, 119 m. t./ha in dry state.

The results obtained do supplement the existing knowledge of the biomass
production by the tree layer populations under the International Biological
Programme, and represent at the same time a new information on the green
matter and dry matter production determination (quantification) in terms of
weight, which is of considerable importance both to logging and transport and
particularly to chemical wood processing.

NEW EQUIPMENT DESIGN

The choice of appropriate stand silvicultural management methods has made
it necessary to determine the stand increment and to decide on this basis on the
measures to be adopted. The increment determination has been done so far by
way of increment cores taken by a Pressler borer and processed on various
apparatuses like e. g. that designed by Eklund of Sweden. In order to make

50-year-old Silver Fir stand (1 ha). — Sumarni tabulka hmoty (m3) a biomasy ve

Fresh weight (m. t./ha) Dry weight (m. t./ha)
Stem Crown Total Stem Crown Total
29.046 8.843 37.889 17.736 4,482 22.218
15.692 1.800 17.492 9.632 0.960 10.592
117.162 18.286 135.448 76.528 9.758 86.286
161.900 28.929 190.829 103.896 15.200 119.096
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it possible to do series work and to evaluate the cores by a ZPA 600 computer,
Eklund's apparatus and its variant authored by Vins§ have been improved
and supplemented so that in fact a new installation had been developed which
was given the name “Year-ring analyzer of the Department of Silviculture,
Faculty of Forestry, Agricultural University Brno’.

The original Eklund’s apparatus for year-ring analyses consisted of three
parts: a mesuring device for taking of the measurements proper, an impulse-
-giving device into which the data are fed and which converts them to electric
impulses (Addo), and a calculator receiving impulses, recording the figures,
and storing them.

The measuring instrument has a carriage which is moved by turning the
measuring screw under a binocular micrescope with cross lines. Between the
measuring screw and the output shait there is a gear box which can be set at
three gears according to the desired measurement capacity and accuracy. Readings
can be taken to the nearest 0.01 mm, yet in our experiments we used a 0.1 mm
accuracy as fully satisfactory. The above carriage supports an object stage with
a holder and rille for the increment core under study.

The object stage can be rotated or moved in two perpendicular directions,
which is necessary in the cases when distances of year-rings should be measured
on the cores the year-rings of which are not perpendicular to the core lengitudinal
axis.

4. Year-ring analyzer based on
Eklund’s apparatus: I — Ob-
) - _ ° ject measuring stage, 2 —
| S SO i1 Addo impulse generator, 3 —
\ ﬁ I~ CL Addo calculator, 4 — Graphic
3 4 1] plotter, 5 — Power mains,
o 1 6 — Current regulator, 7 —
2 i l Synchronizer, 8 — Central
|
|

panel, 9 — Punching machine,
10 — Operator. — Schéma
letckruhového analyzatoru na
bazi Eklundova pristroje: 1 —

- mérfiei stul, 2 — Addo im-
° pulsni, 3 — Addo poéetni, 4 —
graficky vynase¢, 5 — sif, 6 —
stabilizator, 7 — synchroniza-
tor, 8 — ovladaci panel, 9 —
dérovaé, 10 — operator

5. General view of the year-
-ring analyzer, designed by De-
partment of Silviculture, Fa-
culty of Forestry, Agricultural
University Brno. — Celkovy
pohled na analyzator vrstve-
ného materialu vyvinuty na
katedre pésténi lesu lesnické
fakulty VSZ Brno

614 LEsNICTVI — 1972



6, Part of the analyzer show-
ing the control panel (left
foreground), decoder (back-
ground) and electric punch-
ing machine (right foreground).
— Vy¥sek analyzatoru znazor-
nujici velin (vpfedu vlevo),
dekodér (podélné vzadu) a
elektricky dérovaé (vpiedu
vpravo)

7. Detailed view of the deco-
der. — Detail dekodéru

The output shaft of the gear box is coupled by a joint coupling with the
Addo impulse device (generator) feeding the measurements and transferring
them by means of electric impulses to an Addo X calculator incorporating an
electromagnetic conversion instrument. Another part of the apparatus is an
output device dumping the figures on punched tape or punched cards.

The above apparatus operated by our Department has been improved and
extended successively by addition of new apparatuses, and at present the
installation is composed — apart from the basic unit described above — of
a graphic plotter (adapter) of the figures recorded (design Forestry and Game
Management Research Institute, Zbraslav-Strnady — Ing. B. Vin§, C.Sc.),
of a decoder (synchronizer) converting by means of a relay system the Addo
X figures to code characters, and of a tape punching machine enabling automat-
ed processing of the data by a ZPA 600 computer. A plotting machine is another
improvement facilitating the plotting of measurements for individual years, this
being utilized at the same time as a check on the measurement procedure and
exclusion of false measurements. Apart from the above, the graphic plotter draws
a cumulative curve indicating the cumulative figures for any reference period
within the range under study. The installation is supplemented by a voltage
stabilizer which is indispensable for smooth operation.
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8. Voltage regulator (Made in
Czechoslovakia). — Stabiliza-
tor napéti ¢s. vyroby

It is hoped that during 1972, when the Computing Centre of the Agri-
cultural University Brno is supplied with the digigraph equiment, it will be
possible to plot all the recorded data by means of a computer on a pre-selected
scale on a graphic paper (form) both for individual trees, whole forest stands,
and DBH-grades or classes, either in absolute or relative terms, in accordance
with the operating program. The installation is comparatively very sophisticated
and will be used for large-scale demanding surveys.

To handle lesser quantities of tree increment cores, we have been using,
with reference to a prototype designed by Ing. L. Chroust, a simplier mecha-
nic ‘instrument UniAgri-1 which is easily portable. The year-ring measurement
proper is carried out by a special-design device and a Meopta 66201 micro-
scope with 25X magnification. The recorded widths of individual year-rings

9. Schematic diagram of Uni-
Agri - 1: 1 - Object stage (re-
corder), 2 - Carriage with sam-
pler, 3 - Bed, guide and guide
screw, 4 - Microscope, 5 - Hol-
der of microscope, 6 - Scribe
1:1, 7 - Scribe with plotter
5:1, 8 - Indicator, 9 - Coun-
ter, 10 - Plotter adjusting
screw, 11 - Control wheel, 12 -
Counter clearance handle, 13 -
Safety and reverse tape, 14 -
Safety lock of reverse tape,
15 - Nut lead lever, 16 - Sus-
pension control button, 17 - Sta-
ge reverse lever button, 18 -
Stage feeding lever button,
19 - Stage change-feed lever, 20 - Paper sheet holder. — Schéma UniAgri-1. 1 - stal
(zaznamova c¢ast), 2 - vozik se vzorkovacem, 3 - loze, vedeni a vodici Sroub, 4 -
mikroskop, 5 - drzak mikroskopu, 6 - pisatko 1:1, 7 - pisatko s vynasec¢em 5:1,
8 - indikator, 9 - pocitadlo, 10 - stavéci Sroub vynaSeCe, 11 - ovladaci kole¢ko, 12
- nulovaci kli¢ka pocitadla, 13 - zajisfovaci a vratné pasky, 14 - zajisfovaci knoflik
pro vratné pasky, 15 - vodici paka matice, 16 - pérovnik, 17 - tla¢itko zpétné paky
stolu, 18 - tla¢itko podavaci paky stolu, 19 - méndci packa podavani stolu, 20 - drzak
papiru

(1}
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can be read off a dial measuring gauge with 0.02 mm accuracy. The readings
would be added by a counter to one decimal, the grand total being not more than
999.9 mm. The following step is plotting of the recorded data by means of a dual
coordinatograph.

The mechanical year-ring analyzer UniAgri-1 was patented on April 13,
1971, under No. 141591.

The two installations described above serve for the determination of the
current diameter increment and increment percentage, the procedure being done
according to special methods and formulas. The methcds used would deserve
a separate paper for description, and we shall thus deal with the subject at some
later opportunity.

We are strongly convinced that the reported methods of increment and
increment rate determination of long-term forest experimental plots and forest
tree populations will make it possible to embark in the silvicultural management
of intermediate and mature forest stands on exact management methods based
on objective and concrete data, and to ensure this way better stability and higher
forest outputs.

10. General view of the Uni-
Agri-1 portable analyzer. (Pho-
tos by Vyskot). — Celkovy po-
hled na plenosny analyzator
UniAgri-1. Snimky Vyskot)

SUMMARY

The science of silviculture is largely determined by the factor of time,
necessitating in the solutions of the theoretical and practical problems the appli-
cation of both retrospective and futurologic methods. In this direction have many
new opportunities been opened by new sciences, in the first place by logology
and/or logometry. Also here the four basic laws are applicable, namely the
exponential law, the crystallization law, the cumulation law, and the law of
transition of the exponential curve into a logistic one.

The perspectives of silviculture and of silvicultural research can be summa-
rized in three basic problem and action groupings: 1. biological automation,
2. silvicultural rationalization, 3. silvicultural programming. The abovementio-
ned groupings should be rightly interlinked and harmonized to exclude the de-
struction of forest systems. In this connection should we not disregard the
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classic triade consisting in a dialectic unity of the natural forest foundations,
in the economic objectives of society’s needs, and in the adequate technologies.

From the biological point of view is of crucial importance to silviculture
the study of the ground and aerial biomasses of the tree-layers of forest tree
species populations. This is namely the way towards learning about the causa-
lity of the tree growth process and towards utilizing it in applied silvi-
culture. Great opportunities in this research had been opened by the Internatio-
nal Biological Programme, and by the associated UNESCO project Man and
Biosphere. A unique feature of the two programmes is that for the first time in
the history of the science in general and of [orestry science in particular co-
-ordinated research on a world-wide scale has been under way on the basis of
internationally standardized working methods that will enable exact relative
comparisons of the results and their applications.

In this country, reference can be made to an experimental 51-year old
stand of Abies alba Mill., located in the Forest District- Olomudany near Blansko,
Brno Region, School Forest, Faculty of Forestry, Brno, representing the [ruits
of more than 50-year work of three generations of Professors of Silviculture.
The stand is 51 years old, and the respective forest type group is Fagetum
quercino-abietinum. The Silver Fir stem volume per ha is 216.4 cu. m., of which
derbholz accounts for 175.8 cu. m., small woed for 40.6 cu. m. The corresponding
fresh state weight is 190.8 m. t./ha, of which that of derbholz is 161.9 m. t./ha.
The dry matter weight of the whole Silver Fir stand is 119.1 m. t./ha, the stem
dry weight being 103.8 m.t./ha. It appears from the above that at the age of 51
years, the species has prcduced on the given forest site 176 cu. m. derbholz/ha,
its fresh biomass weighing 191 m. t./ha, the respective dry matter weight being
119 m. t./ha.

The investigations of the growth process and choices of optimum stand
management methods require adequate equipment enabling large-scale process-
ing of the materials and data with sufficient accuracy. Basing on the already
available instruments, particularly on the Swedish Eklund’s apparatus, two
new or improved apparatuses were designed by us. One installation consists
of the Eklund apparatus and graphic plotter (Forestry and Game Management
Research Institute, Zbraslav-Strnady), and is supplemented with a special deco-
der, electric punching machine for a ZPA 600 computer, a control panel and
a current regulator. The installation is cperated according to a program for the
ZPA 600 computer made in Czechoslovakia, and is suitable for large-scale
research projects and high requirements.

For small-scale data (year-ring widths) processing the so called UniAgri-1
apparatus based on mechanical principle had been developed by us, and it was
patented on April 13, 1971 under No. 141591. It is composed of parts made in
this country and is of a portable type. The year-ring widths are recorded on a
dial gauge and simultaneously are they being plotted. Because of its comparably
simple design, the apparatus can be well used in the forest.

As it is obvious from the preceding considerations, certain aspects of moder-
nization of the silvicultural science had been dealt with, of the science that has
been developing most — similarly to other fields of research — on the very
borderlines of different subjects, this leading to a truly progressive science
hybridization.

Received for publication March 6, 1972
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Nové sméry ve védni discipliné pésténi lest

Pésténi lestt jako nauka je determinovano faktorem c¢asu, coz si pro exaktni
reSeni teoretickych i praktickych otdzek vynucuje pracovat jednak metodou retro-
spektivni, jednak metodou futurologickou. V tomto sméru skytaji mnoho moznosti
nové védni discipliny, predeviim logologie, resp. logometrie. I zde plati v pod-
staté 4 zakony, tj. zakon exponencialni, zakon krystalizace, zakon kumulace a za-
kon prechodu exponencialni krivky v krivku logistickou.

Perspektivu pésténi lest a védeckého vyzkumu v této discipliné 1ze formulovat
do tri zdakladnich problémovych a realiza¢nich souborti: 1. biologicka automatizace,
2. péstebni racionalizace, 3. programovani pésténi lesu. VSechny zminéné soubory
by mély spravné na sebe navazovat tak, aby nedo$lo k destrukei systému lesa.
Pritom nesmime zapominat na klasickou triadu, ktera tkvi v dialektické jednoté
prirodnich zakladt lesa, v ekonomickych cilech spolecenské potieby a k tomu
adekvatnich technickych nastrojich.

V biologickém smyslu ma pro pésténi lestt Kklicovy vyznam studium nad-
zemni i podzemni c¢asti biomasy stromového patra populaci lesnich dievin. Tak
totiz lze poznat kauzalitu rGstového procesu a plné jej vyuzivat v péstebni bio-
technice. Velké moznosti v uvedeném badani ma Mezinarodni biologicky program
a na néj navazujici projekt UNESCO Clovék a biosféra. Unikatni na téchto pro-
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gramech je skuteénost, e po prvé v historii obecnych véd a lesnickych zvlasté se
pracuje ve svétovém méfitku sychronizované na zakladé mezinarodné kodifikova-
nych metodik, jeZ umozni exaktni komparaci vysledklt a jejich aplikace.

Jako na§ piiklad uvadime objekt padesatileté jedliny Abies alba Mill.,, ktera
se naléza na polesi Olomuéany u Blanska, kraj Brno, na tzemi Skolniho zavodu
lesnické fakulty VSZ v Brné, ktery nese pecef vice mez padesatileté prace tii
generaci profesort. Porost ma 51 let a naléza se ve skupiné lesnich typt Fagetum
quercino-abietinum. Stromova hmota jedle na 1 ha ¢ini 2164 plm, z ¢ehoZ na
hroubi piipada 175,8 plm a na nehroubi 40.6 plm. Vaha ve svézim stavu na 1 ha
je 190,8 t, z toho na hroubi pripada 161,9 t. SuSina celého porostu jedle vazi
119,1 t/ha. Su$ina kmenu z toho ¢ini 103,8 t/ha. Z toho plyne, Ze v 51 Jetech
véku reprezentuje jedle v danych podminkdch 176 plm hroubi na 1 ha a jeji cerstva
biomasa vazi 191 t/ha, coz v su$iné ¢ini 119 t/ha.

Ke zkoumani rastového procesu a k odvozovani nejvhodnéjsich fytotechnickych
zasahu je tieba mit vhodné aparatury, které umoznuji sériové vyhodnocovani s pti-
sludnou presnosti. V navaznosti na znamé pristroje, zejména na §védsky Eklundav
piistroj, jsme vyvinuli 2 nové, resp, novelizované aparatury. Prvni z nich nava-
zuje na pavodni Eklundav piistroj a graficky vynase¢ VULHM Zbraslav-Strnady.
Je doplnén specialnim dekodérem, elektrickym dérovaéem pro samodinny pocitac
ZPA 600 a vybaven velinem a stabilizatorem. Pro tuto soustavu je vypracovan
"program na samodinny pocita¢ ¢s. vyroby ZPA 600. Uvedena aparatura je vhodna
pro velké série a naroc¢na Setieni.

Pro zpracovani malych sérii jsme vyvinuli pfenosny piistroj na mechanickém
principu nazvany UniAgri-1, na ktery byl udélen patent ¢islo 141.591 z 13. 4. 1971.
Je sestaven z dilei ¢&s. vyroby. Tento pristroj zaznamenava letokruhy na éiselniku
a soutasné je graficky vynasi. Vzhledem ke své pomérné jednoduchosti se hodi
i pro prace v terénu.

Jak patrno, uvedli jsme nékteré aspekty modernizace discipliny pésténi lest,
ktera stejné jako ostatni védecké obory se nejvice rozviji na styéném uzemi roz-
dilnych oboru, takze vznika progresivni védecka hybridizace.

Hopsle nampaBneHHs B Hay4YHOH NHMCLHIIHHe O6Iero 1ecOBOACTBA

JlecoBoncTBO KaK HayKa NeTepMHHHpyeTca $aKTOPOM BpeMEHH, YTO IJIA BSK3AKTHOTO pelle-
HYA TEOPETHYECKMX M IIPAaKTHYECKHX BOIPOCOB TpebyeT NpHMEeHeHHs, ¢ OMHOIl CTOPOHEI, PeTpo-
CIIeKTHBHOTO MeTOxa, a, C APYroi, PyTyposOrMYecKoro. B 3TOM HalpaBJeHMH MHOrO BO3MOMKHO-
cTeif IpeNOCTaBiAIOT HOBblE HAydHble NHCLMIIMHGEL, MPEKIE BCETO JOTONOTHS MJM JIOTOMETPHUSL.
-V B 9TOM Ciyyae IEHCTBYIOT, IO CyllecTBy, 4 3aKOHa: SKCIOHEHIIMANbHHII, KPHCTANJIM3ALMH, Ky-
MyJALMH ¥ 3aKOH Ilepexola SKCIOHEHI[HAaJbHOH KPHUBOH B JIOTMCTHYECKYIO.

IepcriekTHBy J1€COBONCTBA M HAy4YHOTO MCCJIENOBAHMSA B STOH NMCIHILUIMHE MOKHO cHOpmy-
NMpOBaTh B 3 OCHOBHBIX TPOBJEMHBIX M peaNn3alMOHHBIX COBOKYMHOCTAX: 1. G6GMosiornueckas
aETOMaTH3alusA, 2. JecoBoadecKas pallMOHANH3alusd, 3. NPOrpaMMUpPOBAHHE JECOBOACTBA. Bce aTH
COBOKYIHOCTH NOJUKHBI OHITH B3AaHMHO CONPsDKEHBl BO H3bekaHue NeCTPYKLUM JIECHOH CHCTEMBI.
[Ipun sToM, He cJenyeT 3abbiBaTh O KJACCHYECKOH TpHAale, 3aKJIIOYAIONMEHCA B NHAJIEKTHYECKOM
eIMHCTBE TPUPOIHBIX OCHOBAHMIl Jieca, B SKOHOMHUYECKMX ILejaXx OOILIeCTBEHHBIX 3arpocoB M ajie-
KBATHBIX TEeXHHYECKUX CpenCTB.

B 610JOrMYecKOM OTHOIIEHHH B JIECOBOICTBE pellaiolliee 3HAYeHHe MMeeT uHaydeHHe Ha-
3eMHOJi M TON3eMHOI uacTeil GMOMAcChl IPEBECHOTrO fApyca MONYJSALMH NPEBecHbIXx mnopoid. Takum
oﬁpaaom WMEHHO MOXHO TI03HaTh TIPHYHHHOCTb npouecca pocta u TIOJTHOCTHIO €e MCIOJIL30BaTh
B 6HOTEXHHKe JeCOBONCTBA. BOJBUIMMH BO3MOXHOCTAMH Ha BTOM TII0Je NEHCTBHA pacrojaraer
Mesxknynaponnas 6uosormueckas mporpamma (International Biological Programme) u csa-
sannpiit ¢ Heit mpoekr IOHECKO Yesosex u 6uocdepa (Man and Biosphere). Yuukaren Ttor
dakr, yTO BHEpBHle B MCTOPMM OBIIMX HAyK M B YACTHOCTH JECHBIX paboThl BEAyTCA B MEXKIy-
HaponHOM Macwirabe, CHHXPOHU3OBaHHO, Ha OCHOBE MEKIYHApOINHO KONMQHIIMPOBAHHBIX METONMK
IO3BOJIAIONIMX TOYHOE CONOCTABJIEHHe pe3yJbTaTOB M HMX NpHMeHeHMHe.

B xagecTse MecTHOro mpumepa mpuseneH o6wext 50-merneir Genoit nmxte Abies alba
Mill. B necunuecrse Onomyuansi-y-Biancka, ofa. BpHo, Ha Teppuropuu yuxosa JjecHoro ¢a-
Kyasrera B BpHo, orpakaoniuit 6osee uem 50-serHiol0 pabory 3 mnokosenuit npodeccopos.
Bospacr nacaknenus 51 roxm, om HaxomuTcs B rpymnme Jecotmnos Fagetum quercino-abieti-
num. Ipesecnas Macca muxTel Ha 1 ra cocrasaser 216,4 muimd, B tom uncne 1758 mam® npu-
¥OIuTCA Ha KpynHywo npesecuny, 40,6 mam® Ha Meaxyio. Bec B csexem cocrosmuu Ha 1 ra =
=190,8 1, B ToM umcie Ha KpynHyio npeBecHHy npxxomutcs 1619 t. Bec cyxoro memecrna
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BCEro MMXTOBOTO Hacaxknenus = 119,1 T/ra, B ToM uucne mec cyxoro semi. crsosos = 1038 T/ra.
JT0 mnokaseiBaer, 4ro B BoapacTe 51 ro; mMXTa TpeAcTaBiseT B NAHHLIX ycaosBuax 176 mamd
KPYIHOI JpeBecHHbi/ra, a Bec ee csexkeit Guomaccer = 191 t/ra, uro pasmserca 119 Tt/ra cy-
XOTO BeljecTsa.

Ilns msydeHus mnpoiecca pocta M ONpefeleHHs ONTHMAJbHLIX (PUTOTEXHHYECKHX BMella-
TenbCTB HeoGXOnMMa NOAXOAALLAd annaparypa, MO3BOJA0NIAA CePHITHO TPOU3BOIUTH OLIEHKH
cooTBeTCTByIOMeH TounocTH. Ha 6ase wuasecTHeix npubGOpoB, B yacTHOCTH Beiackoro mnpubopa
Okayuma e nocrpounu 2 Hoseix (HOBenM3upomaHHKIX) ycTpoiicta. Ileppoe csszaHo c mep-
BoHadaapHbiM npubopom D KuayH I a, Bropoe — rpaduueckuit Buminocnrens HHUHUIIOX 36pa-
cnap-Crpuanpl.  AnmapaTypa IOnosiHeHa  CHEIHaJbHLIM IEKONepoM, aseKTponepdopaTtopoM MLis
9JIEKTPOHHO-BhIUMCAnTeNbHOM Mamuus ZPA 600, cnaGkenuniM mutoM ¥ crabuansatopom. s
9TOI CHCTEeMBI COCTaBJeHa TIPOrpaMMa [ BJIeKTPOHHO-BLIYMCIMTENBHOM MAaUIMHBI  4eXOCIH.
npoussoncrsa ZPA 600. Anmapatypa TromuTcs Ui KPYIHBIX CepHH M CIOMKHLIX HCCJAeNOBAHHH.

IOna o6paboTku Manbix cepuil Ml TOCTPOMJM npuBOp HA MEXaHWYeCKOM TIPUHIIHIe, Ha-
gpauneiit Uni Agri I, ma xoropsiit nonyuden marenr No 141.591 or 13. 4. 1971 r. Ilpubop
cocTaBJieH M3 jeralieil uexoci. rpoussoncrsa, gopma moprarusHas. IIpuGop orMeuaer roxuyHsle
ronpua Ha uudepbiar W B TO ke BpeMs rpaduueckH MX BpiHOCHT. Biaromapsi csoeit mpocrore
npu6op rommrces nas paboT Ha MecTax.

Mrak, Mpl npuBeny HEKOTOpPbIE AaCTeKTs! MOIEPHHM3AlMM NUCHUIUIMHLL JIECOBOICTBA, Pa3BH-
Ralomleiics, Kak ¥ OCTaapHble Hay4Hbie 06JAcTH, Ha TPaHW pasNNUHBEIX ofJnacreif, BBUIY 4ero
31eCh BO3HHKAeT TIPOTPeCCHBHAsS HayuHas THOPMAN3ALMA.

Neue Richtungen in der Wissensdiszipline des Waldbaus

Der Waldbau als Lehre wird durch den Faktor der Zeit determiniert; fir
exakte Losung von theoretischen und praktischen Fragen erzwingt sich dies einer-
seits mittels der retrospektiven, andererseits mittels der futurologischen Methode
zu arbeiten. In dieser Richtung bieten neue Wissensdisziplinen, vor allem die Logo-
logie, bezw. Logometrie zahlreiche Moglichkeiten. Grundsidtzlich gelten auch hier
vier Gesetze, d, h. das Exponentialgesetz, das Gesetz der Kristallisierung, der Kumu-
lation und das Gesetz des Uberganges der Exponentialkurve.

Die Perspektive des Waldbaus und der wissenschaftlichen Forschung im Be-
reich dieser Disziplin kann in drei grundlegende Problems- und Reasilierungsgesamt-
heiten formuliert werden: 1. biologische Automatisierung, 2. waldbauliche Rationali-
sierung, 3. Programmierung des Waldbaus. Diese Gesamtheiten sollten richtig an-
einander auf die Weise ankniipfen damit keine Destruktion des Waldsystems ein-
tritt. Dabei sollte die klassische Triade nicht vergessen werden; diese beruht auf
dialektischer Einheit der natiirlichen Grundlagen des Waldes, auf o6konomischen
Zielen des gesellschaftlichen Verbrauches und diesbezliglichen addquaten technischen
Instrumenten.

Im biologischen Sinne ist die Untersuchung des oberirdischen und unter-
irdischen Teils der Biomasse der Baumschicht von Baumart-Populationen von ent-
scheidender Bedeutung. Auf diese Weise kann man nidmlich die Kausalitit des
Wachstumsprozesses kennen lernen, um diesen in der Waldbau-Biotechnik in vollem
MaBe auszunutzen. In der angefiihrten Forschung bestehen fiir das Internationale
biologische Programm (International Biological Programme) und fiir das an-
kniipfende Projekt UNESCO Der Mensch und die Biosphidre (Man and Biosphere)
grole Moglichkeiten. An diesen Programmen ist die Tatsache allein dastehend, da@
zum ersten Male in der Geschichte der allgemeinen und insbesondere der Forst-
wissenschaften synchronisiert im WeltmaBstab aufgrund der international kodifi-
zierten Methodiken gearbeitet wird; diese Methodiken werden einen exakten Ver-
gleich der Ergebnisse und deren Applikation ermdoglichen.

Als unser Beispiel fiihren wir das Objekt eines Weilitannenwaldes (Abies
alba Mill.) an, der sich im Forstrevier Olomucany bei Blansko, auf dem Gebiet des
Schulbetriebes des Lehrstuhls fiir Forstwirtschaft in Brno befindet; dieser Weil3-
tannenwald repriisentiert eine mehr als flinfzigjihrige Arbeit von drei Professo-
ren-Generationen. Der Bestand ist 51 Jahre alt und befindet sich in einer Forst-
typengruppe Fagetum quercino-abietinum. Die Baummasse .der Tanne betridgt je
1 Hektar 216,4 fm; davon entfallen auf das Derbholz 175,8 fm und auf das Nicht-
derbholz 40,6 fm. Das Gewicht im Frischzustand je 1 ha betrdgt 190,8 t, wovon
161,9 t auf das Derbholz entfallen. Die Trockenmasse des gesamten Tannenbestandes
wiegt 119,1 t/ha, Davon betrdgt die Trockenmasse der Stiamme 103,8 t/ha. Daraus
geht hervor, daf} die Tanne unter den gegebenen Bedingungen im Alter von 51 Jah-
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ren 176 fm Derbholz je 1 ha reprdsentiert; ihre frische Biomasse wiegt 191 t/ha,
was in Trockenmasse 119 t/ha ausmacht.

Zur Forschung des Wachstumsprozesses und zur Ableitung der geeignetsten
phytotechnischen MaBnahmen sind zweckmaflige Apparaturen, die eine serienmaélflige
Auswertung mit angemessener Genauigkeit ermoglichen, erforderlich. In Ankniipfung
an bekannte Gerite, vor alem an die schwedische Registrierkluppe von Eklund,
entwickelten wir zwei neue, bezw. novellisierte Apparaturen. Die erste knupft
an das urspriingliche Gerat von Eklund und an das graphische Austragungsgerit
des Forschungsinstituts flir Forstwirtschaft und Jagdwesen in Zbraslav-Strnady an.
Sie ist durch eine spezielle Dekodier-Einrichtung, einen elektrischen Locher fir
die Rechenanlage ZPA 600 erginzt und mit einer Schaltanlagewarte und mit einem
Stabilisator ausgestattet. Fur dieses System wurde ein Programm fiir die Rechen-
anlage tschechoslowakischer Erzeugung ZPA 600 ausgearbeitet. Die angefiihrte Appa-
ratur eignet sich fiir groBe Sorten und anspruchsvolle Untersuchungen.

Zur Verarbeitung von kleinen Serien entwickelten wir ein Gerat auf mecha-
nischem Prinzip, unter dem Namen UniAgri-1, dem das Patent Nr. 141.491 vom
13. 4. 1971 erteilt wurde. Dieses ist aus Teilen tschechoslowakischer Erzeugung
zusammengesetzt und ist ibertragbar. Dieses Gerdt registriert die Jahresringe
auf einem Zifferblatt und tragt sie gleichzeitig graphisch aus. Mit Riicksicht auf
die verhéiltnismifBige Einfachheit ist es auch fiir Arbeiten im Geldnde geeignet.

Aus dem Gesagten sind einige Aspekte der Modernisierung der TFach-
disziplin Waldbau ersichtlich; der Waldbau entfaltet sich wie die tibrigen wissen-
schaftlichen Fachgebiete am meisten innerhalb der Kontaktsphire unterschiedlicher
Fachgebiete, so dafl eine progressive wissenschaftliche Hybridisierung entsteht,

The author’'s address:

Clen korespondent CSAV prof. Dr. Ing. Miroslav Vyskot, Dr. Sc,
lesnicka fakulta VSZ, Brno
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F. Papanek VALUATION OF FOREST RECREATION

In this paper, the economic approach to the valuation of forest recreation is based
on the following assumptions:

1) Forest recreation is a function of the forest, i. e. a service intentionally produced
by forest management.

2) The utility of the service rendered to the visitors seeking recreation in the forest
is measured in terms of technical units of quantity and quality.

3) The quantity of recreation utility is expressed by the number of visitor-days
per annum and hectare of forest.

4) The quality of recreation utility is expressed by the forest’s attractiveness compri-
sing the combined effect of natural surroundings and recreational development on the
degree of satisfaction derived from forest recreation.

5) The quantity and quality of recreation utility are closely interrelated since the
quantity of visitor-days depends to a great deal on the attractiveness of the forest, and
the quality of forest recreation is influenced, ceteris paribus, by the number of visitors.

6) Recreation utility as to quantity and quality is the carrier of recreation value;
therefore, the greater and better the utility of forest recreation, the higher is its value.

7) The value of forest recreation — like the value of any other service or commodity
— is derived from the total amount of socially necessary and socially required labor
expended in order to meet the demand.

8) Socially necessary labor — with regard to forest recreation — means the average
amount of expenditures made for the recreational use of the forest, adding average losses
in timber production and additional operational cost in forestry caused by forest recreat-
ion.

9) Socially required labor in connection with forest recreation means the amount
of labor which should be spent in order to meet demand — as distinguished from the
real amount of labor actually spent on forest recreation.

10) The cost of forest recreation differs from its value in the same way as the total
cost of the socially required amount of forest recreation differs from the individual cost
of recreational utility produced in specific local conditions.

The valuation of forest recreation refers either to the planning stage or to the control
of this service. In recreation planning the potential of the land for forest recreation is
assessed and, consequently, valuation of forest recreation reflects, in this case, the import-
ance of a forest for the purpose of recreation and for recreational development. In
recreation control the actual performance of a forest for recreational use is estimated and,
in this respect, valuation of forest recreation expresses the effect achieved in meeting
recreational demand with a view to the degree of satisfaction provided by the recreational
environment and facilities.
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The value of forest recreation is derived from three different factors:

1) from the number of visitors and the time they spend in the forest,
2) from the recreation utility of the recreation area as expressed by its attractiveness,
3) from the distance of the recreation area from urban centres.

These factors constitute the value of forest recreation in different ways according
to two different kinds of recreation.

In long-term recreation during leave all the territory of the country (tourism abroad
is not taken into account) may be visited, the travelling distance being of minor importance
since the recreationist assumes quasi nomadic habits and his dominant concern is the
attractiveness of the recreation area. On the contrary, in short-term recreation during
week-ends spent in the surroundings of urban centres the binding on the recreationist’s
home is of great consequence and prevails over the attractiveness of the recreation
area.

LONG-TERM RECREATION

Let us suppose that on the basis of statistical and planning data an annual volume
of 50 milion visitor-days is established as the national demand for long-term recreation
in Czechoslovakia and that this country’s recreational area comprises 6 271 000 ha of
forest land, meadows, pastures and water surface. Consequently, the average annual
number of visitors would be 7.973 visitor-days per hectare of recreation area.

The actual nation-wide distribution of visitors will depend, of course, on the attracti-
veness of the recreation area. Since the attractiveness a of the recreation area is defined
as the relation between the actual number of visitors on a given recreation site " and

their nation-wide average 7, 1. e.
n
n

it is necessary to assess the quality of each recreation site in the same terms as are used

for expressing its attractiveness, i. e. in proportion to the number of visitors and the

duration of their stay. Consequently, the relation between the degree of recreational

quality of a given site ¢" and the average quality of recreation sites g should reflect the

proportion in the number of visitor-days, as expressed by the attractiveness of the site,
according to the formula

’

kN

q

The recreational quality of a recreation site depends on a number of factors influenc~
ing the recreational potential, or the recreational effect of the site. The recreational poten-
tial is determined by such factors as climatic conditions, water resources, topography
of the area, forests and flora, game and fauna, national monuments and — in an adverse
sense — deficiencies of civilization. The recreational effect of a site is determined, in
addition, by the recreational development as to accessibility, facilities, shaping and adjust-
ing of natural environment, availibility of service and comfort, security and sanitation.

In determining the attractiveness of recreational sites two problems are encountered.
The first problem is to attribute a specific weight to each factor by which recreation is
affected. The second problem is to adopt for each factor a scale of quality degrees
corresponding to the attractiveness of the site for visitors. Both problems can be solved
only through research; but as long as detailed investigation is missing, more or less
accurate suppositions must be made in order to provide necessary data.

=nT’=a. (2)
n
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A factor influencing outdoor recreation is e. g. the climate. Climatic conditions
influence various recreational activities such as skiing and other winter sports, bathing
and other water sports, camping, hiking and other summer sports. Therefore, the first
problem is to know to what extent are climatic conditions responsible in decision-
-making for outdoor recreation, as compared with other factors. It may be assumed,
for instance, that the specific weight of climatic conditions in this respect amounts to
25 9/, in this country, and that — with regard to the duration of the various recreational
activities — 7.5 9, of this weight goes to winter sports. Consequently, climatic conditions
suitable for winter sports would account for 7.5 %, of the average 7.973 visitor-days in
outdoor recreation, or for 0.6 days. In the same way allocations should be made to all
other factors, bringing the total to the average 7.973 visitor-days.

Now, the question arises, in what way could be the climatic quality of the recreation
site with regard to skiing adequately expressed? What kind of a yardstick should be
used for this purpose and what should be its gradation ? The most important circumstance
in this respect seems to be the duration and the height of the snow cover. In Czechoslo-
vakia, the average duration of the snow cover is 68 days and its average maximum height
is 33 cm. In order to establish a scale for measuring the quality of the snow cover with
reference to its attractiveness for skiing the assumption is made that the number of
visitor-days for a given site is directly proportional to the product of duration and height
of the snow cover. The product of 68 and 33 being 2244 (which corresponds to 0.6
visitor-days) it is assumed that a snow cover lasting e. g. 102 days and having a height
of 44 cm (which gives a product of 4488) is twice as attractive for skiing as the average
snow cover and corresponds, accordingly, to 1.2 visitor-days.

The parameter to be used for expressing the quality of the recreation site as to its
utility should be carefully considered and chosen for each factor. A correct expression
of the attractiveness of an area for bathing and water sports may be, for instance, the
product of the number of summer days (i. e. days with a temperature exceeding 25 °C)
and of the length of water courses and beaches in a surface unit (km/km2). As to camping,
hiking and other summer sports the classification of the main climatic factors into climatic
regions may prove helpful.

The relief of land surface is related to the attractiveness of a recreation site by its
altitude above sea level, by its orographic classification and by geomorphologic features
such as formations of rocks, caves, lakes, waterfalls etc. The importance of forests for
recreation may be assessed by the density of their occurrence, and also by the different
groups of forest types. The parameter for the attractiveness of game and fauna may be
constructed as the number of game increased by the annual killing and valued for each
kind of game by the value of its observation and shooting which, in turn, is the product of
the game’s weight, age and rareness. The positive attractiveness of national monuments
and the negative attractiveness, or repellence, of deficiencies of civilization (such as
man-caused erosion, pollution etc.) can be expressed by the classification of these factors
according to their impact on visitors.

In a similar way as shown for the recreational potential, suitable parameters should
be established for each factor influencing the recreational effect of a site.

By this procedure, the number of visitor-days for a given recreation site #’ can be
expressed as the product of its attractiveness a (expressed for each factor as the relation
of the actual quality of a site ¢’ to the average quality ¢) and the average number of visitor-
-days per surface unit per annum, according to the formula

P =
n=a.n=

"y 3)

uall‘Q\
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The value of each visitor-day in outdoor recreation is equal to the cost (including
interest on capital outlay) incurred by both the forest owner and the visitor in procuring
and acquiring the recreation service. In calculating the expenses incurred by the forest
owner the following items are taken into account:

1) Expenses incurred in order to promote forest recreation by improving accessibility,
construction of facilities, cleaning and sanitation etc.

2) Losses caused in timber production by adapting forest management to the needs
of recreation and by hindrance of forest operations through recreational activities.

3) Damage done to the forest in consequence of forest recreation.

In this calculation not the actual expenses should be considered but attention should
be paid to the level of expenses which correspond to the social demand, and reflect the
average.

The expenses of the visitor consist of the cost of travelling and accomodation. In
this respect, again the socially required average should be considered.

Preliminary calculations show that in Czechoslovakia at present the cost of a one-
-day-visit to the forest is, on the average, 10 K¢s for the visitor and 3 K¢s for the forest
owner, making a total of 13 K¢s per visitor and day.

This sum represents the average value of forest recreation v, i. e. the value of forest
recreation in average conditions providing average recreational satisfaction for the user.
Since the quality of recreation sites differs widely, the user’s satisfaction in outdoor
recreation is also subject to variance. It may be assumed that the satisfaction derived
from outdoor recreation is directly proportional to the utility of the site as expressed
by its quality. Consequently, the value of the recreation unit (i. e. of the visitor-day)
on a given site v’ should be differentiated according to the quality of the site, as shown
by the formula

==L $=0.7. ((4)
q
Thus, the recreation value of 1 ha of forest land @ is equal to the product of the

number of visitor-days and the recreational value of a visitor-day on the given site:

7 2
v—n’.v'-—(i) n.v=a.n.v. (5)
q
Since 7 = 7.973and v = 13 in the above formula, 2 = 103.65 a2. This means that
the recreation value of a forest in long-term recreation is proportional to the square of its
attractiveness.

SHORT-TERM RECREATION

The urban population of Czechoslovakia is for the purpose of short-term recreation
defined as the population living in towns and cities with 13 000 and more inhabitants.
These urban inhabitants seek short-term recreation in the surroundings of their cities.
With respect to outdoor recreation, urban centres may be classified according to their
size which is equal to the second root of the number of inhabitants expressed in thousands,
the result being rounded off to whole numbers.

The smallest size pertaining to urban centres with 13 000 inhabitants is size 4,
the largest size in Czechoslovakia, referring to Prague, is size 33.

Inside the boundaries of cities about 5000 inhabitants live to the square kilometer
without difference as to the size of urban centres. Consequently, the populated area,
not suitable for outdoor recreation, is represented by a circle with a radius of one fourth
of the size of the city.
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In order to determine the recreational potential of city surroundings four belts are
distinguished around cities, their radiuses being dependent on the size of the city S
as follows:

Belt  Specification Distance from city centre
in km
minimum maximum
A Adjoining area (first ring) 025S — 058
B Near surroundings (second ring) 058 —18
C Far surroundings (third ring) 18 - 28
D Border area (fourth ring) 28 — 48

These four belts together form the confines for outdoor recreation of the urban
population. In determining the recreational potential of these confines the following
suppositions are made:

1) Within the city’s confines at least 90 9, of short-term recreation takes place.
This percentage increases with the size of the city, till for a city of one million inhabitants
or more, like Prague, 100 9%, of the short-term recreation is concentrated in the city’s
confines.

2) Each inhabitant of an urban centre between the age of 8 and 55 (women) or 60
(men) years performs a number of visits of various durations to the recreation confines
of the city totalling on the average ten visitor-days per annum.

3) With increasing size of the city increases also both the share of the urban populat-
ion seeking short-term recreation and the frequency of visits per visitor. Thus, the average
of ten visitor-days for the country falls down to an average of 7 visitor-days in towns
of size 4 and attains an average of 13.5 visitor-days in a city of size 33.

4) The total number of visitor-days m (in thousands) computed on this basis is
distributed equally into the four recreation belts. The surface of each belt is #r2q,; —
— W 2miny OF 37r2pin, SINCE Fmazr = 2rmin. The average distance of frequenting each
belt d (in km) being equal to 1.25r,,,, the surface of each ring amounts to 642. Conse-
quently, the number of visitor-days per year and hectare of the city’s confines 7, can
be computed by the formula

m 1 10m
np=—.— .10 = —. 6
47 6a? 2442 ©
The cost in short-term recreation is for the forest owner the same as in long-term
recreation, i. e. again 3 K¢s per visitor-day, while the cost for the visitor, at the present
rates for bus fare, are travelling expenses of 0.60 K¢ per km bee-line.

Accordingly, the value of the recreational potential of a hectare of the total territory
of a city’s confines v, can be expressed as follows:

5
o0 = (0.60d + 3y = - (1 4 7) )

For 1 ha of the recreation area the value of the recreational potential v is the greater,
the smaller the percentage 0.0p representing the recreation area (i. e. forest and grazing
land, meadows and water surface) in the whole territory of the city’s confines, and the
greater the attractiveness of a specific forest a in comparison to the average attractiveness
of the recreation area in the city’s confines @’, as shown by the formula

Yo

a
00p " d - ®

D =
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The attractiveness of the forest @ and of the city’s confines @’ are computed in the
same way, as for long-term recreation.

If instead of the recreational potential the recreational effect should be valued the
number and distribution of visitor-days should be established by direct observation
and multiplied by the value of one visitor-day.

THE ROLE OF RECREATION VALUES

As can be seen, the recreation value of a forest can be obtained in the above way —
either with respect to the potential or to the effect of the forest — by adding the value
of long-term recreation to the value of short-term recreation, as far as the forest is situated
within the confines of one or more cities.

Both the potential and the effect of a forest for outdoor recreation are of importance
in the approach to valuation. In planning the development of forest resources and their
management the potential for outdoor recreation is important. In controlling and financ-
ing forest management the effect of the forest as to outdoor recreation is decisive.

But there is an important limitation in the practical significance of this valuation.
The values for forest recreation, as they can be computed according to the above explanat-
ion, are only a theoretical calculation and they cannot be transformed into prices. Forest
recreation values are of little practical consequence in the market, since forest recreation
is a service where both producer and consumer incur some cost, but no price is charged
for this service.

As the forest enterprise receives at present no revenue from outdoor recreation,
it has no material interest in developing and improving the recreation service, in contrast
to timber production. In order to remedy this situation where recreation development is
seriously lagging behind social requirements, society could step in and pay for recreation
services on the basis of their valuation, thus providing an incentive for forest enterprises
to render improved and enlarged recreation service without suffering material im-
pairment.

For such purpose a special feature of the developed method of valuation should
be observed. According to the formula of valuation, the cost of the performance of the
recreation service is divided between the forest owner and the visitor; consequently, only

P 1. Equilibrium Market Price Chart:
P — Price paid per visitor-day in Kd¢s,
@ — Quantity of recreation service in

visitor-days, @i — @ according to demand
if service is provided free of charge,
Qs — @ according to supply if service is
provided free of charge, Q's— @ accord-
ing to supply if 3 K¢és are paid per
visitor-day, AQ = Qu — Qs — Shortage if

3.4 Q. service is provided free of charge,
i AR' = Q4— Q's — Shortage if 3 Kés are

: paid per visitor-day. — Diagram rovno-

p | vaznej trhovej ceny: P — poplatok pla-
[g, i Qi teny za jeden navstevny den, @ — mmnoz-

|

stvo rekreaénych sluzieb vyjadrené poc-

2Q tom navstevnych dni, Q:— @ — podla

dopytu, ak sa poskytuje sluzba zdarma,

@s — @ podla ponuky, ak sa poskytuje

sluzba zdarma, @'s— @ podla ponuky ak sa plati 3 Ké za 1 navitevny den,

AQ = Qi — Qs — nedostatok, ak sa sluzba poskytuje zdarma, AQ' = Q4 — @'s — ne-
dostatok, ak sa plati 3 Kés za 1 navstevny den
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the smaller part of the service is provided free of charge (about one quarter of its value),
the remaining part of the service value being paid for directly by the consumer.

In such circumstances, the forest enterprise is entitled only to that portion of the
value of the recreation service which corresponds to the expenses incurred by forestry.
This amounts to the selling of recreation service loco forest (analogically, timber is
sometimes sold on the stock) though, at least theoretically, outdoor recreation service
could be sold to the consumer also loco his dwelling in the city, the forest owner provi-
ding transportation from the city to the forest, and back.

On the other hand, the forest visitor pays less for recreation than corresponds to
its value, because the visit of the forest is free. This amounts to a cheapening of service
which leads, in turn, to the expansion of demand. A chronic shortage of recreation service
is the inevitable consequence but this shortage could be reduced, if the cost of forest
recreation provided by the forest enterprise would be refunded to it, as is shown by the
equilibrium market price chart (see Fig. 1).

The valuation of forest recreation proposed in this paper can be used with advantage
in forest management, especially in planning the use of forest resources and in allocating
recreational functions to a forest. The value of forest recreation as has been discussed
in this paper is a true and reliable information regarding the importance of forest recrea-
tion in specific conditions and is a suitable instrument for policy-making decisions in the
recreational use of the forest. The valuation of forest recreation allows for the comparison
of recreation service with timber production as to economic merits and importance of
both management objectives. On this basis, working plans can be adjusted according
to the priority of social demand and the optimum composition of management objectives
can be envisaged.

SUMMARY

The paper submitted is an attempt to value long-term and short-term forest recrea-
tion on the basis of amount and quality of forest visitor-days, the total utility value of the
recreational service being allocated to social cost of recreation.

Long-term recreation is that taking place during leave or vacation time, embracing
the whole of the country. Its value depends on the number of visitor-days per year and
hectare of the recreational area, and on its recreational quality expressed in terms of its
attractiveness. The utility value of a recreational area is determined by a number of
factors controlling its recreational potential (e. g. climatic conditions, water surfaces,
topography, forest percentage, game, natural and other monuments, etc.) or its recreatio-
nal effect (e. g. accessibility, recreation facilities, services, etc.) Each of the above factors
will be assigned a corresponding weight, and it will be expressed and measured in suitable
terms (units).

Short-term recreation is confined to the town surroundings and would be also valued
in terms of visitor-days. In short-term and long-term recreation averaged the cost of
recreation incurred by the forest owner 3 Kds/visitor-day, while the cost of transport
paid by a visitor averaged 10 K¢s/visitor-day.

Since forest recreation is provided free-of-charge by forest management, the demand
exceeds 'the level forest recreation would attain if a market price was paid for it
corresponding to its value. This demand and supply relationship is represented gra-
phically in Fig. 1.

The proposed method of forest receration valuation can be used to advantage in
forest management, particularly in forest recreation and production projections, and in
forest use decisions.

Received for publication March 3, 1972
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Ocenenie lesnej rekreacie

Predmetna praca predstavuje pokus ocenif dlhodobu a kratkodobu rekreiciu
v lese podla mnozstva a akosti rekrea¢nych navstev v lese, pri- ¢om sa celkova
uzitkova hodnota rekrea¢nych sluzieb rozvrhuje na spolo¢enské ndaklady rekreacie.

Dlhodoba rekreacia je rekredcia pocas dovolenky a vzfahuje sa na celé tzemie
Statu. Jej hodnota zavisi od poc¢tu navstevnych dni za rok na hektar rekreacnej
plochy a od jej rekrea¢nej hodnoty, vyjadrenej jej atraktivnosfou. UZitkova hodnota
rekreaé¢ného uzemia je podmienena radom faktorov, urcéujucich rekreaény poten-
cial (napr. klimatické podmienky, vodné plochy, reliéf terénu, lesnatosf, zver, pa-
maétihodnosti a i.) alebo rekrea¢ny efekt (napr. spristupnenie, vybavenosf, sluzby
atd.). Kazdému jednotlivému faktoru se prizna prislu$nd vaha a vyjadruje a meria
sa pomocou vhodnej technickej jednotky.

Kratkodoba rekreacia sa obmedzuje na zaujmovu oblasf mesta a ocenuje sa
taktiez poétom navstevnych dni. Pri kratkodobej i dlhodobej rekreacii ¢&inia na-
klady rekreacie zatazujuce majitela lesa v priemere 3 Kés/navstevny defl, kym do-
pravné naklady hradené navstevnikom dosahuji v priemere 10 Kés/navstevny deil.

KedzZe rekredcia v lese sa poskytuje zo strany lesného hospodarstva zdarma,
stupa dopyt po nej nad objem, ktory by mala rekredacia v lese, keby sa za nu pla-
ila trhova hodnota odpovedajica jej cene. Tato zavislosf dopytu a ponuky zna-
zornuje diagram na obr. 1.

Predkladana metoda ocenovania rekreacie v lese sa moéze s vyhodou pouzif
v hospodarskej uprave lesa, najma pri planovani rekreaénych a produkénych funkeii
a pri hospodarskom urceni lesa.

(¢} IE€HKa JIECHOro oTablXa

Hacrosmas craTest sBJAETCHA INONBIKTOH OLIEHKH IOJTOBPEMEHHOIO M KPAaTKOBPEMEHHOIO OT-
nblXa Ha OCHOBE KOJIMUECTBA M KadecTBAa pEKpealMOHHBIX IIOCEI[eHMil Jieca M pacipeleseHus
ofIIecTBEHHBIX M3NeP/KeK pPEKPeallMOHHBIX CJyKOG NPONMOPLMOHANBHO WX II0JIE3HOH CTOMMOCTH.

CTOMMOCTb IOJTOBPEMEHHOIO OT/AbIXd, KOTOPHIA INPOBOAMTCA BO BpeMs OTNyCKa W 3aHMMaeT
BCIO TEPPUTOPHIO CTPAHBI, CO3NAETCA M3 KOJMYECTBA IIOCETHTENeQHEH, 3aTpayeHHLIX B TOX Ha
TeKTap PEeKpPealMOHHOH IUIOIaiu. M M3 €ee I0JIe3HOH CTOMMOCTH, BBLIPA)KEHHOH ee IpHBJeKaTelb-
HocThio. KauecTBO pexpeallMOHHOM TIIONIanM 3aBHCHT OT psina ($aKkTOpOB, BJAMAIOIIMX Ha pekpea-
UMOHHBIH ToTeHUHan (Bpole KAMMATHYECKNX YCJIOBMM, BONHBIX Iuiomjaneif, peasepa naHmmadra,
JIeCHCTOCTH, HaJMYMA IMYM, NOCTONPHMedaTeNbHOCTEH M Ip.) MJIM HAa PpeKpeallMOHHbI sdderr
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MecTHoCTH (Halp., KOMMyHHKallMM, yYCTPOHCTBO M HpyrHe BMILI peKpealMOHHOIO OCBOEHM: ).
KasxknoMy $akTopy NpHIMCLIBAETCA COOTBETCTBYIOIIMIl BeC M BHIGHpAaeTCs NPHUTOAHEI TOKa3aTeb,
OTBEYAWIYUH TPUBJEKATeIbHOCTH ($aKTOpa s IOCeTHTellei.

CrouMOCTh KPAaKTOBPEMEHHOTO OTABIXA B OKPECTHOCTAX TIOPOICKMX LEHTPOB BO BPEMs BOC-
KPECHOTO OTIblXa TaKyKe OCHOBaHa Ha 4icJie IOCeTHTesNelHeil B TOA Ha TeKTap peKpealoHHOi
moWany B OKpecTHOCTsAX ropona. Tak jke Kak s HOJrOBPeMEHHOrO OTHBIXAa M IUIA KPaTKO-
BPEMEHHOr0 OTIbIXa M3NEePKKH JIeCHOH peKpealuH COCTABJSIOT, JUIA COGCTBEHHMKA Jeca, B Cpel-
HeM 3 KpOHbI; M3IEP)KKH IepeMelleHusn NocTHraior B cpeaseM 10 KpoH 3a mocerureneneHs.

Tak kak mocemeHue Jjeca paspeiiaercs 6ecraTHo, CHPOC HA OTAbLIX PAaCUIMPAETCs 3a rpa-
HULy o0beMa, OTBEYAlOUero pPaBHOBECHIO TOPTOBOM LeHbl, Kak oObAcHAeT nuarpamma 1.

OmeHka JieCHOro oTAbiXa, IpelJIOKeHHas B 3TOH pafoTe, NPHUIOAHA IJIA HCHOJIL3OBAHUA
B JIECOYCTpOiicTBe, 0COGEHHO B IJIAHMPOBAHHHM MCIOJbH3OBAHMSA JIECOB IJIA OTALIXA, B ONpeleseHHH
PeKpeallMOHHBIX (YHKIHMI Jieca M MX OTHOIIEHMH K TIPONYKLUMM IPEBECHHBI.

Die Bewertung der Walderholung

Die vorliegende Arbeit stellt einen Versuch dar die Bewertung von lang- und
kurzfristiger Erholung auf die Menge und Qualitidt der Erholungsbesuche im Wald
zu grunden, wobei der gesamte Nutzwert der Erholungsdienste den verursachten
gesellschaftlichen Kosten gegeniibergestellt wird.

Die langfristige Erholung bezieht sich auf Urlaubsgiste und das gesamte Staats-
gebiet. IThr Wert hiangt von der Anzahl der Besuchstage pro Jahr und Hektar Er-
holungsgebiet und vom Erholungswert des Erholungsgebietes, das durch seine An-
ziehungskraft ausgedrickt wird, ab. Die Erholungsqualitit eines Erholungsgebietes
hidngt von einer Reihe von Faktoren ab, die das Erholungspotential (z. B. klimatische
Bedingungen, Wasserflidchen, Bodengestaltung, Bewaldung, Wildvorkommen, Sehens-
wiirdigkeiten usw.) oder den Erholungseffekt (wie Erschliefung, Ausstattung, Dienst-
leistungen usw.) bestimmen. Jeder einzelne Faktor wird gewogen und mit einem
entsprechenden Malstab gemessen.

Die kurzfristige oder stadtnahe Erholung ist auf die Umgebung der Stadt-
zentren beschriankt und wird gleichfalls mit der Zahl der Besuchstage bewertet. In
kurz- wie langfristiger Erholung betragen die Kosten der Walderholung, die den
Waldeigentiimer belasten, im Durchschnitt 3 Kés pro Besuchstag, wihrend die vom
Waldbesucher bestrittenen Transportkosten im Durchschnitt 10 Kés betragen.

Da der Besuch des Waldes frei ist, steigt die Nachfrage nach der Wald-
erholung tiber den Gleichgewichtsmarktpreis, wie Diagramm 1 versinnbildlicht.

Die hier vorgeschlagenen Bewertung der Walderholung kann vorziiglich in der
Forsteinrichiung, insbesondere in' der Planung der Waldfuktionen und in der Be-
stimmung der Wirtschafisziele, ihre Verwendung finden.

The author's address:

Prof. Dr. Ing. FrantiSek Papanek, Vyskumny ustav lesného hospodarstva,
Zvolen
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M. Novotny COMPUTER APPLICATIONS TO FORESTRY
B. Fiser MANAGEMENT SYSTEMS
M. Dejmek

General trends of rationalization and perfectioning of business management and
administration by means of computers have in recent years fully applied also to forestry,
Czechoslovakia being no exception to the rule. The developmental stages of computer
exploitation in the solution of forestry problems of the latter country are essentially
two.

In the first stage were the computers used for the processing of a number of mathe-
matical models of the research, technological, and economic projects, this stage having
started in 1961. As a second stage of computer application expansion can be regarded
automated processing of the routine administrative agenda which had been treated
earlier by means of conventional office mechanization. This second stage began in 1967.

In spite of the fact that in the course of the two abovementioned stages considerable
progress has been made in the methods and practice of computer techniques, it should
be stated that by far have the existing possibilities been exploited sufficiently which
are being offered by this sophisticated computer technology. There is a number of reasons
of which the following two are of major importance in our opinion:

1) It is an obvious fact that nowadays computers process the data relating to indi-
vidual operations circles predominantly as relatively closed entities. The output data
are under the circumstances supplied mainly to management boards, to a lesser degree
to medium-level management, and rarely to top management. (A certain exception
represent the results of forest inventories.) Having in mind, however, that the medium
and higher management levels are responsible for the operation of the organization
as a fully integrated unit, not as an arithmetic sum of the individual activities, they are
particularly in need of being supplied with the information characterizing the respective
organization as an integrated establishment. Yet, so far have the above data not been
made available by automated information processing.

2) Apart from this circumstance, adverse are also the effects of the fact that in forestry
the scientific methods of decision-making have not become routine practice so far, and
that both the existing organization pattern and the present management methods are
not favourable to introduction of advanced integrated management systems. It should
be borne in mind in this connection that it is only the integrated management systems
that make it possible, on the one hand, to utilize all technological developments in the
field of management and, on the other hand, to derive from them the intended economic
benefits.

The research projects on the subject that have been under way at the respective
research and development institutions in Czechoslovakia have followed the objective
to remove successively (gradually) the abovementioned retarding factors and to improve
the existing situation in computer applications to forestry in this country.
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RESEARCH METHOD ADOPTED BY FORESTRY AND GAME MANAGEMENT
RESEARCH INSTITUTE, ZBRASLAV-STRNADY

The method of operations on a research project concerned with exploitation of
advanced computer techniques in the management of forestry was designed by the above
Forest Research Institute with regard to the objective of removing the two retarding
factors described in the introduction. One of them is essentially identical with the issues
of management information systems, another is related with the decision-making aspects
of the management process. Both factors are, however, closely interrelated and inter-
acting.

When approaching the research task ahead of us, we proceeded first towards clari-
fication, on the basis of a general analysis of the management process in forestry, of
a model concept of management system utilizing computer techniques, and towards
overall requirements to be satisfied by the information system proper. After that we
began to work on certain sub-problems of the decision-making nature, this being done
already with regard to the projected system of integrated management. Simultaneously,
an analysis of the information system was initiated, the latter being the essential prere-
quisite for the implementation of the automation programs.

With regard to the present organisation and general management of forestry in

Czechoslovakia, we have chosen the State Forest Directorate level as a basis for our
analyses, to proceed further to the sector and Forest Farm levels. For the projections
of the information system a system approach was chosen, and in the solutions to the
decision-making problems was the orientation to a maximum degree on the analytical
computing procedures (economic mathematical methods). The algorithms resulting
from this research stage have been gradually introduced into the management information
system.
The outcome of our analyses, studies, and method designs is a prototype of a general
model of the overall management information system, a proposal of the logic of infor-
mation flow and processing technique, and the resulting ways and organization of infor-
mation collection, further the requirements for the technological configuration of the
computer system proper, and eventually a detailed model of short-term (one year or
less) planning and management of the logging operations. In the following, a description
is given of the major results of our investigations.

FROPOSED MODEL OF AN OVERALL FORESTRY MANAGEMENT SYSTEM

Our proposal for a model of forestry management system on the State Forest
Directorate level can be seen in Fig. 1. It appears from this organization chart that
this is a system based on a computer which on the one hand is a source of information
necessary for the management of forest operations, on the other hand actually prepares
certain decision-making stages of the management process.

This is further a system embracing the major management activities, among them
belonging particularly

— planning and operations projections,

— execution of the plans of operations,

— recording, accounting, and auditing of resources and operations.

This is eventually a system

— keeping and storing the information on the past operations and management,
but being at the same time aimed

— at the decision-making aspects of management, not only on the production of

records and reports, and
— 1is concerned with informations necessary for the management control.
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1. Proposed model of forestry mana-
gement system, State Forest Directorate
level: A1 — Stlate plan, A2 — Other
production targets, As — Allocation of
production targets in terms of quantity
to lower units, A4 — Computation of
alternatives of the financial, material,
and labour resources needed for plan
execution, A5 — Technico-economic and
financial plan of operations (of the unit
in question), Bi — Balanced production
targets projected in a Working Plan for
lower wunits, B2z — Deviations from
Working Plan figures, Bs; — State
TForest Supervision, Ci — Choice of
worksites for implementation of the
planned targets by the management
body, C2 — Choice of the operational
alternative by the management body,
C3 — Comparison of plan figures with
actual ones, Ci — Judgement of de- . Hemstes:
viations by the management body,

Cs — Orders, Cs — Decisions of the

management body, D1 — Computer,

D2 — Computer, D3 — Computer,

&1 — Data bank, E2 — Development of forest resources, E; — Statistics, accounting,
etc.,, 1 — Plan execution, F2 — Administrative records (production, wages, mate-
rials, labour, accounts, sales, forest resources), F3 — Forest operations records,
1 — Base conditions of forest resources of lower units, 2 — Production resources
of lower units, 3 — Technological and economic standards and normatives, 4 —
Technological description of forest worksites. — N&avrh modelu ridiciho systému
v lesnim hospodarstvi na urovni nodniku: A1 — Statni plan, A2 — Ostatni Ukoly,
A3 — Rozpis vyrobnich ukolti v kvantitativnich jednotkiach na podfizené jednotky
(fidici subjekt), A4 — Vypocet variant finanéniho, hmotového a k&drového za-
bezpecteni planu, As — Technicko-ekonomicky a finanéni plan hospodaiské ¢innosti
dané jednotky, Bi — Bilancované ukoly HUL u pedfizenych jednotek, Bz — Od-
chylky od predpist HUL, Bs — Statni péée o lesy, C1 — Vybér pracovist pro reali-
zaci planovanych ukolu ridicim subjektem, C: — Vybér provadéci varianty ridi-
cim subjektem, C3 — Porovnani ukazateli planu a skute¢nosti, C4 — Posouzeni
odchylek fidieim subjektem, Cs — Prikazy, ¢ — Rozhodnuti ridiciho subjektu,
D1 — Pocita¢, D2 — Poéitaé, E1 — Databanka, E2 — Vyvoj lesniho fondu, E; —
Statistika, tcetnictvi atd., F1 — Plnéni ukolt, F2 — Zaznamy eviden¢niho charakteru
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(vyroba, mzdy, MTZ, pracovnici, Ucetnictvi, odbyt, lesni fond.), F3 — Evidence
o skutec¢nosti, 1 -— Vychozi stav lesniho fondu u podrizenych jednotek, 2 — Vy-
robni zdroje podrizenych jednotek, 3 — Technicko-hospodaiské normy a normativy,
4 — Technologicky popis pracovist lesniho fondu

One of the major technological elements which is projected to constitute the back-
bone of the proposed management model is a data bank, the establishment and develop-
ment of which will make it possible to replace the existing traditional forestry information
system based on subject-matter responsibilities by a system designed according to subject
and functional viewpoints. Such a system is composed of the so called information files
which are stored in the computer memory in a way to be at any time and comparatively
easily available. If the objective is to process data on a particular subject or to supply
a required information, the computer will sort out the information desired from the
respective information files with a velocity that could be never attained by man. The
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extent and coverage of the informations files must be designed to limit the amount
of primary input data, which is yet another important advantage both from the viewpoint
of economic computer operation and its potential application to actual management
action. In the proposed model the following subject-matter information files were
considered:

Forest stands Finished products

Forest stand operations conditions Forest product customers
Forest nurseries Basic resources

Working techniques Forest materials

Forest machinery and equipment Forest labour

The overall functioning of the management system according to the proposed model
can be learned from the graphic representation and therefore no further description will
be given. The analyses, projections, and programming of concrete problems would
be implemented in stages, separately for the routine and decision-making operations,
and for the individual production sectors.

PROBLEMS OF DESIGN OF THE INFORMATION SYSTEM

The problem of design of an information system that would exhibit the optimum
qualities with regard to management requirements is unusually complex and extensive.
The present situation may be characterized roughly by a statement that at present
a number of routine computer programs are operational, like wages agenda, accounting,
timber sales and marketing, etc., the above problems being resolved as non-integrated
separate procedures, featuring however all the resulting shortcomings and adverse
effects. The ultimate objective should be essentially a comprehensive system handling
the basic primary data, intermediate results, and final tableaux with a maximum degree
of integration.

In order to devise such an information system, a survey was made of the organiza-
tion units and departments of selected State Forest Directorates, resulting in formalized
records that have made it possible for us to analyze the existing information system from
the viewpoints of ensuring the information provision required by management and
administration, and from that of information flow. The major subject of investigation
were the various printed records carrying information, the major followed activity was
the so called partial performance. (Partial performance is any processing of the informat-
ion carriers, defined on the basis of the classification, relationship, and causal analysis.)

A complete list of the frequency of the partial performances is an important back-
ground for the considerations on the exploitation of the computer techniques. Their
employment is comparatively simple in the field of routine administrative agenda, yet
in the sphere of decision-making the problem will become fairly complicated.

In our survey, a total of 2,478 partial performances was found to be necessary to
attain our objective on the level of a State Forest Directorate. However, only some 35 per
cent of them related to production management, and the bulk of them, i. e. about 65 per
cent of all partial performances were concerned with administration. Of the total number
or partial performances in the sphere of management have still a full 56 per cent a routine
character, while those of a genuine decision-making nature account for 44 per cent
only.

To represent the flow of information graphically, a network diagram was used ena-
bling not only an analysis of the subject-matter order of the information flow but also
a depicting of the assignment of individual partial performances to the respective orga-
nization levels.
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To demonstrate our method from the above point of view, a graphic representation
of an information flow model relating to production preparation, logging plan, and log
skidding was drawn.!) Fig. 2 shows the present situation, Fig. 3 the projected solution
based on (involving) computer techniques.

The following is a list of items of the information flow model for production pre-
paration and the logging operations — tree cutting and log skidding, belonging to

Fig. 2.

Partial performance:

1. Compilation of cut allocation for tree marking
2. Allocation of the general cutting budget
3. Compilation of a preliminary intermediate cutting budget
4, Marking of trees for intermediate cutting
5. Compilation of a preliminary final cutting budget
6. Marking of trees for final cutting
7. Calculation of volumes of marked trees
8. Compilation of a report on marked volume
9. Summarization of reports on marked volume
10. Progress report on tree marking
11. Compilation of logging resource assortment distribution
12. Compilation of assortment and logging method summaries
13. Labour cost budgeting for tree cutting and skidding
14. Compilation of comments on logging projects
15. Checking of logging projects
16. Approval of a protocol on checking of logging projects
17. Summarization of allocation and assortment of logging resource
18. Compilation of assortment production plan — VT1
19. Approval of assortment production plan — VT1
20. Summarization of assortment and logging method schemes
21. Compilation of plan of operations — V 1
22. Approval of plan of operations — V 2
23. Summarization of logging technique forms
24. Compilation of techno-economic plan justification
25. Approval of techno-economic plan justification
26. Compilation of labour plan (man-day requirement)
27. Approval of labour plan
28. Compilation of cost of operations plan
29. Approval of cost of operations plan
30. Allocation of plan of operations (tree cutting, skidding)
31. Compilation of applications for exemption from Forest Act
32. Summarization of applications for exemption from Forest Act
33. Compilation of applications to District National Council for approval of exemptions from
Forest Act
34. Compilation of applications for approval of deviations from Forest Working Plan
35. Summarization of applications for approval of deviations
36. Compilation of applications to District National Council for approval of deviations from
Forest Working Plan

Information

. Allocation of annual cutting budget for tree marking
Cutting plan guide figures for Forest Districts
Forest management register (Working Plan)

. Preliminary intermediate cutting budget

. Calipering form L 111

. Preliminary final cutting budget

Logging map (Working Plan)

. Volume tables

Volume calculation form L 112

. Report on marked volume (growing stock)

QPN WN -

—

1) The model is simplified.
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11. Summarization of reports on marked volume (growing stock)

12. Extent and assortment pattern of the logging stock, L. 113 and 1.

13. Summary of logging stock assortment pattern and of logging techniques, L 113 b
14. Performance standards for logging and skidding

15. Logging technique forms for cutting and skidding

16. Comments on logging projects

17. Protocol on checking of logging projects

18. Summary of logging stock allocation and assortment pattern, L. 113 and I.
19, Cutting plan guide figures for State Forest Farm

20. Assortment production plan, VT 1

21. Summary of assortment and logging technique allocations

22. Plan of operations — VI

23. Techno-economic plan justification — Tech 1

24. Allocation of plan of operations (logging, skidding)

25. Forest Act

26. Application for approval of exemptions from Forest Act

27. Summary of applications for approval of exemptions from Forest Act

28. Application for approval of deviations from Forest Working Plan

29. Summary of applications for approval of deviations from Forest Working Plan
30. Summary of logging technique forms

31. Plan of labour

32. Cost of operations plan

List of items of the information flow model for production preparation and logging
operations plan — tree cutting and log skidding — belonging to Fig 3.

Partial performance

1. Compilation of cut allocation for tree marking
2. Allocation of the cutting budget guide figures
3. Compilation of preliminary intermediate cutting budget
4. Marking of trees for intermediate cutting
5. Compilation of a preliminary final cutting budget
6. Marking of trees for final cutting
7. Compilation of a report on marked volume
8. Summary of reports on marked volume
9. Progress report on tree marking
10. Compilation of logging stock project and plan
11. Checking of logging projects
12. Approval of protocol on checking of logging projects
13. Compilation of assortment production plan — VT 1
14. Approval of assortment production plan — VT 1
15. Compilation of plan of operations — V1
16. Approval of plan of operations — V1
17. Compilation of techno-economic plan justification — Tech 1
18. Approval of techno-economic plan justification — Tech 1
19. Compilation of labour plan
20. Approval of labour plan
21. Compilation of cost of operations plan
22. Approval of cost of operations plan
23. Allocation of plan of operations (logging, skidding)
24. Compilation of application for exemptions from Forest Act
25. Summary of applications for exemptions from Forest Act
26. Compilation of application to District National Council for approval of exemptions from
Forest Act
27. Compilation of application for approval of deviations from Forest Working Plan-
28. Summary of applications for approval of deviations from Forest Working Plan
29. Compilation of application to District National Council for approval of deviations from
Forest Working Plan

Information

1. Allocation of annual cutting budget for tree marking
2. Cutting plan guide figures for Forest District
3. Forest management register (Working Plan)
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4. Preliminary intermediate cutting budget

5. Calipering form, FGMRI Zbraslav

6. Preliminary final cutting budget

7. Logging map (Working Plan)

8. Report on marked volume (logging stock)

9. Summary of reports on marked volume (logging stock)

10. Logging stock assortment distribution

11. Plan of labour, equipment, and cost of operations

12. Protocol on checking of logging projects

13. Cutting plan guide figures for State Forest Farm

14. Assortment production plan

15. Plan of operations — V 1

16. Techno-economic plan justification

17. Labour plan

18. Cost of operations plan

19. Allocation of plan of operations (logging, skidding)

20. Forest Act

21. Application for approval of exemptions from Forest Act

22. Summary of applications for approval of exemptions from Forest Act
23. Application for approval of deviations from Forest Working Plan
24. Summary of applications for approval of deviations from Forest Working Plan
25. Guidelines for filling of FGMRI forms

26. Code numbers

27. Classification table of tree defects

28. List of Forest Farms

It can be seen from a relative comparison of the two patterns that there are certain
major changes in the job descriptions of the forest ranger, forest district officer, logging
technologist, and State Forest manager of operations.

A design of the information flow model incorporating changes in the information
techniques and improvement of the management procedures is not only a necessary
prerequisite of a comprehensive project of organized information and data processing,
but it also represents the best opportunity of preparing — prior to introduction in practice
of the new system — the respective job descriptions and responsibilities for individual
management levels.

Apart from the abovedescribed general analyses based on available operations
records are we also working on information systems intended for individual specialized
information, and in the latter case the analysis provides directly a basis for the projections
proper.

A MODEL FOR SHORT-TERM PLANNING AND MANAGEMENT OF LOGGING
OPERATIONS

A model for short-term planning and management of logging operations is closely
related to the five-year working plan periods, and the annual production targets for the
State Forest Directorates and State Forest Farms are in fact derived from the Forest
Working Plans to be perfectioned according to the respective base conditions of the year
in question. A general block diagram of the model can be seen in Fig. 4.

By means of a computer would be processed the volume calculations and the assort-
ment distribution and output, would be determined the optimum transport directions
(routes) and the optimum logging technique combinations, as well as the cost calculations
and assessments of equipment capacities. For the analyses of operations scheduling
and implementation the Gantt-diagrams (cyclograms) would be used.

Once a plan of operations had been drawn and the implementation of the projected
activities had started, the role of the computer lies in the ensuring of the control feed-
-back as it appears from Fig. 1.
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— 4. Generalized block diagram of the model
for planning and management of logging

operations: A1 — Planned logging tar-

[ gets, B1 — Volume and assortment cal-
culations, B2 — Cost calculation, C1 —

el -~ Consumar Determination of optimum transport

~————{_ I demands

e directions (routing), C2 — Choice of
logging technique alternatives for indi-
vidual stands, Cs3 — Determination of
optimum logging technique combinations
for individual stands, C4+ — Scheduling
of forest stands for logging with regard
to timber sales plan (targets), Cs5 —
Operational orders, D1 — Tree marking
for logging, D2 — Compilation of the cost

Costand copacily slondar ds.
equiprment capocities

[ S——
L

of operations plan, D5 — Analysis of
See plan implementation progress, E — Full-
filment of annual plan targets. — Hru-

bé blokové schéma modelu pro planovani a rizeni tézebni ¢innosti: A1 — Planované
ukoly v tézbé, Bi1 — Vypocéty hmot a sortimentace, Bz — Vypocet nakladu, C1 —
Uréeni optimalnich dopravnich smért, C2 — Stanoveni technologickych alternativ
v jednotlivych procesech, C; — Urceni optimalni kombinace technologii v porostech,
Cs — Uréeni ¢asové posloupnosti porosti k tézbé s ohledem na ukoly v dodavkach,
Cs — Operativni prikazy, D1 — Vyznaceni tézby, D2z — Sestaveni planu ndakladud, Ds

— Rozbor planu c¢asového prubéhu, E — Roc¢ni plnéni
: 1 |
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5. Generalized block diagram of the Volume and assortment calculation stage: M1 —
Calipering forms, M2 — Calipering forms, S1 — Calculation of volumes of trees
marked for logging, assortment distribution of the logging stock for the purpose of
sales, intermediate cutting, S2 — Calculation of volumes of trees marked for logging,
assortment ditsribution of the logging stock for the purpose of sales, summary of final
and intermediate cutting, T1, T2 — Assorment distribution of the logging stock for the
purpose of logging techniques, record block construction (technique and cost), Vi —
Forest stands, summaries, Forest District, State Forest Farm, V2 — Forest stands, sum-
maries, Forest Range, Forest District, State Forest Farm. — Hrubé blokové schéma
fdze Vypoéty hmot a sortimentace: Mi — Prumérkovaci manudly, Mz — Pru-
meérkovaci manudly, S1 — Vypofet hmoty vyznacené k tézbé, sortimentace tézeb-
niho fondu pro odbyt — predmytni, S2 — Vypocet objemu di'eva vyznaceného k t&zbeg,
sortimentace tézebniho fondu pro odbyt — sumarizace mytni a predmytni, T@ —
Sortimentace téZebniho fondu pro technologie — tvorba vét pro technologie a na-
klady, T2 — Sortimentace téZzebniho fondu pro technologie — tvorba vét pro tech-
nologie a naklady, Vi — Porosty, sumare lesnickych tusekt, polesi, LZ, V2 — Po-
rosty, sumarte lesnickych useku, polesi, LZ

6. Generalized block diagram of the Cost calculation stage: P — Calculation of
man-hours, wages, needed worker-shifts and auxiliary materials and devices for
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logging and skidding, N — Calculation of man-hours, labour input per cu. m,
labour requirement, equipment requirement, wage requirement, average wage per
cu. m., cost of material, direct cost, average direct cost of logging and skidding
per cne cu. m., Vs — Forest stands, V4 — Forest Ranges, Forest Districts, State
Forest Farms. — Hrubé blokové schéma faze Vypocet ndklada: P — Vypoéet normo-
hodin, mezd, potifeby smén délniki a pomoenych prostfedkit na tézbu a ptibliZovani
direva, N — Vypocet normohodin, pracnosti na 1 plm, potieby délnikl, pracovnich
prostredkli, mezd, prumérné mzdy na 1 plm, materidlovych nakladd, pfimych na-
klada, prameérnych piimych nakladi na 1 plm téZzby a pribliZovani dreva, V3 — Po-
rosty, Vi1 — Lesnické useky, polesi, LZ

With regard to a crucial importance of the stage “volume calculation and assortment
distribution” and ‘“‘cost calculation”, in Figs. 5 and 6 the generalized block diagrams
of the respective programs can be seen.

The computation results originating from both programs are printed in two types
of final lists. In the first list type are the output data arranged by forest stands, in the
second list are they summarized by organization levels (units). The lists on the composi-
tion of the logging stock contain information on volumes, broken down by tree species,
diameter classes, and assortments (poles, roundwood total, roundwood by diameter
classes, stacked wood, interchangeable assortments). Separately are given the volumes
and areas of intermediate cuttings in the stands below 40 years and over.

The Tab. I and II represent examples of final lists for the logging technique and cost
calculations.

The optimum transport routes (directions) are determined with the objective to
minimize the transport cost and to distribute in the best way possible the interchangeable

assortments. The respective objective function has the following general form:
n

To ﬁner-i Z Cif « Xy = min.

i=1 j=1

For the constraints

xy=0 (=12 ...m j=1,2...,n)

iaz= En: by
=1

t=1

n

quza; = 1,2, ciusm)

=1

n

th;=b; (j=1,2,...,n)

i=1

ai:Zau—{—Aag G = 1,2, ...ym)
=]

where a; — total capacity of the /-th supplier,
aij — capacity of the 7-th supplier with regard to j-th assortment,
Aa; — interchangeable assortment capacity of the i-th supplier,
b; — capacity of the j-th customer,
cij — transport cost per cu. m. from the 7-th supplier to j-th customer.
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I. Final List ol Logging Technique. — Vzor vysledné sestavy o technologii

Year

State Forest Farm
Forest Dictrict
Forest Range

Logging Operation Tree logging
; Tree-length | Round- | Stacked

Forest Stand Tree Species Poles logs nd wood Total
Intermediate
Cutting
280407 Norway

Spruce-

Silver Fir

Cu. m.

Average tree

volume

(cu. m.)
Man-hours
Wages K&s
Number of worker shifts
Number of equipment shifts
280503 Norway

Spruce-

Silver Fir

iI. Final List of Cost Calculation. — Vzor vysledné sestavy o nakladech
Log skiddin
Year Total . .
State Forest Farm Tiemashes
Forest District gging Foreign One horse | Two horses

Cu. m.
Mean tree volume (cu. m.)
Man-hours

Man-hour (cu. m.)
Workers required
Equipment required
Wages (K¢s)

Wage (Ké&s/cu. m.)
Material cost (K¢s)
Direct cost (Ké&s)

Direct cost (K&s/cu. m.)

|

Note: ¢;; is always prohibitive where x;; must be 0.

To find an optimum combination of the logging (operations) techniques for the
existing capacities of the available equipment, the objective function (decision-making
model) given below will be used

Toﬁndzzi i Cij Xij = min .

i=1 j=1
For the constraints: %
injéai =15 2; s sssi¥)

i=1
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Log skidding
Foreign One Two Wheel Tract-layer Special Total
(contract) horse horses tractor tractor tractor a
Log skidding
Wheel tractor Track-layer tractor Special tractor Total
m
Zvij.xﬁzb; (j:1,2,...,n)
j=1
x5 =0 (0==21525 & vy My, f == 1525 coiciy’f)
where xy — time worked by the i-th machine in the j-th stand,
a; — total available worktime capacity of the 7-th machine,
b; — operation objective in the j-th forest stand,
viy — performance of the 7-th machine in the j-th forest stand in terms of output (technical
units),
ciy — cost of one-hour operation of the 7-th machine in the j-th forest stand
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The choice of the stands where the projected cutting budget is to be implemented
can theoretically be done also by means of algorithms, yet with regard to a great number,
variability and difficult quantification of the limiting factors involved have we so far
adhered in our model to empirical procedures.

A description of the graphic simulation of scheduling of the logging process is
given in detail in one of the references (Novotny 1971), and this is why it had not been
dealt with more thoroughly in this paper.

CONCLUSIONS

In line with the available experience is it safe to say that the proposed model of
computerized management of forestry operations is feasible, and that one of its great
merits is the possibility of developing and implementing it step by step.

At the moment have already been tested practically the major elements of the partial
model of short-term planning and management of the logging operations, and the model
itself is now in the stage of completion. There are promising indications that its applicat-
ion to forestry practices will result in considerable economic benefits, particularly in
savings in cost of skidding and transport. In a similar stage-by-stage way are we going
to proceed also when improving other sub-systems of the management process.

Received for publication March 6, 1972
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Misto samoc¢inného pocitace v modelu ridiciho systému lesniho hospodarstvi

Obecny vyvoj racionalizace a prohlubovani iidicich a administrativnich praci
pomoci samoc¢innych pocitacti zasahl v plné Siti i ¢eskoslovenské lesni hospodarstvi.
Postup dosavadnich aplikaci by bylo mozno vécné rozdélit na dvé etapy. V prvni
etapé byly samocinné pocitace pouzivany k reSeni jednotlivych matematickych mo-
delu védeckych, technickych a ekonomickych uloh. Za druhou etapu rozvoje vy-
uzivani samoc¢innych pocita¢lt je mozno povazovat automatizované zpracovani ru-
tinnich spravnich agend pred tim reSenych mechanizované.

Presto, ze v rameci obou téchto etap bylo jiz vykoniano mnoho metodické
i praktické prace, je treba konstatovat, Ze zdaleka nebylo dostateéné vyuzito vsech
moznosti, které nova technika r'izeni nabizi. Predpokladame, Ze v tomto sméru bude
dosazeno podstatného zlepSeni soucasné situace, bude-li do praxe zaveden navrh
na automatizaci nového modelu ridiciho systému v lesnim hospodarstvi na urovni
podniku, ktery byl vypracovan ve VULHM Strnady.

Jde o systém opirajici se o pocita¢, ktery jednak poskytuje informace nutné
pro rizeni, jednak sam nékteré rozhodovaci faze fizeni piimo pripravuje. Jednim
z nejdulezitéjsich technickych prvki, s kterym navrzeny model pocita, je Databanka.
Jeji vybudovani umozni zménit dosavadni tradiéni informac¢ni systém v lesnim
hospodarstvi podle zodpovédnostnich agend na informaéni systém, tvoieny podle
vécnych a funkénich hledisek. Tento systém bude sloZzen z tzv. informaénich sou-
boru, které umozni jednak rychlej$i zpracovani prislusnych podkladt, jednak omezi
i mnozstvi vstupnich primarnich dat, kterd pravé v lesnim hospodaistvi tvoii vy-
znamny faktor.

Problematika tvorby informac¢niho systému, ktery by mél optimalni vlastnosti
z hlediska potteb Tizeni, je neobycejné slozitd a rozsiahla. K jejimu vyieSeni jsme
uskutec¢nili v organiza¢nich jednotkach a utvarech podnikového feditelstvi Statnich
lest prazkum. Hlavni Setrfenou velicinou byly doklady jako nositelé informaci. Vy-
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sledkem prazkumu jsou formalizované zaznamy, které umoznily analyzovat stava-
jici informac¢ni systém z hlediska toku téchto informaci. Vedle téchto celkovych lo-
gickych rozbortt na urovni doklad byly na radé usektl zpracovany jiz informacéni
systémy i na urovni jednotlivych informaci. Takova analyza pak slouzi primo vlast-
nimu projektovani.

Z dil¢ich modell pro rozhodovaci faze tizeni v ramci celého systému byl v pod-
staté jiz dokonc¢en model pro kratkodobé planovani a irizeni téZebni ¢énnnosti. Mo-
del navazuje na pétilety cyklus hospodarskych planti. Z nich jsou ro¢ni ukoly les-
nich podniki a jejich zakladnich organizac¢nich jednotek, lesnich zavodu, odvozeny
a zpresnény podle konkrétnich vychozich podminek daného roku. Pomoci samo-
¢inného pocitace jsou v tomto modelu zpracovany vypoéty hmot a sortimentace, ur-
¢uji se optimalni dopravni sméry a optimalni kombinace technologii a uskutedétiuje
se vypocet ndkladii a odhad kapacity prostredki. K rozboru plénu ¢asového pri-
béhu pouzivd model cyklogramu. Hlavni prvky tohoto diléiho modelu byly jiZz v praxi
odzkouSeny.

MecTo 91€KTPOHHO-BBIYMCIMTENHBHON MalIMHBI B MOJEJNH CHCTEMBbl yNpaBAeHHsA
JIECHBIM XO3AHCBTOM

O6Gutee pasBuTHe mpoLecca PpalMOHANM3ANMH M yriayGJeHHs yIpaBleHYeCKUX M AXMUHH-
cTpaTuBHEIX pafor ¢ npumeHeHuem OBM B mosHOIT Mepe KOCHYJIOCH M 4exOCJIOBAl[KOTO JIECHOTO
xoasiicrsa. IlocnenosarenpHocTs npuMeHenus OBM  MoxHO, no cyuiecTry, pasjenuTh Ha 1Ba
srata.

Ha mnepsom srane mucnosszoBanne DBM opueHTHpoBajoch Ha pelleHHe OTHENLHLIX Mare-
MATHYECKUX MOIeJieif Hay4yHBIX, TeXHHYECKHX M SKOHOMHYECKHX 3anady. BTOpHIM STamoM passu-
T upuMernennss OBM  MOKHO CUMTATH ABTOMAaTHIHUPOBAHHYIO O6pabOTKY PYTHHHBIX aHHBIX
AAMMHHCTPATHBHOTO JIEJIONPOMBBONCTBA, Mpekae 06pafaTHIBABIINXCS MeXaHH3HPOBAHHLIM CIO-
cofom.

HecMorps ma TO, uTo B paMKax OGOMX 9THX 9TanoB 6blJIO NPOBENEHO y’Ke MHOTO MeTO-
JIMYECKOIT ¥ TIpaKTHUYeCKO# paboThl, cienyeT OTMETHTH, YTO elje HaJIeKO He IOJHOCTHI0 MCMOJbL30-
RAHEI BCE MMeION[HeCs BO3MO)KHOCTH HOBOII TEXHMKH yrpasieHms. Msl mpexanosnaraeM, uro B 3TOM
danpapienuu GyneT IOCTHTHYTO CYIIECTBEHHOe yJydllleHHe COBPEMEHHOIO TMOJIOKEHHS Ha OCHOBE
BHENPeHHs HOBOW AaBTOMATM3MPOBAHHON CHCTEMBI YNPABJEHMS JIECHLIM XO3fANHCTBOM Ha ypOBHe
JIECHOTO TIPEANPHUATHSA, paspaboraHHON u mpennoxeHHO# IayuHo-uccienoBaTeNIbCKUM HMHCTHTY-
TOM JIECHOTO M OXOTHHYbero xoasiicrsa B CrpHanax.

9BM, cayxanmas OCHOBOf aBTOMATH3HMPOBAHHON CHCTEMBI YIPAaBJIEHHs, C OIHON CTOPOHLI
ofecrieunBaer HeOOXOOMMYyI0 IJIA ympaBieHus HHPOpPMAIM0 ¥, C APYroif CTOPOHBI, Herocpen-
CTBEHHO TIOATOTOBJAET HeKoTopnle $aspl NpHHATHA pemeHus. OIHMM M3 CaMBIX BaXKHBIX TeXHH-
4eCKHX BJIeMEHTCB, npenycMarpusaeMpiM npemnokenneM ACYII, asasercs Basa nanamx. Ee mo-
STpOeHME TIO3BOJIMT M3MEHHTh CYIIECTBYIOLUIYI0 TPAaXMIIMOHHYI0 WHOOPMAI[HOHHYIO CHCTEMY B Jiec-
HOM XO3fICTBE 1O OTHENBHHIM OTBETCTBEHHBIM MeJOTpPOM3BOACTBAM B MHPOPMAIMOHHYIO CHCTEMY,
OCHOBAHHYI0 Ha NeNOBHIX M QYHKIMOHAJIBLHLIX ACTeKTaxX. OTa.CHCTeMa CJIOKUTCA M3 TaK Haa. HMH-
POpMAITHOHHBIX COBOKYIHOCTEIf, KOTOpPBIE IO3BOJISAT HE TOJBKO YCKOPHTH IIPOIece TOJy4eHHs HH-
(bOpMauﬂﬂ, HO OrpaHHvaT TakXe KOJIMYEeCTBO HCXOIHEIX TIEPBHYHBIX MNaHHLIX, MMEHHO B JIeCHOM
xoggiicTBe MMeonIux Gosblioe 3HaueHHe,

ITpo6reMaTHka CO3MAaHUS WMHPOPMAITMOHHOI CHCTEMEl ONTHMMAJNBHEIX CBOWCTB C TOYKH 3pe-
Hus moTpeGHOCTElT ynmpaBieHMs WMCKJIKYHTENLHO cnokHa n ofmmpHa. [lns ee pemeHus Mel ocy-
wecTBuan oficienoBaHie IIOTOKOB 9KOHOMHMYECKOH HWHPOPMAIMM B OPraHM3AIMOHHLIX TOapase-
JeHUSX NPeNnpHATHA JecHoro xossiicra. ITpenmeroM ofcnenoBaHms 6hila SKOHOMHUECKAs MWH-
dopmalus Ha yposHe Hocurensa. Pesyasrar ofcienosaHus — §(OpMasipHAf BaliCh, NO3BOJAIOIIAL
aranus cyulecTsyolfeii MHPOPMAIHOHHONW CHCTeMbl € TOYKM 3peHns uHPopManuoHHOro obecme-
ueHHA CHCTEMbl YIpaBjeHHs u norokos uHpopMmanmy. Kpome sroro obmiero Jiormyeckoro aHajmusa
cHCTEMBEI Ha ypoBHe Hocuteneii wHPopmanuu OhiaM yxe paspaboraHnl yacTHuHble MHPOPMAIIMOH-
#ple MOJEJM W Ha YpPOBHe OTHeNbHRIX TOKasareneir. Takoif aHaaua CilyKHT saTeM Hemnocpel-
CTBEHHO NPOEKTHPOBAHHIO.

M3 uyacTHuHbIX Monesedl TIPHMHATHA pelmeHus Kak OnHoi ¢asel ympasjienus ofumieit cucre-
MOIt 6bia yKe 110 CyLUlecTBy 3aKOHYeHa MoJleJb KPaTKOCPOUHOIO IJIAHMPOBAHHSA M YIpaBJeHHs
J1eCO3arOTOBUTENBHOM HeATENHHOCTIO. DTa MONE/b ONMPAETCs HA TNATHIETHMIT LMKJI XO3AHCTBEH-
HoiX 1iaHoB. M3 HMX TONOBhle 3amaul TPEANPHATHII JIECHOTO XO3HAMCTBA M HX OCHOBHBIX Opra-
HU3AUMOHHEIX TONPABIEeNeHUII — JIeCX030B — BLIBENEHLI M YTOUHEHKl Ha OCHOBe KOHKPETHBIX
HCXOMHBIX yciosuit naHuoro roma. C momomeio OBM B aroif Momenu paspabarTsiBaioTCA BhIYHCIE-
Husi ofbeMa Macchl M COPTHMEHTOB IPEBECHHEI, OINpelesisioTCA ONTHMaJbHble HanpaBJeHHs
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1paHCIOpTa M ONTHMAJbHEIE KOMOMHAIIMM TEXHOJOTMH M NPOBOAMTCA BEIYMCJIEHHE pAacXOI0B
M OLeHKa IIPOM3BONCBTEHHOH MOIIHOCTH cpencTs. s aHanusa BpeMeHHOH IIOCJIeHOBATENBHOCTH
MOJleNIb MCHOJB3yeT LMKAorpaMMy. OCHOBHBIE 9JIeMEHTHI 9TOM 4YacTHON Momenu OLIJIH y’Ke TIPO-
BepeHbl Ha TIPaKTHKe.

Die Stellung der Rechenanlage im Modell des forstwirtschafilichen
Leitungssystems

Allgemeine Entwicklung der Rationalisation und die Vertiefung der Leitungs-
und Administrationstdtigkeiten durch die EDV betrifft auch die tschechoslowakische
Forstwirtschaft. Das Vorgehen der bisherigen Anwendungen konnen wir auf zwei
Etappen sachgemill teilen.

In der ersten Etappe wurden die EDV zur Lésung der einzelnen mathematischen
Modelle, der wissenschaftlichen, technischen und &konomischen Aufgaben ange-
wendet. Zweite Etappe der Entwicklung und Anwendung der EDV stellt die auto-
matische Verarbeitung der Verwaltungsagenden dar, die vorher durch die Mecha-
nisierung der Bearbeitung gelost wurden.

Trotzdem, dal im Rahmen beider Etappen schon viel methodischer und prak-
iischer Arbeit getan wurde, mufl man feststellen, daB3 alle Moglichkeiten, welche die
neue Leitungstechnik bietet, ungeniigend ausgenutzt wurden. Wir nehmen an, daB
in diesem Kurs der wesentlichen Verbesserung derzeitigen Situation erreicht wer-
den wird, wenn in die Praxis der Vorschlag der Automatisierung des Leistungs-
systems in Forstwirtschaft auf dem Betriebsniveau, der in VULHM Strnady aus-
gearbeitet wurde, eingefiihrt, werden wird.

Es handelt sich um ein System, welches einer EDV ausniitzt. Diese EDV bietet
nicht nur die notwendigen Leitungsinformationen an, sie bereitet jedoch auch gerade
manche Entscheidungsphasen vor. Einer von der wichtigsten technischen Elemente,
mit welchen das Modell rechnet, ist die Datenbank. Aufbau dieser Datenbank er-
moglicht bisheriges Informationssystem der Forstwirtschaft in ein neues System,
welcher nach sachlichen und funktionellen Gesichtspunkte geschaffen wird, zu ver-
wandeln. Dieses System wird aus sogenannten Informationssdtzen zusammengefaBt
werden. Diese Informationssidtze ermoglichen nicht nur schnellere Verarbeitung der
zugehorigen Urbelege, sondern auch begrenzen die Menge der Priméreintrittsdaten,
welche besonders in der Fortswirtschaft einen bedeutsamen Faktor schafft.

Die Problematik der Informationssystemaufbau ist ungewo6hnlich kompliziert
und umfangreich, weil das System die optimale Beschaffenheit vom Gesichtspunkt
des Leitungsbedarfs haben sollte. Zur Losung dieser Problematik haben wir in den
Staatsforstverwaltungsorganisationen und Einheiten eine Untersuchung durchgefiihrt.
Eine der HauptgroBen, die untersucht wurden, waren die Belege als Informations-
triger. Als Ergebnis dieser Untersuchung sind die formalisierten Aufzeichungen.
Diese Aufzeichnungen ermoglichten, daB3 derzeitiges Informationssystem aus dem Ge-
sichtpunkt der Versicherung der Leitungs- und Verwaltungsfunktionen, ebenso aus
dem Gesichtspunkt des Informationsflusses zu analysieren. Neben dieser gesamten lo-
gischen Analysen auf dem Belegniveau wurden auf manchen Abschnitten schon die
Informationssysteme auch auf dem Niveau der einzelnen Informationen verarbeitet.
Solche Analyse dient dann unmittelbar zur Projektierung.

Von den Teilmodellen fiir die Entscheidungsphasen der Leitung im Rahmen
des ganzen Systems wurden schon im Grunde die Modelle fiir kurzzeitige Planung
und fiir die Leitung der Nutzungstitigkeiten beendet. Das Modell kniipft auf den
Zyklus der fiinfjahrigen Wirtschaftsplane an. Von diesen stammen die einjdhrigen
Aufgaben der Forstbetriebe und deren Grundorganisationseinheiten. Sie werden dann
nach den konkreten Ausgangsbedingungen des betreffenden Jahres prizisiert. Durch
die Anwendung der EDV werden in diesem Modell die Massen- und Sortimenten-
ausrechnungen verarbeitet. Gleichzeitig werden die optimale Verkehrsrichtungen und
Technologieauswahlen festgestellt. Die Aufwandausrechnung und Maschinenkapazi-
tatschiatzung wird auch durchgefithrt. Zur Analyse des Zeitaufplanes beniitzt man
das Modell eines Zyklogrammes. Die Hauptelemente dieses Teilmodelles wurden
schon in Praxis gepriift.

The authors’ addresses:

Doc. Ing. Milan Novotny, CSc, Ing. Bedfich FiSer, Ing. Miroslav Dejmek,
Vyzkumny ustav lesniho hospodaifstvi a myslivosti, Zbraslav - Strnady
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J. PeliSek THE DEVELOPMENT OF RESEARCH

IN CZECHOSLOVAKIA OVER 1965—70

IN THE FIELDS OF SCIENCE CONCERNED
WITH FOREST ENVIRONMENT

Mainly forest geology, forest bioclimatology and forest pedology have been
grouped, as scientific subjects, in the fields concerned with the abiotic environ-
ment of the forest. The results of research obtained most recently in these
fields of science have meant valuable contributions, both to the respective
theories and to practical forestry as well.

Close co-operation between specialists of the above fields of forest science
and those specialized in the biological aspects of the forest, together with systemic
evaluations of the results obtained via research, always results in new knowledge
indicating the trend to improvement, or to degradation, of the forest environment;
this in particular applies to regeneration of the forest, to situations during the
development and tending of stands, further the relationsship to internal structure
of the stands and the systems of management, and finally with reference to the
production of timber. Formation of the units of production in forests as a basis
for forest distribution and planning is an important outcome of this kmd of
science-research co-operation.

In the below sections are presented surveys of essential results of the studies

on forest environment conducted during recent years. The arrangement is accord-
ing to individual fields of science.
In the field of forest bioclimatology: — Attention was paid in the studies espe-
cially to the dynamics of the temperature and precipitation conditions in forest
stands of the lowlands and mountain regions; further, to the microclimate of
felling areas with reference to afforestation. Another series of observations in
the sector of soil microclimate included extensive measurements of the soil
temperature and the soil moisture, detailed investigations being made of the
microclimate and water regimes in the group fellings of pine stands on podzol
soils underlain by Pleistocene gravel sands (Central Bohemia). The soil tempera-
ture regime was studied in group [ellings of various sizes, systematic measure-
ments being made at depths ranging from 2 cm up 100 cm over a period of several
years. The amounts of the data thus obtained furnished, apart from the current
average figures, also frequencies of the soil temperatures highly interesting from
the biological point of view; further they allowed to obtain the arithmetic proba-
bility of surpassing the biologically important temperature levels, or their
differences between the various places in the group fellings; and finally they
provided for calculation of the long-term average differences in the soil tempera-
tures.

Using the ambulant method of measuring the soil temperature in a number
of places of the group fellings during the seasons of the year, both the daily
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and the seasonal dynamics of the temperature regime could be investigated in
the surface soil layers. Nature of the soil temperature study was that of a basic
research. Evaluated results of the studies of this kind together with other micro-
climatic elements examined in the complex of the soil-atmosphere environment
furnished fundamental knowledge directly for the silviculturalist, on the bio-
sphere as formed by the regeneration fellings.

The systematic research of soil moisture in the group fellings was meant to
reveal differences, if any, in the soil moisture regimes between two types of
group fellings, and to throw light on the influence of an isolation ditch made
along the circumference of the felling, in the same way as this is practised when
the loss of moisture from the group-felling soil due to suction power of the roots
of adjoining trees is to be prevented. Moreover, considerable knowledge on the
distribution of soil moisture over areas of the group fellings examined was
obtained too. )

In examining the microclimate in connection with the forest land improve-
ment and reclamation, attention was paid to effects of certain methods used for
the afforestation of weeded areas (afforestation of areas worked preliminarily
in full extent; afforestation with the use of cover crops; afforestation by pit
planting, by furrow planting). Special observations were made of the micro-
climatic conditions in the afforestation of sandy soils and waterlogged soils; as
a result of the studies, methods were suggested which the investigators considered
most convenient for afforestation of such arecas [rom the microclimatic aspect.
Further studies were devoted to the effect of windbreaks on the microclimate
within the forest stand; to questions associated with effects of various structures
of forest stands on the microclimate, in particular those of mixed stands and
monocultures.

In the region of the Beskydy Mountain Range (Carpathians) investigations
of the relationships between forest and water have been under way; besides,
effects of the climatic, microclimatic, and soil conditions on variations in the
water courses have been observed; and due attention has also been paid to the
surface discharge and to erosion.

In the field of forest geology: — Main emphasis was laid on investigation
of the chemism of soil-forming rocks; both macro- and micro-elements were
included. Especialy the precesses of weathering in the soil-forming rocks, which
cause liberation of nutrients into the soil were studied. A classification was deve-
loped for the mineral strength of the soil-forming rocks, and clay minerals were
studied with reference to the sorption capacities of forest soils.

In the field of forest pedology: — Studies in this sphere were concerned
primarily with the water, air, and temperature regimes important from the
ecological point of view; with problems associated with the formation and evalua-
tion of humus; with questions associated with the regimes of nitrogen and
available nutrients; with problems connected with the fertilization of forest soils;
with estimation of the soil quality; with effects of the forest species on the soil; ete.

From among the physical, ecologically important soil properties a good deal
of attention was given to the water regime. Research of the water regime dyna-
mics in forest soils was based on systematic measurement of the soil moisture
during the year, the aim being to trace variations in the soil moisture content,
especially in the water supplies, for the major types of soils in the course of the
growing season. The observations concerned with the course of the instantaneous
soil moisture were carried out largely in areas characteristic of low precipitations,
where the deficit of water is one of the principal causes for the low increments
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in forest specics. The permanent test plots established in such situations (the
measurements are continued) were selected under stands with various structures
ci species and with various forms of the forest, to serve the purpose of establi-
shing the most favourable conditions for the maintenance and improvement of
the water regime in forest soils of these areas; conceivably, important conclusions
are expected to be drawn from the results also for forest practice.

In addition to the above studies, research was also directed to the esta-
blishment of two forms of water, those termed as available or unavailable to
forest stands. These studies resulted in new, important data throwing light on
the comtent oi the water unavailable to plants, especialy in the mountain forest
soils of ‘which but little had been known before. Mehodically, a new and very
rapid procedure — the elecirometric resistance method — was adopted for the
measurement of soil moisture.

Apart from the investigations as outlined above, the water regime was
studied during the development of selected forest stands and under the influence
of different silvicultural treatments, according to the vertical soil and vegetation
zonalities and in association with forest grouping. The relationships between the
soil water regime and the internal stand structure were examined, particularly
with reierence to the arrangement of individual tree storeys. The studies con-
ducted to serve the purpose of orientation and concerned with the interrelation-
ships between the water regime and available nutrients in the soil as based on the
vertical soil and vegetation zonalities showed significant results in correlations
to the production of timber. Moreover, further research was made for the water
regime in felling areas, again according to the vertical soil and vegetation zona-
lities, and the results appear to be of appeciable importance to forestry.

From among the chemical and ecologically significant properties primary
attention was given to soil acidity, again according to the vertical zonality.
Extensive studies were devoted to problems associated with forest humus, speci-
fically to its composition and classilication as established by the techniques of
extraction. Observed were the interrelationships between the surface humus
accumulations under a variety of forest stands (slightly altered and artificial)
and the biological cycle of nutrients in the forest, for they are of considerable
practical importance from the aspect of the replenishment of nutrients in forest
soils.

Much attention was paid to the regime of nitrogen, especially to the avai-
lable forms of N, and experiments were established where N fertilizing was
applied with the aim to increase the production of timber. As a whole, the studies
revealed appreciable deficiencies of available N forms in Czechoslovak forest
soils, which accounted for the failures experienced in places with both natural
and artificial regeneration of the forest.

Most recently, extensive investigations have been under way to defect the
present state of available nutrients in the forest soils of Czechoslovakia, the aim
being their replenishing and thus improving production capacities of the soils.
In doing so, data are gathered on the basis of which to make surveys of nutrients
utilizable fcr the fertilizing of forest soils in the years ahead. Results of the
labcratory research hitherto made have revealed an interesting pattern of the
supplies of available nutrients according to the climate-soil and vegetation zcna-
lities.

Some of the studies were concerned with relationships between the soil
prcperties of ecological impertance and the site qualities of stands, especially
in the region of the Bohemian Massif.
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1. Showing relationships between zones
of the soil zonality and those of the
forest vegetation on the territory of Cze-
choslovakia. Vzajemné vztahy wmezi
vy$kovymi pasmy pud a vyskovymi ve-
getacnimi lesnimi pasmy

(western parts of Czechoslovakia) and
the Carpathians (eastern parts of the
country). The territory of Czechoslo-
vakia, because of its distinct climato-
soil zonality, offers ideal conditions
for comparative studies of this kind,
both from the aspect of scientific research and its practical applications
as well.

The research works were made on comparative parallel areas, in situations
the altitudes of which ranged from 200 m to 1500 m. Alterations were examined
in the soils under pure Spruce crops and under more natural stands.

The results of our comparative studies have revealed:

1. The soils under Spruce monocultures feature but shallow superficial
humic horizons and, conversely, rather thick layers ol superficial raw humus.

2. The soils under Spruce stands in the low-lying and rolling areas show
accumulations of raw humus (aggravated humification) and their contents of true
mull humus are lower. With the altitude increasing, the differences in the
contents of true humus tend to become relatively smaller and the total contents
of humus indicate the upward trend.

3. The podzol soils under Spruce stands in the low-lying and rolling situ-
ations show relatively higher accumulations of physical clay in their enriched
horizons; increased compactness can be observed in the humic podzols of moun-
tains, compared to the B-horizons.

4. The soils of lowlands under Spruce stands show aggravated water regimes
during the year; their surface layers tend to dry up, while the subsoils feature
excessive moisture contents in places.
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2. The flood-plain forest in southern Moravia where the detail studies of forest en-
onment and biomass production are under way. — Luzni les v oblasti jizni Mo-
ravy, kde jsou konany podrobné vyzkumy lesniho prostredi a produkce biomasy




3. The tower (20 m high) provided with a number of apparatuses with which to measure bioclimatic values in the flood-plain
forest environment of southern Moravia. — Véz (vy$ka 20 m) s ¢etnymi piistroji na méreni bioklimatickych hodnot prostiedi luz-
niho lesa na jizni Moravé

4. Special vessels catching the leaf fall for the study of humification and the cycle of nutrients in the food-plain forest of
southern Moravia. — Specidlni nadoby na zachycovani listového opadu pro studium humifikace a kolob&hu Zivin v luZnim lese
Jjizni Moravy




b

5. A poor Pine stand growing on heavily degraded soils (podzols with ortstein on sands) where the detail studies are under way
of alterations in the forest environment in association with the soil-improvement trials. — Spatny borovy porost na silné de-
gradovanych pudach (podzoly s ort$tejnem na piskach), kde se konaji podrobné vyzkumy zmén lesniho prostredi v souvislosti
s meliora¢nimi pokusy




6. An extreme podzol soil with ortstein on sands as a heavily degraded soil; it was
used as a basis upon which to develop and test the method applicable to improving
soils of this kind. — Extrémni podzol s ortStejnem na piskach jako silné degrado-
vana puda, kde byla vypracovana a ovérena metodika na melioraci téchto pud



-

7. A Beech stand in the Carpathians, growing on brown forest soils underlain by
fiysh rocks. — Bukovy porost v oblasti Karpat na hnédych lesnich pidach na fly-
sovych horninach s pokusnymi plochami



8. A top mountain area in the Bohemian Massif (western part of Czechoslovakia), with stands of Spruce and dwarf Pine on
mountain podzols and peat soils. — Vrcholova horska oblast s porosty smrku a kle¢e na horskych podzolech a raSeliniStnich
pudach v oblasti Ceského masivu (zapadni ¢ast CSSR) s pokusnymi plochami

9. Spruce stands in the region of Carpathians (eastern part of Czechoslovakia), growing on brown forest soils underlain by
flysh rocks and on brown rendzina soils underlain by limestones. — Smrkové porosty v oblasti Karpat (vychodni ¢ast CSSR)
na hnédych lesnich pudach na flySovych horninach a hnédych rendzinich na vapencich s pokusnymi plochami




5. The soils under Sprucs monocultures in the low-lying and rolling situa-
tions are much more acid (by as much as 2.5 pH) than those under stands
with more natural composition of speciés. As the elevation increases, the diffe-
rences in pH values tend to diminish although the total acidity rises. Accordingly,
Spruce monocultures appear to be relatively the heaviest acidifiers of the soils
of lowlands and rolling grounds and thus of areas that are climatically dirier
and warmer.

The soils of lowlands under Spruce stands show aggravated regimes of
nitrogen (especially diminished levels of its readily available forms) and dis-
tincly reduced supplies of readily available nutrients (CaO, KO, P20s). This
is accounted for by diminished humification, accunulations of superficial and
raw humus, and reduced biological cycle of nutrients.

The results hitherto obtained have pointed to aggravated conditions in some
of the soil properties in the lowlands and rolling grounds under Spruce cultures.
While the results of those studies concerned with the possibilities of including
Spruce in the stands with no danger of causing aggravation of soil properties have
indicated the whole-year water regime and the supplies of nutrients in the soil
to be highly important factors. An elevated content of soil moisture in the
lowlands and rolling ground during the summer season allows a higher admixture
of Spruce in forest stands with no aggravation of ecologically important soil
properties as a result. With the elevation increasing, from lowlands up to moun-
tain situations, the degrading effect of Spruce on the soil tends to diminish;
accordingly, the admixture of Spruce in the forest stands can be increased. In
the mountain situations Spruce presumably does not exercise the ‘degrading’
effect on the soil.

On the basis of extensive comparative studies using parallel pairs of expe-
rimental plots the problem of unequal representations of Spruce in afforested
areas of Czechoslovakia with no soil-degrading consequences has roughly been
solved. Results of these comparative investigations have suggested that in Czecho-
slovakia Spruce can be grown over a range from the mountain down to the low-
-lying situations, but only on definite sites and at definite percentages in the
forest stands.

Judging from the results mentioned above, we can reckon with increased
representations of Spruce in our forest stands according to the vertical climato-soil
zonality, with no danger of causing degradation in properties of the soils. The
results obtained are therefore well utilizable for suggestions on the representation
of Spruce in areas under forest on definite sites and thus also in definite types
of production. The same results also reveal that much higher representations of
Spruce in our stands can be considered than are those given in some of the
previous suggestions conceived as part of the typological survey of forest with
predominance of phytocenological observations.

Increased percentages of Spruce in afforested areas (stands) are highly
important from the viewpoint of national economy, for they provide for an in-
creased production of timber without inducing any degrading effect upon the soil
and thus without any reduction in the production capacities of Czechoslovak
soils.

Significant achievements were made in the reclamation of degraded forest
soils; these were classified and characterized, certain methods applicable to the
improvement and reclamation of degraded forest soils, in particular those of
sandy nature, were developed and tested on the pilot-plant level. It is hardly
exaggerated to claim that for some types of degraded forest soils the method
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of their recultivation, and thus afforestation as well, has practically been solved
already, which is highly important to the mnational economy as it provides for
higher increments of timber.

Moreover, the full-size cultivation of weeded clearings on light soils was
successfully solved. In this connection, special attention was given to the working
of soil in its full extent. The research resulted in a draft of particular working
instructions. A method was also developed for the cultivation of sandy soils,
the aim being regeneration of the stand. The method is based on ameliorative
measures applied on full area; deep ploughing is made use of, to improve thereby
the physical and other conditions of the soil. Comtribution of the measures is
seen again in accelerated regeneration, improved site quality, and primarily in
increased increments. '

The method by which to improve degraded light soils has been developed,
applied in practice, and due instructions have been worked out. It is based on
a complex of mechanical, chemical and biological measures applied to the soil,
the aim being improvement of the site production capacity, acceleration of the
regeneration, increased increments and improved quality of the stand.

At present the cultivation of degraded light soils may be considered as lar-
gely solved. On the other hand, the improvement and reclamation of heavy
degraded soils present still a serious problem, both in this country and on an
international scale as well.

Various modes of cultivation were tested in the study sites selected for
the improvement of degraded heavy soils, particular attention being paid to
devastated clearings. The full-area mechanical soil working did not prove well;
the methed based on the chemical control of weeds proved a failure too. Of the
other measures tested the one consisting of the small-area soil working combined
with the biological treatment was found most effective. The application of amelio-
rative measures to waterlogged forest soils did not start until most recently.
The reason was that, in draining waterlogged soils — peat soils in the first place,
certain doubts arose pointing to potential adverse effects of such ameliorative
measures on the water regime of the streams. This explains why the microclimatic
and hydropedologic significance of peat moors has been studied for a longer
period of time. r

The soil research and survey programme is an important part of the typo-
logical research'and survey of Czechoslovak forests, for soil properties and phy-
tocoenoses form the basic indicators on the ground of which to delimit areas
charasteristic of a definite production capacity in view of expedient mixtures
of stands. In such areas under forest where the structure of species has undergone
heavy alterations and thus also the entire phytocoenosis has appreciably changed,
the soil remains the only reliable indicator on the basis of which to delimit areas
of equal productivities in respect of forest production.

On the basis of the results obtained from the research of soils (when ne-
cessary, from that of climate or microclimate) with reference to the maintenance,
improvement or aggravation of the soil environment due to application of various
system of management, the instructions were compiled so as to cover the prin-
ciples of due land use on areas of the production units; instructions of this kind
forming an important part of the economic plan.

Forest pedology furnished valuable data to silviculture. This sector, using
the stands and due silvicultural techniques, utilizes forest land to the maximum
and simultaneously optimum level of its production capacity, together with its
climate or microclimate. The different soil properties and their annual dynamics
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are co-agents, not infrequently even the only agents which are directly decisive
in the seletion of the modes of soil preparation to be applied for the natural
and even artifical regeneration of a forest; for selection of the modes of treatment,
improvement and conservation of soils during the development of farest stands
(such as loosening, regulation of the water, air, and temperature regimes in the
surface soil layers); and for due applications of various partial silvicultural
treatments or systems of management on arcas of the forest production units.

The main role of silvicultural techniques is seen in the tending of forest
stands; besides, they simultaneously exercise strong effects on production capacity
of the forest site, i. e. its soil and climate, or microclimate.

Forest pedology also furnished important fundamental data to the sector
of [orest management. Thus, for instance the dynamics and the amounts of moi-
sture in forest soils during the year significantly affect the spatial arrangement
of forest in the number of its storeys and thus in the entire economic use of
forest land together with its climate. Especially some extreme properties of soils
and climate markedly affect forest management and thus its plan as well. This
applies primarily to the forest management on swampy soils with low stability
for stands; further to that practised in regions where the soils have degraded
and their production capacities are reduced; on moving detrital soils; in areas
with sloping grounds; in areas of sandy soils; etc.

Detailed research of forest soils is now used as a basis for the hydro-amelio-
rative measures, for the fertilization of forest soils in stands or nurseries.

Much important work has been done to date also in the sector of forest
soil microbiology, with reference to the precesses of humification and to the
liberation of nitrogen into forms available to forest stands as nutrients.

SUMMARY

In this paper are summarized essential results of the research projects con-
cerned with problems related to the abiotic environment (bioclimatology and
pedology). The items referred to are the development and tending of the forest,
its internal spatial arrangement, the management systems and forms, the natural
and artificial regenerations of stands, the problems of nutrition and fertilization
in forest soils, the hydro-ameliorative measures, the modes of recultivating
forest soils, etc., all aiming at an increased production of Czechoslovak forest
stands. The studies furnished a number of highly valuable results, both theore-
tical and practical. It is now highly desirable that they are utilized by forestry
as much as possible.

Received for publication March 1, 1972

Rozvoj vyzkumu z védnich obort prostiedi lesa v Ceskoslovensku v letech 1965—1970

K védnim oborum abiotického prostiedi lesa jsou dnes hlavné ¢éitany jako
védecké discipliny lesnickd bioklimatologie, lesnickd geologie a lesnické ptido-
znalstvi, které v poslednich letech prinesly cenné vysledky pro strance teoretické
i z hlediska lesniho hospodaistvi. Uzkd spoluprace specialisti téchto lesnickych
védnich obort s lesnickymi specialisty biologického zaméreni a syntetické vy-
hodnocovani ziskanych védeckych vysledku je dulezité zejména pro vytvoreni pro-
dukénich jednotek lesti jako zakladu lesni rajonizace a planovani.
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Z oboru lesnické bioklimatologie byla studovana zejména dynamika teplot-
nich a srazkovych pomeért v lesnich porostech nizin a horskych oblasti a dale pak
mikroklima pasek se zietelem na zalesnovani. Dal$i vyzkumné prace se tykaly ze-
jména méreni pudnich teplot a vlhkosti pidy pri mikroklimatickém vyzkumu kot-
liki v borovych porostech na podzolovych padach v oblasti stfednich Cech. Byl
téz konan vyzkum mikroklimatu pri nékterych meliora¢nich zpusobech, pri zales-
novani zaburenélych ploch, studovany otazky vlivu ruzné skladby lesnich porost
na mikroklima, a to zejména ve smisenych a nesmiSenych porostech.

Z oboru lesnické geologie byl kladen hlavni dlraz na vyzkum chemismu pudo-
tvornych hornin (makroelementu i mikroelement), studovany zvétravaci procesy
pudotvornych hornin a jilové mineraly.

Lesnické pldoznalstvi se zabyvalo zejména ckologicky vyznamnym rezimem
vodnim, vzdu$nym a teplotnim, problematikou tvorby a hodnoceni humusu, re-
zimem dusiku a pristupnych zivin, problematikou hnojeni lesnich pud, vztahy
mezi pudou a porosty, vlivem drevin na pudu aj. Z ekologicky dulezitych fyzi-
kalnich ptdnich vlastnosti byla studovana dynamika hydrotermalniho rezimu a pro-
vzdu$eni lesnich pud.

Z chemickych a ekologicky dulezitych vlastnosti byla studovana problema-
tika kyselosti pud podle vy§kové pasmitosti, biologicky kolob¢h zivin v lese, ze-
iména podle lyzimetrickych studii, rezim dusiku a stav pristupnych zivin v lesnich
pudach CSSR se zretelem na jejich doplnéni a zvysSeni produkéni schopnosti pudy.
Pokracoval téz vyzkum vlivu smrkovych monokultur na pudy podle vy$kové pudni
pasmitosti. Vysledky studii o zastoupeni smrku v porostech bez zhorSovani pud-
nich vlastnosti ukazuji, ze velmi dulezitym faktorem je tu celoro¢ni vodni rezim
v pudé a zasoby zivin. Byla vypracovana klasifikace degradovanych lesnich pud
a poloprovozné provéieny urcité zpusoby meliorace degradovanych lesnich pud,
zejména pud pis¢itého charakteru. Dulezitou soucasti typologického vyzkumu a pri-
zkumu lesi CSSR byl rovnéz vyzkum a prizkum pud, nebof ekologické vlast-
nosti pudy a fytocendzy jsou zakladnimi indikatory pro vymezeni ploch s urditou
produkéni schopnosti pro vhodné porostni smési. Byly téz konany studie hydro-
pedologické jako zaklad pro melioracni opatifeni, studie o stavu pristupnych zivin
pro hnojeni lesnich plid v porostech a lesnich $kollkich. Vyznamné price byly vy-
konany z oboru mikrobiologie lesnich pad ve vztahu k humifikaénim procesim
a uvoliovani dusiku do forem pristupnych pro vyzivu lesnich porosti.

PassurHe uccaenopanMsa HaydHbIX oOTpaciei secnoi cpeast B Yexocnosaxkuu

B 1965—1970 romax

K HayuneiM orpaciaM abGHOTHYeCKOH JIECHON cpelnl B HacrodAljec BpPeMsA B KauecTBe Ha-
7YHBIX NHUCHHIIMH IpPHHAIJIEXKAT, TJaBHBIM 06pasoM, JecHas OHOKIMMATOJNOrMH, JIECHARA Teo-
JOrMs ¥ JIeCHOe IIOYBOBENEHHe, KOTOpPEie 3a TOCJHEAHME TOJNLI Jajgi IEeHHbIE pe3yJabTaThl He
TOJIBKO B TEOPETUYECKOM OTHOUIEHHMH, HO M C TOYKHM 3peiusa JjccHoro xossiicrsa. TecHoe corpyi-
JHYECTBO CIIEITHAJMCTOB OTHX JIECHLIX HAy4HLIX OTpacjeil ¢ JiecHuiMM cuelnaincraMu Guonoru-
YeCKOr0 HalpaBJeHHs M CHHTETHYECKAs OLEHKA JIOCTHTHYTLIX HayuHblX pe3yJbTaToB  BakHO
KaK B HUHTepecax yl‘JIyGJlCHHH Hay4YHbIX U'l'pilCJlCl”i, TAK H B 1PAKTHYICCKOM OTHOIIEHUH, Tpekne
(Cero IlyTeM CO3UAHMA 1IPOMBBOACTBEHHLIX CHMHIULL Jeca Kak OCHOBLI JICCHOTO pPailOHHpPOBAHHMA
W 11aHMPOBAH M.

B OGJ’IBCTH JIeCHOIT 6HOKAMMATONOr MU H3yuandach, IPERIE BCErO, JlMHaMHKa yCJ‘lOHHl"l TeM-
repaTypbl M aTMOCPepHBIX OCAUKOB B JIECHLIX HACAKICHMAX HUIMEHHLIX M TOpPHBIX ofjacreit,
a 3aTeM M MHUKPOKJHMAT JiecoceK ¢ yueroMm ux obiecenus. Hapsny c atuM naydusie paborsi
[$358:8¢¢ HAnpasJICHbl ITIPEHMYIIECTBCHHO HA W3MEpPCHHE TeMIIeparyp M BJAYKHOCTH TIOYBhI npu MHK-
POKIMMATHYECKOM OBCIeN0BAHMK 1IPOCBETOB B COCHOBLIX HACAAUICHMAX Ha II0A30JMCTHIX II0YBaX
B obnactu Cpeuneit Yexuu. KpoMme TOro 1npou3BoIMIMCh HCCIENOBAHMA MHKDPOKJHMATa IIPH
HEKOTOPHIX MEJIHOPATHBHHIX criocofax o6JIeceHNs BACOPEHHBIX IUIOLIANei, H3y4aaich BOMPOCH!
BAMAHMA PAasHOTO COCTABA JIECHBIX HACAKIEHMII Ha MHUKDPOK/JIMMAT, a MMSHHO TIpe)Kie BCero
B CMEUIAHHBIX M B HECMEIUAHHLIX HACAKIEHHIX.

B ob6nacTH JieCHOH TeOJOTHH OCHOBHOE 3HaueHie TIIpiIaBajoch HAayyHOMY MCCJIEIOBAHHIO
XHMH3Ma T04BOOGPA30BATENbHEIX TOPHBIX 1OPOA (MaKpo- U MHKPO3JIEMCHTOB), H3ydaluch IIPO-
I[ecChl BLIBETPMBAHUA II04BOOOPA30BATENILHBIX I1IOPOJ M MJIHCTLIE MUHEPAJbI,

Jlecnoe mnousosenerue 6bIJIO HaNpaplieHO Ha M3yYyeHME Tpekie BCEro 9KOJOTHYECKH BaK-
HOro BOIHOTO BOSHyUlHOFO Hu Tem[epa'rypuoro pexuMa, HpOGJH)MaTIH\'H 06‘)330!!&}{1{}[ U OLEeHKH
ryMyca, peuMma asora M IOCTYIHBIX [MTATeLHLIX BEl[ecTs, npobieMaTHKi ynoOpeHus JecHBIX
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TOYB, B3aBMCHMOCTH MeXKIy TOUBOIl M HaCa)KIEHMAMHM, BJMAHHA JIPEBECHBLIX II0POJA HA TOUBY
u np. VI3 BaKHBIX B B®KOJOrMYECKOM OTHOMIEHNMN (HU3MYECKHX CBOICTB ITIOYBLI HM3ydasach IHMHA-
MUKa THIDPOTEPMMYECKOTO peXuMa W aspaluy JECHHIX IIO0YB,

Wa BamHBIX € XMMHMUECKOIl M BKOJOTMYECKOI TOYEK 3PeHMH CBOHCTB H3y4asuCh, TIpeKie
rcero, npoGieMaTHKa KHCJIOTHOCTH IOYB IO BEPTHMKAJbHON 30HAJBHOCTH, BGHOJOTMUYECKHIl Kpyro-
BOPOT TIMTATeNbHEIX BENIeCTR B Jecy, TJIaBHEIM 06pa3oM Ha OCHOBAHMHU JH3UMeTpuueckux obcie-
nOBaHHI, 3aTeM M3ywalcs TakKe peRuM aszora. Kpome TOro 6BIAM TpOM3BENeHbI 06CJENOBAHH A
colep)KaHus MOCTYIHLIX IIHTaTeNbHbIX Beujects B JecHpx nousax UCCP ¢ yuerom wux momon-
HeHHs ¥ TOBBIIEHHUsA NPOAYKTHBHOCTH 1ounhi. [Ipomosnkanuch McCielOBaHHs BJAMAHUA €JOBHIX
MOHOKYJIBTYP Ha TIOUBBI TI0 BEePTHKAJBHOI IIOYBEHHON B0HAJBHOCTH. Pe3yabTaTel MCCIEI0BAHH N
NpOIleHTa el B HacakieHisnx (e3 yXyUUIeHHs T[OYBeHHBIX CBOMHCTB CBUIETENLCTBYIOT O TOM, UTO
bechbMa BaKHBI GakTOp anech TPeACTABAAIOT KPYTJAOTOAHUYHBLIIT BOXHBIM pPEeXHMM B IOYBe M 3a-
1Tachl NMUTaTeJhHbBIX BeUlecTB. PaapaGOTaua l\'JIZ!.CCHqJHKaLlHH uerpanuponaﬂﬂblx JIeCHBIX TIOYB,
ruaBHBIM 06pasoM 1ouB 1ecyanoro xapakrepa. BakKHON 4acTblo THIOJOIMYECKOr0 MHCCJIENOBAHMSA
i ofcnenopanug secon UCCP 6nio Takke mHayuHoe jiccsienoBaHue u ofcienoBaHue TMOUB, Tak
XaK 3KOJOTHUECKHe CROICTBA TIOUBLI M qJHTOLSCHO.’H:I ABJIAKTCA OCHOBHBIMH MHHHK&TOpaMH ﬂpH
onpenejeHHy IUIONIALEI! € M3BECTHON IIPONYKTHBHOI CIOCOBHOCTBIO IUIS COOTBETCTBYIOIIHX CMe-
IWAHHBIX  Jecopacaknenuii. Kpome TOro 1poM3BOMILINCE THIPONOYBOBEAYECKHE HCCIENOBAHUSA
B KauelTBe OCHOBRI ION0A MC./']IIOPZILUIOHHMX ML‘pOIlpl[ﬂTHl“l, 3aTeM MCClenOBaHHUA COJICp)KaHHH 0~
CTYITHBIX NUTATENbHBIX BEIIeCTB IJist yIOOpeHMs JIeCHBIX T04YB B HACAKIEHHAX M JIECHBIX ITMTOM-
HuKax. Baxupie paborsl OGhuIN mpoispeneHs B 061acT¥ MUKPOOGHOJIOTHM JIECHBIX TIO4E B OTHO-
meHHM K mpoueccaM ryMuduKauiyd U OCBODOKIEHHs asoTa B JIOCTynHble (GOpPMBI IJA TNHTAHHA
JIECHBIX HACAKIEeHUIT.

Die Entwicklung der Forschungen auf dem Wissensgebiet Waldumwelt
in der Tschechoslowakei in den Jahren 1965—1970

Zu den Wissensgebieten der abiotischen Waldumwelt zdhlt man als wissen-
schaftliche Disziplinen heutzutage hauptsichlich die forstliche Bioklimatologie, die
forstliche Geologie und Bodenkunde, die in den letzten Jahren wertvolle Ergeb-
nisse seitens der Theorie sowie vom Gesichtspunkt der Forstwirtschaft ‘brachten.
Eine enge Zusammenarbeit der Spezialisten dieser forstlichen Wissensgebiete mit
den forstlichen Spezialisten der biologischen Richtung und eine synthetische Aus-
wertung der gewonnenen wissenschaftlichen Ergebnisse ist von Wichtigkeit vom Ge-
sichtspunkt der Vertiefung von Wissensgebieten und von der praktischen Seite vor
allem durch die Schaffung von Produktionseinheiten der Wilder als eine Grund-
lage der forstlichen Rayonierung und Planung.

Auf dem Fachgebiet der [forstlichen Bioklimatologie untersuchte man vor
allem die Dynamik der Temperatur- und Niederschlagsverhiltnisse in den Wald-
bestinden der Niederungen und Gebirgsgebiete und ferner das Mikroklima der
Schlagflichen mit Riicksicht auf die Aufforstung. Weitere Forschungsarbeiten be-
trafen vor allem die Messung der Bodentemperaturen und Bodenfeuchtigkeit bei
mikroklimatischer Forschung der Kessel in Kieferbestinden auf Podsolbdden auf
dem Gebiet von Mittelbohmen. TFerner wurden Mikroklimaforschungen bei einigen
Meliorationsarten der Aufforstung von verunkrauteten Flichen vorgenommen, Fra-
gen der Einfliisse von verschiedener Waldbestadeszusammensetzung auf das Mikro-
klima behandelt, und zwar besonders in Mischbestinden und Reinbesténden.

Vom Fachbereich der forstlichen Geologie widmete man hochste Aufmerksam-
keit der Forschung des Chemismus bodenbildender Gesteine (der Makro- und
Mikroelemente), man untersuchte die Verwitterungsprozesse bodenbildender Ge-
steine und die Tonmineralien.

Die forstliche Bodenkunde befafite sich in erster Reihe mit dem okologisch
bedeutenden Wasser-, Luft- und Wirmehaushalt, mit der Problematik der Bil-
dung und Bewertung von Humus, mit dem Haushalt von Stickstoff und aufriehm-
baren Nédhrstoffen, Problematik der Diingung der Waldbdden, Beziehungen zwischen
dem Boden und den Bestinden, mit dem EinfluB von Holzarten auf den Boden
u. & m. Von den dkologisch wichtigsten physikalischen Bodeneigenschaften stu-
dierte man die Dynamik des hydrothermalen Haushaltes und die Durchliiftung der
Waldboden.

Von den chemichen und 6kologisch wichtigen Eigenschaften befaBte man sich
vor allem mit der Problematik der Bodenaziditit nach der vertikalen Zonalitit,
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mit biologischem Nihrstoffkreislauf im Walde vor allem nach lysimetrischen Stu-
dien; weiter untersuchte man den Stickstoffhaushalt, den Stand aufnehmbarer
Nihrstoffe in den Waldboden der CSSR mit Riicksicht auf ihre Ergdnzung und
Erhohung der Produktionsfidhigkeit des Bodens. Die Forschungen des Einflusses von
TPichten-Monokulturen auf Bodden nach der vertikalen Bodenzonalitit wurden fort-
gesetzt. Die Ergebnisse der Untersuchungen der Vertretung der Fichte in den Be-
stinden ohne Verschlechterung von Bodeneigenschaften zeigen, dall der ganzjahrige
Wasserhaushalt des Bodens und die Nihrstoffvorridte einen duflerst wichtigen Fak-
tor bilden. Eine Klassifikation von derartigen Waldboden wurde ausgearbeitet
und bestimmte Arten der Melioration von degradierten Waldboden, vor allem von
Boden eines bestimmten sandigen Charakters wurden im Versuchsbetrieb {iber-
priift. Ein wichtiger Bestandteil der typologischen Forschung und Durchforschung
von Wildern der CSSR war auch die Untersuchung und Durchforschung der Biéden,
denn die okologischen Eigenschaften des Bodens und die Phytozonosen bilden
grundlegende Indikatoren fiir die Spezifikation von Flidchen mit einer bestimmten
Produktionsfihigkeit flir geeignete Bestandsgemische. Ferner wurden hydropedo-
logische Studien als Grundlage fiir Meliorationsmaflnahmen, Studien {iber den
Stand der aufnehmbaren Nihrstoffe flir die Diingung der Waldboden in Bestianden
und Baumschulen vorgenommen. Bedeutende Arbeiten auf dem Gebiet der Mikro-
biologie der Waldbtden in Beziehung zu den Humifizierungsprozessen und zur Frei-
machung von Stickstoff zu aufnehmbarer Formen fiir die Erndhrung der Wald-
bestinde wurden durchgefiihrt.

Développement des recherches dans les disciplines scientifiques relatives au
milieu de la forét en Tchécoslovaquie, au cours des années 1965—1970

Parmi les branches scientifiques du milieu abiotique de la forét on compte
aujourd’hui surtout comme disciplines scientifiques la bioclimatologie forestiére,
la géologie forestiére et la pédologie forestiere qui ont apporté dans les derniéres
années de précieux résultats aussi bien a la théorie qu'a la sylviculture. La coopé-
ration étroite des spécialistes de ces branches scientifiques forestieres avec les spé-
cialistes d'orientation biologique et l'évaluation synthétique des résultats scientifiques
obtenus sont importantes d'une part pour l'approfondissement des disciplines scien-
tifiques et d’autre part pour la pratique, en créant notamment les unités forestiéres
de production en tant que base pour la rayonisation et la planification forestiéres.

Dans la branche de bioclimatologie forestiére on étudiait surtout la dynamique
des facteurs de température et de précipitations dans les peuplements forestiers de
plaines et de régions montagneuses et puis le microclima des clairiéres en vue de
leur boisement. Les travaux de recherche ultérieurs concernaient notamment la
mesure des températures et de I'humidité du sol faite au cours de la recherche
microclimatique des trouées dans les peuplements de pins sur les sols podzoliques
dans la région de la Bohéme centrale. On effectuait également les recherches du
microclimat que l'on rencontre lorsqu’on applique certains modes d’amélioration
lors du boisement des surfaces recouvertes de mauvaises herbes et enfin on étudiait
les influences de la structure variée des peuplements forestiers sur le microclimat
et cela en premier lieu dans les peuplements purs et les peuplements mélangés.

Dans le domaine de géologie forestiere on attachait la plus grande attention
a la recherche du chimisme des roches importantes pour la genése des sols (macro-
éléments et microéléments), tout en étudiant les processus de désagrégation des
roches importantes pour la genése des sols et les minéraux argileux.

La pédologie forestiare s’occupait surtout du régime hydrique, atmosphérique
et thermique, écologiquement important, du probléeme de formation et d’estimation
de I'humus, du régime d’azote et de matiéres nutritives assimilables, du probléme
de fumure des sols forestiers, des rapports entre le sol et les peuplements, de l'in-
Iluence des essences sur le sol et ainsi de suite. Quant aux propriétés physiques
de sol importantes au point de vue écologique on étudiait la dynamique du régime
bydrothermique et l'aération des sols forestiers.

Quant aux propriétés chimiques écologiquement importantes, on étudiait no-
tamment la problématique de l'acidité des sols selon la zonalité altitudinale, la cir-
culation biologique des matiéres nutritives dans la forét, surtout d’aprés les études
lysimétriques et puis on étudiait le régime de l'azote. On a fait également les ex-
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plorations sur 1'état des matisres nutritives assimilables dans les sols forestiers de
Tchécoslovaquie, en regard de leur apport éventuel et de l'augmentation de l'apti-
tude du sol a la production. On continuait les recherches relatives a l’'influence des
monocultures d'épicéa sur les sols, selon les zonalités altitudinales des sols. Les
résultats des études relatives a la participation de 1'épicéa aux peuplements sans
détérioration des propriétés des sols montrent que c’est le régime hydrique le long
de l'année entiére dans le sol et les réserves en matieres nutritives qui constituent
ici le facteur important. On a élaboré la classification des sols forestiers dégradés
et on a vérifié certains modes d’amélioration des sols forestiers dégradés, notam-
ment des sols accusant un caractéere sablonneux déterminé. La partie composante
importante de la recherche et de l'exploration typologiques des foréts en Tchéco-
slovaquie consistait également dans la recherche et l'exploration des sols, car les
propriétés écologiques du sol et de la phytocénose constituent les indicateurs prin-
cipaux pour la délimitation des surfaces qui accusent une certaine aptitude a la
production pour les peuplements mélangés convenables. On procédait également
aux études hydropédologiques en tant que base pour les mesures d’ameélioration,
aux études relatives a I'état des matiéres nutritives assimilables nécessaires a la fu-
mure des sols forestiers dans les peuplements et les pépiniéres forestires. On a
réalisé des travaux imporiants dans la sphére de microbiologie des sols forestiers
par rapport aux processus d’humification et de dégagement de l'azote en formes
assimilables pour la nutrition des peuplements forestiers.

The author’s address:
Prof. Dr. Ing. Josef Peli§ek, Dr.Sc., lesnicka fakulta VSZ, Brno
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M. Bumerl NEW ELECTRODES FOR ELECTRIC
LOG BARKING

The results of theoretical research have shown that the effects of the electric
current can be utilized, under certain circumstances, to tree and log barking and
that they can bring about a lessening or even complete breaking of the wood-
-bark cohesion bonds. Thus, the employment of the electric current to timber
barking appears to be both technologically and economically feasible.

The removal of free bark is a very labour-intensive, tiresome, and difficult
and costly operation, and the amount of logs and short wood to be peeled
annually is considerable. For the reasons given above an incessant search has
been under way for better, cheaper, easier, and faster methods of tree barking,
involving a minimum labour input. In most cases, tree barking machines of
various designs have been used, basing largely on the mechanical principles.
and differing widely in their performance and output.

THEORY OF ELECTRIC LOG BARKING

A new method of log barking utilizing the effects of the electric current
on the underlying bark tissues, by letting the current flow through the subcortical
tissues which (the cambium and other tissue layers adjacent to it), as a rule,
are moister than the other tissues inside-out or outside-in (in fresh-felled timber,
in partly dried timber some weeks or months after felling, or in timber treated
in a special way) and show thus a better electric conductivity than the other
tissue strata. The finest wood cells with delicate, thin walls, rich in plant saps,
are in the cambial zones, and this is also why the cambium tissues are best
current-conductive of all the under-bark tissues. In addition, also the moist
tissues adjacent to the cambium are comparatively good conductors of the elect-
ric currents.

The subcortical tissues offer a resistance to the flow of the electric current,
and the factors involved simultaneously are the Ohm's resistance capacitive
resistance, electrolysis, and polarisation of the electrcdes. The resistors are set
into circuit in various ways and act simultaneously according to the type of
electric current used. Hence, the measurements result in the apparent resistance
figures, composed of the Ohm'’s, capacitives and other resistance types.

The passage of the electric current through the subcortical tissues brings
about changes in them, changes mainly in temperature and chemical composition.
Having in mind the objective of utilizing the effects of electricity on the lowering
and disruption of the woocd-bark cohesion (regarding as tree bark all tissues
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outside the cambium), we are interested particularly in the temperature changes
electric induced by the electric current since it is they which result in a consi-
derable drop and break of the wood-bark cohesiveness. We should also add that
it is principally Ohm's resistance that makes the subcortical tissues warm on
electric current passage, and it is also only natural that the best conductive tissue
layers are heated most.

Increasing temperature of the above-mentioned tissues leads to softening of
the cell walls in the warmed-up zone, and this only reduces the wood-bark
cohesion forces. However, with temperature increasing, the volume of the present
liquids grows too, and as scon as the cell water (sap) begins to evaporate,
the vapor pressure destroys the thinnest, finest and softest wood cells and when
the pressure of the vapor generated has exceeded the strength limits of the
thinnest and weakest cell walls, the latter would be torn and fissured and the
wood-bark bonds would be broken. The tree bark gets then loose, and the vapors
escape; at the same time is broken the plant tissue zone of highest electrical
conductivity, the escaping vapors result in lesser humidity of the tissues and
consequently the resistance of them rises comparatively sharply.

The effects of the electric current on the under-bark tissues and on the
wood-bark cohesion drop are almost the same in all Central-European forest
tree species, and the abovedescribed method of bark removal can be thus applied
to all forest tree species the logs of which are to be peeled, both to big or small dia-
meter wood, to logs or log sections with thick and thin bark, or with Pine-type
bark. The effects of the electric current on the wood-bark cohesion disruption
can be utilized all-year-round, in the growing season or out of it, as well as
during the frost period. The wood-bark bond would always be broken in the
cambial zone, hence there would be no residual bark or phloem on the log
surface, the bark removal would be complete, and the wood matter losses would
be nil. The surfaces of the bark-free logs would be smooth, similar to those after
spring peeling during the sap flow period. It should be however taken into
account that the electric energy (power) input would be depending on the initial
temperature of the under-bark tissues, and that the cooler the tissues will be
the higher will be the amount of electricity required to heat them.

Most economical and feasible in electric log barking appears to be the
alternating, line current, of the mains or higher voltages (600, 800 — 1,000 V),
and of a 50 Hz frequency Better results can be obtained, however, with higher
than 50 Hz frequencies.

The resistance of the subcortical tree tissues along the fibres is lesser than
that offered to electric current flowing perpendicularly to them, and it would
be thus advantageous to make the electric current flowing in the under-bark
tissues parallel to their fibres. Unfortunately, from the point of operation and
with regard to the simplicity of design and required performance of the installat-
ion js it fairly difficult, and it is much simpler and economical to design the
eletric barking device into which the logs to be barked will be fed continuously,
their flow being in the log longitudinal axis direction, and the electric current
entering the subcortical tissues perpendicularly to their fibres.

Should the effect of the electric current on the disruption of the wood-bark
cohesion bonds be satisfactory, the warming-up of the subcortical tissues must
be rapid, and this can be attained within several seconds if the type and voltage
of the electric current and the electrode clearance were chosen properly. If howe-
ver the temperature of the subcortical tissues rises slowly, then the disruption
of the wood-bark linkage by the electric current will not be sufficient enough,
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and the slowly developing vapors will be escaping through the bark fissures,
along the electrodes, etc., and their pressure will not suffice to blast the cell
walls. Yet even in cases like that will the wood-bark cchesion be greatly lowered.

The tree bark that had been loosened by electric current must be removed
from the log surface until hot; in the hot state is it plastic and soft and its
complete taking-away presents no difficulties. Throughout the process of electric
barking will the bark be partly separated from the wood, and the rest will be
sticking to wood very feebly, more or less because of adhesiveness. If we let,
on the other hand, the bark treated with electric current cool down in situ, or
even dry out, it will become more fragile, drier, and its removing from the log
surface will be more difficult.

ELECTRODES FOR ELECTRIC LOG BARKING

The passage of the electric current through the subcortical tree tissues
depends very much on a perfect contact permanent of the tissues with the
electrodes delivering electricity, and this is also why considerable attention had
been paid to optimum electrode shape and design. The goal was to make the
electrodes sufficiently strong and long with regard to the required quick log
(longitudinal) feeding, so that they follow the uneven log surface and ensure
at the same time a perfect electric connection to the subcortical tissues throughout
the period necessary for the heating of the latter. Our earlier electric log barking
installation (Czechoslovak Patent No. 130192) had the electrodes mounted on
a head consisting of a metal frame with a cylindrical opening (log entry and
passage) ; the electrodes can be controlled by a pressure and adjusting device.

The electrodes are longitudinal in shape, and their position in the electrode
head is such that their edges are parallel with the longitudinal axis of the log
passing through the head opening (log passage). The electrode set is a circular
one, and by operation of the adjusting
device can they be fixed at any distance
from the log passage centre. The gaps
between the two neighbouring electro-
des are the same for any pair in
speration. To facilitate the barking of
logs of different diameters, particularly
long logs of considerable taper, the
lay-out of electrodes in the head is
such that in their base positions (maxi-
mum extension towards log passage
centre) do they protrude differently
far from the head. The electrode blades
with parallel edges are placed evenly
in the head hollow, lying — in their
base position — on concentric circles
of different diameters, and being adju-

stable to fit the diameters of larger logs.
So for instance are on the smallest
concentric circle also 4 electrodes, 16,
32 etc. The number of concentric circles
carrying electrodes depends on the log
diameter range for which the instal-

1. Base position of electrodes in electro-
de head (number of electrodes; A — 4,
B — 4, C — 8, D — 16) — diagram, —
Priklad zakladniho postaveni elektrod
v hlavici s elektrodami (pocet elektrod:
A—4 B—4, C — 8, D — 16) — sché-
ma
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lation had been designed. With increasing diameters of logs undergoing barking
will in succession be put in action the bigger- circle electrodes as required. The
number of electrodes operating simultaneously is governed by the respective log
diameter, and the current flow is controlled systematically so that always the two
neighbouring electrodes represent a working unit and so-that the current could
pass from one to another through the subcortical tissues lying between them. The
electrode clearance will necessarily be extended with bigger log diameters up to
a point when the next concentric electrode circle had entered into operation.
The concentric circle diametires were designed with the aim to minimize the
differences in the electrode clearance.

The electrode blades will be inserted in the bark of logs passing through
the installation by the action of the feeding and pressure device (until reaching
the wood tissues) and will be cutting the bark into narrow stripes parallel to
the log axis, and the electrode blades will be connected to the clectricity sources
(mains). Through the contact of the electrodes with the moist subcortical
tissues will an electric connection be established, and it is necessary that this
connection be perfect and lasting throughout the period required for intensive
heating of the under-bark zone.

Since a perfect electric connection of the electrodes with the subcortical
tissues is of primary importance in the process of electric log barking, electrodes
of various shapes and designs had been tested. One important ccnsideration
is that with regard to the projected capacity of the installation the log feeding
speed must be some 15—30 m or more per minute, and if at this speed also
the duration of the intensive heating of the subcortical tissues (1 or several
seconds) should be enough, the electrodes must be of adequate length (0.5 to
1.0 m or more). The heating time depends necesarily on a number of factors,
e.g. on the moisture of the under-bark tissue, on their thickness, clearance of
electrodes (width of cut- out bark stripes), type and voltage of the electric current
used, temperature of the subcortical zone, etc. Some of the above variables can
to some extent can be cut or extended the time of intensive tissue heating.
In any case is it however necessary to take into contideration that intensive
heating-up of the subcortical zone, even when very fast, may last one or more
seconds, and this is why the electrodes must be long enough.

Apart from the above must they satisfy yet another requirement, namely
to follow at least the small and medium-size uneveness of the log along their
full length and, if this is not the case, the electrede blades inserted in the bark
may be easily removed from the cut when negotiating the bulges and knots of
the log surface, this resulting inevitably in a ccmplete or at least partial electrical
disconnection of the electrodes and the subcortical tissues. Consequently, the
barking efficiency will be reduced considerably, and certain electrodes can be
on some exceedingly bumpy log surfaces be entirely put out of action.

In our investigations into the feasibility and efficiency of log barking elec-
trodes use was made of the blade electrodes that proved to be satisfactory
in general, and no colouring or staining resulting e.g. from the contact with
tannins and other substances contained in the subcortical tissues has been
encountered.

Put to testing were the electrodes of various designs and with differently
arranged parts; those having blades of long knife-shape were found suitable only
with logs of perfectly smooth surfaces (without bumps, badly removed knots,
and other protrudings) and only when the log undergoing barking was not on
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the move, the eifected healing ol the subcortical zone and broken wood-bark
cohesion having taken place but in the spot of electrode insertion in the bark
over a distance equivalent to electrede length. The pushing forward of logs
embraced by electrodes cutting the bark in narrow longitudinal strips was fairly
difficult and a perfect electric connection of the electrodes to the subcortical
tissue was ensured but at the electrode [aces where the bark was being cut
freshly (as deep as to the wood surface). Along the electrode edge, particularly
towards its bottom, the electrical connection between it and the under-bark tissue
was far from being pericct and reliable, and this handicap could neither be
overcome by special conical sharpening of the electrode edges, consisting in
making the front edge thinner (smaller wedge angle) and in widening it con-
tinuously up to the electrode bottom (wider wedge angle). Difficult was also the
necessarily accurate and continuous thickening of the edge in the process of
sharpening. Imperfect connection of the electrode edges and the subcortical tissues
has necessitated an extension of the heating-up time, and consequently the feeding
velocity had to be reduced to break suliiciently the wood-bark cohesion bonds.
From the point of efficient cperation are these undersirable phenomena slowing
down the warming-up oi the subcortical zone, and resulting both in imperfect
bark loosening from the underlying wood, and in reduced performance of the
installation. Of no use at all are the above-described knife-shaped electrodes in
the barking of logs of uneven suriace when the bumps and knots may very
often result in an electrode or at least in its greater part being kicked
out of the bark keri, and the following electrical disconnection. If this happens,
the wocd-bark cohesion in places of electrical disconnection is not cancelled
enough, and when at the same time several neighbouring electrodes are put
out of action, the subcortical tissues will not be heated in the respective place,
and the bark and wood will hold tightly together.

Also the blade electrodes composed of sprung parts to overcome the uneven
log surfaces, have not proved tco successful. The sprung electrode segments
had short blades and were arranged within the composite electrode in a way
to form a straight blade line; in other words, the cutting blade of this composite
electrode consisted of the segment blades, as though a long electrode blade was
cut to pieces. There were naturally narrow gaps among the segment electrode
edges, and each segment was provided with a spring device adjusting the edge
position to the uneven surface of the logs fed through the electrode head passage.
The design and manufacturing oi the above electrodes were comparatively compli-
cated, difficult, and expensive, yet the adverse effects of the surface unevenness
on continuous electrical connection between the composite electrode edges and
subcortical tissues have been removed, the effects which were caused — in the
carlier described full-blade electrodes — by ,derailing” of the electrode edges
from the cut made in log bark. However, despite of this advantage, perfect
permanent contacts of all segment electrode edges with the subcortical tissues
could not have been established, particularly in long composite electrodes. Satis-
factory electrical connection of the segment edges and the under-bark tissue zone
was attained for the [ront segments cuftting the leg bark deep as to the wood
surface, and for some following segments that were moved in the bark cut
freshly made in the first segment edge. On the other hand, other segment edges
were entering a comparatively wide bark cut, and consequently a perfect electrical
connection of their edges and log tissues could not have been fully secured.

Similar adverse phenomena (imperfect electrical connection of the electrode
edges and under-bark tissue) could have been observed also in composite elec-
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trodes having — instead of short segment edges — fixed or sprung cutting
wheels.

The efficiency of electrode types which, in the course of log feeding through
the barking installation, have their blades fixed and the making of the bark
cut is done by the electrode edge faces (while other edge parts only move forward
in the finished cut), is invariably lower — as assessed by measurements — than
that of the electrodes inserted only without being moved in the log bark through-
out the heating-up time of the subcortical tissue. The respective efficiency drop
in such electrodes is considerable, averaging some 30 to 50 per cent. This
efficiency decline is marked particularly in longer electrodes which are necessary
with regard to the required high capacity of the electrical log barking installation.
For this reason are such electrodes unsuitable in practical operation, and if used,
the installation performance would be low. Otherwise, the forwarding speed of
the log passing through the machine should be increased greatly.

A perfect lasting contact of the electrodes with the subcortical tissues can
be established if the electrode edges inserted in log bark (down to wood surface)
remain immobile in the bark on continuous proceeding of the log being barked
through the installation all over the period neccessary for treatment of the under-
-bark tissue by the electric current.

For the above reasons special electrodes were designed and tested the edges
of which move forward, after they had been inserted in the log bark, continously
together with the logs fed through the machine. Throughout the whole passage
of a log through the installation do they remain immobile-inserted in its bark,
hence a perfect electrical cennection of the electrodes and the subcortical tissues
is secured all along the electrode length. It is pnly neccessary design the electrode
length and the feeding velocity in a way ensuring that any place of the log
surface should be treated electrically for a period required for the current to
affect the subcortical tissues sufficiently. The above period depends primarily
on the wood moisture contents, on the thickness of the subcortical tissues, type
and voltage of the electric current, initial temperature of the subcortical zone,
clearance of the electrodes, etc.

The major parts of successful electrodes for electric log barking are endless
bands of segment electrodes moving in the grooves of the guide bars and over
the guide and tension rollers. Endless bands of segment electrodes will be moved,
after their first segments been sunk in the bark, together with the log being
barked and pushed forward by the feeding device of the installation. On moving
forward, other segment electrode edges will be inserted in bark, and the endless
band of the segment electrodes will be rolling over the guide and tension rollers,
sliding in the grooves of the electrode guide bars. The edges of the segment
electrodes remain inserted in the bark throughout the whole passage of the log
along the working parts of the electrode guide bars.

Individual segment electrodes are held (throughout the whole passage time
of the log between the bark-inserted electrodes) motionless in the bark by a sprung
pressure device placed in the working part of the guide bar, and by another
sprung pressure device serving the composite electrodes. The sprung pressure
device of the guide bar working part makes it possible to cope with the surface
bumps, and the composite electrode sprung pressure device makes allowance for
irregular log cross sections and different log diameters.

When the endless bands of the segment electrodes proceed towards the end
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of the composite electrode (over the tension rollers) the segment cutting edges
will be liited successively from the cut.

A composite electrode for electric log barking (Fig. 2) consists of holders
(1), pressure and forwarding devices (2), insulation inserts (3), a pocket (4),
a guide bar (5), a guide roller (6), a tension roller (7), a tensioning device
(8), and sprung pressure springs (9, 10), and an endless band of segment

i it

2. A composite electrode with endless band of segment electrodes — design alter-
native. — SloZzena elektroda s nekone¢nym pasem diléich elektrod — priklad pro-
vedeni
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electrodes (11). An endless band of segment electrodes (I11) is composed of
a number of segment electrodes with cutting edges (12), chain links (I13), and
rivet links (14). Fig. 2 is a generalized graphic representation of the design,
not depicting however other alternatives.

The length of the composite electrodes may be chosen as required, depend-
ing on the log forwarding speed, on the type and voltage of the electric current,
etc.

The segment electrodes can be short blades with edge, needles, cutting wheels,
etc., also can they be joined in the endless band in various ways, e.g. by chain
links, rivets, V-belt, etc., as indicated above. The composite electrode parts may
be made of metal, plastics, etc.

The experiments with various types of composite electrodes have shown that
most suitable and efficient are those involving an endless band of segment eclec-
trodes. Of the latter designs most economical were the segment electrodes the
edge face of which was rounded. Their efficiency was equal or about equal to
that exhibited by simple blade electrodes of the same length used for compari-
son, that were inserted in the log bark immobile throughout the whole heating
of the subcortical tissues, the log under barking being also motionless. Composite
electrodes having endless belts of needles (representing the electrode segments)
were not succesful, and their efficiency was 30—50 per cent lower. The composite
electrodes with endless band were submitted for patent awarding.

SUMMARY

Composite electrodes with endless band of segment electrodes described
in this paper make it possible to utilize better and more efficiently the log bark-
ing equipment using the effects of electricity (see Patent No. 130 192). They
do ensure perfect electric connection of the segment electrode edges with the
subcortical tree tissues even on continuous forwarding of the logs through the
installation. This way is the time required for a thorough heating of the sub-
cortical zone shorter than in cases when a similar electrode-tissue connection
had not been secured. The composite electrodes featuring endless bands of
segment blade electrcdes bring about faster warming-up of the under-bark tissue
layers, this permitting — under the assumption of other factors remaining the
same (subcortical tissue moisture, electrode length, temperature, electrode clea-
rance) — a faster forwarding of the logs being barked and consequently an
attaining of better installation productivity.

Received for publication March 7, 1972

References

1. BALABAN K., 1966, Wood anatomy — part one. SZN Prague.
2. BUMERL M., 1969, A new method of wood treatment and debarking, Lesnictvi,
11 :1019-1030

3. BUTORA A., 1962, Mechanized barking of long logs on logging site, Lesnicky
¢asopis, 1 :19-28

4. DOUDA et al., 1965, Forest mechanization equipment, SZN Prague

5. DOUDA V., 1962, Wood barking from the viewpoint of present possibilities and
forestry projections, Lesnictvi, 10 : §49-870

6. FAO (ECE, LOG), 1966, Symposium on mechanical barking of timber, Vol. I,

II, III, New York

668 LEsNICTVI — 1972



KOSTRON et al., 1971, Forest logging and transport, SZN Prague

PATALAS Z. 1966, Problemy mechanizacji korowania drewna, Las polski,

18 : 8-10

9. POKRYSKIN O. V. 1965, O rezimach okorki merzloj drevesiny, Lesnaja pro-
myslennost, 2 :12-14

10. PERELYGIN L. M., 1960, Timber (Nauka o dreve), SVTL Bratislava

11. PROKES S., 1965, Processing of wood and new wood-based materials, Prague

12. SUNDBERG V., 1958, Mechanical timber barking, MSP Prague

13. SACHSSE H., 1955, Die Bedeutung der Schialwiderstande fiir die mechanische
Entrindung von Fichtenholz im Forsthetrieb, Leipzig

14, ZIEGER E., 1960, Technologie der Holzentrindung, Grundlagen und Anwendungs-

gebiete, Leipzig

Dy

Nové elektrody pro odkornovani dfeva elektrickym proudem

Vykonnost zarizeni pro odkornovani dreva elektrickym proudem podle é&s. pa-
tentu ¢islo 130 192 je velmi zavisla na dobé potfebné k pusobeni elektrického prou-
du na podkorni vrstvy. Zmény, ke kterym dochazi v podkornich vrstvach dreva
pusobenim elektrického proudu (zejména zmény tepelné), musi probihat rychle.
Neni-li zajisténo dobré elektrické spojeni mezi biity elektrod a vlhkymi podkornimi
vrstvami, pak je prodluZovana doba potiebnda k poruseni soudrznosti mezi kiarou
a drevem.

Pii plynulém podélném pohybu odkorfiovaného kratkého i dlouhého drivi ve
sméru délky vyirezli zarizenim, ktery je z provozniho hlediska nejvyhodnéjsi, lze
dosahnout stalého dokonalého styku britt elektrod s podkornimi vrstvami tim, Ze
diléil ¢asti elektrod zapu$téné do kury zustanou nehybné pevné zabiznuty do kury (az
k povrchovym vrstvam dreva) i béhem podélného pohybu odkorfiovaného dreva zari-
zenim po celou dobu potiebnou k plsobeni elektrického proudu na podkorni vrstvy.
Rychlost posunu dieva zatizenim musi byt takova, aby se postupné a plynule kazda
¢ast odkornovaného dreva nachazela mezi elektrodami po dobu nutnou pro oSetieni
direva elektrickym proudem a aby po celou tuto dobu mohl podkornimi vrstvami
prochazet elektricky proud.

Proto byly vyvinuty sloZzené elektrody s nekoneénym pasem dil¢ich elektrod,
Ikteré se osvédéily. Hlavni ¢asti takové slozené elektrody je nekoneény pas diléich
elektrod vedeny v drazce vodici listy a pres vodici kladku a napinaci kladku. Ne-
koneény pas diléich elektrod je po zapu$téni prvni diléi elektrody do kury uvadén
do pohybu spolu s odkornovanym dievem pohybujicim se zafizenim silou, kterou
plsobi podavaci ustroji zarizeni na odkorniované difevo a uvadi ho do podélného
plynulého pohybu. Pritom se postupné zarezavaji do kury brity dalSich diléich elek-
trod. Nekoneény pas dil¢ich elektrod se pfi pohybu odvaluje pies vodici i napinaci
kladku a klouze v drazce vodici listy. Na konci sloZzené elektrody se pii piechodu
nekonecného pasu dil¢ich elektrod pres napinaci kladku opét z kury postupné za
sebou uvolnuji brity jednotlivych diléich elektrod ze spary proiiznuté v kuie.

Jednotlivé diléi ¢asti elektrody jsou po celou dobu prichodu difeva mezi elek-
trodami po zariznuti do klry udrZovany bez zmény polohy v kuaie pomoci pritlaé-
ncého a pruziciho zarizeni umisténého v pracovni ¢asti vodiei listy a pomoci piitladé-
ného pruZiciho zarizeni pusobiciho na sloZené elektrody. Pritlaéné pruzici zaiizeni
umisténé v pracovni c¢asti vodici listy umoznuje i kopirovani nerovnosti povrchu
odkorniovaného dreva a pritla¢né zarizeni pusobici na slozené elektrody umoziiuje
kopirovani nepravidelnosti kruhového prurezu a zmén pruméru odkornovaného dre-
va pohybujiciho se zarizenim mezi elektrodami.

Uvedené elektrody s nekoneénym pasem diléich nozovych. elektrod umoznuji
lepsi a Géinnéjsi vyuziti zatizeni pro odkorinovani dreva elektrickym proudem podle
patentu ¢islo 130 192.

Hosrle 9NEKTPOAbl ANA OKOPKH IpPEBECHHBI 3JIEKTPHUYECKNM TOKOM

IIpouaBonuTENILHOCTL YCTPOMCTBA IJIA OKOPKH IPEBECHHBI 3JEKTPHYECKUM TOKOM, COIJIacHO
yexocsosankoMy mnatenty No 130 192, oueHr 3aBHMCHT OT CpOKa, HEOBXOAMMOTrO IJs HeHCTBHA
AJEKTPUUECKOrO TOKA HA CHATHE KOphl. VaMeneHus, KOTOpble INPOMCXOUAT B CJOAX TIOL KOPOIL
Moj IeHCTBHEM SJEKTPHYECKOro TOKa (B YaCTHOCTH, M3MEHEHWs TeIUIOBbIE), IOJUKHBI IpPOTEKaTh
Grictpo. Ecnm ske He ofecmedeHO Xopoulee COeIMHEHHEe MexIy Je3BHeM B3JIeKTPoJa M MOKPBIMH
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CJIOAMM 1O KOpOif, TO NPOMNAETCA CPOK, HEOGXOAMUMBIH IJIA HAapyNIeHHS CBA3HOCTH MEXIy KO-
POl M IpeBecHHOH.

Ilpu Gecniepe60OHOM NPONOJILHOM IlePeABHIKEHHH IpeBecHHbl (KOPOTKOH M IJMHHON) Tipn
CKOpKe, T0 HalpaBJEeHHIO NJIMHBI KpsA’Ka, KOTOPLIH HBJAETCA C IPOM3BOIACTBEHHOH TOYKH 3pEHHH
#HauboJjiee BBHITONHBIM, MOJKHO IOCTHTHYTh IIOCTOSHHOTO COBEPLIEHHOTO KOHTAKTa JIE3BHH 3JIEKTDO-
OB €O CJOSIMH TIOA KOPOM TeM, 4TO OTHeJbHble YAaCTH 3JEKTPONOB, 3arylleHHbie B KOPy OCTAalOTCS
HEMOIBMIKHO TNPOYHO yraybieHHHIMM B Kope (BIUIOTH 10 IIOBEPXHOCTHBLIX CJO€B JIPEBECHHBI),
a TaKKe IpPH IPONOJBHOM TEPeNBMIKEHHM NpPeBeCHHBI TIPH OKOPKe yCTPOHCTBOM B TedeHHe BCEro
LpeMeHH, HeobX0MUMOro nnas IICI."lCTBPIﬂ 3JIEKTPHYECKOTO TOKa Ha CJOM 1ona KOpOﬂ. CKOPOCTb Tie-
PEeNBHMKEHHs IPEBECHHbI YCTPOMCTBOM NOJIKHA OBITH TaKOM, 4TOOBI IIOCTENEHHO M HENPEPLIBHO-
Kajklasg 4acTb IPEBECHHbl IIPH OKOpKEe HaxOIMJach MeKIy 9JIeKTpPOJaMH B TeueHHe HeoOxomu-
MOrO BpeMeHM g OO6paBOTKHM IpeBeCHHBI 9JIEKTPHYECKMM TOKOM M 4YTOGBl B TeueHHe ITOro
BpeMeHM TION KOPOH MOT TNPOXOXHTH 3JIEKTPHUECKHH TOK.

[Tosromy 6weinu paspaboTaHbl COCTAaBHBIE 3JEKTPONBI C GECKOHEYHOIl JEHTOI YacTHBIX 3JeK-
TPONOB, KOTOphle ompaBnanu cebs. ['aBHas uyacTh TAKOrO COCTABHOTO 3JIEKTPONA TIpelcTaBiger
coboif 6eCKOHEUHYIO JIEHTY YaCTHBIX 3JEKTPONOB, TPOJIOXKEHHYI0 B Iady Hanpasjfouleil IUIaHKU
M uepe3 HanpaBiAAOUIMI M HATSHKHOM pONMKM. DeckoHeuHas JieHTa YaCTHBIX 3JIEKTPONOB TOC]e
yraybJeHHsa nepBOro 4YacTHOTO 3JIEKTPONAa B KOPY TPHBONMTCA B NBHKEHHE BMeCTe C IIEPeBOM,
[1epeNBUTAIONIMMCA IIPH IIOMOILM YCTPOMCTBA, C CHJIOH, NEHCTBYIOIlel MONAOIIHM YCTPOMCTBOM
Ha JepeBO NPM OKOpPKe, M NIPHBOLHT €ro B IPOJIOJBHOe HenpepsiBHOe aBiKeHue. IIpu asroM mo-
CTEeNeHHO yrayGasAioTCs B KOPY JIe3BHs NPYTHX YacTHbIX 9JeKTponoB. BeckoHeuHas JjieHTa 4acT-
FBIX 3JIEKTPOAOB IPH TIEPENBMKEHHM OTKATHIBAETCA uepe3 HANpaBJfOIMH# M HaTHKHOW pOJMKH
M CKOJB3HUT IO Tlady Hampasifouleil niaHkW. Ha KoHlle cocTaBHOTO 3JeKTpona TpH mepexone
6eCKOHEYHOH JIeHTBl YaCTHBIX 3JIEKTPOLOB 4Yepe3 HATKHOM pPOJMK ONATh H3 KOPHI IIOCTENEHHO
Ipyr 3a ApyroM OcBOGOKOAIOTCA JIe3BHA OTHENbHBIX YAaCTHEIX 3JIEKTPOJOB H3 TIPONHJIOB B KOpe.

OrnenbHbie 4acTHBIE 3JIEKTPONLI B TedeHME BCEr0 BPEMEHM IPOXONa IPEBECHHbl MEXIy
9JIeKTpONnaMH rocie yraybseHMs B Kopy oOcTaioTcs 6e3 H3MeHEHMS TII0JIOKEeHHsi B Kope IIpH
MOMOLIM TIPMKMMAIONIEr0 ¥ MPY)KHHSIIEr0 YCTPOHCTBA, PACIOJOKEHHOro B pafoyei wacTH Ha-
TIpaBaAIONIeH TJAHKM, M TIPH TIOMOLIM TIPHXHMAIOIET0 M IPYXHMHALIEr0 yCTPOHCTBA, AEHCTBYIO-
ero Ha COCTAaBHblE 9JIEKTPOmbl. IIpmKuMaionlee M TPY)XUHAIIee YCTPOMCTBO, PAacHoIOXKeHHOe
B pafoueil YacTH HanpaBJAIONleH TUIAaHKH, II03BOJIAET TaKKe KOMMPOBaHHE HEPaBHOMEDHOH TO-
BEpPXHOCTH IpeBecHHbl. [IpHKuMMaloljee ycTPOMCTBO, NEHCTByIOLlee Ha COCTaBHbIE OJIEKTPOIbI, TIO-
3BOJIAET KONMPOBKY HEPAaBHOMEDHOCTH KPYIJOTO CedeHHMs M M3MEHeHMIi IlMaMeTpa CTBoJia, riepe-
NBHTalollerocs IIPH IOMOUIM YCTPOMCTBA MEXIY 3JEKTPONaMH.

ITpuBenenHele 2JeKTpOLbl ¢ GECKOHEYHOH JIEHTOM YaCTHLIX PEXYIIMX 3JIEKTPOIOB TIO3BOJIAT
ayume M sddekTHBHee HCIONLIOBATH YCTPOHCTBA IUIA OKOPKH IpPEBECHHBI TPHM TIOMOIIH 3JEKTpH-
YyecKoro TOKa corsacHo narenty No 130 192,

Neue Elektroden fiir das Entrinden von Holz mit elektrischen Strom

Die Leistung der Anlage fiir das Entrinden des Holzes mit elektrischem Strom
laut tschechoslowakischem Patent Nr. 130 192 ist sehr stark von der zur Einwirkung
des elektrischen Stroms noétigen Zeit auf die unter der Rinde liegenden Schichten
abhéngig. Die Verdnderungen, zu denen es in den Holzschichten unter der Rinde
durch die Wirkung des elektrischen Stroms kommt (besonders Temperaturverinde-
rungen), miissen schnell verlaufen. Wenn keine gut leitende elektrische Verbindung
zwischen den Schneiden der Elektroden und den feuchten Schichten unter der Rinde
gesichert ist, wird die zur Storung des Zusammenhalts zwischen Rinde und Holz
notwendige Zeit verlangert.

Bei der Kkontinuierlichen Bewegung des geschidlten Holzes (Langholz und
Schichtholz) in Lingsrichtung der Zuschnitte durch die Anlage, was aus betriebli-
chen Gesichtspunkten am vorteilhaftesten ist, kann dadurch eine stdndige, ein-
wandfreie Beriihrung der Elektrodenschneiden mit den Schichten unter der Rinde
erzielt werden, daf3 ein Teil der in die Rinde eingesenkten Elektroden unbeweglich
fest in die Rinde eingeschnitten bleibt (bis zu den Oberschichten des Holzes), und
zwar auch wihrend der Lingsbewegung des geschidlten Holzes durch die Einrich-
tung und wahrend der ganzen Zeit, die fiir die Einwirkung des elektrischen Stroms
auf die Rindenunterschichten notwendig ist. Die Vorschubgeschwindigkeit des Holzes
durch die Einrichtung muf} so sein, daf3 jeder Teil des geschilten Holzes kontinuier-
lich sich so lange zwischen den Elektroden befindet, als fiir die Behandlung des
Holzes mit dem elektrischen Strom notwendig ist, und daB der Strom wihrend
dieser ganzen Zeit durch die Schichten unter der Rinde flieBen kann.
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Daher wurden zusammengesetzte Elektroden mit einem endlosen Band von
Teilelektroden entwickelt, die sich gut bewidhrten. Der Hauptteil einer derartigen
zusammengesetzten Elektrode ist das endlose Band der Teilelektroden, die in der
Nut der Fiihrungsleiste liber die Fiihrungsrolle und die Spannrolle gefiihrt werden.
Das endlose Band der Teilelektroden wird nach dem Einsenken der ersten Teil-
elektrode in die Rinde gemeinsam mit dem geschilten Holz in Bewegung gesetzt.
Die Bewegung des Holzes erfolgt kontinuierlich durch die Kraft, mit der die Vor-
schubeinrichtung auf das Holz einwirkt. Hierbei schneiden sich nach und nach die
Schneiden der weiteren Teilelektroden in die Rinde ein. Das endlose Band der
Teilelektroden rollt sich bei dieser Bewegung {iber die Leitrolle und die Spann-
rolle ab und gleitet in der Nut der Leitschiene. Am Ende, wo das endlose Band
der Teilelektroden tiiber die Spannrolle lduft, werden die einzelnen Teilelektroden
aus dem in die Rinde geschnittenen Schlitz ausgehoben.

Die einzelnen Teilelektroden sind widhrend der ganzen Durchlaufszeit des Hol-
zes zwischen den Elektroden mit Hilfe einer elastischen AnpreBvorrichtung ohne
Verdnderung der Lage in der Rinde fixiert. Die elastische Anprefivorrichtung ist im
Arbeitsteil der Leitschiene angebracht. Eine zweite elastische AnpreBvorrichtung
wirkt auf die kombinierten Elektroden. Die erste Anprefivorrichtung in der Fih-
rungsschiene ermoglicht, die Unebenheiten der Oberfliche des geschidlten Holzes
zu kopieren. Die zweite AnprefBvorrichtung kopiert die UnregelmifBigkeiten des
Querschnittes und die Durchmesserverdnderungen des entrindeten Holzes, das sich
zwischen den Elektroden durch die Einrichtung bewegt.

Die angefiihrten Elektroden mit dem endlosen Band von messerformigen Teil-
elektroden ermdglichen, die Anlage zur Holzentrindung mit elektrischem Strom laut
Patent Nr. 130 192 besser und wirksamer auszunutzen.

Electrodes nouvelles pour I’écorcage du bois par le courant électrique

Le rendement du dispositif destiné a I’écorcage du bois par le courant électrique
d’apres le brevet tchécoslovaque numéro 130 192 dépend trés fortement du temps
nécessaire a l'action du courant électrique sur les couches sous-corticales. Les chan-
gements qui ont lieu dans les couches sous-corticales du bois par suite de l'action
du courant électrique (notamment les changements thermiques) doivent se dérouler
rapidement. Du moment que l'on n’assure pas un bon raccordement électrique entre
les tranchants des électrodes et les couches sous-corticales humides, on prolonge le
temps nécessaire a la rupture de la cohésion entre 1'écorce et le bois.

Pendant le mouvement longitudinal continu du bois (court ou long) que le
dipositif écorce dans le sens de la longueur des billons et qui apparait comme le
plus avantageux du point de vue d'exploitation, on peut obtenir le contact perma-
nent parfait des tranchants des électrodes avec les couches sous-corticales du fait
que les éléments partiels des électrodes plongés dans l'écorce restent immobiles
et solidement enfoncées dans 1'écorce (jusqu’aux couches superficielles du bois) méme
au cours du mouvement longitudinal du bois a écorcer par le dispositif, et cela pen-
dant tout le temps nécessaire a l'action du courant électrique sur les couches sous-
-corticales. La vitesse du déplacement du bois au moyen du dispositif doit étre telle
a permettre que chaque partie du bois en train d’écorcage se trouve successivement
et en continu entre les électrodes pendant un temps nécessaire au traitement du
bois par le courant électrique et que le courant électrique puisse passer pendant
le temps mentionné par les couches sous-corticales.

C'est pour cela que l'on a développé les électrodes composées a bande sans
fin comprenant les électrodes partielles qui ont fait leurs preuves. La partie prin-
cipale d'une telle électrode composée consiste dans une bande sans fin, comprenant
les électrodes partielles, conduite dans la rainure de la glissiere et sur le galet-
-guide et galet-tendeur. Une fois la premipzre électrode partielle enfoncée dans
I'écorce, la bande sans fin des électrodes partielles est mise en mouvement simul-
tanément avec le bois a écorcer, au moyen du dispositif en mouvement et grace 4 la
force qu’exerce le mécanisme d’avance du dispositif sur le bois a écorcer, mettant
ce dernier en mouvement longitudinal et continu. Pendant cette opération s’enlisent
successivement dans l'écorce les tranchants des électrodes partielles ultérieures.
Pendant le mouvement la bande sans fin des électrodes partielles passe sur le ga-
let-guide et le galet- tendeur, glissant dans la rainure de la glissiére. Au bout de
l'électrode composée, au moment du passage de la bande sans fin des électrodes
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partielles sur le galet-tendeur, les tranchants des électrodes partielles individuelles
se dégagent successivement, un a un de l'écorce, c’est-a-dire de la fente percée
dans l'écorce.

Pendant tout le passage du bois entre les électrodes, les parties partielles par-
ticulieres de l'électrode, aprés leur enfoncement dans l’écorce, sont maintenues,
sans changement de position dans l’écorce, au moyen d'un dispositif presseur et
élastique, situé dans l'organe opérateur de la glissiéere et a l'aide d’'un dispositif
presseur et élastique agissant sur les électrodes composées. Le dispositif presseur
elastique, situé dans l'organe opérateur de la glissiére, permet également d’épouser
les aspérités de la surface du bois a écorcer et le dispositif presseur agissant sur
les électrodes composées permet d’épouser les irrégularités de la section circulaire
et des changements du diametre du bois a écorcer qui se déplace dans le dispositif
entre les électrodes.

Les électrodes mentionnées a bande sans fin des électrodes a lame permettent
T'utilisation meilleure et plus efficace du dispositif destiné a 1’écorcage du bois
au moyen du courrant électrique d’aprés le brevet tchécoslovaque numéro 130 192.

The author’s address:

Doc. Ing. Milan Bumer], C. Sc., Védecky lesnicky ustav VSZ, Kostelec nad Cer-
nymi lesy
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F. Piskula THE HANDLING AND PROCESSING YARD
WITHIN THE HARVESTING PROCESS
OF BROADLEAVED TREES

The rapid technical advance in the field of timber harvesting has made it possible
to choose a lot of combinations of technological systems. In fact all of them could be
set into the framework of the following basic methods: 1. full tree method, 2. long
length method, 3. short wood method, 4. method of chips.

Each of these four methods has its advantages and disadvantages which manifest
themselves markedly according to the given conditions and the employed machines. None
of them can be classified as optimum.

From the viewpoint of labour consumption and labour hygiene the short wood
method realized with a combined felling — branching — bucking — skidding machine
serviced only by one operator could be regarded as the best one. But this method is
typical of the forests of the North with their small coniferous trees covering a big area
of flat land and harvested on gigantic clearcuttings. Its application to Central European
conditions would be minimal.

If another machine combination is used (e. g. a chain-saw for felling, limbing and
topping, an articulated skidder for skidding, and a lorry for hauling), the shortening
of bole into several pieces in the stand is followed by a lower efficiency of machines and
workers. The law of big numbers and low mass becomes thus evident.

When a forwarder for skidding is used, then bunching of short assortments along
the skidding track must be applied. In case the pieces are not heavy it is performed
manually, if they are heavier a horse or winch must be used. It is always time-consuming
and needs greater expenditure.

Even though the short wood method, using a modern forwarder, can be of good
service in our forests. Till now we have still very little experience with it. The method
of long length stems (sometimes shortened according to the skidding and hauling condi-
tions) seems to be the most suitable for the Central European forests, where much
bigger trees, a higher density of stands growing on slopes can be found and, moreover,
the shelterwood silvicultural system predominates. And that is why prominent experts
(Hafner, Pestal, Steinlin, Turk and others) recommend this long length method
as the most suitable one for Central European conditions (Giordano 61. et al. 1970).

In Czechoslovakia there are about 26 9, of broadleaved timber trees scattered
irregularly throughout the country. There are some areas where conifers are absolutely
predominant but there exist also places with hardwoods only. Czechoslovakia, however,
as a wood exporting country, imports also some exotic foreign timbers for furniture
manufacture, but among them the hardwoods which can be found in our forests if the
assortment of our broadleaved trees was better.
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DISCUSSION

Which type of technology has to be chosen for the harvesting of hardwood timbers ?

The number of factories specialized in the processing of hardwood is rather small
and, therefore, they are scattered all over the country; moreover a good deal of stacked
hardwood is exported. That is why the greater part of broadleaved timbers is transported
by rail (in South Moravia 79 9,).

In spite of this reality only a fraction of broadleaved timbers is rough processed
in the central timber processing and shipping yards and this refers mostly only to the

shortening of roundwood, because of loading on vans and bucking-off a bad piece of
the log.

The following reasons speak in favour of bucking hardwoods right in the stand:
1) Lingering of the old method of complete assortment in the stand.

2) No suitable implements available for extraction and skidding of heavy long
stems.

3) That was another reason why heavy boles were difficult to handle during loading,
transport, unloading, and their relocation in the yard.

4) The big crookedness of boles does not allow the use of the same machines and
facilities that are employed for processing straight boles of conifers. New ones for
processing broadleaved long boles do not exist as yet.

5) The reward paid to a lumberman for veneer logs made in the stand may be
regarded as a handicap in transferring processing to the yard as well.

If we want to determine the type and place of bucking and assorting of hardwoods
— in the stand, near the haul road (forest bucking yard), or central processing timber
yard — we have to consider the aspects of silviculture, forest and soil protection, techno-
logy, physiology of work, and economics of the whole harvesting process.

When extracting whole long boles sometimes with thick branches, damage to stand-
ing trees can be wrought. In this case the boles must be shortened into transport lengths,
so called shortened rough stems or multiple — length logs. Extremely short pieces cause
a lot of troubles during skidding and hauling and reduce the output even if the most
modern machines are used and sometimes may result in greater damage to young trees
than long length transport. Other means for limiting the damage to trees and the soil
are: suitable preparation of the working site — skidding tracks, guard stems and stumps,
_ guiding logs — the observance of technological rules and working morale during felling
and skidding.

From the viewpoint of a lumberman — it is absolutely impossible to use human
force for extraction of heavy hardwood logs and billets to the skidding track.

Taking into consideration the preceding analysis we can say that the harvesting
method of long length rough stems is well suited for broadleaved timbers even if there
is a lack of more experience and economic data. Many foresters, however, are preferrving
the complete processing of hardwood at the stump, the economic calculations can show
us the right way. The main determinant factors are the costs and productivity of labour.
When expensive machines and investments are used, the productivity rises rapidly, but
the costs may increase as well.

In the economic calculations all the technologies thrown into competition must be
put on the same comparable level.

The calculations can be realized separately for thin timbers from thinnings and for
thick timbers or for the whole allowable cut of the area.

674 LESNICTVI — 1972



Specification of thin rough boles: maximum thickness at the butt end 30 cm,
sweep allowance 70 cm for 10 m log, length from 3 m.

Thick rough boles: diameter at the butt end in bark over 30 cm, maximum sweep
allowance 1 m for 10 m log, length more than 5 m.

The following calculations were made for an area of a broadleaved forest of 10 900
hectares with annual cut:

in thinnings: PINE v 50650 Sea5003 B siaiass B69 5 g 13 1191 cuum. ... 2579
* hardwoods
(oak, ash, elm,
poplar, and others) ............. 11 682 cu. m. 22.52°9%;
TRIDWOOd, « i o soaiais S5 25505 3 12873 cu.m. ... 27.74 9,
in harvest cutting:  PiN€ ............vvieiiinnann. 2796 cu. m. 6.04 9,
hardwoods .................... 30 651 cu. m. 66.17 9,
thick WOOd « . v e e ereeeeannnns. 33 447 cu. m. 72.21 9,
together: PING| 572,505 Tt S Em A e 3987 cu. m. 8.61 %,
hardwoods ............. ... ... 42 333 cu. m. 91.399%,
TOPALMINES: cace: sumss svnmassions svovisss svei o 46 320 cu. m. 100.00 9,

The pine — sweep and crooked — may be considered to belong from the view-
point of processing — to broadleaved timbers.

The present technology of harvesting is the production of assortments in the stand,
skidding of logs in thinnings and unsorted cordwood mostly by horses and skidding
of round wood by agricultural tractors equipped with a winch, chokers and a spray
blade. The stacked wood is sorted at the road or in the yard. A small part of the rough
stems from thinnings is bucked in the yard, too (1,600 cu. m.).

As the result of our attempts and calculations we have found the possibility of
raising the productivity and lowering the costs if the agricultural tractors used in the
final harvesting are replaced by special articulated skidders and half the lorries have
a hydraulic crane. We would get 3.57 Kés/cu. m. and 0.45 working hour/cu. m. in
skidding and 0.61 K¢s/cu. m. and 0.04 work hour/cu. m. in hauling, although the old
harvesting method would continue to be employed.

1. The pine can be ranked to
the broadleaved trees accord-
ing to its crookedness (pine
and alder). — Borovici muze-
me fadit s ohledem na jeji
kiivost k listndéim
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In the following calculations we proceeded from the level of this better technique.
The basic idea is to find optimum of different possibilities and places for stem buck-
ing, where total production costs and working time are minimum

Ct = Cy -+ Cs + Cp + Cp + C¢ = min. ,
Tt =T+ Ts+ Ty + Tn + Te = min. ,

where C; — total costs (K¢&s/cu. m.),
C; — costs of felling, limbing, and bucking in the stand (K¢&s/cu. m. ),
Cs — costs of skidding (K¢s/cu. m.),
Cp — costs of bucking and landing at the road (K¢&s/cu. m.),
Cn — costs of hauling (Ké&s/cu. m.),
C. — costs of processing in the yard (K¢&s/cu. m.),
T: — total working time (hours/cu. m.),
Ty — time of felling, limbing and bucking in the stand (h/cu. m.),
Ts — time of skidding (h/cu. m.),
T» — time of bucking and landing at the road (h/cu. m.),
T — time of hauling (lorry transport) (h/cu. m.),
T, — time of processing in the yard (h/cu. m.).

THE COSTS OF FELLING, LIMBING AND BUCKING IN THE STAND IN THE
AREA UNDER EXAMINATION

Thinnings — 26 %, of round wood, 74 %, of stacked wood.

Assortment in the stand: Crin = 61.63 Kés/cu. m.; Tjin = 4.06 h/cu. m.
Rough stems partially
shortened : C/g,, = 44 04 Kcs/cu m.; Trap = 2.90 h/cu m.
‘ fln — f2n = 17 59 Kcs/cu m.; 1.16 h/cu m
Final cut — 82 9, of round wood, 18 9, of stacked wood.
Assortment in the stand: Crir = 29.60 Kés/cu.m.; Trix = 1.95 h/cu. m.
Rough stems: Cror = 19.73 Ké&sfcu. m.; Tyar = 1.30 h/cu. m.
flk — f2k = 9.87 K¢s/cu. m.; 0.65 h/cu m.
Average — 28 9, of thinnings, 72 9, of final cut.
Assortment in the stand: Cfla = 38.57 K&s/cu. m.; Ty = 2.54 h/cu. m.
Rough stems: Craa = 26.54 Kés/cu.m.; Tyoq = 1.75 h/cu. m.
fla — f2a = 12.03 Kés/cu. m.; 0.79 h/cu. m.

2. When hauling thick stems
in the long lengths, a lot of
valuable wood can be gained.
— Vyvazi-li se tlusté listnaté
kmeny v celych délkach, miuzZe
byt pii manipulaci ziskano
mnozstvi cenného dreva
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THE COSTS OF SKIDDING

The average distance of skidding being 600—700 m.

Thin wood :

Short assortments : Csin = 30.97 Kés/cu. m.; Ts1, = 1.56 h/cu. m.

Long stems: CsZn —_— 26.58 KéS/CU. m.; T32n = 1.34 h/Cll. m.
sln — s2n = 4.39 Kés/cu. m.; 0.22 h/cu. m.

Thick wood:

Short assortments: Csir = 20.36 Kés/cu. m.; T = 1.02 h/cu. m.

Long stems: Csor = 15.83 Kés/cu. m.; Ty = 0.81 h/cu. m.
slk — 2k = 4.53 Kés/cu. m.; 0.21 h/cu. m.

Average:

Short assortments: Csig = 23.33 Kés/cu.m.; Ts1, = 1.17 h/cu. m.

Long stems: Cs2q = 18.84 Kés/cu. m.; T2 = 0.96 h/cu. m.
sla — s2a = 4.49 Kés/cu. m.; o 0.21 h/cu. m,

THE COSTS OF BUCKING AND SORTING AT THE ROAD

Thin wood:

Assortments: Coin = 4.53 Kés/cu.m.; Ty, = 0.36 h/cu. m.

Long stems: Cren = 13.70 Kés/cu. m.; Tpan = 0.64 h/cu. m.
bln — b2n — —0.17 K&s/cu. m.; —0.28 h/cu. m.

Thick wood:

Assortments: Coir = 1.10 K&s/cu. m.; Tpix = 008 h/cu. m.

Cuor = 9.03 Kés/cu. m.; Tper = 0.42 h/cu. m.

blk — b2k = —7.93 K¢s/cu. m.; —0.34 h/cu. m.

Average:

Assortments : Cria = 2.06 K&s/cu. m.; Tp1a = 0.16 h/cu. m.

Croa = 10.33 K&s/cu. m.; Ty, = 0.48 h/cu. m.

bla — b2a = —8.27 K¢&s/cu. m.; —0.32 h/cu. m.

THE COSTS OF HAULING

The calculation is more complicated. It is necessary to count:

Cn1 = Cpe = the average costs — T = Tpe = the average time — of transport
when the assortments are delivered directly from the forest to the factory or railways

(Kés/cu. m. or h/cu. m.);

Cr3 = the average costs — T3 = the average time — of transport of long rough
stems from the forest to the central processing yard (K¢s/cu. m. — h/cu. m.);

Cn1 = the average costs — 11 = the average time — of secondary lorry transport
from the yard to the factory (Kés/cu. m. — h/cu. m.).

Cn=Cl+ Cu + 2LCy >

where C! — costs of loading in the forest (Kés/cu. m.),

C, — costs of unloading (K¢&s/cu. m.),

C, — costs of 1 km drive of the lorry (K¢&s/cu. m.),

L — average transport distance (km).
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o Crm

C!I M 5

where Cpn — cost of 1 km of the trip (Kés/km),

M — amount of cu. m. in one load.

I = LIEI + LZEZ s + LnEn
- >
En

where E), E,, E, — annual cut in the hauling area 1, 2, ..., n (cu. m.)

Ay, Loy Ly, — actual transport distance from area 1, 2, ..., n (km).
For our area:
Thin wood: Crin = Cn2n = 30.35 Kés/cu. m.; Thin = Thep = 1.37 h/cu. m.
Thick wood : Chir = Ch2r = 21.17 K&s/cu. m.; Thix = Thor = 0.97 h/cu. m.
Average: Cnia = Cr2a = 23.74 K&s/cu. m.; Thiq = Thea = 1.08 h/cu. m.
Thin wood: Chzn = 14.93 Kés/cu. m.; Th3n = 0.61 h/cu. m.
Thick wood : Char = 13.03 Kés/cu. m.; Th3r = 0.49 h/cu, m.
Average: Chrza = 13.56 K&s/cu. m.; Th3q = 0.52 h/cu. m.

Ghs = G+ G+ 2hona i)~ L
100

where Cl; — costs of loading on lorries in the yard (Kés/cu. m.),

Cny — costs of unloading in the factory (Kés/cu. m.),

L,y — average transport distance from the yard to the factory (km),

p  — percentage of wood transported from the yard to the factory by lorry (secondary

transport).

Thin wood: Chan = 17.94 K¢s/cu. m.; Than = 0.14 h/cu. m.
Thick wood: Char = 3.38 Kés/cu. m.; Thar = 0.06 h/cu. m.
Average: . Chaa = 4.66 Kés/cu. m.; Thaa = 0.08 h/cu. m.

THE PROCESSING COSTS IN THE TIMBER YARD

The total costs of the timber yard should be divided into the costs for bucking
and sorting and those for shipping.

The costs are determined from the basic project of the yard, which must be elabora-
ted before the calculations start. The investment and operational costs are very high
and the study must be done very carefully and in more variations.

The total costs for one year’s operation consist of:

O1 — depreciation costs and interest from technological investments,
Oz — depreciation and interest from buildings and engineering constructions,

3. Thin broadleaved trees do
not give a high quality yield,
but require a lot of trouble-
some work which can be
lowered when working with
long lengths. — Zpracovani
tenkych listnac¢t je velmi prac-
né pii malé kvalitni vytézi.
Vyrobou surovych kment je
mozno dosahnout uspory prace
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O3 — maintenance costs of machines,

O4 — maintenance costs of buildings,

O5; — costs of the private siding (rail),

Os — price of fuels, lubricants, electricity, etc.,
O, — costs of waste disposal,

Og — salaries and wages.

Cy=01+ 02+ ... +0g
where C, — total costs of the yard (K¢&s).

In our area:

Cy = 411 590 +- 686 822 + 60 510 - 45 120 + 114 420 -+ 141 000 -+ 7 000 -
-+ 534 100 = 2 000 562.00 K¢s/yearly

2000 562 K¢s

JAYIHIVGNGS i
46 320 cu. m. 43,19 K¢s/cu. m.

This sum divides into
C. — expedition by rail = 28.33 K¢s/cu. m.
Cm — processing and grading = 14.86 Kds/cu. m.

The working time, 9 workers in the bucking and grading process, makes 19 800
working hours: 46 320 cu. m. gives 0.43 working hours/cu. m.

CONCLUSION

Summing up the production costs and time consumption of different methods of
harvesting, we are able to compare the economic aspects and estimate what place for
bucking and grading of hardwood is optimum.

1. Bucking and grading in the stand:

Production costs:

thin wood: Ci1p = 61.63 4- 30.97 4+ 4.53 4 30.35 = 127.48 K¢s/cu. m.

thick wood: Cur = 2960 42036 4 1.10 4 21.17 = 72.23 Kés/cu. m.

average: Ct1qa = 38.57 + 23.33 4 2.06 +- 23.74 = 87.70 K¢s/cu. m.

Time consumption:

thin wood: Tin= 4.06 4+ 1.56 + 0.36 + 137 = 7.35h/cu. m.

thick wood : Tur = 1.95 -+ 1.02 + 0.08 + 0.97 = 4.02h/cu. m.

average: The = 254+ 1.17 + 0.16 + 1.08 = 4.95h/cu. m.
2. Bucking and grading at the roadside

Production costs:

thin wood: Cron = 44.04 + 26.58 -+ 13.70 +- 30.35 = 114.67 K¢s/cu. m.

thick wood : Cior = 19.73 + 15.83 + 9.03 4 21.17 = 65.76 K¢&s/cu. m.

average: Ctoq = 26.54 | 18.84 + 10.33 + 23.74 = 79.45 K¢s/cu. m.

Time consumption:

thin wood: Tion = 290 + 1.34 + 0.64 + 1.37 = 6.25h/cu. m.

thick wood : Tior, = 130 + 0.81 + 0.42 + 0.97 = 3.50 h/cu. m.

average: T2 = 1.75 + 096 + 0.48 + 1.08 = 4.27 h/cu. m.
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3. Bucking and grading in the central processing and shipping yard: because of
the high investments, the calculation is made for the whole cut — both thinnings and
final cut — as an average sum.

Production costs:

average: Ci3q = 26.54 -+ 18.84 - 0.00 + 13.56 - 14.86 - 4.66 = 78.46 K¢s/cu. m.
Time consumption:
average: Ty3q = 1.75 4+ 0.96 4-0.00 + 0.52 4 0.43 + 0.08 = 3.74 h/cu. m.

Looking at the Table I above we can see that the method of rough stems (long
lengths) is more suitable in the area for which the calculation was made than that of
assortments produced in the stand. If there is enough money for investments, a central
processing and shipping yard should be included into the timber harvesting process.

A remark should be made at the end: the timber yard for processing of rough long
stems offers, in addition to the direct savings of money and time, a better working site,
possibilities of ready sale and delivery, as well as better prices of roundwood. This
makes in our area 30.00 to 35.00 K¢s/cu. m. on the average.

I. Comparison of total costs C; Kés/cu. m, — Porovnani celkovych vyrobnich na-
kladti C; Ké&s/plm
Place of bdcking
Material processed Note
in the stand | at the road yard
) *
1. Thin broadl. timber C;n 127.48 114.67 B)
etter
(+12.81) :
prices
2. Thick broadl. timber Cyx 72.23 65.76 for thick
: (+6.47)%) wood 30.00

3. Average Cta 87.70 79.45 78.46 Baioim.

o/ * *

(/118-25) ) (+0-99) ) included
Comparison of total time consumption 7%, h/cu. m.
1. Thin wood Ttn 7:35 6.25

(+1.10)
2. Thick wood Tta 4.02 3.50

(-+0.52)
3. Average Tia 4.95 4.27 3.74

(+0.68) (+0.53)

SUMMARY

With advancing forest mechanization, a number of new working techniques have
been introduced in the logging operations. The objective of the paper was to determine
the optimum place of log conversion in a riverine forest area of 10 900 ha, with an annual
cutting budget of 46 320 cu. m. It has been found that apart from the time and cost
savings that can be obtained by the employment of more productive skidding and hauling
equipment (4.18 K¢s and 0.49 hr per cu. m.), the place of log conversion is a controlling
factor.
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The cost-calculations contained in the summary table of this paper have clearly
shown that the optimum place for logbucking and conversion is a central conversion
and supply yard which, in addition to other well-known advantages, enables better
marketing of roundwood (30 to 35 Ké&/cu. m. more) as a result of improved conversion
of big-diameter tree-length logs. Worst is the economy of hardwood bucking and convers-
sion on the felling site.

Received for publication March 6, 1372
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Zpracovani kfivého dfeva na skladech

S rozvojem mechanizace se objevuje fada novych technologickych postupt
v procesu tézby dieva. Vypracoval jsem studii, kterd méla uréit nejvhodné&jsi misto
manipulace v oblasti luzniho lesa s ro¢ni tézbou 46 320 plm na plose 10 900 ha. Bylo
zjisténo, Zze kromé casovych a finanénich uspor, které je mozZno ziskat nasazenim
vykonnéjsich priblizovacich a odvoznich prostrfedku (4,18 Kés a 0,49 h na plm) je
rozhodujicim faktorem misto manipulace.

Ekonomické propoéty shrnuté v zavéreéné tabulce jasné ukazuji, Ze nejvhod-
néjsim mistem manipulace je centralni manipula¢ni a expedi¢ni sklad, ktery kromé
jinych znamych vyhod zajisti presnéj$i manipulaci tlustych surovych kmenu lepsi
zpenézeni kulatiny o 30 az 35 Kés/plm. Nejméné vhodnd je detailni manipulace
listnatého dieva v porostu.

O6paborka KpHBOW IpeBeCHHBI B CKiaxax

C pasBuTHEM MeXaHM3aluu TIOABJIAETCA ue.nmﬁ PAL HOBBIX TeXHOJOTHYECKUX npueMon
B 1polecce JiecozaroToBku. Ilosromy st paspaGoTas MeTOX, KOTOPBIH IO3BOJIAET OMpPEeNeIuTh Hamu-
6oJiee MOIXONmsIIee MECTO IJIA PACKPS)KEBKM B 06JACTM IIOWMEHHOrO Jieca ¢ TONOBOM 3arOTOBKOI
46 320 ™3 wa mnomanu 10900 ra. Briio ycTaHOBJEHO, YTO TIOMUMO SKOHOMMM BPEMEHM M IIEHET,
KOTOPYIO MOKHO IOCTHTHYTH IlyTeM BHeXpeHus O0osiee MOIIHBIX TpEJEBOYHLIX M TPAaHCIOPTHBIX
cpencrs (4,18 xpoust u 0,49 waca ma 1 M%), pemaromuM PaKTOPOM SBJAETCA MECTO PACKPSKEBKH.

B sakuiouurensHON Tabiamiue RaHHON CcTaThiM 06O6IIEHHBIE SKOHOMHYECKME pacdyeThl SABHO
CBHIETENLCTBYIOT O TOM, 4TO Haubojee NOAXONAUIMM MECTOM IJIS PACKPSKEBKH SBJSETCH HMXK-
AMI TIPOMEKYTOUYHBIH M OKCIENMITHOHHBIH CKJal, KOTOPHIH KpOMe IpPYyrMX M3BECTHBIX IIpeuMy-
11ieCTB, OGCCHC"XHT 60.“88 TOUHOMK MaHHHyJIﬂL[HGI‘/‘( TOJICTHIX XJBICTOB CTBOJIOB JIyHLIYIO pealu3alHuio
kpyraska ua 30—35,— xpon/m3. MeHblie BCero NpHrOIHA IeTajbHAs PACKPSUKEBKA JHCTBEHHOI
IpeBeCHHbl B HAaCaKIEeHHH.

Verarbeitung von Krummholz auf Ausformungsplitzen

Mit der Entwicklung der Mechanisierungsmittel erscheint im Prozef3 der Holz-
nutzung eine Reihe neuer technologischer Verfahren. Es wurde eine Studie ausge-
arbeitet, die den vorteilhaftesten Ort fiir die Ausformung im Bereich eines Auen-
waldes mit einem jdhrlichen Holzeinschlag von 46 320 fm auf einer Fldche von
10900 bestimmen sollte. Hierbei wurde festgestellt, da auBler den finanziellen
und Zeiteinsparungen, die durch den Einsatz leistungsfihigerer Mittel fiir das
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Riicken und Bringen des Holzes gewonnen werden konnen (4,18 Kés und 0,49 h
je 1 fm), der Ausformungsort der entscheidende Faktor ist.

Die in der Abschlufitafel dieser Abhandlung zusammengefafiten Gkonomischen
Berechnungen ceigen deutlich, dall der vorteilhafteste Ort fiir die Ausformung des
zentralen Ausformungsplatzes in Kombination mit dem Expeditionslager ist, wo
auBBer anderen bekannten Vorteilen durch genauere Ausformung der starken Roh-
holzstimme ein um 30,00 bis 35,40 Kés/fm besserer Verkaufswert des Rundholzes
erzielt wird. Am ungiinstigsten ist die Einzelausformung von Laubholz direkt im
Bestand.

Traitement du bois courbé dans les dépots

A mesure que la mécanisation se développe on aperc¢oit au cours du pro-
cessus d’exploitation du bois toute une série de procédés technologiques nouveaux.
J’ai élaboré une étude, dont l'objectif consistait a déterminer la place la plus
convenable a la manipulation dans la zone de forét fluviale, dont l’exploitation
annuelle se chiffre a4 46 320 métres cubes sur une surface de 10900 hectares. Il
a été identifié qu'outre l’économie de temps et d’argent qu'on peut obtenir en
employant les moyens de débardage et de transport plus puissants (4,18 Kés et
0,49 heure par 1 meétre cube), c'est I'endroit de la manipulation qui constitue le
facteur décisif.

Dans le tableau final du présent traité les calculs économiques résumés
montrent clairement que c’est le dépot central de manipulation et d’expédition
qui est le lieu le plus convenable pour la manipulation, pouvant en effet assurer,
entre autres avantages déja connus, une manipulation plus précise des tiges brutes
épaisses et une meilleure réalisation du bois rond, et cela de 30 a 35 Kés par
1 metre cube. C'est la manipulation détaillée du bois des essences feillues dans le
peuplement qui est la moins convenable.

The author’s address:
Prof. Ing. FrantiSek Pi§kula, C.Sc., lesnickd fakulta VSZ, Brno
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TOPICAL NEWS

VYSKOT M. ET AL.: PRINCIPLES OF FOREST GROWTH AND PRODUCTION
(ZAKLADY RUSTU A PRODUKCE LESU). 1971, PRAGUE

This is a college textbook covering
the subject matter in line with the
curriculum approved by the Ministry
of Education on “analytical silvicul-
ture” and “forest yield science”. This
is also the first comprehensive publi-
cation on forest tree growth and pro-
duction in Czechoslovak forestry litera-
ture. It is a collective work by our
foremost college professors, basing
largely also on latest European public-
ations on the subject, yet to a con-
siderable extent have the authors
approached the problem with full
regard to Czechoslovak research and
scientific achievements in the field in
question, particularly to their own
publications on the subject.

The textbook is divided in six major

parts:
The first chapter Biology of forest
tree growth and production was

authored by Asst. Professor Jurca. It
contains description of the tree ana-
tomy, nutrition, and growth, as well as
detailed information on stand structure
and growth. The chapter deals also
with forest stand ecology from the view-
point of light, temperature, water, air,
and soil requirements.

The second chapter Primary pro-
ductivity, biomass production, and silvi-
culture was compiled by Professor
Vyskot. It is concerned both with
investigations into primary productivity
of forest ecosystems, representing
nowadays a newly developing forest
science branch promoted mainly within
the research projects under the Inter-
national Biological Programme carried
out also in Czechoslovakia. Described
are here the problems of biomass pro-
duction and the methods of its measu-
rement and analysis; also certain re-
sults on the on-going International Bio-
logical Program research are reported.

More attention has been paid to long-
-term or permanent experimental plots,
especially to the operation of the thinn-
ing trial plots. In great detail have been
dealt with the Czechoslovak and foreign
thinning experiment procedures, includ-
ing the IUFRO one. Analyzed have been
also. the problems of stand tending
effects on forest stand production and
forest environments.

The third chapter Growth, Increment,
and Shape of Forest Trees was elaborated
by Asst. Professor Korpel. It contains
information on height, diameter, and
volume increment of individual forest
trees, as well as on their shape. A sepa-
rate section is devoted to position of
individual trees within forest tree asso-
ciations and to formation of tree-classes.
Various systems of tree classification are
described.

The fourth chapter Forest stand deve-
lopment — growth changes in time was
written by Professor Priesol. It
contains findings on changes of basic
stand characteristics (number of trees,
diameter, height, basal area, volume) for
evenaged pure stands, for evenaged
mixed stands, and for unevenaged mixed
ones (the shelterwood and selection
forests). There is a special study on
forest stand productivity in relation to
site, namely the mensurational yardsticks
of stand site-class and the types of
site-class grading. The chapter comprises
also a section dealing with the develop-
ment of virgin and natural forests.

Professor Korf authored the sixth
chapter on the Laws governing the growth
of forest stands, dealing thoroughly with
the theory of growth functions and with
their mathematical formulation, mention-
ing specifically the growth formulas
designed by Czechoslovak (van der Vliet,
Korsun, Korf) and foreign (Backman)
researchers. There is a mathematical
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analysis and justification of forest growth
functions and a treatment on their
practical utilization. A study of yield
tables compilation methods was written
by Dr. Rehak.

The last chapter Application of forest
tree and forest stand growth functions
to forest management and silviculture
was written by Professor Dolezal
and his collaborators. This is a summary
of knowledge on the effects of silvi-
cultural form, silvicultural system, and
stand tending on the formation of pure
and mixed forest stands of various tree
species. A special part is devoted to
year-ring analysis and dendrochronology.

Despite of the great advantages of the
collective preparation of this textbook,
this is also the very reason for certain

shortcomings of it. In the first place,
the authors have not specified clearly
in advance the contents and extent of
individual chapters, this being obvious
namely from the easily recognizable
over-lappings of the subject matter, i. e.
treatment of the same problems in several
chapters.

It is however necessary, irrespective of
the above objections, to stress rightly
that the textbook is the first compre-
hensive publication on forest yield and
productivity in Czechoslovakia (440 pp.,
172 Fig., 109 Tab.). It is suitable not
only as college textbook but also as
a major reference source for forestry
scientists and researchers who will find
in it a full information on the present
knowledge in the field.

Prof. Dr. Ing. Jan Hala j, Dr. Sc., Vyskumny 1stav lesného hospodarstva, Zvolen

FIFTY YEARS OF FORESTRY RESEARCH IN CZECHOSLOVAKIA

FORESTS AND FORESTRY IN THE DEVELOPMENT OF OUR SOCIETYY)

The development of human society
at the very beginning of the scientific
and technological revolution has posed
also entirely new problems to forestry.
Higher productivity efforts induced by
shortage of forest labour, projections of
increasing timber demand, rapidly rising
needs of the nations for water, recreat-
ion and protection against the adverse
civilization effects have introduced in
forest management approaches many
new, sometimes contradictory elements
and have created a number of problems
that cannot be resolved in isolation.

Conservative features of forestry,
determined primarily by exceedingly
long production cycle, make it impe-
rative to consider carefully and with
full responsibility all the relevant factors
and to analyze objectively the entire
problem coverage from a long-term point
of view.

The collection of lectures delivered at
the Conference of Forestry and Game
Management Research Institute, Zbra-
slav-Strnady, on the 50th anniversary of
forestry research origins in Czechoslo-
vakia, represent the contribution by the
country’s Forest Research Institutes to
this most timely priority of forest mana-
gement.

After the opening speech by Ing. L.
Hruzik, Czech Minister of Forests and
Waters, two lectures were delivered
dealing with problems of present forest
management from the viewpoint of
historical development and future needs
of the nation:

Samek V.: Changing ideas about the
role of forests and forestry

Papanek F.*: New approach to forest
management objectives — multi-pur-
pose forestry

The following series of lectures deal

’)Collect_ion of lectures delivered at the Conference of Forestry and Game Management
Research Institute, Prague, held on September 28-29, 1971 (Forestry and Game Management Rese-
arch Institute, Zbraslav-Strnady, Czechoslovakia, 412 pp.)
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with changes in forest management ob-
jectives due to social development, with
the natural resource forest function in
the environment, and with the role of
forestry in the formation and conservat-
ion of human habitats:

Materna J.: Development of pro-
duction resources and forestry
Kre¢mer V.. Hydrological
forests
Mracek Z.: Forest recreational value
assessment
Samek V.: Forest and countryside
Zachar D.*: Forest influences
The third group of subject matter
lectures is devoted to wood consumption
trends, potential forest productivity and
ways to higher production of timber, to
reduction of production losses, as well
as to certain new social factors discussed
in the second lecture section.
Bludovsky Z.: Wood consumption

role of

trends

Rehak J.: Analysis of Czechoslovak
forest resources

Ving B.: Biological foundations of

wood production

Peiina V. et al.: Some aspects of silvi-
cultural research in Czechoslovakia

Sindelar J.: Potential raising of
forest production by tree species choice
and improvement

Holubéik M.* et al.: Possibilities of
wood production increase in Slovakia

Novak V.: Modern tools of forest pro-
tection for control of harmful biotic
agents

Bozdéch J.: How to minimize the
logging and wood processing losses

Other lectures were concerned with
the possibilities of practical application
of the principles of multi-purpose forest
management in the near future and in
long-term conceptions of forestry deve-
lopment, particularly with the choice
of silvicultural systems embracing a full

range of the silvicultural and forest
management procedures ensuring in
differentiated ways the multi-purpose

objectives of forestry, and with the
impact of the above changes on forest
economics and forest administration:

Nymbursky B.: The concept of
multi-purpose forest management

Gregu§ C*: New trends in forest
management

Petina V.: Problems of choice and
application of silvicultural systems

Staud V.: Choice of silvicultural
systems for multi-purpose forestry and
new technology

Novotny M.: Economic aspects of new
social needs and their satisfaction by

forestry, forest administration and po-
licies under new conditions

In a concluding lecture, the Director of
the Forestry and Game Management
Institute, Zbraslav - Strnady, Ing J.
Jindra, C. Sc., summarized the major
priorities of forestry research to be ob-
served towards achievement of the plan-
ned development objectives.

With regard to the fact that the syllabi
of the lectures had been discussed and
improved by the Editorial Board, they
do represent in fact the opinion of the
Institute on the subjects dealt with.
Since also the research officers of the
Forest Research Institute Zvolen (marked
*)  were invited to deliver lectures
aimed specifically at forestry conditions
in Slovakia, the Conference covered
virtually forestry problems of the whole
country. The lectures were then supple-
mented by discussions and comments,
icluded too in the Conference Report.

The lectures delivered at the Confe-
rence have provided a review of the
basic factors that are likely to play a
major role in the development of fo-
restry in Czechoslovakia, and that may
thus also influence long-term planning.
In contrast to previous, mostly general
considerations, the first estimate has been
obtained of the extent of forest areas
where other forest functions will be
more prominent than wood production.
From this figure can be derived the
potential scope for the application of
new silvicultural and logging techniques
complying with the imperative forest
labour saving requirement, and with
maintenance or raising of wood pro-
duction. The lectures have shown that
even full sactisfaction of wider and
much more varied needs of the present
and future national community will
leave in general a very big room for
the employment of advanced technology
in Czechoslovakia’s forestry. The above
conclusions result, however, from an
extrapolation of the present wood con-
sumption trends, and it is only natural
that detailed long-term planning will
necessitate mutual balancing of all the
basic factors in various alternatives
corresponding to their limit or mean
values.

The lectures have also shown that even
in the future there will be certain re-
serves enabling both to increase wood
production and to manage our forests
in a way resulting in certain water
management benefits and in better uti-
lization of the forest recreational po-
tential, this requiring however certain
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technical, organization, and economic
measures. An analysis of the country’s
forest resources has revealed that in the
coming decades the actual timber remo-
vals will be growing, this circumstance
being of greater significance to this
country because the cut increase
culmination will roughly occur in the
period (end of the millenium) when
according to the latest FAO estimates
a considerable shortage of wood is likely
to be expected on world-wide scale. The
latter forecast should be also confronted
in detail both with the opening possi-
bilities of higher wood production by
choice of optimum species composition,
by utilization of tree breeding and im-
provement, by forest soil amelioration
and fertilizing, and with the factors that
may lead to production declines, i. e.
occupation of forest land by housing pro-
jects, and in the first place with in-
creasing air pollution that obviously will
affect extensive forest areas. For a simi-
lar confrontation, the Conference’s
lectures have provided at least the
necessary background facilitating long-
-term forestry projections.

On the whole, the lectures and dis-
cussion submitted at the Conference re-
present a major contribution to the very
timely problem of forestry objectives and
trends in the period of stormy develop-
ment of science and technology, as well
as of all mankind. Because of the time
limitations was it impossible to investi-
gate deeper a number of industrial re-
lations, and equally imnossible was it
to deal thoroughly with all aspects of
forestry. In spite of the wide approach,
necessary for such a synthetic evaluation,
or because of it, a number of questions
and issues have been only raised but
left unresolved. Nevertheless, even this
inventory of the factors govering forestry
development and their likely future
trends do constitute a good basis for
long-term forestry planning. It goes
without saying that the discussion on
the subject has not ended by the publi-
cation of this Collection.

The participants in the Conference
have approved a final resolution the
text of which is given below in full:

Resolution

On September 28—29, 1971 a Scientific
Conference was held in Prague to cele-
brate the 50th Anniversary of Forestry
Research in Czechoslovakia, on the sub-
ject Forests and Forestry in the Develop-
ment of Our Society, organized by the
Forestry and Game Management Rese-
arch Institute, Zbraslav-Strnady.
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Forestry of this country stands pre-
sently at the very beginning of a new,
qualitatively  different developmental
stage, which is characterized by the
increasing demand of the nation for
higher wood production and by addi-
tional demands for other benefits and
influences the forests can offer. In con-
trary, further developments of indu-
stries and human civilization in general
put to some extent in jeopardy the very
existence of our forests and limit the
freedom of foresters in the choice of
optimum solutions. At the same time,
new scientific findings accumulated in
the course of the technological revolution
do open new significant possibilities for
application to forest management.

From the above developments con-
clusions must be drawn which, in line
with the resolutions of the XIV. Con-
gress of the Czechoslovak Communist
Party, will play a major role in further
management of the country’s forest re-
sources, and simultaneously in their
utilization towards creation and conser-
vation of our living environmets. To
orientate Czechoslovak forest mana-
gement quickly to this development is
the decisive task of the nearest future.
A necessary prerequisite is, however, a
clarification of the relationships of
forestry with other sectors of the na-
tional economy, and a thorough analysis
of all consequences that will result from
their further expansion.

The lectures delivered and the com-
ments have resulted in the following:

1) With regard to the growing demands
of the nation for forest benefits must
increasing production of high-quality
timber and a simultaneous improvement
of other services to man be considered
the foremost priority of forest mana-
gement.

2) In the environmental and economic
conditions of this country, of the pro-
tective influences of the forests their
hydrological role must be regarded all-
-important, of the social influences their
health and recreation functions.

3) In the above connection is it ne-
cessary to re-examine the existing forest
classification from the viewpoint of the
prevailling management objective, i. e.
with regard to the environmental con-
ditions, technological and economic fac-
tors, and the projected development of
the nation’s demands.

4) In line with the abovenamed con-
clusions has already been formulated the
State Plan of Scientific and Technolo-
gical Research 1971—1975, and a com-



parison of the State Plan with the Re-
solution of the XIV. Party Congress has
resulted in the necessity to direct fo-
restry research towards providing quickly
the background information, though in-
complete, required for accelerated classi-
fication of forest areas by management
objectives, for differentiation of the
silvicultural systems, for conservation
and improvement of man’s living en-
vironments.

5) To this end it is necessary to co-
-ordinate better the work on all forest
research projects, including international
co-operation, particularly with the CO-
MECON countries. In co-operation with
the basic research establishments is it
necessary to promote early application
of new basic findings, especially in the
biological sciences.

6) A necessary prerequisite of practical
utilization of forest research results is
closest co-operation of forest research
with forest management, namely in the
field of forest classification, and diffe-
rentiated management with regard to
the multi-purpose management objecti-
ves.

In addition is it necessary to secure
the participation of other bodies and
organizations concerned with nature
and living environment conservation
and improvement.

It is desirable that in line with the
new findings on special-purpose forest
management the abovenamed problems
be given corresponding attention in the
curricula of all Czechoslovak forestry
schools.

Ing. Bohuslav Vins§, C.Sc. et al, Vyzkumny ustav lesniho hospoddsstvi

a myslivosti, Zbraslav - Strnady

SEVENTH WORLD FORESTRY CONGRESS
OCTOBER 4—18, 1972. BUENOS AIRES, ARGENTINA

Foresters from all corners of the world
will be meeting this fall in Buenos
Aires, to discuss the achievements and
shortcomings of the past, and to work
out projections and decide on sound
future policies in the field of world
forestry.

Typically, the general theme of the
Seventh World Forestry Congress is
“Forests and Social Economic Develop-
ment”, which has been a major con-
cern of both dedicated and far-looking
foresters and all nature conservationists
and economists concerned with man-
kind’s future and living environments
in this age of technological revolution.

According to the Congress organizers,
four general objectives will be govern-
ing its programme and sessions: sound
world forestry projections must be based
on a thorough knowledge of the present
trends and of the society’s basic needs;
exchange of ideas and experience is
essential towards achieving of the above
goal; foresters from abroad will, be
having a chance of becoming acquainted

in detail with the tremendous forest
potential of Latin America and with the
relevant problems; this will be an ex-
cellent opportunity to meet personally
and to strenghten the human contacts
which are of vital importance.

The Programme of the Congress will
consist of several phases, Plenary Ses-
sions, and sessions of the seven Tech-
nical Commissions, of an Open Forum,
and a number of Tours and Excursions,
apart from informal and other meetings.
Without going into details, the first Con-
gress phase entitled “The Global Assess-
ment” will be devoted to the evaluation
of the last six years in world forestry,
and the other phase called “The Poli-
tical Synthesis” will be concerned with
discussions and considerations of the
action priorities during the next six-
-year inter-Congress period. Apart from
the above two topics, the endless range
of specialized subjects and problems
will be taken up by the seven Tech-
nical Committees (Silviculture, Forestry
Education, Forest Conservation and Re-
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creation, Forest Logging, Forestry Rese-
arch, Forest Economics, Administration,
and Planning, Forest Industries) and the
Open Forum Commission. On the agenda
of them will be all the well-known
priorities and burning problems of fore-
stry in the developed and developing
countries — the order of which is im-
possible to define.

A very important event will be the
Plenary Session held on October 11, 13,
and 14, on the “Contribution of the Re-
gion to the Congress”, providing a rare
opportunity to the world forestry public
of becoming informed about the vast
forest resources of Latin America, and
about the formidable problems of their
sound management.

A coronation of the Congress activities
will be its final Plenary Session dealing

with “A Plan of Action for the Next
Six Years”, and approving “The World
Forestry Congress Declaration of 1972”.
No doubt the two headings represent
a tremendous coverage of forestry pro-
blems, providing however also a con-
vincing evidence that the problems of
world forestry development and mankind
development in general have become a
major concern of all countries of the
world and can be resolved only by way
of co-operation on an international
basis.

We only wish that the Seventh World
Forestry Congress be another step for-
ward towards the implementation of its
ultimate goal — conservation and uti-
lization of the world’s forest resources
and their influences to an eternal bene-
fit of all mankind.

Ing. Miroslav M artin, Institut tropického a subtropického zemédélstvi VSZ

Praha-Suchdol

Podepsano Kk tisku 19. 6.
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LESNICTVI No. 1—2/1971

THE FOREIGN LANGUAGE VOCABULARY OF SPECIAL FORESTRY
TERMS

Years ago the scientific magazine Lesnicivi (Forestry) started the difficult
but meritorius work in compiling partial terminological foreign language vo-
cabularies according to the various departments of forestry. This often very
difficult task in its partial form has been virtually finished in 1970. In this
way a quantitative base of a summary vocabulary of forestry has been gather-
ed to be subjected to expert lectoring and arranged into a summary vocabu-
lary of cca 3500 basic terms of the main forestry departments in the Czech,
Slovak. Russian, English, German, French and, where possible, Spanish lan-
guages.

36 expert and linguistic specialists with assistants participated in the ela-
boration of the foreign language vocabulary of special forestry terms for the
scientific magazine Lesnictvi.

We are therefore offering a foreign language vocabulary to the expert
forestry public with the wish that it may be a useful aid for its work and
contact with scientific workers on the international scale,

We wish to point out to interested parties abroad that the terms have
serial numbers and there has been published the English index. By the end
of this year will appear also the German index.

Price of the dictionary is 24,— K¢s, price of the English index is 8,— K¢s.
Orders should be sent to the following address:

Institute of Scientific and Technical Information, Slezska 7, Praha 2

LESNICTVI C. 1—2/1971
CIZOJAZYCNY SLOVNIK ODBORNYCH LESNICKYCH POJMU

Veédecky casopis Lesnictvi zapocal jiz pred lety nesnadnou, avSak zasluz-
nou praci na sestavovani diléich terminologickych cizojazyénych slovni¢ki po-
dle jednotivych lesnickych obort. Tento ¢asto velmi obtizny ukol byl v pod-
staté dokonc¢en v roce 1970. Tim byl shromazdén kvantitativni zaklad soubor-
ného lesnického slovniku, ktery byl podroben odbornému lektorovani a uspo-
radan do slovniku cca 3500 zakladnich termint hlavnich lesnickych obora
v reci ceské, slovenské, ruské, anglické, némecké, francouzské a podle moz-
nosti i $panélské.

Na vypracovani cizojazyéného slovniku odbornych lesnickych pojma pro
védecky casopis Lesnictvi participovalo se svymi spolupracovniky 36 odbor-
nych i jazykovych specialista.

Nabizime cizojazy¢ény slovnik odborné lesnické vefejnosti s pranim, aby
byl uziteé¢nou pomuckou pro jeji praci a pro kontakt s védeckymi pracovniky
v mezinarodnim meéritku.

Zahraniéni zajemce upozorinujeme, Ze hesla jsou prubézné é&islovana a je
jiz vydan anglicky rejstfik. Do konce roku vyjde i némecky rejstfik.

Cena slovniku 24— K¢s, cena anglického rejstiiku 8,— K¢s.
Objednavky zasilejte na adresu:

Ustav védeckotechnickych informaci, Slezska 7, Praha 2

Roz8ifuje Postovni novinova sluzba. Objednavky a predplatnd pfijima PNS -
ustredni expedice tisku, administrace odborového tisku, JindriSska ul. 14,
Praha 1. Lze téZz objednat u kazdé poSty i postovniho dorucovatele. Objed-
navky do zahraniéi vyrizuje PNS - ustifedni expedice tisku, oddéleni vyvozu
tisku, Jindfi§ska 14, Praha 1. Vytiskl MIR, novinaiské zavody, n. p., zavod 6,
Legerova 22, Praha 2.



