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Uvodnik — Editorial

VidZeni tendii,

védecky &asopis LESNICTVI-FORESTRY (LESNICTVI), ktery jiZ po 44 let pFindsi nové védecké poznatky ze
viech obori lesnictvi, ziskal za dobu svého vyddvdni Siroky okruh ctenditi v Ceské a Slovenské republice i v za-
hrani&i. V poslednich letech bylo dosaZeno zvySeni kvality ¢asopisu a vzrostl rovnéZ podil praci publikovanych
v angli¢tiné. Po zvdZeni stdvajicich okolnosti se redakcni rada rozhodla zménit ndzev casopisu. Pocinaje timto
Cislem (1/1999) bude casopis vychdzet s ndzvem JOURNAL OF FOREST SCIENCE. Tato zména je motivovdna
snahou o dosaZeni vétsi publicity uveFejnénych védeckych praci a o lep§i prezentaci vysledkii dosaZenych na
Ceskych a zahranicénich pracovistich i o naplnéni vlastniho posldni ¢asopisu — aby publikované védecké poznatky
dosdhly Sir§iho roz§iFeni a ocenéni jak v domdcim, tak i v mezindrodnim méFitku. Novy ndzev odraZi skutecnost,
Ze Casopis je jednim z mezindrodnich cCasopisii, které publikuji vysledky zdkladniho a aplikovaného vyzkumu
z oboru lesnictvi. Casopis JOURNAL OF FOREST SCIENCE bude jako dosud publikovat vyznamné védecké
poznatky ze viech oborit lesnictvi, a to v anglickém a Ceském (nebo slovenském) jazyce s tim, Ze v obou pFipadech
bude pivodni Eldnek doplnén rozsdhlejsim ceskym (slovenskym) nebo anglickym souhrnem.

V soucasné dobé, kdy primyslovd aktivita lidstva dosdhla jiZ takového rozsahu, Ze je pozméfiovdn celosvétovy
kolobéh nékterych zdkladnich prvki na Zemi, neobycejné stoupd vyznam védeckych poznatkii o déjich probihaji-
cich v pfirodé, které podstatné ovliviiuji riist a zdravotni stav lesii. Je nezbytné, aby se viechna rozhodnuti ¢inila
na zdkladé ovérenych védeckych poznatki, bez jejichZ znalosti muZe dochdzet k nespravnym zavérim. Vyznam
védeckych poznatkit o procesech probihajicich v lesnich ekosystémech stdle stoupd a s nim i vyznam publikovdni
a rozsirovdni téchto poznatki ve védeckych casopisech. V pristim stoleti bude veSkerd Cinnost spojend s péstovd-
nim, obnovou, §lechténim, ochranou i tézbou lesnich dfevin stdle vice zdvisld na védeckych poznatcich, které budou
mit rozhodujici ilohu pFi provddéni odbornych praci a pFi Fizeni lesniho hospoddrstvi. K SiFeni novych vyznam-
nych védeckych poznatkit bude pFispivat i védecky lesnicky ¢asopis JOURNAL OF FOREST SCIENCE.

Prof. Ing. Vladimir Chalupa, DrSc.
predseda redakéni rady casopisu
JOURNAL OF FOREST SCIENCE

Dear readers,

The journal LESNICTVI-FORESTRY (LESNICTVI) which has provided a rapid publication of research results
from all spheres of forestry for forty-four years, has won large readership in Czech and Slovak Republic and also
in foreign countries. Significant improvement of the quality of the journal has been achieved in recent years, and
the proportion of papers written in English has increased. After serious consideration, the editorial board of the
Journal has decided to change the name of the periodical. Since this issue (1/1999), the new name of the periodical
is JOURNAL OF FOREST SCIENCE. This change is motivated by our efforts to improve availability of the journal
at an international scale. The new title reflects situation indicating that the journal is one of the international
periodicals which publish original results of basic and applied research from the field of forestry. The journal
will continue to bring new scientific information from all fields of forestry with special attention to European
forest ecosystems. The journal will publish papers in English and in Czech (or Slovak) language.

Currently, when human industrial activities have expanded so much that the world cycle of some basic elements
on the Earth has been changed, the importance of scientific knowledge of nature processes with impacts on forest
growth has increased considerably. It is necessary that all decisions will be taken on the bases of verified scientific
information to avoid wrong decisions. The importance of scientific knowledge of processes occurring in forest
ecosystems has increased and it is crucial to publish and disseminate these information in professional journals.
In the next century, all activities connected with silviculture, forest regeneration, tree breeding, forest protection
and logging operations, will have to apply modern scientific knowledge which will play a key role in forestry
management. JOURNAL OF FOREST SCIENCE will help to publish and disseminate new scientific knowledge of
great importance.

Prof. Ing. Viadimir Chalupa, DrSc.

Chairman of Board of Editors of
JOURNAL OF FOREST SCIENCE
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TECHNIKA PRO PRODUKCI A VYSADBU VELKEHO
SADEBNIHO MATERIALU LESNICH DREVIN

TECHNOLOGY FOR THE PRODUCTION AND PLANTING
OF LARGE-SIZED PLANTING STOCK OF FOREST TREES

J. Neruda

Mendelova zemédélskd a lesnickd univerzita, Fakulta lesnickd a drevarskd, Lesnickd 37,
613 00 Brno

ABSTRACT: Methods of using large-sized planting stock in the past. Present possibilities of using the planting stock in
forestry: reforestation of clear-felled areas reforestable only with considerable difficulties, beating up and improvement
planting, using admixtures of reinforcing and soil-improving species. Benefits and problems occurring in using large-sized
planting stock. Results of grant project No. 504/95/1205 Technology of planting and production of large-sized planting stock:
new principles of technical means for raising and planting large plants, evaluating the young plantation development on
experimental plots established in the course of testing the technical means, calculations of basic economic parameters for
particular methods of regeneration/reforestation, tabular proposals of the systems of technical means for the implementation
of major operations of production and planting.

forest regeneration; large-sized planting stock; production; planting; methods and technologies

ABSTRAKT: Zpusoby pouZiti velkého sadebniho materidlu — poloodrostki a odrostkli v minulosti. Soucasné moZnosti jeho
uplatnéni v lesnim hospodaéistvi: zalesnéni obtiznych holin, vylepSovini a dopliiovini kultur, zajiSténi pfimési zpeviujicich
a meliora¢nich dfevin. Pfinosy a problémy pii aplikaci velkého sadebniho materidlu. Vysledky vyzkumného feseni grantového
projektu: nové principy technickych prostfedki pro p&stovini a vysadbu velkych sazenic, vyhodnocoviani vyvoje kultur na
pokusnych plochdch zaklddanych pii ovéfovacich zkoudkach technickych prostiedki, kalkulace zidkladnich ekonomickych
parametrti jednotlivych technologii obnovy, tabeldrni navrhy souboru technickych prostredkii pro zabezpeceni operaci tech-

nologickych postupu.

obnova lesa; velky sadebni materidl; produkce; vysadba; zpiisoby a technika

UvoD

PouzZivani velkych (vzrostlych, silnych) prostokofen-
nych i obalenych sazenic lesnich dfevin md ve stiedoev-
ropskych podminkéach dlouhou tradici. Takto oznatovani
kvalitativni skupina sadebniho materialu péstovaného spe-
cidlnimi postupy zahrnuje: poloodrostky - rostliny
s nadzemni &asti o vy§ce 51-120 cm a odrostky — rostliny
s nadzemni Casti o vySce 121-250 cm. Za piedpokladu
pouZiti sazenic dobré fyziologické a morfologické kvality
a vhodného zpusobu vysadby poskytuje na urCitych sta-
novistich uméla obnova lesa velkym sadebnim materiilem
proti uZiti standardnich sazenic vyznamné pfinosy nejen
péstebniho, ale i ekonomického charakteru.

MATERIAL

Vysadba velkych sazenic byla v minulosti zvlasté¢ ak-
tudlni tehdy, kdyZ se po Zivelnych nebo hmyzich kala-

mitich vytvofily extrémni podminky pro zalesnovani
na zabufenélych holindch. Poatky vysadby dubovych
odrostkt napf. v Némecku sahaji hluboko do stfedovéku.
Helbig (1978) oznacuje pouZivani velkych obalenych
(hroudovych) sazenic dubu v 18. stoleti za béZzné, He -
neka (1987) popisuje zalestiovani nerentabilnich ze-
médélskych pozemkua na pfelomu 19. a 20. stoleti vy-
spélymi sazenicemi (odrostky) smrku. Obdobné
pfiznivé vysledky jsou uvadény napr. u borovice erné
ve Francii, u jedle v SRN, u smrku v Rumunsku aj.

Pouzivani velkych sazenic byvalo béZnou technikou
umélé obnovy i v Cechich a na Moravé. Pefina
(1969) se napf. zmifiuje o vysazovani dubovych odrost-
ki v lesich v oblasti Opoéna jiZz v poloviné minulého
stoleti. Odrostky vysoké | m byly vysazovany jako pii-
més do kultur borovice na pis¢itych piadach borovych
doubrav ve sponu 10 x 10 az 20 x 20 m.

Rada autorti uvadi obnovu lesti m&sta Pisku na silné
zabufenélych holinach vzniklych po mniskové kalamité

Autor dekuje Grantové agentufe Ceské republiky za podporu fefeni grantového projektu 504/95/1205 Technika a technologie Feseni vysadby

*a vyroby vyspélého sadebniho materidlu.
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ve dvacétych letech naseho stoleti a po snéhové kalamité

v letech 1939 a 1940. Pefina (1969) popisuje postup

péstovéni a vysadbu odrostk dubu, buku, lipy a habru

v lesich mésta Pisku. Odrostky o vySce 120-150 cm byly

vysazovany do jamek 40 x 40 cm ve sponu 1 az 1,3 m

ve skupindch. Ztraty po vysadbé &inily kolem 20 %

a nebylo nutné vylepSovini.

Rovnéz se zakladanim kultur na holindch po rozsah-
lych polomech niamrazou v polesi Cachnov u Policky
odrostlymi sazenicemi smrku, borovice lesni a javoru
klenu bylo v letech 1930-1950 dosazeno dobrych vy-
sledku.

V obdobi po 2. svétové vilce byly v umélé obnové
lesa ve vétSiné stiedoevropskych statu preferovany sa-
zenice stiednich dimenzi. ProtoZe pouZiti vzrostlych sa-
zenic usnadiiuje rychlejsi odrustani kultur ze z6ny ohro-
Zeni bufeni a lesni zvéfi, je tento zplsob obnovy lesa
aktudlni i v soucasné dobé (Dus§ek, 1980). Dikazem
toho je, Ze v poslednich letech v nékterych evropskych
zemich v&etn& Ceské republiky nastdva obnoveni zdjmu
o vysadbu poloodrostki a odrostkt lesnich dfevin list-
natych i jehli¢natych druhia dievin.

V SRN zacal obnoveny zdjem o velké sazenice v §e-
desatych letech pfi vyvrcholeni snah po hledani tzv.
optimélni sazenice rychle odristajici z kritické zény kon-
kurence bufené, pfizemnich (travnich) mraza a okusu
zvéie (Schmidt-Vogt, Giirth, 1969). K obnové
zajmu o vyspély sadebni material pfi obnové lesa pfi-
spély mj. i dobré vysledky dosaZené pii vysadbé vel-
kych, 60 cm (i vice) vysokych sazenic a poloodrostki
smrku tzv. dhlovou sadbou, kterou propracoval Reis-
singer (1965). Schmidt-Vogt, Girth (1977)
a Huss (1993) poukazuji na aktudlnost feSeni soucas-
nych problému se zalesiiovanim vyuZitim silnych saze-
nic a zddraziiuji potfebu zproduktivnéni praci uZitim
vhodnych mechaniza¢nich prostiedka.

Vzhledem k aktudlnimu stavu lesniho hospodéistvi
jsou soucasné moznosti vyuZiti poloodrostki ¢i odrost-
ku lesnich dievin (dale velky sadebni materidl) v les-
nim hospodaistvi Ceské republiky jesté ponékud Sirsi
proti minulosti, kdy takovym materidlem byly zalesiio-
vany predevsim kalamitni holiny — napf. Lokvenc
(1978), Kotek et al. (1989), Hrdy, Korda¢
(1996), KoSulic¢ (1992, 1995), Zezula (1996).

Velky sadebni materidl v lesnim hospodarstvi lze
uplatnit pfedev§im pfi:

— zalesnéni holin obtiZné zalesnitelnych, tj. starych a za-
bufenélych, imisnich, v blizkosti vodoteci, v mrazo-
vych polohéch, pod silnym tlakem zvéfe aj.; cilovou
skladbu porostu lze pfitom realizovat v nékolika va-
riantach, napf. jiZ pfimo pii zalesnéni, nebo zaloZe-
nim kultury piipravné dieviny a naslednou dosadbou
cilovych drevin (buku, dubu, jedle, smrku a dal§ich);

— vylepSovéni a dopliiovani kultur, zejména star$ich,
mezernatych a dosud nezaji§ténych, sazenicemi ob-
dobného vzrustu a stejného druhu, jako ma dané vy-
vojové stadium kultury;

— zaji§téni piimési zpeviiujicich a melioraénich dfevin
v dosavadnich kulturach; souvisi s vysoce aktudlni-
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mi snahami pfeménit nékteré monokulturni, milo
stabilni jehli¢naté porosty (zejména smrkové) na po-
rosty smiSené s dievinami listnatymi (zejména buk,
dub, lipa, javor, jasan). Pravé toto je jedna z nejvy-
znamnéj§ich soucasnych moZnosti uplatnéni velkych
sazenic, kdy je s jejich pomoci vytvafen stabilni
a druhové, vékové i prostorové diferencovany les.

REALNE PRINOSY A PROBLEMY PRI APLIKACI
VELKEHO SADEBNIHO MATERIALU

Pfi zaméru pouZivat pro obnovu lesa velkych sazenic
(poloodrostki ¢i odrostkt) je nutné uvédomit si okol-
nosti s tim souvisejici, tj. nejen predpokladané pfinosy,
ale i mozné problémy.

Prinosy pouZiti velkych sazenic proti standardnim sa-
zenicim stfednich dimenzi:

— moZnost pouZit vyrazné niZSiho poltu sazenic pro
zalesiiovani proti standardnim sazenicim. Soucasna
legislativa Ceského lesniho hospodéistvi stanovuje
s ohledem na stanovi§t€ minimdlni pocty sazenic na
1 ha plochy samostatné jak pro hlavni, tak i pro pfi-
miSenou dfevinu. U pfimiSenych dfevin jsou pocty
sazenic zpracovany jak pro standardni dimenze, tak
pro poloodrostky a odrostky. Poget sazenic na vymé-
ru 1 ha se urc¢i jako ndsobek hektarovych pocta die-
viny hlavni i pfimiSené a procenta jejich projektova-
ného zastoupeni (Zezula, 1996),

— ztraty na sazenicich a nutnost péce o kultury jsou pfi
dodrZeni zédkladni technologické kazné€ v podstatné
mensim rozsahu,

— rychlé odristani bufeni i zvéfi a rychlejsi dosaZeni
stavu zaji§téné kultury,

— sniZeni pracnosti a nikladi na ochranu kultur,

— pouZitelnost i v odristavych kulturdch pfi jejich vy-
lep3ovani a doplfiovani melioraénimi dievinami.
Problémy pri pouziti velkych sazenic:

— v soucCasnosti obecny nedostatek kvalitnich velkych
sazenic a vy$8i naklady na jejich ziskavani,

— vysoka naro¢nost na technologickou kazeii v celém
procesu ziskdvani i uZiti sadebniho materidlu — pie-
devsim pii manipulaci, transportu i pfi samotném za-
lesfiovani,

— intenzivnéjSi dopady selhani tzv. lidského faktoru
potlacujici uvedend pozitiva,

— nedostatecné vybaveni lesnického provozu vhodny-
mi technickymi prostiedky k dosaZeni Zadouci kva-
lity a produktivity prace jak ve Skolkach, tak i pfi
zalesfiovéni.

CILE A RAMCOVY METODICKY POSTUP RESENI

Vyzkumny projekt 504/95/1205 Technika a techno-
logie FeSeni vysadby a vyroby vyspélého sadebniho ma-
teridlu, feSeny s podporou Grantové agentury CR v le-
tech 1995-1997 na Fakulté lesnické a dievarské MZLU
v Brné, se zabyvé danou problematikou z vice hledisek.



Hlavnim cilem vyzkumu je na zdklad€ analyzy soustavy
dostupnych technickych prostfedkt pro produkei i vy-
sadbu velkého sadebniho materidlu vytypovat jeji nedo-
statené obsazené ¢linky a navrhnout jeji Gpravu, pfi-
padné doplnéni v&etn& praktického ovéfeni funkénich
parametrii prostiedkd v podminkach lesniho hospodaf-

stvi, a zdrovei zjistit zdkladni poznatky souvisejici s vli-

vem pouZiti ov&fovanych technickych prostfedki a po-

stupll na vyvoj kultur.

Redeni m4 charakter pievazné aplikovaného vyzku-
mu. Tomu odpovida i metodicky postup feSeni, ktery
Ize rozligit na tfi zdkladni celky:

— zjiSténi soucasného stavu poznini problematiky na
zdklad& zpracovani literdrnich zdroju,

— posouzeni stavu technického zabezpeCeni produkce
a vysadby velkého sadebniho materidlu, vytvofeni
ideovych navrhi a konstrukéni dokumentace potieb-
nych novych technickych prostfedkl na tdrovni ex-
perimentdlnich ¢i funkénich modelu, jejich realizace
a funk¢ni ovéfeni, zhodnoceni zdkladnich biometric-
kych charakteristik sazenic na zkusnych plochach,

— zpracovani ndvrhu upravenych soustav technickych
prostiedki pro produkci a vysadbu velkého sadebni-
ho materiélu.

Pfi vyzkumném feSeni novych, i pfi navrzich na zafa-
zeni jiZ existujicich technickych prostiedkt do technolo-
gickych postupt se braly v tvahu tfi skupiny pozadav-
ku: provozni (zpiisob provedeni a kvalita price, snadni
agregace s energetickym prostiedkem, jednoduché ob-
sluha), ekonomické (produktivita prace, piijatelné pofi-
zovaci a provozni naklady) a koncep&né-konstrukéni.

Prispévek uvadi piehledné informace o vysledcich
feSeni projektu.

VYSLEDKY

1. HMOTNE VYSLEDKY RESENI

Jako hmotné vysledky feSeni vyzkumného projektu
Ize oznacit experimentélni a funkéni modely n&kolika
technickych prostiedkd urenych pro zafazeni do sou-
stavy stroju na tiseku produkce i vysadby velkych pros-
tokofennych sazenic.

A. TECHNICKE PROSTREDKY PRO PESTOVANI
PROSTOKORENNYCH POLOODROSTKU

Pripravu pudy véetné tvarovani zahontu Ize zabezpe-
¢it stejnymi technickymi prostiedky jako pfi produkci
sadebniho materidlu standardnich dimenzi. Rozhodujici
je zde zejména typ pouZitého energetického prostredku,
kterym je zpravidla univerzalni kolovy traktor. Rozchod
kol téchto prostiedkd udava $ifi zahoni, nad kterymi po-
jizdi (v soucasnosti je to v CR nejcast&ji 146 cm). Pfipra-
va pudy se realizuje klasickymi adaptéry (pluhy, brana-
mi, pidnimi frézami, utlatovacimi vilci, tvarovadi).

Druh techniky pro Skolkovini zdvisi na tom, ve které
fazi procesu péstovani poloodrostki se ma tato operace
realizovat. Pro prvni Skolkovani, kdy se pfesazuji jed-
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noleté nebo dvouleté semenacky, lze pouZit standardni
Skolkovaci stroje. Nejmodernéj§im tuzemskym strojem
této skupiny je typ RL2-035 v sedmifddkovém uspofé-
dani pro rozte¢ fadka 21,0 cm.

Pro druhé skolkovani, které je charakteristické pre-
sadbou sazenic o vy$ce minimdlné 35-40 cm, nejsou jiZ
béZné Skolkovaci stroje pouZitelné. Realizace druhého
Skolkovani lesnimi sdzecimi stroji neni optimdlni. Je
proto potiebné doplnit soustavu prostfedki o specidlni
Skolkovaci stroj s mohutné&j§im sdzecim dstrojim adek-
vétnim dimenzim kofenového systému sazenic.

PouZiti strojui pro podiezévani kofenu se rovnéz rozli-
Suje podle faze péstovani poloodrostki: jedna-li se o pod-
fezdvani sazenic pfedpéstovavanych pro druhé Skolko-
vani, lze pouzit béZné typy podiezavacu korenu, a to
i pfi podiezavani sazenic vys§ich (do maximalni vysky
asi 60 cm), nez kolik ¢ini svétla vySka traktoru, na
kterém je agregovéan podiezavac (asi 30 cm). Za beze-
§kodné lze uvaZovat jejich ohnuti pfi prijezdu soupravy
nad zdhonem; je vSak vhodné spodni ¢ast traktoru opat-
fit vhodnymi kryty zamezujicimi odfeni sazenic.

Podfezavace pro druhé podiezavani musi byt schop-
né price v hloubce 35 cm pfi vySce sazenic cca 80 cm.
Nové feSeni podiezavacn je Zadouci.

Podfezavani kofent vzrostlych poloodrostki o vysce
nad 70 cm je dédle limitovano pouZitym energetickym
prostfedkem. Normalni univerzalni kolovy traktor i nosic
néfadi jsou pro dané uicely nevhodné z divodu jiZ ne-
dostate&né svétlé vysky. Zadouci je pouZiti tzv. porti-
lovych (chiadovych) traktori vyznacujicich se znacnou
svétlou vySkou (bézné 100 cm i vice). Tyto prostiedky
jsou dostupné v zahrani&i. Napf. stroj Pons Trac (SRN)
ma svétlou vysku az 2 m, vykon motoru od 37 do 74 kW,
stroj Twin (Rakousko) ma délené ramové konstrukce
umoziiujici prijezd nad sazenicemi az 2,30 m vysoky-
mi, vykon motoru je 37 kW, stroj Multi 33 L (Velka
Britanie) ma svétlou vysku 1,1 m a vykon motoru 28 kW.

Sklizefi prostokofennych poloodrostku je realizova-
na technickymi prosttedky, jeZ musi vyhovovat vysce
sklizenych rostlin. ProtoZe se pii téchto operacich pie-
vazné pouzivaji jako energetické prostfedky bézné typy
traktort, je nutné zvolit bocné nesené jednoiadkové
sklizeci adaptéry, napt. firmy Egedal. Nové je vyfeSen
tuzemsky vyoravac.

TECHNICKE PROSTREDKY PRO PESTOVANI
POLOODROSTKU VYRESENE V RAMCI PROJEKTU

a) Funkéni model sdzeciho ¢lanku pro péstovani polo-
odrostku ve $kolkdch: novym konstrukénim principem se
vyznaCuje zejména sazeci radlicka, jejiZz uspofadani za-
mezuje negativnim jeviim spojenym s vytlatovanim pudy
do stran a jejimu hutnéni pii vytvateni ryhy $iri nez
9-10 cm prachodem klasickych Sipovych sazecich rad-
licek pidou. Radli¢ka je opatiena vynaSecimi dlatovi-
tymi liStami (vydutého nebo pfimého profilu), které ve
své svrchni ¢ésti prechédzeji do odhrnovacich ploch. Pa-
da se tak z mista vytvarené ryhy vynasi na povrch za-
honu a ukladd do rivk podél vytvaiené ryhy. Sika
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vytvéiené ryhy miZe proto byt mnohem §irsi (+10 cm),
neZ kolik ¢ini §itka u tradicnich konstrukci.

Po vloZeni sazenice do ryhy je puda pomoci dvojice
zahrnovéakua premisténa zpét do ryhy a utuZena utlace-
cimi koly sdzeciho ¢lanku. Zahrnuti kofenu je snazsi
a kvalitnéj§i neZ pri dosavadnim zpusobu spo€ivajicim
v borceni utuZenych stén ryh.

Celkova koncepce Skolkovaciho stroje je variabilni;
jednotlivé sazeci ¢lanky mohou byt na zdkladnim ramu
neseném traktorem usporadany bud jen v jedné fadé
(minimalni rozte¢ fadku &ini 40 cm), nebo ve dvou fa-
déch za sebou (pfi poZadavku rozteCe fadki mensi nez
40 cm). Variantné lze zavésit i jediny ¢lanek na malo-
traktor. Na kazdém &lanku sedi pracovnik, ktery ruéné
vklada sazenice do ryh. Pracovni rychlost je 300 m.h7

b) Frézovaci ryhovac pro vytvareni ryh v pidé zaho-
ni pro zaskolkovani vyspélych sazenic. Experimentélni
model udstroji, uvazovaného jako soucast Skolkovaciho
¢lanku pro druhé $kolkovani. Hlavni &asti je frézovaci
kolo otacejici se proti sméru pojezdu stroje a opatiené
vhodné postavenymi lopatkami, které vynaseji pudu
z prostoru vytvafené ryhy. Na modelu kolo pohani hyd-
romotor.

Funké&ni zkousky prokazaly pouZitelnost daného fe-
Seni. Parametry vytvarené ryhy vSak byly ponékud niZsi
neZ u konstrukéné mnohem jednodussi vynéaseci radli¢-
ky (tab. I). Proto se s principem rota¢niho ryhovace
neuvazuje pro dal$i uZiti.

tzv. druhého podfezavani sazenic vysokych cca 80 cm
za predpokladu pouZiti tzv. portilového traktoru.

Zakladni technické parametry:

Sitka zabéru — 1 500 mm, pojezdova pracovni rychlost —
1-2 km.h~", hloubka podiezini — 0-30 cm (po 2,5 cm),
vyska sazenic — maximaln€ 60 cm, hloubka podiezavani
pro druhé podfezavéni — 35 cm, vy$ka sazenic — maxi-
malné 80 cm.

d) Vyorava¢ velkého sadebniho materidlu je vyieSen
ve spoluprici s Vyzkumné vyvojovou stanici ve Kiti-
nach. Tento jednofddkovy adaptér je bo&né neseny za
traktorem a sklada se z podoravaciho noZe ve tvaru pis-
mene U a vytidsaciho roStu. Podordvaci niZ je aktivné
pohanén, rovnéz rost vykonava aktivni (vertikalni vratny)
pohyb, pfi némZ jsou kofeny podoranych poloodrostki
zbaveny piebytecné zeminy. Pfi praci traktor pojizdi
boéné od fadku sklizenych rostlin, které proto mohou
byt i mnohem vys§i, neZ kolik Cini svétla vyska traktoru.

Zikladni technické parametry:

maximalni pracovni hloubka — 40 cm, pojezdova
pracovni rychlost — 1-2 km.h~!.

Poznimka: Znacnou vyhodou stroji ad ¢) a d) je jejich stavebni-
covi konstrukce, umoZiiujici vyuZivat spole¢ného zdkladniho ramu
a tim sniZujici ekonomickou z4atéZ pri jejich pofizeni.

e) Jednofadkovy podiezavaC kofent je feSen jako
adaptér k jednoosému malotraktoru. Sklddé se z podvozku
s dvojici hnacich kol a ramu, do néhoZ je upevnén piedo-
zadné kmitajici podiezdvdci niZ ve tvaru pismene T.

I. Srovnani parametri ryh vytvafenych Sipovou a vynaseci radlikou a rotatnim ryhovagem (h, § - hloubka a $ifka ryhy, r, v - §ifka a vyska
riivkd pady, p — vySka vrstvy pidy pfepadlé na dno ryhy) — Comparison of parameters of furrows made by duckfoot and lifting shares and
rotary drill-hoe (h, § — furrow depth and width, r, v — soil hill width and height, p — thickness of soil layer getting to the furrow bottom)

Prostiedek' h (cm) § (cm) r (cm) v (cm) p (ecm)
Sipova radlicka? 17-20 11-12 24-26 9 0
Vynaeci radlitka® 17-20 11-12 25-28 10 0
Rotacni r)’lhovaé" 15-17 11-12 20-22 7-8 2-3

"tool, 2duckfoot share, * lifting share, 'romry drill-hoe

¢) Aktivni podiezavac zdhoni s profezavacem kofent
sazenic jsou adaptéry, které se feSily ve spoluprici s Vy-
zkumné vyvojovou stanici ve Kitinach. Mohou praco-
vat samostatné nebo v agregaci. Jsou neseny na tiibo-
dovém zévésu traktoru a pohdnény od jeho vyvodové
hiidele kloubovou hfideli. Hlavni ¢asti podiezdvace je
horizontalni celozahonovy niZ upevnény v ramu a ko-
najici vodorovny krouZivy pohyb. Vertikalni profiznuti
pudy s kofeny v mezifadcich provadi aktivné pohanény
profezdva¢ zdhonu. Malou tloustkou noZi a jejich ak-
tivnim pohybem v pidé je docileno hladkého fezu ko-
feni bez otfepli a minimalni nakypfeni pudy. Tim je
opét docileno hladkého fezu a minimalniho nakypreni
pudy na zdhonu. Funk¢énimi zkouskami bylo zjiSténo,
ze v zdkladnim uspofadani je smérovano pouZiti stroji
piedevsim do pocate¢nich fazi technologie péstovani
velkého sadebniho materidlu. Stroje vSak lze upravit
i pro praci ve vyspélejSich sazenicich, tj. i pro realizaci
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Koncepce stroje vychézi z predpokladu jeho vyuZiti ve
Skolkaiskych provozech, pro které je nedcelné (napf.
z divodu malého objemu produkce) pofizovat si spe-
cidlni velkou techniku. Pfi préci je stroj veden po plose
mezifadku, niZ je zahlouben do pudy, ve které provadi
vertikalni i horizontdlni fez. Hloubka fezu je stavitelnd
do cca 28 cm. ReSeni stroje ma charakter experimentu.
Na zékladé prvnich ovéfovacich zkou$ek bylo zji§téno,
Ze stroj je ovladatelny, niZ lze zahloubit i vyhloubit,
jsou v8ak nutné tpravy pojezdu tak, aby se dosihlo
zlepSeni pienosu to¢ivého momentu hnacich kol.

f) Adjustacni a balici stojan pro ukladani svazku
sklizenych sazenic do plastovych pytli piimo na zého-
nech. Sklada se ze stolu a turniketu. Lehka svafovani
konstrukce umoziuje snadny posun stojanu po plose.
Jeden pracovnik upravuje na stole sazenice do svazku.
Prebere je druhy pracovnik a vloZi do plastového pytle
upevnéného na obrudi turniketu; naplnény pytel ovize



a vyjme z turniketu. Obru¢ s prazdnym pytlem navle-
genym v mezidobi prvnim pracovnikem se pootoci ke
druhému pracovnikovi atd. Pracnost na pfipravu a ulo-
Zeni jedné davky sazenic do pytle zdvisi zejména na
jejich druhu, velikosti a na zruénosti obsluhy; orientac-
ni hodnota pracnosti pfi baleni poloodrostku &ini cca
15-20 s na jeden pytel.

B. TECHNICKE PROSTREDKY PRO VYSADBU
VELKEHO SADEBNIHO MATERIALU

Vysadbu sazenic lesnich dievin lIze feSit v zisadé
tfemi zakladnimi zpisoby:

1. mechanizované sizecimi stroji do nepfipravené nebo
pripravené pudy,

2. kombinované — rué¢ni vysadbou do pudy pfipravené
nékterym typem stroje,

3. ru¢ni vysadbou do nepfipravené pudy.

1. V soucasnosti jsou v CR k dispozici vyhradng sé-
zeci stroje nesené na univerzdlnich nebo specidlnich
traktorech. Takové stroje pfevladaji i v zahrani¢i. Tim
je limitovano jejich pouZiti pouze na terény sjizdné pro
danou kolovou techniku. Tyto stroje jsou uréeny pro
fadovou vysadbu sazenic; z toho vyplyva, Ze je témér
vylou¢eno (nebo jen za cenu zna¢ného sniZeni vykon-
nosti) jejich pouZiti pii zakladani skupinovité smise-
nych kultur. Stroje pouZivané v tuzemsku — nejcastéji
ryhovy sazeci stroj RL2-019 — jsou schopny vysazovat
nejen standardni sazenice, ale i poloodrostky prostoko-
fenné i obalené do vysky cca 80 cm a s kofenovym
balem o priméru 10-12 cm. Sazeci stroje pro fadovou
vysadbu vétsich sazenic v tuzemsku k dispozici nejsou.

2., 3. Rucni vysadba do mechanicky pfipravené pudy
se li§i v zavislosti na druhu pfipravy. Jestlize je puda
strojové piipravena jiz do podoby jamek (napf. pfenosny-
mi, samojizdnymi nebo nesenymi jamkovaci nebo bagry),
spociva vlastni vysadba jen v usazeni sazenice do pudy,
v prihrnuti a utuZeni pudy okolo kofenového systému.

Rucni vysadba do pfipravenych pruht, pasua, plosek
ap. vyZaduje vyhloubeni prostoru pro kofenovy systém.
Rucni vysadba do nepripravené pidy obsahuje vidy vy-
hloubeni prostoru pro kofenovy systém; podle podmi-
nek na stanoviSti miZe byt jeji soudasti i odstranéni
drnu, surového humusu aj.

Velikost sazenic vysazovanych t€mito zpisoby je té-
méf libovolnd, rovnéZ realizace prostorového uspoiada-
ni kultury (napf. skupinové smiSeni dfevin) je dobie
moznd. Jednotlivé pracovni postupy Ize vzdjemné kom-
binovat (napf. hloubeni jamek na pruhové a ploskové
pfipravené pudé lze &init jak rudnim kopdnim, tak
i napf. pomoci jamkovaci).

Vyznamnym faktorem omezujicim pouzitelnost né-
kterych postupii je svahova a terénni dostupnost tech-
nickych prostiedka. TéméF univerzalné jsou pouzitelné
manudlni pracovni postupy a postupy vyuZivajici pie-
nosnych jamkovaci. I ve velmi slozitych a sklonitych
terénech jsou pouZitelné stroje na kracivych podvoz-
cich. Ostatni stroje na bdzi adaptéra ke kolovym ener-

getickym prostiedkiim jsou pouZitelné témér vyhradné
v terénni skupiné A, omezené ve skupiné B (klasifikace
Lesprojektu, 1980).

VYRESENE TECHNICKE PROSTREDKY PRO
VYSADBU VELKEHO SADEBN{HO MATERIALU

Reseni bylo smérovano k uvedenym zptisobim 1. a 2.

a) Ruc¢ni jednomuzny jamkovac na jednokolém pod-
vozku umoZiiuje vyuZit standardni motorové jamkovace
(napf. Stihl) pro hloubeni jamek jednou osobou. Zakla-
dem je nosny rukojetovy rim opatfeny pojezdovym ko-
lem a zdvazim. Do ramu se upevni motorova jednotka
jamkovace s vrtdkem. Pfi hloubeni se stroj skldpi okolo
pojezdového kola dotykajiciho se terénu. Pfinosem to-
hoto feSeni je mj. sniZeni prenosu klopnych silovych
momentl a zitéZe od stroje na pracovnika, dosazeni
pfiznivych vykonnostnich parametrd (do cca 250 ja-
mek.h™") i zachovani univerzalnosti pouziti samotného
jamkovace. Jednoduchost konstrukce ramu umoZiuje
jeho velmi levné pofizeni (proti zahrani¢nim ekvivalen-
tam), a to i vlastni vyrobou zdjemce o tento prostiedek.

b) Samojizdny jednomuZny jamkovac s piidavnym
pfihnojovacem jsou adaptéry k jednoosym malotrakto-
rim; slouZi pro jamkovou piipravu pidy jednim pra-
covnikem s moZznosti synchronizovaného piihnojovani
sypkymi materidly (hnojiva). Téleso jamkovace se skla-
da z nosného ramu, kterym je pfipojen k malotraktoru;
na ramu je pripevnéna prevodova skrin s upinaci hlavi-
ci vrtdkl a k rdmu jsou také pripevnény zdvojené ruko-
jeti. Pri préci jsou hnaci kola i vrtdk ve stdlém zabéru
— stroj pojizdi po ploSe, pri hloubeni jamky se stroj
sklopi okolo pomocnych pojezdovych kol (hnaci kola
ztrati kontakt s terénem — pojezd je pierusen). Pied vy-
hloubenim jamky nebo po ném lze divkovat sypky ma-
teridl k jamce z pfihnojovace; v jedné pracovni operaci
je tak vedle vyhloubeni jamky provedeno i doplnéni
obsahu Zivin v pidé, jez je oznacovano zvIasté pro vel-
ké sazenice za dulezité (Mracek, Lokvenc, 1974;
Rohrig, Gussone, 1982, aj.). Vykonnost ¢ini cca
300 jamek.h'l‘ pii pfihnojovéni je sniZena o 20 %.

¢) Sazeci nastroje pro vysadbu sazenic bagrem (Ne -
ruda, 1996) slouzi k vysadbé sazenic az do velikosti
odrostki prakticky na vét§iné stanovi$t. V ndvaznosti
na predchozi zkuSenosti byly déle rozvijeny pracovni
postupy bagrové vysadby vietné mozZnosti podsadby
a dosadby do existujicich porosti a délené jamkové vy-
sadby. Byla optimalizovéna konstrukce sdzeciho nastroje
z puvodni klinové do ploché (rycové) podoby, kterd spolu
s vhodnou geometrii bfitové Casti usnadiuje jeho zahlu-
bovani, zvySuje produktivitu prace a umoZiiuje pouZit
i niZ8i vykonové tfidy bagrt. PouZiti tzv. malych rypa-
del vykonovych tfid do 20 kW pro vysadbu se ukazalo
na zédkladé experimentdlniho sledovini ¢innosti bagru
JCB 804 (hmotnost 3 300 kg, vykon 19.5 kW) jako
redlné, vykonnost pii hloubeni jamek ¢ini 80-90 ks.h™!
a pii kompletni vysadbé 60-70 sazenic za hodinu.

d) Skarifikator SK-50 s agregovatelnym vipnicem
VA-0,2 slouzi k ploskové piipravé pudy s presné defino-
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vanymi parametry hloubky a délky zibéru, a to i v silné
zaburenélych lokalitich, s moZnosti prokypieni stfedu
plogky a synchronizovaného davkovani sypkych mate-
riald (drcenych hornin, hnojiv). Skarifikdtor i vapnic
jsou neseny na zadi traktoru a mohou pracovat bud' sa-
mostatné, nebo agregované. Pfi pracovnim nasazeni se
pracovni néstroje skarifikéatoru stridavé zahlubuji a vyhlu-
buji z pidy. V pracovni poloze jsou nastroje hydraulic-
kym systémem zatlaceny do pudy a v Zadouci hloubce
zabéru fixovdny liZinami opirajicimi se o povrch pudy.
Pohybem traktoru kupfedu jsou nastroje v pudé taZeny
a vytvareji plosku.

V navaznosti na dosavadni znalosti o téchto strojich
byly v ramci feSeni projektu uskutecnény predev§im za-
sadni zmény konstrukce davkovaciho ustroji agregovatel-
ného vapnice vedouci ke zlepSeni synchronni price ska-
rifikdtoru a vépnice, ke zpfesnéni divkovani sypkych
latek a na volbu zplsobu rozmisténi latky na povrchu
pudy. Sitka plosek je cca 50 cm, vykonnost 1,0-1,5 ha za
sménu (0,7-0,8 ha se souCasnym vapnénim).

e) Pomucky pro vysadbu velkych sazenic:

— podavaci kleSté na sazenice pii bagrové vysadbé se
skladaji z dvojitych pakovych rukojeti, spojovaci trubky
a chapadel. Pracovnik vloZi sazenici mezi chapadla,
pridrZi ji stiskem rukojeti, poda a pfidrZuje v jamce me-
zitim vyhloubené nastrojem na bagru. Zamérem tohoto
feSeni je zejména zvySeni bezpenosti prace pfi bagrové
vysadbé sazenic. Pfinosna je i mozZnost vzpfimeného
postoje pii vysadbé&. Jak prokizaly vysledky ovéiova-
cich zkousek, pouziti podavacich klesti se nijak nepro-
jevuje na sniZeni produktivity prace bagrové vysadby;

— vozik na pfepravu sazenic slouZi pro Setrnou terciérni
piepravu sazenic pii vysadbé. Vozik se sklada z lehkého
trubkového ramu se dvéma koly, k némuZ Ize pfipevnit
plastovou piepravni nadobu vélcového tvaru o priméru
volitelné velikosti (na modelu Cinil jeji primér 60 cm)
a vySce 80 cm. PouZitim voziku se dosdhne ochrany
sazenic pred povétrnostnimi vlivy, je sniZena i namaha-
vost prace pracovnikt provadéjicich vysadbu. Vysledky
ziskané pii ovéfovani voziku svédc¢i o tom, Ze jeho po-
uZiti je pfinosné a nijak nesniZuje produktivitu prace pri
vysadbe.

f) Experimentélni sazeci rameno bylo sestaveno ve
snaze prakticky ovéfit funkénost principu sdzeciho tstroji
pro prerufovanou ryhovou sadbu velkych sazenic.

Takovym sdzecim ustrojim je vybaven rakousky sdzeci
stroj Quickwood II, ktery se jako jeden z mala evrop-
skych sazecich stroju ve firemni dokumentaci oznacuje
za pouZitelny pro vysadbu sazenic aZ do vysky 200 cm
do hloubky 45 cm. S cilem provéfeni informaci ve fi-
remni dokumentaci pro ziskani objektivnéjsiho nazoru
na pouZitelnost tohoto stroje v CR bylo sestrojeno ra-
meno se sazeci botkou s parametry odpovidajicimi ra-
menu na stroji Quickwood II (Sitka 145 mm, vyska
350 mm, délka 200 mm). Rameno pak bylo nasazeno
na standardnim stroji Quickwood I. Vysazovaly se sa-
zenice smrku a javoru o vySce nad 1 m (pro umoZnéni
prichodu sazenic strojem musela byt jejich nadzemni
Cast zkricena).
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Bylo zjisténo, Ze nejduleZitéjsi sledovany parametr —
uloZeni kofenové Casti v pudé — odpovida zékladnim
pozadavkim, tj. vét§ina sazenic byla uloZena svisle, ko-
fenovy kréek byl v drovni povrchu pudy, puda okolo
kofenii byla néleZité utuZena a v celé vy3ce profilu
uzaviené ryhy se nevyskytovaly neZadouci dutiny. Tato
orienta¢ni zkouska tedy naznaluje, Ze funk¢ni paramet-
ry uvadéné ve firemni literatufe jsou redlné a Ze stroj
Quickwood II by mohl zabezpedit fadovou strojovou
vysadbu vétSich poloodrostki i odrostkir v nasSich pod-
minkach. Pfed zdsadnim rozhodnutim je oviem nutné
vykonat ovéfovaci zkousky originalniho typu stroje.

II. NEHMOTNE VYSLEDKY RESENI
Zakladni vysledky ziskané na pokusnych plochich

Od jara 1995 byly na n&kolika lokalitich v CR (v Krus-
nych horéich, na LH Sternberg v Tynisti nad Orlici a ze-
jména na Skolnim lesnim podniku Kitiny) pfi ov&fova-
cich zkouSkach nékterych technickych prostfedka
a postupti zakladany pokusné plochy s cilem zjistit pfi-
padny vliv zpusobu a prostfedku vysadby na ujimavost
a rast sazenic standardnich a velkych.

Pro porovnani vlivu jednotlivych variant vysadby na
rist sazenic se pfed vysadbou a nasledné po kazdé ve-
getacni periodé méfily vysky sazenic spolu s tlouStkami
kofenovych kréka a vysledky se zpracovdvaly stan-
dardnimi statistickymi metodami. Ve stejnych interva-
lech se sledovaly i ztraty na kulturach.

Piehledné jsou nékteré vysledky z vybranych pokus-
nych ploch na SLP zpracovany v tab. II. P¥i zakladéni
ploch byly pouZity vytfidéné prostokofenné sazenice.
Pfi jejich transportu i manipulaci byla vénovina vysoka
pozornost minimalizaci doby vystaveni sazenic vnéjSim
vliviim. Sazenice byly vysizeny maximalné do ¢tyf dnii
po vyzvednuti ve Skolce.

Na pfikladu pokusnych ploch z oblasti Skolniho lesni-
ho podniku Kitiny je patrné, Ze dynamika rastu u stan-
dardnich i velkych sazenic v prvnich dvou vegetacnich
periodach po vysadbé je srovnatelnd, tj. Ze velké sazeni-
ce maji tendenci uchovat si svij proporciondlni predstih
proti sazenicim standardnim. Vlivy riznych zpuasobu
vysadby na rust sazenic jsou pfitom minimdlni. Z toho
vyplyva, Ze obdvany 3ok z piesazeni i riistova deprese
u velkych sazenic byly minimalizovany dobrou kvali-
tou sazenic, jejich Setrnou manipulaci i spravné prove-
denou vysadbou. Velmi pozitivné lze u mechanizova-
nych technologii vysadby hodnotit vyS§i ztrdt, které byly
zietelné niZ§i neZz pfi rucni vysadbé. Priznivy vliv na
rist sazenic dubu i na vySi ztrat je zietelny pii aplikaci
ochrannych tubusu.

Zajimavé jsou i vysledky z nejstarsi, v tabulce neuve-
dené plochy, zaloZené na jafe 1995 bagrovou vysadbou
sazenic smrku. Tyto sazenice o primérné vysce 63,2 cm
vykazovaly v prvnich dvou letech po vysadbé prirtsty
obdobné hodnotdm v tabulce (10,5 a 11,9 ¢cm), ale ve
tfeti periodé€ je patrny velky pfirast sazenic (37,3 cm).
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II. Vyvoj vy3ky sazenic, tlouStky kofenového kréku a procenta ztrdt na kulturich zaloZenych na podzim 1995 a na jaife 1996 na SLP Kftiny — Plant height, root crown thickness and p ge loss in pl
set out in autumn 1995 and in spring 1996 in the Training Forest Establishment Kitiny

0. vegetaéni

1. vegeta&ni perioda*/1996

II. vegetacni perioda’/1997

Dievina/porost, perioda*/1995
hospodafsky soubor, lesni typ, | Zpiisob vysadby? . ’ . 5 . . . : . .
3 1 pram&my | primémé | prumémy | primé&md | pramér trdty? primémny | priméma | pramér celkové
termin vysadby piirist vyska’ piirtst® vyska’ kréku® (%)y piirust® vyska’ krcku® ztrity !
(cm) (cm) (cm) (cm) (mm) (cm) (cm) (mm) (%)
ruéné (sazenice standard) 18,4 30,0 11,4 41,4 89 30 16,1 57.5 10,6 5.0
sdz. stroj do nepf. pudy (sazenice standard) 26.6 38,3 7.8 46,1 8.5 3.0 20,6 66,7 11,5 5.0
sdz. stroj do pfipr. pidy (sazenice standard) 25,9 38,5 11,9 50,4 9.3 3,0 19,6 70,0 11,9 5.0
Smrk ztepily'!/295 B 11 jamkovag (sazenice standard) 256 38,9 11,3 50,2 9,5 4,0 20,0 70.2 12,2 6,0
HS 44, LT 3HI
podzim 19952 ruéné (velké sazenice) 34,1 68,6 10,0 78,6 12,0 3.0 19.3 97.9 16.3 5.0
sdz. stroj do pfipr. pidy (velké sazenice) 35,6 62,8 12,8 75.6 12,8 5,0 11,9 87,5 16,2 8,0
sdz. stroj do nepf. pudy (velké sazenice) 32,0 63,1 133 76.4 11,7 3,0 9,7 86,1 153 5.0
jamkova¢ (velké sazenice) 30,4 63,2 10,1 73,3 11,7 3.0 18.0 91,3 153 5.0
bagr (velké sazenice) 31,6 70.6 8.8 79,4 13,4 0,0 10,2 89,6 17,2 5.0
bagr (velké sazenice) 339 58,7 9,8 68,4 1,3 0,0 20,1 88,6 16,7 3,0
sdz. stroj do nepf. pudy (velké sazenice) 30,1 61.4 10.4 71,8 12,3 0,0 16,4 88,2 16,7 4,0
Smrk ztepily''/26 H 11 ruéné (velké sazenice) 29,9 553 8,6 63,9 11,9 10,0 17,1 81,0 16,7 15,0
HS 44, LT 3H2 .
podzim 1995'2 bagr (sazenice standard) 20,5 35.9 12,6 48,5 83 0,0 18,1 66,6 12,4 5,0
sédz. stroj do nepf. pudy (sazenice standard) 18,6 35,1 9,6 44,7 8,7 0,0 23,6 68,3 11,7 4,0
ruéné (sazenice standard) 22,0 32,0 7.3 39,3 y 5.0 20,0 59.3 12,0 10,0
jamkova& (velké sazenice) 30,0 58,4 8.2 66,6 11,6 50 15,3 81,9 16,3 9,0
bagr (velké sazenice) — ochr. tubus 72,2 93 81,5 10,3 0,0 65,1 146,5 13,6 3,0
sdz. stroj (velké sazenice) 71,3 10,6 81,9 10,7 5.0 53,5 1354 15,2 20,0
3 jamkovaé (velké sazenice) 73,7 13,7 87,3 10,2 5.0 44,2 131.5 16,3 20,0
Dub letni'¥/380
HS 443, LT 2H2 ruéné (velké sazenice) 69.7 13,0 82,7 12,0 25,0 39.8 1225 15,2 28,0
: 14
jaro 1996 bagr (velké sazenice) — volné 64,2 1.7 75.9 9.6 5.0 44,5 1204 13.5 12,0
sdz. stroj (sazenice standard) 35,6 1.7 43,3 6.3 5.0 31,9 75.1 9.4 12,0
jamkovaé (sazenice standard) 34,0 11,6 45,6 5.6 5.0 237 69.3 94 50,0
ruéné (sazenice standard) 31,3 79 39,2 5.5 5,0 20,3 59,5 9,1 50,0
Buk lesni!'¥/39 A 14 bagr (velké sazenice) 13,7 66,9 12,9 79.8 13,2 2.0 315 1.3 18,2 8,0
HSd 406, ll‘gs-},s‘) bagr (sazenice standard) 9.8 316 8.2 39,8 7.7 0,0 253 65.1 11,6 50
zim 1995'°
B jamkovag (velké sazenice) 129 67,5 14,3 81,8 12,5 5,0 259 107,7 179 10,0
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Pokracovini tab. I — Continuation of Tab. Il

0. vegetaCni . T Y.
e — perioda’/1995 1. vegetagni perioda®/1996 I1. vegetacni perioda®/1997
hospoddl‘.skyd soubor. lesni typ, | Zpisob vysadby* primérny | priméma | praméry | praméma | pramér arin? | Primémy | priméma | primér | celkove
termin vysadby pririst® | vygka’ pirast® | vyska kreku® (%)Y pririst® | vyska’ keeku® | ztrdty!?
(cm) (cm) (cm) (cm) (mm) (cm) (cm) (mm) (%)
jamkova¢ (sazenice standard) 9.1 39.0 14,7 54,7 8.6 50 225 77,2 12,7 8,0
Buk lesni'¥/39 A 14 siz. stroj do pfip. pudy (velké sazenice) 16,2 64,9 19,0 839 12,1 5,0 259 109.8 16.8 10,0
:;;‘3:'1;;57359 sdz. stroj do pfip. pudy (sazenice standard) 103 277 154 431 73 5.0 21,2 64.3 1,1 10,0
ruéné do pfip. pady (velké sazenice) 13.7 59.3 22,1 80,3 13,1 10,0 214 101.8 17,3 20,0
ruéné do pfip. pidy (sazenice standard) 9,0 24,9 12,5 374 6,8 12,0 20,5 57.9 11.4 15,0
Javor klen'6/280 B 7 bagr (velké sazenice) — achr. tubus 69.6 73 77.0 10,1 0,0 60,0 137,0 11,8 0,0
HS 4;*9-91544“ bagr (velké sazenice) — volné 69,2 8,5 77.7 9.7 0.0 19.1 96.8 12,5 0,0
aro
2 ruéné (sazenice standard) — volné 41,8 Z5 44,3 57 0,0 1.3 51,7 73 0,0
Osika'7/308 bagr — sazenice v ochranném tubusu 109,7 51,4 161.1 11,6 5,0 148.5 3094 21,2 10,0
HS 443, LT 2H2
jaro 1996' bagr — sazenice volné 104,2 48,0 152,2 10,7 10.0 1383 290,5 2547 10,0
'tree species, forest stand group, forest type, planting date, 2;.‘ ing method, 3 getation period 0, 4 ion period I, Sy getation period II, “average increment, 7avcrage height, “nverage root crown thickness,

*loss, '"total loss, lINorwny spruce, Zautumn 1995, I"English oak, I"spring 1996, lSEuropean beech, ' 'sycamore maple, 7aspen

I1I. Rekapitulace nékterych vysledki kalkulaci nakladdi na zalesnéni a zajidtni | ha plochy riznymi postupy — Review of some data on calculations of costs of reforestation and establishment of | ha plot by
different methods

Celkovy pocet = " =

< a 258 Spotieba Naklady Naklady

‘l;::ao(liové Technologicky postup zalesnéni” | PouZité sazenice® s:le'.:lgovi‘fl::‘lgé Ccnaus(aéz)cmc gszrf‘:_:zeia(s:) pohonnych zalesnéni® (K& celkové’

Y '(’ks)v ’ P hmot’ (1) | nasazenici) | (K&ha™)

la ; ) . hlavni i pfimiSend dfevina standardni sazenice 5160 22 440 918 29 7.4 63 760
Klasické ruéni technologie

b hlavni dfevina standard, pfimiSend dfevina poloodrostek 3878 19 656 826 29 8,3 56 738

2a Vysadba do mechanizovang hlavni i pfimiSend dfevina standardni sazenice 4 945 21 505 219 164 6,6 40 448

2b pripravené pidy (pruhy + jamky)| pjavni dfevina standard, piimiSend dfevina poloodrostek 3702 18 664 195 155 7,6 35 524

3a Strojova vysadba (hlavni hlavni i pfimiSend dfevina dardni sazenice 4730 20570 155 181 6,0 36 729
drevi izend strojem, s ; 5

3b p;f::\';;:n?ﬁ::.::?:;e hlavni dievina standard, pfimiSend dfevina poloodrostek 3562 18 104 146 186 7.5 33733

3c do jamek po jamkovaci) hlavni dievina standard. pfimidend dfevina odrostek 3245 17 270 136 183 77 32 348

2 . . . . . . . . - o R 3
'No., *technological procedure of reforestation, *planting stock. *total number of plants including beating up, “planting stock cost, “live work ption, "fuel ption, *cost of refc “total cost




Ztraty jsou velmi nizké (5 %). Kulturu lze tak povaZo-
vat ve tietim roce po vysadb& za zaji§ténou. Tyto tdaje
jsou pIné v souladu s uddaji z literatury (napf.
Schmidt-Vogt, 1970; Schmidt-Vogt, Giirth,
1969, 1977, Abetz, Prange, 1975, aj.).

V Kru$nych horach byla na LS Janov na jaie r. 1996
v rekonstruovaném porostu nahradnich dievin tvofeném
pasy smrku pichlavého a bfizy v nadmoiské vySce
450 m a na svahu 80-90% zaloZena pokusni plocha
v souvislosti s ovéfovanim optimalizovaného sazeciho
nastroje na krafivém bagru Menzi Muck. Vysazované
sazenice: smrk ztepily a javor horsky, primérna vyska
60 cm. Smrk pichlavy byl pokacen, pfitom byly pone-
chany prizemni piesleny vétvi jako biologickd ochrana
proti zvéfi. Bylo zjiSténo, Ze bagrem je moZné vysazovat
sazenice i tésné k ponechanym pahylim smrku pichlavé-
ho (coZ je jinak pfi ruéni praci znaéné obtiZné). Dalsi
vyznamné zji§téni je, Ze bagrovou metodou je moZné
realizovat i podsadbu sazenic pod ponechany porost bfi-
zy. To je dano dosahem vyloZniku (cca 8 m); v pfipadé
potieby by bylo moZné tuto technologii aplikovat i v sou-
vislych porostech po vykaceni zpfistupiiovacich linek
s rozteGi cca 15 m. Pfi kontrole v roce 1997 byla zjis-
téna velmi mald mortalita (kolem 5 %) sazenic.

1 z této relativné kratké Casové fady sledovani lze
odvodit, Ze ovéifované technické prostfedky i technolo-
gické postupy vysadby velkych sazenic jsou vhodné
a prinosné pro provozni pouZiti. Pro detailnéjSi posou-
zeni je oviem Zadouci ve sledovini vyvoje kultur na
pokusnych plochach pokracovat.

Kalkulace p¥inosi souvisejicich s pouZitim velkych
sazenic pri obnové lesa

Na zédkladé informaci ziskanych z literarnich Setfeni
a potvrzenych i vlastnimi poznatky z pokusnych ploch
lze zpracovat kalkulace umoZiujici exaktnéjsi vyjadreni
dasledki pouziti velkych sazenic pro obnovu lesa i vza-
jemné porovnani jednotlivych variant realizace vysad-
by.

Tato kalkulace musi zohlediiovat zejména dvé stranky:
— vy38i pofizovaci cenu sadebniho materidlu vétSich

dimenzi,

— rozdilné technicko-ekonomické parametry variant
technologickych postupti pfi zakladani a péci o kultury
do doby zajisténi s pouZitim sazenic standardnich a vét-
Sich dimenzi, zohlednéni predpokladanych efekti po-
uziti velkych sazenic (sniZeni hektarovych pocti, ob-
jemu vylepSovani, oZinani aj.).

Kalkulace byly zpracovény pro piiklad tvorby kultu-
ry smiSeného porostu o rozloze 1 ha s projektovanym
zastoupenim dfevin: smrk 70 % (hlavni dfevina), buk
30 % (pfimiSend dievina). Bylo zvoleno nékolik tech-
nologickych variant — od ¢isté ru¢ni prace aZ po mecha-
nizovanou. Ve skutecnosti lze vSak aplikovat i mnohé
dalsi kombinace zde neuvedenych technologickych postu-
pu. Rekapitulace vysledku kalkulaci je uvedena v tab. III.

10

Z vysledku jednotlivych kalkulaci jsou ziejmé vy-
znamné rozdily v parametrech individudlnich technolo-
gii vyjadienych jak v ndkladovych jednotkach, tak i ve
spotiebé lidské prace, sazenic a pohonnych hmot. Eko-
nomiku pouZiti velkych sazenic pii obnové lesa nelze
vztahovat jen na vlastni zalesnéni. Nédklad na samotné
zalesnéni v prepoCtu na jednu sazenici muZe byt totiz
proti standardnim sazenicim vy3$3i. Je tedy nutné vidy
posuzovat delSi Casovy usek, ve kterém se projevi jejich
pfiznivé vlastnosti. V kalkulacich je timto ¢asovym use-
kem doba reélné potfebna pro zajisténi kultury. Ekono-
miku pouZiti velkych sazenic piiznivym zplisobem vy-
razn€ ovliviiuji: sniZeni poCtu vysazovanych jedinci,
niz8i drovef ztrdat a zvlasté nizké ndklady na jejich
ochranu pied bufeni, pfipadné zvéii. Uvedeny zavér ko-
responduje s literarnimi prameny (Lokvenc, 1978;
Rosenstock, 1991).

NAVRH SOUBORU TECHNICKYCH PROSTREDKU
PRO PRODUKCI A VYSADBU VELKEHO
SADEBNIHO MATERIALU

Navrh obsahuje predevs§im ty Casti (prvky) soustav,
které jsou pro dany ucel specifické, tj. nezmiinuje se
o téch prostiedcich, jeZ jsou zcela obvyklé pfi realizaci
i jinych technologickych postuptl (tj. napf. stroje pro
pripravu pudy a substratl, ve Skolkéach, aplikatory pes-
ticidii, dopravni prostfedky atd.) a které lze vyuZit i pfi
produkci a vysadbé velkého sadebniho materidlu. Do
souboru byly zatazeny jak prostfedky sériové vyrabéné,
tak i nékteré perspektivni prostiedky vzeslé z vyzkumné-
ho feSeni grantového projektu, jejichZ vysledky z ovéio-
vacich zkouSek naznaCuji provozni pouZitelnost.

Navrh je zpracovan ve formé tabulkového pichledu
(tab. IV a V) a miZe slouZit pro zakladni orientaci v da-
né problematice.

ZAVER

Vysadba poloodrostki a odrostki pii umélé obnové
lesa ma celou fadu pozitiv, ale i problému. PrestoZe jeji
uplatnéni nelze chipat jako pausalni a nebude hlavnim
zpusobem obnovy lesa, maze se v uritych podminkach
stat pouZivéani velkého sadebniho materidlu nejen racio-
nalizacnim prvkem, ale i vyznamnym prvkem pésteb-
nim. Pro dosaZeni Zadoucich piinost a potlaceni nega-
tivnich jevi pfi pouziti velkého sadebniho materidlu je
nutné respektovat zdkladni zdsady vychdzejici z biolo-
gickych pozadavku dfevin a stanoviStnich podminek.

Proti standardnimu sadebnimu materidlu jsou techno-
logické postupy péstovani i vysadby poloodrostki a od-
rostkl odli¥né a pii své realizaci vyZaduji vhodné technic-
ké prostiedky, spliujici pozadavky dané biologickymi
i technicko-ekonomickymi podminkami. Tato zdsada by-
la respektovana i pri vyzkumném feSeni grantového
projektu. Prezentované vysledky, piestoZe nemohou byt
zcela vyCerpavajici, naznacuji zpusoby technického za-

J. FOR. SCI., 45. 1999 (1): 2-15
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1V. Piehled technickych prostfedki vhodnych pro p&stovéni velkého sadebniho materidlu — A survey of technical means usable for cultivation of large-sized planting stock

a pInéni obali

Meyer-Méschle, Javo)

3 000 ks za sménu, 2-6 osob obsluhy (podle typu stroje)

Pofadové Poiadové Pivod
&slo | Operace? gislo Typy technickych prostfedki® :lt;ls(:ie dkys | ZiKladni technicko-ekonomické parametry® Pozndmka’
operace' prostedku? P
A. Péstovini prostokofennych poloodrostkd
§ifka zdb&ru: 1 500 mm, hloubka podiezani: do 30 cm, fez horizontaln{
1 podfezavaé kofend aktivni — R i vertikdlni, vyska sazenic do 60 cm, pohon: traktor 40 kW, pracovni u vy3Sich sazenic nutny
; . . Chameleon rychlost: 1-2 km.h~!, obsluha: fidi¢ + pomocnik, lze upravit i pro ochranny kryt na traktoru
L :c‘;"gngg:;":ﬂs":z";n'i‘:k““ vyzvednuti kazdého 2. fadku pro spon fad 42 cm
e o Sifka zdb&ru: 1 500 mm, hloubka podfezani: do 15 cm, fez horizontalni
2. lg:u dzz::;irakuvm Egedal Imp. i vertikdlni, sazenice v fadcich, pohon: traktor 40 kW, pracovni
rychlost: 1-2 km.h!, obsluha: fidi& + pomocnik
" A g e upravend verze stroje ad 1., zv&tSeni pracovni hloubky na 35 cm vhodny jen do
2. :)arzuelll‘é;cpodrezévﬂm Korend 3. pc(;‘dh:?vaé korent:akiivny CR a pruchodnosti pro sazenice o vySce do 80 cm, ostatni idaje shodné, specializovanych provozi -
Amieon nutné pouZit specidlni traktor se zvy3enou svétlosti! nutnost specidlniho traktoru!
sedmifddkovy Skolk. stroj s ruéni obsluhou, rozestup fadkd 208 mm,
4. Skolkovaci stroj RL2-035 CR semenicky do 25 cm vyiky, traktor 40 kW, obsluha: 1 + 8 osob,
3 Prvni Skolkovani pracovni rychlost: do 250 m.h~!
8 | o) Reotal Swone |t obdobné parametry jako ad 4.
stroj vyuZivajici Skolk. €ldnky s vynaSecimi sdzecimi radlickami, $itka
variabilni $kolkovaci stroj ze ryhy: cca 10 cm, vySka sazenic: 25-80 cm, podet (1-5) a rozestup —
6: sdzecich ¢lankd R Elanku volitelné, pohon: traktor 40 kW (vice€lankové verze), obsluha pouZitelng jen ve. Skolce
4. Druhé Skolkovéni rucni, pracovni rychlost: 300 m.h~'
X Styftadkovy stroj s ruéni obsluhou, vySka sazenic do 100 cm, vysadba
W S ey el v do ryh (sézeci ryhovaci radlice)
8. ruéni zahradnické nafadi CR/Imp. klasické ruéni stfihaci nafadi - nuzky
S: Tvarovéni koruny : G : : ;
e s pohon vzduchem nebo hydraulicky, nutny zdroj energie, vhodné jen pro
9. pohdnéné stfihaci nifadi Imp. specializované velkoprovozy
10 vyordva¢ velkého sadebniho CR jednofddkovy, bo&né neseny, pracovni hloubka max. 40 cm, traktor
i materidlu — Chameleon 40 kW, | pracovnik, pracovni rychlost: 1-2 km
6. Sklizei 11. ‘g:(:‘:’;i ‘iell:(:t:':; sadebnfho Imp. obdobné parametry jako ad A/10, pracovni hloubka 50 cm
12 adiustaking s balici st R baleni do plastovych pytld, vykonnost podle sazenic cca 3—4 pytle za
i J ) minutu, 2 pracovnici
B. P&stovini obalenych poloodrostki
" 2 2 . osazovaci stoly se zdsobnikem substritu, drZikem plnénych obali, <
I. R“érfl osazovintapintni 12. Jc.d nodiiché pomticky!visstnl pievaha ruéni price, sm&nova vykonnost 300-500 ks osdzenych obali Vhiogné:pro:malé;ohjemy
obali vyroby produkce
na osobu
. . Sl vykonné zafizeni charakteru strojnich linek, maximalni primér obali "
2: Mechanizované osazovén 13. plnicf a osazovaci stroje (napf. Imp. véetné sackd do 25 cm, vykonnost na osobu podle obalu a sazenice cca vhodné pro velké objemy

produkce
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Pokracovani tab. IV — Continuation of Tab. IV

30-50 ks.h!

Porfadové Potadové Pavod
¢islo Operace? &islo Typy technickych prostiedki* rostredku’ Zékladni technicko-ekonomické parametry® Poznamka’
operace' prostiedku? P
C. Péstovéni odrostkil

1L Esvat podfez:iv:ini kofend stejné jako ad A/l nebo A/2

semenacki
2. Prvni Skolkovani stejné jako ad A.

Druhé 3kolkovéni - o
i sazenice jako poloodrostky siEjk jaka/ad A,

3 , % podfezivaé taZeny portalovym traktorem nebo lanem navijdku, pasivni g
4. Druhé podiezavani 1. jégrgi‘égkovy podtczavae Imp. nuZ tvaru U, hloubka zibéru 50 cm, ruéni smérové navadeéni, v:l(:;l)né_p rg S.pecmllzov:mé
i 2 pracovnici, pracovni rychlost do 1 km.h~! Velkovyront:provozy

Vyzvedéviani jako vyordvaé¢ velkého sadebniho " .

3 prostokofenné odrostky 2. materidlu Fobro Imp. obdobné parametry jako ad A/10, pracovni hloubka 50 cm
e . i A hydraulicky ovlddany adaptér s oto&nym noZem tvaru U, primér balu ioti

6. Vyzvedn)mm jako a, vykrajovaé hroudovych odrostki Imp. 40-60 cm, samochodny podvozek, | pracovnik, vykonnost vhodné'pro s'pccmllzované

hroudové odrostky YMD-60 30-50 ks.h-! velkovyrobni provozy

D. Vyzvedavéni hroudové sadby v porostech
ruzné typy ruéniho nifadi (motyky, sekeromotyky, krumpace, ryce, duté
1. Vyzvedavani ruéni k ruéni hloubici nafadi CR/Imp. ry&e), pracnost odvisld od mnoha faktord (rozpojitelnost pudy, vyspélost
a druh dfeviny): poloodrostky 5-10 min.ks™!, odrostky 20-35 min.ks™!
. a A & hydraulicky ovlddany adaptér s otoénym noZem tvaru U, primér balu g

2. :\z;z?z\?:z:n ¢ 2 \é)ék;:govué hroudovych odrostki Imp. 30-60 (80) cm, samochodny podvozek, | pracovnik, vykonnost pouziti:omezeng tecénem

a pudou (obsahem Stérku)

Vysvétlivky — Explanatory notes: Piivod prostfedku: CR — tuzemskd vyroba existuje nebo je redlnd, Imp. — dovoz — Origin of means: CR — domestic production exists or is feasible. Imp. — imported

1 . . . s ... . . . 7
operation No., 2opcranon. *means No.. lepcs of technical means, “origin of means, Sbasic technical and economic parameters, 'note
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V. Piehled technickych prostfedku vhodnych pro vysadbu velkého sadebniho materiilu — A survey of technical means usable for production of large-sized planting stock

Poradové . Potadové T technickich Pivod Oblast PouZiti v
cislo Operace- &islo L‘;{k dkit ¥ costicdku’ Z4kladni technicko-ekonomické parametry® wziti? terénnich
operace' prostiedku® | P p po typech®
A. Priprava pady
Radovi ploskova skarifikator SK-50 + 2 . . N W
I ptiprava's 1.2, agregovatelny vapnic R plf)‘§ka Site 50‘cm.. délka a hloubka v:)llm.lné. zﬁkl:u.im V).'knnnost 1,0-1,5 hasm™, 1 1, 12, (13)
moZnosti ptihnojen VA-0.2 vykonnost s vipni¢em 0,7-0,8 ha.sm™', | pracovnik, traktor 40 kW
3 :;‘3‘;““ pliprava 3, |SEepkaied e pruh Sife 50 cm, vykonnost 1.0-1.5 ha.sm™. | pracovnik, traktor 40 kW | I, 12
3 N;;::a::iip::\islné 2 agregovatelny vipni¢ R zisobnik 0,2 m?, divka volitelnd, vykonnost 0,7-0,8 ha.sm™!, 1 pracovnik, 1
: gmmg‘ v VA-0.2 traktor 40 kW
pfenosny motorovy wk : o5 s = : -1
T . ykonnost podle dimenzi jamky, stavu piudy a zabufenéni terénu do cca 350 ks.h™", .
SiavE 4 _;;111111;%\(/;;6 (napk. Sthl: | fmp. 2 pracovnici. jamka do priméru max. 35 cm h.2:3 bez omezent
amkova pfiprava =
pudy jamkovac na vykonnost podle dimenzi jamky, stavu pidy a zabufenéni terénu do cca 250 ks.h~!,
4. motomanudlnimi 3. jednokolém podvozku Imp/CR 1 pracovnik. jamka do primé&ru max. 35 cm 12,3 11,12, (13
jamkovati s R vykonnost podle dimenzi jamky, stavu pidy a zabufenéni terénu do cca 300 ks.h™'
6. BIYeIIZE A CI OV CR (pfi soucasném prihnojovini sniZeni o cca 20 %), 1 pracovnik, jamka do primé&ru max. 1.2,(3) 11, 12, (13)
s pfihnojovaéem 35 cm
ne§:né ia;n;k:vaée " vykonnost podle dimenzi jamky, stavu l.ln'ldy a zabufenéni terénu, poCtu a umisténi
% :'Tlu:;le‘::: (cnnpl‘ CR/Imp. vrtdkd do cca 300 ks.h™! (cca 500 ks.h~' u ztrojené verze), traktor 40 kW, 1 pracovnik, 1,2 11, 12
— IN-90U. WB 1, WB 3) jamka do primé&ru max. 50-60 cm
S. pudy nesenymi nesené jamkovade na X " . . J1
s : tar s z vykonnost podle dimenzi jamky, stavu pidy a zabufenéni terénu do cca 250 ks.h™, 5 11, 12, 13,
Jamkoyucy .t :g:(x:;a(l)x}:lc;: raktorech | CR jamka do praméru cca 45 cm, | pracovnik L2.@3) (14)
9 jamkovaé s m adaptér k bagru (pasovy nebo kracivy, 40 kW), soudasné pfihnojovani, vykonnost 12,3 11-(14),
. piihnojovatem LoBo P- cca 180 ks.h™!, jamka o priméru cca 35 cm, 1 pracovnik T 21-(24)
B. Mechanizovand vysadba
Nisadba shzecint 9. ryhovy sizeci stroj CR poloodrostky do 80 cm, vykonnost podle stanovisté do cca 3 000 ks.sm™', 3 pracovnici 1 11, 12, (13)
6. st:’o'i sdzeci stroj Quickwood poloodrostky a odrostky do 200 cm, vykonnost podle stanovi$t& do cca 3 000 ks.sm™',
j 10. Imp. i 1 11, 12, (13)
11 3 pracovnici
1 zdkladni stroj: pasové | CR jamky: %itka 40 cm, hloubka 30 cm, vykonnost: 80-90 ks.h™! (jen jamkovani), L2.3 11-(14),
< bagry tiidy 20 kW (ndstroj) 60-70 ks.h~' (vEetn& vysadby), dosah vyloZniku 4 m L2 21-(24)
B Vysadba sizecimi 12 zdkladni stroj: pasové | CR jamky: Sitka 45 cm, hloubka 40-60 cm, vykonnost cca 150-170 ks.h™! (jen jamkovani), 1.2.3 11-(14),
. ndstroji na bagru . bagry tfidy 40 kW (ndstroj) 100-120 ks.h™! (v&etn& vysadby), dosah vylozniku 8 m g 21-(24)
13 zékladni stroj: kra¢ivé | CR jamky: ¥itka 45 cm, hloubka 40-60 cm, vykonnost cca 120-140 ks.h™! (jen jamkovani), L23 11-(15), 21-
o bagry (fidy 40 kW (ndstroj) 90-110 ks.h™! (véetn& vysadby), dosah vyloZniku 8 m W (25) (31-35)

Vysvétlivky:
Puvod prostiedku: CR - tuzemskd vyroba existuje nebo je redlnd, Imp. — dovoz

Oblast pouziti: 1. fadove zakladané kultury vEetng fadové smiSenych, 2. skupinové smisené kultury, 3. vylepSovani kultur, zajisténi piimési melioracnich a zpeviiovacich dfevin, () — pouZiti omezeno paramelry stroje
PouZiti v terénnich typech: () - do limitniho sklonu a priichodnosti podle konkrétniho typu stroje

For 1-6 see Tab. IV, 'mode of use. *use in terrain conditions




bezpeceni jednotlivych technologickych operaci a mo-
hou byt tvaréim zptisobem uplatnény v lesnim provozu.
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TECHNOLOGY FOR THE PRODUCTION AND PLANTING OF LARGE-SIZED

PLANTING STOCK OF FOREST TREES

J. Neruda

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

613 00 Brno

The following plants rank among the quality group
of large-sized planting stock: large plants (height of the
above ground part 51-120 cm) and saplings (height of
the above ground part 121-250 cm).

In the past, the planting out of large plants was par-
ticularly applied when extreme conditions for refores-
tation occurred on weed-infested areas after natural dis-
asters or insect outbreaks. Such a situation happened
e.g. in Germany (Helbig, 1978) and in the Czech
Republic (Pefina, 1969). As the use of large plants
facilitates rapid growth of young plantations from the
zone of frost, weed and game danger, this method of forest
regeneration appears to be topical also at present
(Dusek, 1980). New interest in large plants in Germany
occurs in the 1960s in looking for optimum plants which
could rapidly grow away from the endangered zone after
planting out (Schmidt-Vogt, Giirth, 1969). It is
necessary to study the current problems of reforestation
using large plants and the need to increase work produc-
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tivity by suitable means of mechanization (Huss,

1993).

With respect to the current state of forestry, the pre-
sent possibilities of using large plants in forestry of the
Czech Republic are even a little larger as compared
with the past situation. They can be applied particularly
in:

— clear-felled areas reforestable only with considerable
difficulties, i.e. old and weed-infested cleared areas,
areas induced by air pollution, in the vicinity of wa-
tercourses, in frost pools, areas under the heavy im-
pact of game etc.;

— beating up and improvement planting, particularly in
young plantations with gaps and not fully established
using plants of similar size and the same species as
the young plantation;

— using admixtures of reinforcing and soil-improving
species in present pure plantations. It is one of the
most important possibilities of applying large plants

J. FOR. SCI., 45. 1999 (1): 2-15



by means of which a stable forest is established diffe-

rentiated from the viewpoint of species, age and space.

Expected benefits of using large plants: lower num-
ber of plants for reforestation, rapid growing away from
the effect of weed and game, lower labour consumption
and costs for the protection of young plantations, quicker
fulfilment of soil-improvement and reinforcing func-
tions and attaining the condition of an established plan-
tation. Problems in using large plants: general shortage
of quality large plants and higher costs of their produc-
tion, considerable requirements for technological disci-
pline in the whole process of obtaining and using the
planting stock, insufficient equipment of forestry prac-
tice with suitable technical means.

The main objective of grant project No. 504/95/1205
Technology of planting and production of large-sized
planting stock is to design on the basis of analysis modi-
fication and completion of the system of technical
means for the production and planting of large plants
and to test functional parameters of the new means. At
the same time, three basic interconnected groups of re-
quirements were taken into consideration: operational,
economic and constructional.

The following new technical devices have been de-
veloped and tested:

— a planting element for raising large plants in forest
nurseries equipped with the new type of a planting
ploughshare improving the quality of the 2nd trans-
planting of standard plants. The number and arran-
gement of particular elements are variable according
to the desired spacing of plant rows in nursery beds;

- a milling drill-hoe for making furrows in the soil of
nursery beds for transplanting standard plants;

— an active cutter of nursery beds equipped with an
undercutter for plant roots (plants up to 60-80 c¢m in
height) serving for raising large-sized plants by me-
ans of vertical and horizontal undercutting (no trans-
planting);

- a large plant digger (lifter) attached behind the tractor
and lifting one row of plants at a depth of max. 40 cm;

- a one-row root undercutter designed for an uniaxial
tractor of 3.5 kW. Undercutting is carried out by
a T-shape vibrating knife at a depth of max. 28 cm;

— an adjusting and packing stand for bundling and wrap-
ping the root parts of bare-root large plants into bags
for predispatching preparation of planting stock;

— a manual one-man hole-digger installed on a single-
wheel chassis enabling to use standard power hole-
diggers for digging holes by one person;

— aself-propelled one-man hole-digger with an additi-
onal fertilizer applicator is an attachment for an uni-
axial tractor serving for plant hole digging by one
worker with the possibility of synchronized fertili-
zing;

— planting instruments for planting by an excavator
serve for planting out plants up to the size of sap-
lings in the majority of sites;

— a scarifier with an aggregable lime applicator atta-
ched to a tractor serves for spot site preparation with
exactly defined parameters and with a possibility to
loosen the centre of a spot as well as to dose loose
materials synchronously;

— feeding tongs for plants in excavator planting for
increasing work safety;

— a truck for hauling plants equipped with a plastic
container serves for the cautious tertiary transport of
plants in the course of planting;

— an experimental planting arm. Using the arm, the prin-
ciple of planting equipment for intermittent trench plan-
ting of large plants was tested.

In evaluating the development of young plantations
on experimental plots established in the course of test-
ing the technical means it was found that the dynamics
of growth in standard and large plants was comparable,
i.e. that large plants showed a trend to maintain their
proportional advance (advantage) as compared with stan-
dard plants. In mechanized methods of planting, mark-
edly lower losses occurred as compared with manual
methods of planting large plants.

Economics of using large plants in forest regenera-
tion cannot be related only to reforestation proper. Cal-
culations of basic economic parameters for particular
methods of regeneration and their variants show that
using large plants is advantageous particularly in rela-
tion to a longer time period, i.e. up to the time of the
plantation establishment. The conclusions correspond
with literature sources (e.g. Lokvenc, 1978; Rosen-
stock, 1991).

Proposals of the systems of technical means for the
implementation of major operations of production and
planting both bare-rooted and containerized large plants
have been prepared in tables.

Kontakini adresa:

Doc. Ing. Jindfich Neruda, CSc., Mendelova zemé&délska a lesnickd univerzita, Fakulta lesnickd a dfevaiskd, Lesnickd 37,

613 00 Brno, Ceski republika
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TREE AND STAND ARCHITECTURE AND GROWTH
DESCRIBED BY FORMAL GRAMMARS -
I. NON-SENSITIVE TREES

MODELOVANI STROMOVE A POROSTNI ARCHITEKTURY
A RUSTU POMOCI FORMALNICH GRAMATIK - I. PRO STROMY
NESENZITIVNIHO TYPU

W. Kurth, B. Sloboda

Universitat Gottingen, Institut fiir forstliche Biometrie und Informatik, Biisgenweg 4,
D-37077 Gottingen

ABSTRACT: With the increase in computer performance, 3-dimensional simulations of tree architecture with an unpreceden-
ted level of detail became possible. A formal framework for such structural models is provided by parallel string rewriting
grammars (Lindenmayer systems). This formalism is presented here, together with several extensions tailored for botanical
and forestry applications, comprising interpretative rules, an accelerated expansion of string parts, and object references. These
formalisms are demonstrated by models of growing beech shoots and spruce stands, having an empirical basis and made visible
by a generic software named GROGRA.

tree architecture; virtual tree; crown morphology; crown development; Lindenmayer system; growth grammar; simulation;
visualization

ABSTRAKT: S rostoucim vykonem poéitati je také umoznéna 3-dimenziondlni simulace stromové architektury s doposud
nevidanym stupném jeji komplexity. Formdlni technika pro tyto strukturdlni modely se realizuje pomoci gramatiky. kterd
paralelng interpretuje textové fetézce (Lindenmayerovy systémy). Tento formalismus je zde podin spoleéné s dalSimi obsa-
hovymi rozsifenimi, kterd jsou pfizplisobena pro botanické a lesnické aplikace a ktera také obsahuji mj. interpretadni pravidla,
zrychlené prodluZovéni &asti stringl a objektové informace. Uvedeny formalismus je demonstrovin na ristovém modelu pro
bukové vyhony a pro smrkovy porost, které jsou empiricky podloZeny a byly vizualizovany pomoci generického softwaru
GROGRA.

stromovd architektura; virtudlni strom; morfologie koruny; vyvoj koruny; Lindenmayeriv systém; ristovi gramatika; simulace;

vizualizace

INTRODUCTION

Modelling can be conceived as a means to organize
scientific knowledge and to check hypotheses for consis-
tency. In the last decades, models in biology and for-
estry have often concentrated on population dynamics
or on processes affecting or being part of the metabo-
lism of plants. In these ,functional models*, the highly
heterogeneous structure of forests was often grossly simpli-
fied or even neglected. However, knowledge about the
structure of plants and plant communities, or forest
stands, forms an important part of botany and forest
science. Only by creating mathematical models which
include some structural, morphological features, one
can hope to construct a bridge from the descriptive lan-
guage of classical botany to contemporary quantitative
methods (Kurth, 1994a). Even more, the very activity
of changing the structure of forests is the main way how
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foresters — traditionally, and still today — control the
development of trees and of whole stands. The ecologi-
cal consequences of different silvicultural techniques,
the reactions of trees to thinnings, determinants of
wood quality like stem shape or knottiness — all this is
intimately related with the 3-dimensional structure of
trees and with its control and development during on-
togenesis. Since all processes in a forest depend on this
structure, even ,functional modellers* detect more and
more the relevance of structure-function relationships
(Fisher, 1984; Kiippers, 1989) and include mor-
phological features into their process-oriented models.
The term , functional-structural model* was coined for
approaches combining both aspects, morphology and
process (Sievidnen etal, 1997).

But for modelling plant structures today, there is no
need to begin with Adam and Eve. More or less inde-
pendently from the ,mainstream® of biological process-

J. FOR. SCI., 45, 1999 (1): 16-30



-oriented modelling, there have been at least six tradi-
tions of structural plant studies which led to morpho-
logical models and computer simulations:

1. Emerging from the work of Hallé, Oldeman
(1970) and Hallé et al. (1978) on the (qualitative)
architectural classification of trees, there was a French
school on tree morphology, which had - together with
practical, agronomical motivations (cf. e.g. Reffye,
Snoeck, 1976) — a strong influence on the creation
of the AMAP simulation system (,,Atelier for the mode-
lisation of the architecture of plants®) at the CIRAD,
Montpellier [see Reffye et al. (1995) for an over-
view of the current directions of development].

2. Another research direction, traditionally strong in
the Anglo-Saxon countries, concentrated on theoretical
considerations and on the detection of general morphologi-
cal rules. The monographies of D” Arcy Thompson
(1942) and Stevens (1974) can be seen as forerun-
ners. Interest in the modular construction of plants
(White, 1979), in the demography of plant organs
(Maillette, 1982), in the fate of buds (with simula-
tion studies based thereupon: Bell, 1976; Bell et
al., 1979), in foraging and growth strategies (Bell,
1984; List etal, 1994; Stoll, 1995) and particularly
in cost-benefit relationships (Oborny, 1994) and opti-
mality (Fisher, Honda, 1979) can be seen as typi-
cal of this rather diverse strand of tradition. Morphol-
ogy is conceived as a process (Sattler, 1992), and it
is tried to bring adaptation in a relation to quantitative
morphological indices (Borchert, Slade, 1981) — the
latter approach, however, is discussed controversially
(Waller, Steingraeber, 1983; Fisher,
1984). Paleobotanical analyses of morphology (Nik-
las, 1982, 1986) and simulations of the evolution of
growth rules (Kim, 1996; Jacob, 1997) can also be
subsumed under this ,,theoretical biology* studies, since
form is seen from the perspective of a singular theoreti-
cal principle (adaptation).

3. Originating with the work of Lindenmayer
(1968) on rewriting systems describing the growth of
filamentous organisms, there was a ,theoretical com-
puter science* strand of tradition, concerned with the
so-called Lindenmayer systems (L-systems; we will give
an exact definition below in text). This mathematical
formalism parallels the notion of ,,phrase-structure gram-
mar* used in linguistics to study the syntax of natural
languages and of programming languages. It was an
important step by Lindenmayer to apply such a formal-
ism to the shape and growth of organisms and hence to
build a bridge between biology and formal language
theory. However, most of the work done on L-systems
concentrated on mathematical properties of the sets of
strings defined by them, not on the morphological struc-
tures encoded by the strings. — Another approach, also
based on a more or less combinatorial formalism, was
the matrix method of tree simulation of Viennot et
al. (1989). A revitalization of plant modelling with
L-systems came with the monography of Prusinkie-
wicz, Lindenmayer (1990). New developments
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are described in Prusinkiewicz etal. (1997). Our
approach is also strongly based in this formal founda-
tion of describing plant development by grammars
(Kurth, 1994b).

4. For the purposes of visualization and animation of
plants, researchers from computer graphics became in-
terested in tree structure. Their algorithms for creating
virtual plants were often ad hoc, and concentrated on
the optical impression and on efficiency rather than on
botanical validity (Kawaguchi, 1982; Bloomen-
thal, 1985; Reeves, Blau, 1985; Greene, 1989;
Brinkhus et al, 1995; Soch, Bene¥, 1995;
Deussen, Lintermann, 1997). However, im-
portant ideas concerning discretization and efficient
data processing coming from this field were useful for
other, more substantial models, too.

5. The discussion on forest decline and acid rain on
the one hand, and the demand for new predictive tools
and for rationalization in forestry on the other hand
initiated a renewed interest in morphological phenom-
ena in frequent forest trees (Gruber, 1987; Roloff,
1989; Schill, 1989; Kellomiki, Kurttio, 1991;
Colin, 1992; Tselniker, 1994; Deleuze et al,
1996) and in integrated models containing physiologi-
cal and structural features (Ford et al., 1990; Kel-
lomidki, Strandman, 1995; Pfreundt, Slo-
boda, 1996; Perttunen etal., 1996) among forest
scientists and ecologists. The failure of some process-
based models to reproduce the effects of soil pollution
on tree growth led to individual-based forest models
with more refined structural components but less de-
tailed process descriptions (Hauhs et al., 1995).

6. At last, special-purpose architectural plant models
were developed in diverse contexts, particularly in zo-
ology (concerning the interaction of insects with tree
crowns: Kaitaniemi, Honkanen, 1996) and in
bioclimatology (modelling the radiation regime in plant
canopies: Goel et al, 1991; Knyazikhin et al.,
1996; Govaerts, 1996).

Today, these strands of tradition are strongly inter-
woven with each other. Ad hoc plant simulation models
are still constructed and can have some advantages in
efficiency and interfacing with special software; how-
ever, the formalism of L-systems has meanwhile been
extended to a powerful description tool, having the char-
acteristics of a general programming language (Chien,
Jirgensen, 1992; Goel, Rozehnal, 1992; Bo-
rovikov, 1995) and including specialized features for
morphological plasticity and interaction mechanisms in
plants (Kurth, 1994b, 1998; Prusinkiewicz et
al., 1997). The advantage of having such a formal basis
lies in the precision and reproducibility. of model speci-
fication, in the applicability of theoretical results from
formal language theory, and in a higher universality
and — hopefully — transparency of modelling.

In this paper, we will explain an extended L-system
formalism, which was designed for botanical tree simu-
lations with the software GROGRA (Growth Grammar
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Interpreter, Kurth, 1994b). The classical ingredients
of these ,,growth grammars* are presented in Section 2,
and some new extensions in Section 3. The application
of these extensions is demonstrated by examples in Sec-
tion 4. A short description of GROGRA and a critical
discussion of the results will finish this paper, which is
devoted to ,,non-sensitive grammars, i.e. to architec-
tural growth specifications neglecting the influence of
the environment on the tree (or accounting for it im-
plicitely by stochastic components). Such models re-
flect the genetical basis of plant form to a great extent.
The sequel of the paper will focus on ,sensitive* gram-
mars, i.e. on the representation of causal relationships
between the tree and its environment.

FUNDAMENTAL FORMAL TOOLS
OVERVIEW

The specification of structural development by formal
grammars can be conceived as being stratified in three
levels of formal description, each with its own ideas,
mathematical background and symbolization (Fig.1;
Kurth, 1994b):

(1) 3.)

v v
/ “\l/~
I
=\ ]
(2) | \ \|/
N |
= \l/ ===

L. The three levels of formal description of plant form. (1) Statical
description, (2) development, (3) control of development

(1) The specification of a structure at a fixed moment
in time (statical description). This level of specifi-
cation can be further differentiated into
(1a) topology,

(1b) geometry,

(lc) additional, non-geometric attributes.

In the growth-grammar approach all these specifi-
cations are achieved by the so-called rurtle geomet-
ry(Abelson, diSessa, 1982), an interpretation
method relating command strings (input) to geo-
metrical structures (output).

(2) The specification of how these structures develop
in time. This is done by rule systems operating in
a parallel manner on strings (which are in turn in-
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terpreted in a geometrical manner at level 1). We
speak of Lindenmayer systems (L-systems) in a nar-
rower sense.

(3) The control which of several applicable rules is
actually applied in a given situation. This control is
carried out in the framework of growth grammars
with the help of features like stochastic rules, ran-
dom variables, parameterization, conditions, two-
phase rule application, sensitivity and local register
handling.

Some of these specification tools and features are
only briefly sketched here, some are explained in more
detail below.

TURTLE GEOMETRY

When the dynamical aspect is neglected, the objects
which are created by the GROGRA software are simply
branching structures in a 3-dimensional space which
are built up of cylindrical units — each with its own
length and diameter — which can bear additional, non-
geometric attributes (standing e.g. for colour or assimi-
late content). We speak of (geometrical) structures. The
cylinders are called elementary units and normally have
the meaning of botanical growth units or shoots (see
Room etal, 1994, for a list of definitions of relevant
morphological terms). In some applications with
a more detailed level of resolution they can also stand
for internodes; examples will follow below. The intro-
duction of object references, which will be explained later
in more detail, enables the inclusion of more complex
objects instead of simple cylinders, but the basic prin-
ciples remain the same. Each unit has at most one
mother unit (supporting unit) from which it emerges.

Turtle geometry is a formal tool to describe such
structures. Its underlying philosophy is that there is
a device, called the turtle, which can be told by com-
mands to move, to change its orientation in space and
other attributes, and to construct elementary units with
given attributes while moving. The state of the turtle is
a data record containing all relevant information on its
position, orientation, and all attributes to be used in the
next construction step. More precisely, the state vari-
ables of the turtle include:

P =(p, py. p,), a vector specifying the position of the
turtle in space,

H=(h, Ix). h,) (= head), a vector of unit length speci-
fying the direction of the turtle’s next move,

L=(l, l)" l,) (= left) and U = (u, Uy, u) (= up), two
vectors of unit length, orthogonal to each other and
to H, specifying directions to be considered as
Hleft and ,,upwards®, respectively, with respect to
the turtle,

1, a real number specifying the length of the next move

and at the same time the length of the next elementary

unit to be constructed,

d, a real number specifying the diameter of the next

elementary unit to be constructed,
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v, a real number specifying a vertical tendency which
is to be obeyed when a special command, the RV com-
mand, is given,

n, a real number specifying a non-geometrical parame-
ter of the next elementary unit to be constructed, cur-
rently used for foliage mass or surface supported by the
shoot,

¢, a real number specifying another non-geometrical pa-
rameter, currently used for the quantity of carbon or
assimilate stored in the shoot,

u, an integer specifying a parameter which can be used
for various purposes,

p, an integer specifying the colour of the next elemen-
tary unit (in the current GROGRA version the colour is
encoded according to the simple EGA colour table with
16 colours, but this could easily be extended),

g, areal number between 0 and 1 specifying the relative
position along the mother unit where the next elemen-
tary unit will emerge.

There are some more state variables which are of
a more technical nature, like the branching order, a ref-
erence to the mother unit and the distance to the basic
(i.e., motherless) unit; see Kurth (1994b) for details.
The default values of most of the state variables can be
specified by the user of GROGRA in the declaration
part preceding a growth grammar specification. To this
purpose, the commands \set or \ask (the latter is for
interactive request) are to be used (examples below will
demonstrate this possibility). To change the values of
the state variables while the turtle is working, several
commands are available. Our turtle command language
is a systematized and enlarged version of that used by
Prusinkiewicz, Lindenmayer (1990); see
Kurth (1994b, 1998) for a complete documentation.
Here we introduce only the commands which will be
used in the subsequent examples.

The standard assignment commands all begin with
one of the uppercase letters L, D, V, N, C, U or P and
control the value of the respective lowercase state vari-
able. Each of these letters can be used without an argu-
ment or with one (numerical) argument, and — when
used with an argument — eventually together with some
modifiers. E.g. the commands influencing length
(L commands) have the following rather systematical
syntax and semantics:

L (without argument) sets the state variable / back to
the default value,

L(x) gives [ the new value x,
L+(x) adds x to [,
L*(x) multiplies / by x.

Furthermore, the commands L/(x), L/+(x) and Lilx(x)
(local commands) are possible which have the same
effect as their counterparts L(x), L+(x) and Lx(x), ex-
cept that their effect is restricted to the next constructed
elementary unit. (The effect of the ,,normal* commands
— without .,/ — will last until the next command in-
fluencing the same state variable occurs.) The other
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standard assignment commands are built in an analo-
gous manner, with L replaced by D, V, etc.

The movement of the turtle in space and the con-
struction of a new unit are triggered by the commands
f (movement by length [ without construction) and F
(movement together with the construction of a new
unit). Variants like F(x) (enforcing the unit length x
without changing the value of /) are also possible, see
Kurth (1994b) for full details. A special movement
command is @(x), where x is usually a number between
0 and 1. This command is equivalent to f((x — 1).0), i.e.
the turtle is positioned at a place on the last created unit
with the distance x from the basis, expressed in terms
of the length of the unit (relative positioning of the
turtle). This command is normally used when the posi-
tion of a lateral bud or a branching node on a shoot is
to be specified.

Rotations of the turtle can be specified with respect
to the directions H, L and U, which are part of the state
of the turtle. E.g. the command RU(x) induces the turtle
to turn around the U-axis by x degrees. The position
remains unchanged. The commands RH(x) and RL(x)
have analogous effects. The whole orthonormal system
(H, L, U) is rotated by these commands, but the relation
of H, L, U relative to each other remains unchanged.

Another command changing the direction of the turtle
is RV. In contrast to RH, RU and RL, this command
takes information of global character into account,
namely, the vertical (geotropic) direction. The inclu-
sion of tropism vectors in L-systems was already de-
scribed by Prusinkiewicz, Lindenmayer
(1990) and can be viewed as a first step towards global
sensitivity. Technically, RV calculates the new H direc-
tion of the turtle as the normalized sum of H and (0, 0,
—v), the latter vector pointing strictly downwards. A se-
quence of alternating commands F and RV thus leads to
a ,bending down* of the generated branch. The greater
the value of v, the stronger the bending. Negative values
of v are also possible, leading to orthotropic growth.

Two important special turtle commands are the brack-
ets ,,[*“ and ,,]*. By their use the occurrence of branching
is controlled. When an open bracket ,[* is read, the
complete actual state of the turtle is stored in a push-
down memory (stack). When the corresponding closed
bracket ,,]* is reached, the turtle stops the construction
of the branch which was begun with [, forgets its
current state and adopts again the old state which was
actual when the ,[* was entered, removing the state
from the stack and jumping to the old position. Thus,
the commands after ,,]* will induce the turtle to con-
tinue the construction of the ,,main branch®. Another
possible interpretation — which leads to the same result
— is that the turtle ,divides* itself at each open bracket
and constructs the side branch (corresponding to the
string inside the brackets) and the main branch (string
after the closed bracket) in a parallel manner. This in-
terpretation is closer to the reality of plant growth,
where meristems can divide itself and work in parallel,
but due to the lack of properly parallel computers, the
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current implementation of GROGRA works according
to the first, sequential interpretation.

Two additional commands are useful for construc-
tions of closed polygons (e.g. in leaves):

S(n) =, save",

C(m, n) = ,connect** (with two arguments).

S(n) (n being an arbitrary integer) saves the current
state of the turtle in an internal list under the identifi-
cator n, C(m, n) (m and n being integers which were
used before in S-commands) puts the turtle at the posi-
tion which was its position when S(m) was executed,
and moves it afterwards to the position corresponding
to the state which was actual when S(n) was executed,
thereby creating a new elementary unit between the two
positions. Diameter, colour, N- and V-value are not
taken from the saved state, i.e. they can be specified
before the C(m, n)-command is executed. Length and
direction vectors (H, L, U) are calculated from the vec-
tor connecting the two positions, the other state vari-
ables of the turtle (including the mother shoot) are taken
from the state saved by S(m).

A quick overview of all commands used in our later
examples is provided by the table given in the Appendix.

LINDENMAYER SYSTEMS

A classical Lindenmayer system (OL system; the ,,0¢

stands for ,,zero context®) consists of

— an alphabet Z, consisting of a finite number of sym-
bols (e.g. a, b, ¢),

— a start string (or axiom) o which is made up of sym-
bols from X (e.g., aba),

— a set of replacement rules, each of the form

symbol — string of symbols

(e.g.: b = cca), which are to be applied in parallel to
all symbols of a string at time ¢ in order to get a new
string at time ¢ + 1.

We adopt the convention that a symbol for which no
rule is applicable remains unchanged.

The rewriting process, i.e. the application of the
rules to the given string, will normally be iterated sev-
eral times. Thus we get a (potentially infinite) sequence
of strings ©, G, Oy,..., Where ¢, is obtained from &,
by application of the replacement rules, and 6y = o.
This rewriting process of strings forms the heart of the
L-system modelling approach. We refer to the numbers
or timesteps 1, 2, 3... as generations and call the abo-
ve-mentioned replacement rules also generative rules.
Technically, in the GROGRA syntax the arrow ,,—* of
a gencrative rule is written as ,#". The rules are speci-
fied in a file, whereas the start string can be asked in-
teractively from the user.

L-systems are a special case of grammars in the sense
of formal language theory; see Kari etal. (1997) for an
overview of L-systems from the mathematical and lin-
guistic perspective.
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But what is the connection between this rewriting
system and turtle geometry, i.e. to the specification of
3-D structures representing plants? In the definition of
a growth grammar we have to include, additionally to
the above-mentioned three ingredients,

— a geometrical interpretation of the strings (i.e. a se-

mantics) translating strings into spatial structures,

and this interpretation is given by turtle geometry. The
complete turtle command set 7 is thus included as a sub-
set in the alphabet Z. Symbols contained in Z but not
in T are ignored by the turtle. They can have a meaning
in the rewriting process generating new generations of
strings, but not in the geometrical interpretation.

The interpretation is applied to each string of the
generated sequence G, Gy, O3,..., yielding a sequence
of geometrical structures S|, S,, Ss,.... Hence we arrive
at the situation visualized in Fig. 2. Here, the horizontal

a 4] a; o3
Sy S Sy

2. Structure generation by a simple growth grammar (L-system with
interpretation)

arrows stand for the development governed by the gen-
erative rules, whereas the vertical arrows correspond to
the geometrical interpretation. Only the structures S,
S5, S3,... are the output of the GROGRA software. The
strings G|, G5, 03,... used for their creation are written
only temporarily into an auxiliary file and are (in the
current GROGRA version) not the object of further analy-
sis once they have been used to construct the structures.

For example, let a stand for a terminal bud of the
main axis, b for a bud of a lateral axis, and let F have
the already explained turtle command meaning, i.e.
F stands for a shoot (growth unit). Then the L-system
composed of the two generative rules

a— F[RU4S5 b] a,
b—Fbh

gives, when applied Lo the start word a, the sequence
of strings and the corresponding sequence of structures
which are depicted in Fig. 3 (only the first two deve-
lopmental steps are sketched).

The buds symbolized by @ and b normally will not be
visible in the turtle interpretation (if they are not subject
to other, interpretative rules; see below), they are de-
picted as small ovals here to enhance the understanding
of the process. Note that F remains unchanged in the
second step because no rule is applicable to F.

In a parametric L-system (Prusinkiewicz,
Lindenmayer, 1990), there can be attached a finite
list of real-valued parameters to each symbol. e.g.
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a —e F[RU45b]a—= F[RU45Fb]F[RU4SD]a—> ...
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3. Structure generation from the growth grammar ¢ = F [RU45 b] a,
b—Fb

a(7,42, -0.5) instead of a. We speak of modules instead
of symbols in this case. These modules form parametric
strings, i.e. strings of modules. The L-system rules may
now contain formal parameters, e.g.

ax, y, 1) > b2 xx+y, Dalx, y t+1)c

If this rule is applied to, let us say, a(-1, 5, 4), we
get the parametric string b(3, 4) a(-1, 5, 5) c. Furthermore,
conditions like (t =0 && x > y/2) containing the formal
parameters may restrict the applicability of the rule.

In the arguments attached to the symbols on the
right-hand side and in the condition, variables and con-
stants can be combined in arithmetical expressions, us-
ing the (slightly extended) syntax for such expressions
from the programming language C. Analogously, the
condition is generally a logical expression. (Further de-
tails can be found in Kurth, 1994b.)

In a stochastic L-system, there may exist several
rules with the same symbol (or module) on the left-hand
side, each of them being attributed a probability. The
probabilities of all rules having the same Lh.s. should
sum up to 1. In the repeated application of rules, the
choice is done randomly with the given probabilities.
This implies that the generative process is no longer
necessarily deterministic: The random choice of rules
can lead to different sequences G|, 65, G3,... from the
same start string o. Syntactically, in GROGRA the
probability is written after a ,,?* at the end of the rule.
It can be specified by a floating-point number or by an
arithmetical expression. The general form of a growth
grammar rule is hence

(condition) Lh.s. # r.h.s. Aprobability_expression),

where ,(condition)** and ,,2(probability_expression)* can
be omitted.

If several rules apply to a module and if no condi-
tions and probabilities are involved, the order in which
the rules are written down in the grammar file dictates
which rule will be applied: It is the first one.

The potential stochasticity of rule applications is fur-
ther enlarged by the possible declaration of variables
as ,random* (with a specified distribution controlling
the outcome of their value) and by their use in expres-
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sions occurring in modules on the r.h.s. of rules or in
conditions or probability expressions of rules. GROGRA
allows the declaration of variables of a multitude of
different types in a declaration part preceding the list of
rules of a growth grammar. An especially simple form
of declaration is that of a constant. It has the form

\const name value,

where value is a floating-point number, and the effect is
that every appearance of name in a position in the rules
where a numerical value is permitted is replaced by value.
The general syntax of a variable declaration is

\var name specification parameter_list,

where specification must be one of several possible key-
words which specifies from where the variable gets its
value when it appears in a rule which is to be applied.
E.g. ,uniform“ qualifies a uniformly distributed ran-
dom variable, ,,normal* one with a normal distribution,
~poisson® one of Poisson type, etc.; see Kurth
(1994b, 1998) for a complete list of types.

The parameter_list consists of one or several nu-
merical values; it can also be empty. How many values
are required and what their meaning is depends on the
specification. E.g. \var x1 binomial 0.3 20 specifies x|
as a random variable with binomial distribution, de-
scribed by the parameters p = 0.3 (probability of suc-
cess of single Bernoulli experiment) and n = 20 (num-
ber of repetitions).

Attention is to be paid to the situation when a certain
random variable appears twice (or even more often) on
the r.h.s. of the same rule. E.g. in a(x1) b(x1), the argu-
ment of « is taken from a random-number generator
working according to the specified distribution, and the
same holds for the argument of b — with the conse-
quence that both values will normally differ from each
other. If b has the same value as a, the memory opera-
tor, symbolized by an underline (_), has to be applied
to the second instance of x1 : a(xl) b(x1_).

It is also possible to declare a variable with specifi-
cation ,,function*, which makes it refer to one of a prede-
fined set of special functions implemented in GROGRA.
The parameter_list is n a, where n is the number (iden-
tifier) of the function and a its arity (number of argu-
ments). Only numerical arguments are counted here, not
a possible dependence of the outcome of the function
from the generated structure (sensitivity; see Kurth,
Sloboda, 1998). The arity may be 0. When a variable
declared as function appears in an expression to be evalu-
ated, it must be followed by a list of a parameters. The
possible functions are listed in Kurth (1994b, 1998).

EXTENSIONS OF THE GRAMMAR MACHINERY

TWO-PHASE GROWTH GRAMMARS

The structure-generating process can be considerably
flexibilized by the introduction of a second set of rules
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4. Structure generation by a two-phase growth grammar

(possibly empty), named interpretative rules or rules of
the second phase. Their application intervenes between
the generation of a string o, and its interpretation. That
means, the creation of the structure Sy, is delayed until
an eventual application of rules of the second phase has
transformed o, into a string ¢’;. (If the set of interpre-
tative rules is empty or if no such a rule is applicable,
o', =0 is assumed.) Note that the interpretative rules
— in contrast to the ,,ordinary", generative rules — have
no influence on the next generation string o, . Fig. 4
summarizes this modified structure generation process,
with the vertical double arrows indicating the applica-
tion of interpretative rules.

Two-phase grammars have proved very useful for
abbreviating complex geometrical constructions which
stand in no connection with the developmental process
modelled by the generative rules. Biologically, we may
think of structure-forming processes running at differ-
ent hierarchical levels and time-scales, one of them is
handled as taking place ,,immediately* in the model and
thus requiring no generative step but only rules of the
second phase. Syntactically, the interpretative rules in
GROGRA are distinguished from the generative rules
by the use of two double-crosses (##) instead of one,
fulfilling the function of the arrow of the rule.

ACCELERATED EXPANSION

There often arises a necessity to generate a rather
complex structure during a single developmental step
of generative rule application. Interpretative rules do
not provide a solution to this demand, since their appli-
cation has no influence on the next generation.

A first formal tool to compress long, redundant rule
specifications is the repetition operator (implicitely
used by Goel etal., 1991; ,cycle operator: Boro-
vikov, 1995). It can appear as a part of the right-hand
side of a rule in the form

& (nb_iterations) < ¢ >

where nb_iterations is an arithmetical expression deter-
mining the number n of iterations and ¢ an arbitrary
string of symbols from the L-system alphabet which
will be iterated n times once the rule is applied. Inside
the string o, a declared variable of type index may oc-
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cur which counts the iterations from 0 to n — 1. The
repetition operator is useful in cases when a number of
similar plant organs (internodes, leaves, lateral buds) is
expanded during one and the same developmental step.
It can be nested, i.e. another repetition operator may
occur in ©. Correspondingly, several index variables
distinguished by a depth of nesting may be declared;
see Kurth (1996) for details.

A more general construction, enabling the nesting of
grammars, is possible with the expand operator E, in-
troduced by Kurth (1996) for models of shoots of
deciduous trees. The appearance of

E(nb_steps) < ¢ >

on the right-hand side of the rule (with nb_steps being
an arithmetical expression yielding an integer value n)
enforces the ,,instantaneous® application of n steps of
the grammar to the string ¢ and the insertion of the
resulting string, all taking place during one develop-
mental step. This is useful when growth processes run-
ning on different time scales are to be synchronized. —
Again, nested constructions of several £ operators are
possible. An ,,expand* is also allowed in interpretative
rules.

OBJECT REFERENCES

By the use of the expand operator, complex objects
like leaves requiring several steps of rule application for
their definition can be created during one developmen-
tal step. However, this has the disadvantage that every
simple elementary unit defining the geometry of the
leaf (veins, parts of the periphery...) is created for
every leaf again, leading to an inacceptable waste of
memory space during simulation. Therefore, GROGRA
allows the creation of several complex objects from
grammars and their use in other grammars as single
objects. In the consequence, a complex object like
a leat or a whole plant will be represented by a mere
reference to the structure created once at the beginning,
and each occurrence will require no more memory
space than a simple elementary unit, which is created
by the F command. (The disadvantage is that these
~multiply referenced* objects will — with the exception
of a simple scaling — look all alike, i.e. they are really
wclones* of the prototype constructed at the beginning.)
By the line

\axiom o. list_of_steps,

where o is a string and list_of _steps a list of strictly
monotonically increasing positive integers, GROGRA
is told to apply the rules of the current grammar file to
the start word o and to create the structures correspon-
ding to the specified steps in memory. (If several ob-
jects are required, there is nevertheless no need to write
the grammars into distinct files; it is sufficient to spe-
cify different start words by a corresponding number of
\axiom-statements. The corresponding applicable rules
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can be scattered through the whole file.) With an addi-
tional line ,\askaxiom"“, GROGRA is enforced to ask
an additional start word (and number of steps) from the
user. The list_of_steps may also contain specifications
like m—n (m and n being integers, m < n), meaning that
all developmental steps between m and n are to be rea-
lized.

The reference to a created object is specified by the
command

O(a, n)

— occurring on the right-hand side of a rule —, where o
must be a start string used in an \axiom-statement and
n an integer which must be part of the list_of steps
which was specified for o (GROGRA can establish ref-
erences only to objects which have been really created
before). An iteration of object references is possible, i.e.
the rules used in the evaluation of o may contain ,,0*
commands.

The scaling of the object referenced by O(c, n) is
determined by preceding L/ and D/ commands. While
LI(f), with f a positive floating-point number, causes an
enlargement of the whole object by the factor f, the
command D/(f) changes only the extension of the object
perpendicular to the current axial (H-) direction by the
factor f, i.e. the whole object becomes ,thicker or
wthinner* (useful for crown shapes of trees when work-
ing at the stand level).

The examples in the next section will demonstrate
the possibilities opened by the O-command in the case
of modelling single plants and tree stands.

EXAMPLES

SHOOT GROWTH OF EUROPEAN BEECH
[FAGUS SYLVATICA (L.)]

The following growth grammar is not based on detailed
quantitative investigations, but on well-known charac-
teristics of growth habit and shoot morphology of Euro-
pean beech (see e.g. Roloff, 1994). Tab. I shows a rule
system which can directly be interpreted by the
GROGRA software and which encodes four years of
the development of a lateral shoot system of beech,
each year being represented by two steps (winter:
leafless, summer: with leaves).

Flowering is not included here. To keep the example
simple, branch development is assumed to take place in
two dimensions only, which is an approximation com-
ing close to reality for branches growing in the shade.
The growth grammar contains a bud and a leaf sub-
model, both developing from the start word ,veg"
(line 13). By lines 13, 15 and 16, GROGRA is told to
transform this start word twice, yielding the short gen-
erative sequence

veg — bud — leaf.

J. FOR. SCI., 45, 1999 (1): 16-30

|

5. Result of the submodels ,bud” and ,leaf" of the beech shoot
growth grammar in Tab. [. lines 1-5, 13 and 15-19

By the application of the interpretative rules in lines
18 and 19, the symbols ,bud* and ,leaf* are trans-
formed into sequences of turtle commands specifying
the explicit geometrical construction of a bud, or a leaf,
with the help of line drawing (F), rotation (RU) and
save-and-connect (S, C) commands (Fig. 5). Lengths
and distances of leaf veins are read from the tables
specified in lines 1-4, each leaf-half requiring its own
set of parameters due to the slight asymmetry of beech
leaves.

The rest of the growth grammar is devoted to branch
growth. In line 14, a second start word, ,,shoot®, is spe-
cified, and GROGRA is told to iterate rule application
8 times, beginning with this start word. In line 20, the
development of the ,,shoot begins with an initial length
scaling (referring to a start length specified in line 8),
with a diameter initialization (,,D+1.2*) and with the
creation of an apical meristem, symbolized by “m*. The
,meristem* module, m(j, n), has two parameters:
J switches between 1 and 2 (lines 21, 22) and specifies
whether a bud (1) or a leaf (2) will be the visible pro-
duction of m in the actual developmental step. n has the
meaning of a growth potential or vigour (cf. Kurth,
Frith, 1998) and specifies the number of internodes
which will be produced from m in the next year (repe-
tition operator in line 22).

For the sake of simplicity, this grammar was de-
signed as a completely deterministic one (with the ex-
ception of a random deviation of the branching angle
x1 from the mean value of 40 degrees, line 7). However,
it would be possible to feed the internode number n
with values from a random distribution (of binomial,
negative binomial or other type) estimated from empiri-
cal observations at shoot samples, like in the AMAP
model (Reffye et al., 1995). Instead, we let n fixed
for the apical meristem at the tip of the shoot [,,m(1, n)*
at the end of line 22], whereas for lateral meristems, we
include an acrotonic tendency by letting this parameter
depend on the index i of the actual internode.

By the specification

ifi < (n-1)2,i2,i-1))
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I. A non-sensitive growth grammar encoding vegetative branch development of European beech [Fagus sylvatica (L.)] with a rhythm of two
steps per year. (See the Appendix for a short overview of the functionality of all used symbols and keywords.)

| \var Il table 8 9 11 14 17 16 14,

2 \var 12 table 40 44 44 40 31 20 9,
3 \var I3 table 10 11 12 1517 15 13,
4 \var 14 table 24 3538 3527 17 7,
5 \var i index,

6 \angle 5.

7 \var x| normal 40 5,

8 \const bl 35,

9 \const minlf 15,

10 \const cf 0.2,

11 \const secgr 1.6,

&(18) < C(i. i+1) > C(18, 0),

20 shoot # L(bl) D+1.2 m(1, 9),
21 (j < 2) m(j. n) # m(j+1. n),
22 (j=2 && n > 1) m(j. n) # L*0.68

/* leaf description: */

/* lengths inside leaf blade */

/* zigzag growth*/

/* branching angle*/

/* length conversion factor internode / leaf*/
/* minimal leaf length */

/* coefficient in leaf length estimation */

/% strength of secondary growth */

12 \var len length,
13 \axiom veg | 2, /* vegetative production: bud, leaf */
14 \axiom shoot 1-8, /* half-annual steps of shoot development */
15 veg # bud,
16 bud # leaf,
17 leaf #,
18 bud ## P12 [ RU-90 FI S(0) ] RU90 FI S(1) RU-132 F3.8 S(2) f-0.8 RUS8
F4 S(3) f-0.8 RU-84 F4.7 S(4) RUS2 F7.2 S(5) C(0.2) C(2.4)
C(5.3) C3.1,
19 leaf ## P2 DI F12 DO [ S(0) [ RUS8 f(15) S(1) ] [ RUS3 f(30) S(2) ]

&(7) < F(11(i)) [ RU(S55-4*i) F(12(i)) S(i+3) ] > F11 S(10) ]
[ RU-45 £(15) S(18) ] &(7) < f(13(i)) [ RU(4*i-55) F(l4(i)) S(17-1) ] >

/* growth starts with 9 internodes */

&(n-1) < - a(0) RH180 - [ RU(x1) ang m(l, if(i < (n-1)/2,i/2,i-1)) ] L*1.1 >
- L*0.5 a(0) RHI180 - L*1.7 m(l. n).

23 (j=2 && n <= 1) m(j, n) # L*0.4 a(0) L*2 m(1, 1),

24 ang # RU10,

25 a(t) # a(t+0.5),

26 a(t) ## Dl+(secgr * 1) F, /* internode */
27 m(j. n) ## Li(len/bl+1/(cf*len+1/minlf)) DI O(veg. j).

/* main rule for shoot growth */

in line 22, the dependency on i will not just be linear,
but the suppression of lateral shoot length will be more
pronounced in the lower half (i < (n — 1)/2) of the
annual shoot.

The essential object reference, establishing the link
to the bud and leaf submodels, is specified in the inter-
pretative rule for m in line 27. By the ,,L/* command,
a scaling of leaf size controlled by the actual internode
length len used by the turtle takes place (avoiding
pathologically small leaves, therefore not just linear,
but respecting the minimal leaf length given in line 9).
The length-width ratio of the leaves is not changed
(therefore ,.D/1*). By ,,O(veg, j)** a reference to the bud
submodel (j = 1) or to the leaf submodel (j = 2) is
included. — The rest of the declarations and rules con-
cerns branching geometry (lines 6, 7, 24) and secondary
growth of the internodes (lines 11, 25, 26). Fig. 6 shows
the evolution of the resulting branch structure during
5 consecutive semi-annual steps. The artificial branch
could be used as a part of a whole-tree model, cf. the
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modular construction of the spruce growth grammar in
Kurth, Friith (1998).

TREE AND STAND GROWTH OF NORWAY SPRUCE
[PICEA ABIES (L.) KARST.]

Based on quantitative, empirical observations of sev-
eral samples, a growth grammar for crowns of young
spruce trees (age 5-15 years) was developed. A de-
tailed description of the model will be published eclse-
where (Kurth, Friih, 1998). The model is sto-
chastic and consists of 35 declarations of variables or
constants and 33 rules. The branch submodel includes
quantifications of morphogenetic gradients (axis trend,
acrotony), variations in shoot vigour, clustering of
branching node positions along the annual shoot,
changes of branching angle, differential cambial growth
in the branching orders, and shoot mortality depending
on length. Stem growth in height and diameter forms

J. FOR. SCI., 45. 1999 (1): 16-30



6. Developmental steps 3-7 of
the virtual beech branch speci-
fied by the growth grammar
from Tab. I, generated by
GROGRA

a further submodel. By RV commands, the gravitatio-
nal impact on branch form is reproduced. (An earlier,
similar attempt to simulate the architecture of spruce
based on morphological data, which was, however, re-
stricted to branches and did not use the grammar for-
malism, is given by the work of Pirochtova,
Bartiak, 1991.)

Tab. II shows a grammar describing a sloping spruce
stand. It has to be complemented by the grammar for
the spruce trees itself from Kurth, Friih (1998),
the evaluation of which begins with the symbol ,,plant
(line 18). The spruce trees become part of the stand in
the form of object references ,,O(plant, 11)* in line 16.
The size of the trees varies according to the command

wL(eps(epsplant))* (cf. line 10, where epsplant is de-
clared as random variable with normal distribution), but
their shapes are exactly equal, since , plant* is evaluated
and stored only once. Fig. 7 shows a view of the result-
ing sloping stand with 10 years old trees (the number
11 specified in line 11 and in the ,,0* command has to
be reduced by | since the first step in the spruce gram-
mar (not shown here) is an auxiliary step corresponding
to no real annual growth).

For old stands, the assumption that all trees have the
same shape is no longer realistic. Dominant trees have
other crown ratios than suppressed ones. This can be
respected in the model by using several start words for
the trees, each corresponding to one tree class. By in-

11. Part of a growth grammar describing a sloping coniferous stand. This grammar has to be complemented by a subsystem describing the

growth of a single tree, beginning in line 18

1 \const rs 2000,
\const Is 2000,
\const bs 800,
\const soilh 1000,

\const nb_rows 4,

w N

\const nb_lines 5,
\const slope_x 0.25,
\const slope_y 0.07,

T NS B

\var epsilon normal 0 6000

10 \var epslant normal 0 0.015,

11 \axiom plant 11,

12 \axiom plot 1 2,

16 row # &(nb_lines) <

18 plant # ...

13 plot # border RL-90 f(bs) RU90 f(bs)
RU-90 RL90 f(soilh + slope_x * bs + slope_y * bs) E(2) < stand >,

14 border # [ P4 DO [ F(soilh) S(1) ]

RL-90 F(2*bs + (nb_rows—1)*rs)

[ RL90 F(soilh + slope_x * (2*bs + (nb_rows-1)*rs)) S(2) ]

RU90 F(2*bs + (nb_lines—1)*1s)

[ RL90 F(soilh + slope_x * (2*bs + (nb_rows-1)*rs) +
slope_y * (2*bs + (nb_lines—1)*Is)) S(3) ]

RU90 F(2*bs + (nb_rows—1)*rs)

[RL90 F(soilh + slope_y * (2*bs + (nb_lines—1)*Is)) S(4) ]

RU90 F(2*bs + (nb_lines—1)*1s)

P7 C(1,2) C(2,3) C(3,4) C4, 1) ],

15 stand # &(nb_rows) < [ row ] RL-90 f(rs) RL90 f(slope_x * rs) >,

[ disturb RH(ro) L(exp(epsplant)) D/l O(plant, I1)]
RU90 f(ls) RU-90 f(slope_y * Is) >,

17 disturb # RL-90 f(epsilon) RU90 f(epsilon) RU-90 RLY0,

/* spruce system begins here */

/* row spacing */
/* line spacing */
/* border spacing */

/* height of soil above zero level */

/*variance of planting position*/

/* log-variance of tree size factor */
/* other declarations. concerning the spruce, follow*/

J. FOR. SCI., 45, 1999 (1): 16-30
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7. Sloping spruce stand, generated by GROGRA from the grammar
of Tab. II together with the spruce grammar from Kurth, Friih
(1998), corresponding to age 10

8. 112 years-old spruce trees of 3 different social classes, generated

by GROGRA

serting the appropriate start word in the ,,0* command,
a reference to a tree of a specified class is created.
Fig. 9 shows the result of applying this technique to a part
of the experimental plot F1 in Solling (site and stand
description in Ellenberg et al., 1986). The 42 spru-
ce trees with an age of 112 years were classified into
3 classes (dominant, subdominant, suppressed), and for
each class one ,typical“ tree was modelled (Fig. 8;
Sloboda etal., 1996), using empirical height growth
curves. In contrast to the example in Tab. II, the posi-
tions of the trees are not assumed to be arranged on
a rectangular grid here, but GROGRA reads them from
a file. The tree coordinates in this file were obtained
from an evaluation of remote sensing data. The height
values in the data file also enable an automatic classi-
fication of the trees into 3 classes. — Of course, mixed-
species stands can be modelled using the same method,
with object references distinguishing species instead of
social classes (or with a combination of both).

If only a quick overview of the stand structure with-
out individual tree architecture is required, a schemati-
cal representation of the stand like in Fig. 10 can also
be easily generated by GROGRA - only the set of rules
specifying the tree construction has to be exchanged.
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9. Part of the experimental spruce stand Solling Fl, generated by
GROGRA from a growth grammar for aged spruce trees of 3 differ-
ent social classes (cf. Fig. 8), together with a list of tree coordinates
and heights

ATNTIATN

10. The same spruce stand as in Fig. 8. Here, a simplified tree
description was inserted into the growth grammar instead of the
detailed tree model of Fig. 8

DISCUSSION AND CONCLUSIONS

The software GROGRA, which was used to inter-
prete the grammars described above, offers several op-
tions to work with the generated artificial trees and
stands:

— In combination with other, specialized software and
with statistical analysis packages, a lot of analysis
tools are at hand, ranging from pathlength analysis
(McMahon, Kronauer, 1976) and determi-
nation of fractal dimension (Falconer, 1991) to
the statistical analysis of shoot length and internode
number distribution (cf. Reffye et al., 1995) and
their comparison with intensively measured branches
ortrees (Kurth, Anzola, 1997), contributing to

J. FOR. SCI., 45, 1999 (1): 16-30



a better understanding of the botanical basis of

crown development.

— The visualization by printable Postscript files or on
the screen of a high-resolution graphics-end work-
station — with possible growth animation in a special
»movie modus* — offers possibilities for educational
applications as well as for forest planning and land-
scape design. With the AMAP software, following
a similar modelling philosophy, simulated tree
stands in Japan with several thousands of trees have
already been visualized (Lecoustre et al., 1997).

— Interfaces to process-oriented simulation software
enable the use of GROGRA-generated virtual tree
architectures as a structural basis for other models
designed to investigate the ecophysiology of single
trees and tree stands: A discretization mechanism
was included in GROGRA which makes the tree
structures accessible for a radiation transport model
(Knyazikhin et al,, 1996) allowing the calcula-
tion of intercepted solar radiation and of photosyn-
thesis. Another type of (re-)discretization was used
for the flow model HYDRA (Friih, 1995) which
simulates the transpiration-driven water movement
in the branched tree architecture. Future extensions
will combine the simulation of radiation and water
flow (Lanwert et al., 1997), from which a new
insight into stomatal control and drought reaction of
trees may result.

These different directions of work, and the partial
results which are already obtained, cannot be exposed
in more detail here. However, one objection should be
mentioned which can often be met when high-resolu-
tion 3D simulations of trees are presented: It is the
argument that these models have an ,,unreasonably high
level of detail* and an unnecessary complexity, even
more pronounced: that it is , sheer madness to construct
every leaf of a tree“. Indeed, for a human being it
would be madness, but the computer is perfectly suited
to do a mechanical, iterative work like creating thou-

Appendix: Overview of used grammar symbolism

sands of virtual leaves. But what is more important: The
underlying grammars are not really ,very complex®.
The beech shoot example had only 13 rules, the rather
elaborated grammar for young spruce consists of not
more than 33 rules. We can conclude that the encoding
of tree architecture in grammars provides us with
a powerful method of ,database amplification* which
makes the seemingly over-complex structure of tree
crowns manageable and can lead to botanical insights
(on the scale of the single tree) as well as to an unprece-
dented visual realism in forest planning (on the stand
scale).

But one objection will remain in the mind of a scep-
tical reader: All grammars presented so far were ,,non-
sensitive", i.e. they allowed neither a dynamical inter-
action of tree growth with the environment, nor an
influence of trees on each other while they grow. This
is, of course, an earnest shortcoming since the shape of
trees is strongly influenced by environmental factors
and by competition, and therefore the sequel of this
article (Kurth, Sloboda, 1998) will be devoted to
sensitive grammars which include such interactions.
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Keywords

\angle sets the angle a for subsequent + and - operations

\ask 11 asks a value for global register | from the user

\axiom sets a start word

\const declaration of a constant

function associates a variable with one of several predefined functions

if in arithmetical expressions: if(condition, v/, v2) gives value v/, if condition is true, and v2 otherwise
index declares a variable to act as a counter in repeated parts, counting from 0 to n - I, inside &(n) <..>
length declares a variable to stand for the actual length

normal declaration of a normally distributed (Gaussian) random variable

register declaration of a global register variable

\set V sets the strength of vertical tendency for subsequent RV

table declaration of a table variable with predefined, subsequent values

uniform declaration of a uniformly distributed random variable

\var keyword preceding each declaration of a variable

zcoordinate declares a variable to stand for the actual height

—
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Keywaords

Symbols

# separates left and right side of a generative rule

i separates left and right side of an interpretative rule

[] branch delimiters

+ rotation, equivalent to RU(ar)

- rotation, equivalent to RU(-a)

@ relative positioning; @ (x) is equivalent to f((x — 1)* length)
%o cut operator

* default start word

& repetition operator

&& logical ,,and"

<> delimiters lor part of string subject to ,,&" or ,E*

1%*/ delimiters for comments

In arith I, resp. logical expressions, the usual operators +, —, *, /, <, >, <=, >=, = and != (,,not equal") are allowed
Letter combi with fixed ing

C connection operator (with two arguments; cf. ,.S*)

D sets the di for subseq F d:

DI sets the local diameter, affecting only the next F

D+ increments the diameter

DI + increments the diameter locally

E expansion operator

F and shoot g ion

F* like F, but with length multiplied by a given factor

f movement without shoot generation

L sets the length for subseq Fand f d

LI sets the local length, affecting only the next F

L* multiplies the length with a given factor

N sets the foliage p for subseq F d

6] inclusion of a shared object: O(w, n) refers to the result of the nth develof I step obtained from start word w
1 4 sets the colour for subsequent F commands

Pl sets the local colour, affecting only the next F

RH rotation around the H (head) axis

RL rotation around the L (left) axis

RU rotation around the U (up) axis

RV rotation downward, according to current vertical tendency
S saves current position for later connection by C
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NIEKTORE VYSLEDKY A MOZNOSTI PESTOVANIA
ORECHA CIERNEHO (JUGLANS NIGRA L.)
V PODMIENKACH NIZINNYCH OBLASTI SLOVENSKA

SOME DATA ON BLACK WALNUT (JUGLANS NIGRA L.) STANDS
AND THEIR MANAGEMENT IN LOWLAND AREAS OF SLOVAKIA

S. Kohéan

Lesnicky vyskumny tistav, Vyskumnd stanica, Cdrskeho 3, 040 01 Kosice

ABSTRACT: Some data are presented on intensive and traditional methods of black walnut management in the area of Potiska
a Podunajskd Lowlands in Slovakia. Research plots are situated on uninundated alluvia of the rivers Latorica, Tisa, Hron and
Dunaj, in terms of typology they are included in the management complex of forest types of floodplain hornbeam-ash stands
(hardwood floodplains). The texture is represented by sandy, medium-heavy loamy and heavy-textured clay-loamy to clayey
soils with slightly acid, neutral or weakly alkaline reactions. Data evaluation showed that tree growth and volume production
were positively influenced by broadcast soil preparation and cultivation under an intensive management system. Silvicultural
treatments are also very important. The present evidence documents that effective management of black walnut is possible
under negatively altered ecological conditions of lowland areas in Slovakia when appropriate agrotechnical and biotechnical
measures are taken.

black walnut; silvicultural technology; growth and volume production; altered ecological conditions; Potiska and Podunajska
Lowlands

ABSTRAKT: V prici si hodnotené nicktoré vysledky a moZnosti intenzivneho a tradigného spdsobu pestovania orecha
¢ierneho v oblasti Potiskej a Podunajskej niZiny na Slovensku. Sledované vyskumné plochy leZia na nezaplavovanych altviich
Latorice, Tisy, Hrona a Dunaja a typologicky patria do hospodérskeho siboru lesnych typov hrabovych luZnych jasenin
(tvrdych luhov). Po stranke zrnitostnej st to lahSie piesocnaté, stredne tazké hlinité, ako aj (aZsie ilovitohlinité az ilovité pody
s mierne kyslou, neutrdlnou a slabo alkalickou reakciou. Z hodnotenia vysledkov vyplyva, Ze na rast a objemovi produkciu
pozitivne vplyvali najmii celoplo$na priprava a celoplo$nd kultivicia pddy v ramci intenzivneho pestovania. Velky vyznam
md v tomto ohlade aj vykonanie vychovnych zisahov. Dosiahnuté vysledky sved¢ia o tom, Ze pri uplatneni spravnych agro-
technickych a biotechnickych opatreni si moZnosti efektivne pestovat orech &ierny aj v negativne ovplyvnenych ekologickych
podmienkach niZinnych oblasti Slovenska.

orech Cierny; pestovné technol6gie; rast a objemova produkcia; zmenené ekologické podmienky; Potiskd a Podunajska niZina

UvoD nych oblastiach Mississippi a Ohia dosahuje v porast-
nych vysadbéich vysku az 45 m. Velmi dobré vysledky
ddva aj vo Francizsku, najmé v udoli Rhone, kde vy-
tvara vysoké a Cisté kmene, vhodné aj na vyrobu naj-

cennejSich sortimentov (Garavel, 1960; Magyar,

Vyznam orecha Cierneho narasta v poslednom obdo-
bi vo vSetkych niZinnych oblastiach Slovenska, v kto-
rych stanovistné podmienky boli negativne ovplyvnené

najmi rozsiahlymi vodohospodarskymi apravami ako aj
inymi technickymi opatreniami. Jeho vyznam spociva
najmi v tom, Ze nie je iba rychlorasticou drevinou, ale
sicasne poskytuje aj velmi hodnotné drevo. Okrem to-
ho pre priaznivé estetické vlastnosti, pre znacnu fyton-
cidnu aktivitu a vysoky obsah repelentnych litok ma
svoje miesto aj v sadovnickej a krajinarskej tvorbe. Nie
je zanedbatelna ani jeho odolnost voéi rozli¢nym $kod-
com a chorobam. Ako jedna z prvych introdukovanych
drevin sa v Eurépe pestuje od roku 1629, kedy bola
dovezena z vychodnej Casti Severnej Ameriky. V niZin-
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1960).

Problematike pestovania orecha Cierncho sa uZ dévnej-
sie velmi intenzivne venuji najmid v susednom Madar-
sku, a to v rovnakych alebo podobnych stanovistnych
podmienkach, aké si v niZinnych oblastiach Slovenska.
Z hodnotenia ich vysledkov vyplyva, Ze jeho Gspe¥né
pestovanie predpokladé hiboké a drodné pody. ktoré sa
vyznaCuji priaznivymi fyzikdlnymi vlastnostami. Na-
proti tomu neznd$a velmi tazké a vlhké pddy s vysokou
hladinou podzemnej vody. Dava vSak uspokojivé vy-
sledky aj na relativne such§ich pieso&natych podach ako
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aj na solnych pddach I triedy, ktoré vykazuji este priaz-
nivé fyzikilne vlastnosti. KedZe je slnnou drevinou,
velky doraz sa kladie pri jeho pestovani aj na volbu
vhodnych sponov ako aj na v€asné a sprvne vykona-
vanie vychovnych zéisahov. Pri intenzivnom pestovani
poskytuje mimoriadne cenné, hrubé sortimenty uZ aj pri
50-ro¢nej rubnej dobe, kym pri tradicnom spdsobe pes-
tovania pri 60-70-ro¢nej rubnej dobe. Pri tradi¢nom
pestovani sa porasty orecha Cierneho zakladajui v rela-
tivne hustejsich sponoch prevazne 2 x 2 m, kym pri
intenzivnom pestovani v Sir§ich sponoch, napr. 4 x 2 m
a viac. Na vytvdranie spodnej etaZe najmi pri tradic-
nom pestovani sa pouZivaji vhodné dreviny, najma ja-
vor mlieény, lipa, hrab a dalSie (Majerszky, 1914,
1916; Ihrig et al, 1952; R6th, 1953; Babos,
1954; Magyar, 1961; Téth etal, 1972).

Na zéklade vysledkov vyskumov, ktoré sa konali
v oblasti dolného toku Moravy, na vodohospodarske
zasahy podla rastu a zdravotného stavu tam negativne
reagovali najma brest a jasefi. Pomerne dobré vysledky
diva vSak v tamojSich zmenenych ekologickych pod-
mienkach orech &ierny, a to aj na pddach so zniZenou
hladinou podzemnej vody. Vyznam a funkcia orecha
ierneho narastd tam aj v parkovnictve (Sika, 1964;
Mottl, Prudié&, 1973; Pokorny, Fér, 1964).

Struktiru rovnorodych porastov orecha Eierneho ako
aj produkciu nadzemnej biomasy zmie$anych a nezmie-
Sanych porastov tejto dreviny spracoval Tokar
(1984, 1986, 1987). Ciastkové vysledky doterajSicho
pestovania orecha Cierneho v ekologickych podmien-
kach niZinnych oblasti Slovenska hodnotili vo svojich
pracach najmda Kohdn (1990, 1991)a Sojak (1996).

Cielom prispevku je hodnotit niektoré vysledky pestova-
nia orecha ¢ierneho v zmenenych ekologickych podmien-
kach Potiskej a Podunajskej niZiny na Slovensku.

MATERIAL A METODIKA

Vyskum pestovania orecha Cierneho sa uskutocnil
jednak v porastoch, ktoré boli pestované intenzivnym
sposobom, jednak v porastoch pestovanych tradi¢nym
sposobom. Intenzivne porasty sa zakladali na celoplos-
ne pripravenych pddach a do zapojenia porastu sa
v nich uskuto¢nila aj celoplo§ni kultivacia pody. Pri
celoplosnej priprave pody sa po vytaZeni nekvalitnych
vymladkovych porastov odstranili pne a hrubé korene
kl¢ovanim, potom nasledovala povrchova tprava pody,
dalej hlboka orba a napokon sa pdda oSetrila diskova-
nim. Pri tradi¢nom spdsobe pestovania sa porasty za-
kladali bez celoplo¥nej pripravy pddy jamkovou sadbou
a v prvych troch rokoch sa v nich uskutocnilo iba indi-
vidudlne oSetrovanie stromov, a to okopdvanim. Inten-
zivne porasty si reprezentované vyskumnymi plochami
Botany a Podunajské Biskupice, kym tradi¢nym spdso-
bom pestované porasty reprezentuji vyskumné plochy
Hrable a Hores. V priebehu dalSieho vyvoja sa v inten-
zivnych porastoch uskutocnila jedna precistka a jeden
schematicko-selektivny prebierkovy zédsah. Pri tradic-
nom spdsobe pestovania sa uskuto¢nila jedna precistka
a dva selektivne prebierkové zasahy.

Udaje o spone, potte vysadenych stromov ako aj
o rastovej ploche pripadajicej na jeden strom na sledo-
vanych vyskumnych plochdch sa uvadzaji v tab. 1.

. Prehlad zikladnych ddajov a stanovistnych pomerov — Basic data and site conditions

Nazov plochy' Botany Podunajské Biskupice Hrable Hore§
Povodie rieky Latorica Dunaj Hron Tisa
Sposob pestovania intenzivny intenzivny tradi¢ny tradiény
Spon (pdvodny) (m) 4,0x 2,0 25x25 20x 1.5 25x 1.5
Podet stromov (ks.ha™") 1250 1 600 3333 2 666
Rastovi plocha na | strom  (m?) 8,00 6,25 3,00 3,75
Cislo HSLT 124 124 124 124
Cislo LT 953 954 952 954
Padny predstavitel hneda glejova poda | siva vipnitd paternia hnedastd vépnitd paternia hnedi glejovi poda
Druh pady ilovito-hlinita hlinitd aZ pieso¢natd hlinitd ilovita
Reakcia pody mierne kysla slabo alkalickd neutrdlna mierne kysld

lplot name

Z vysledkov tychto hodnoteni vyplyva, Ze pri aplikacii
vhodnych technolégii zakladania a pestovania ddva
orech &ierny aj v tychto menej vhodnych stanoviStnych
podmienkach uspokojivé vysledky. Tieto predbeZné vy-
sledky chceme doplnit a upresnit nov§imi Gdajmi
a poznatkami, ktoré sme ziskali v poslednom obdobi na
sledovanych vyskumnych plochéch.
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Z nej vyplyva, Ze spon pri zaloZeni intenzivnych poras-
tov sa pohyboval v medziach od 4,0 x 2,0 m do 2,5 x
2,5 m s poctom stromov 1 250 kusov, resp. 1 600 kusov
na jeden hektar, Comu zodpoveda rastovda plocha
8,00 m?, resp. 6,25 m? na jeden strom. V tych poras-
toch, ktoré boli zaloZené tradi¢nym sposobom, sa apli-
kovali hustejSie spony, a to v rozpiti od 2,0 x 1,5 m do
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2,5 x 1,5 m. Tymto sponom zodpovedal pocet 3 333 stro-
mov, resp. 2 666 kusov na jeden hektar a rastova plocha
3m?, resp. 3,75 m? na jeden strom.

V ramci biotechnickych merani sa uskutocnilo me-
ranie vySok (s presnostou na 0,5 m) ako aj meranie
hribok vo vySke 1,3 m (s presnostou na 0,5 cm) viet-
kych jedincov na jednotlivych sledovanych vyskum-
nych plochach. Pri spracovani materidlu z merani sa
zistovali hlavné taxacné veli€iny, a to stredna vyska,
stredna hrubka, zasoba, objem prebierok a celkova ob-
jemova produkcia na jeden hektar, dalej beZné a prie-
merné prirastky, objem stredného kmeria ako aj kruhova
zdkladiia na jeden hektdr a kruhova zakladiia stredného
kmeiia. Pri objemovej produkcii sa uvadza objem hru-
biny, ktory sa vypocital podla objemovych tabuliek
Halaja (1963). Rozdelenie pocetnosti, zasoby a kru-
hovej zikladne v hribkovych stupiioch sa urobilo v per-
centach, a to z celkového poltu stromov, zo zistenej
zasoby a kruhovej zdkladne na sledovanych vyskum-
nych plochédch a uvadza sa v tab. IIL.

Pre charakteristiku klimatickych pomerov sa uvadza
priemerna teplota vzduchu, priemerny thrn zraZok, po-
&et letnych dni, dlzka slne¢ného svitu, snehova pokryv-
ka a roény vypar z pody. Teplota vzduchu a thrn zra-
7ok sa uvéadza jednak v ro¢nom priemere, jednak vo
vegetacnom obdobi. Pre typologicki charakteristiku sa
na jednotlivych vyskumnych plochiach zistoval hospo-
darsky sabor lesnych typov (HSLT) ako aj lesny typ. Pre
hodnotenie pddnych pomerov sa zistoval pédny pred-
stavitel, druh pody a reakcia pody. Uvedené udaje sa
ziskali v ramci podneho prieskumu, ako aj na zdklade
vysledkov laboratérneho rozboru mechanickych a che-

mickych vlastnosti pddy. Hodnotenie klimatickych
a prirodnych pomerov umoZzni posidit moZnosti na
uspe$né pestovanie orecha Cierneho v ekologickych
podmienkach niZinnych oblasti Slovenska.

PRIRODNE POMERY

Sledované vyskumné plochy, z ktorych sme nase vy-
sledky ziskali, leZia v oblasti Potiskej a Podunajskej ni-
Ziny na nezaplavovanych alaviach Latorice, Tisy, Hro-
na a Dunaja.

Oblast Potiskej niZiny mdZeme klimaticky charak-
terizovat ako tepld, mierne suchud, s chladnou zimou
a dlhym slneénym svitom. Dlhoro¢na priemerni teplota
vzduchu dosahuje 9,4 °C, vo vegetatnom obdobi 16,5 °C.
Priemerny tGhrn roénych zrizok predstavuje 597 mm,
z ¢oho 362 mm pripada na vegetatné obdobie. Priemer-
ny pocet letnych dni je 67,2. Najteplej$im mesiacom v ro-
ku je jul (priemerna teplota 20,2 °C), najchladnej§im je
januar (=3,1 °C). Slne¢né Ziarenie priemerne trva rocne
1 916 hodin. Snehova pokryvka trva v priemere 53 dni,
kym ro¢ny vypar z pody predstavuje 550-600 mm.

Klimaticky mdZeme oblast Podunajskej niZiny cha-
rakterizovat ako tepld, suchd, s miernou zimou a dlhym
slneénym Ziarenim. Dlhoro&¢né priemernd teplota vzdu-
chu dosahuje 9,5 °C, vo vegetatnom obdobi 16,3 °C.
Priemerny Ghrn zrdZok predstavuje 579 mm, z ¢oho na
vegetacné obdobie pripada 318 mm. Priemerny pocet
letnych dni je 71,2. DiZka sineéného svitu v dlhorog-
nom priemere predstavuje 2 118 hodin. Najteplej§im
mesiacom je jul (priemernd teplota nad 20 °C), naj-
chladnej8im je januar (-2,3 °C). Snehova pokryvka trva

1. Prehlad rastovych idajov a objemovej produkcie — Growth data and volume production

Nézov plochy' Bofany Podunajské Biskupice Hrable Hore¥
Sposob pestovania intenzivny intenzivny tradicny tradicny
Vek (r.) 40 30 70 50
Priemerny spon (sucasny) (m) 50x 5,0 3.8x38 5.1 x5.1 48x 48
Potet stromov (ks.ha™") 400 683 383 426
Rastovi plocha na | strom (m?) 25,00 14,44 26,01 23,04
Strednd vyika (m) 22,3 19,2 28,0 243
Priemerny vySkovy prirastok (m) 0.5 0.6 0.4 0.5
BeZny vyskovy prirastok (m) 0.3 0.5 0,1 0.2
Stredni hribka (em) 253 18,5 31,2 27,9
Priemerny hribkovy prirastok (cm) 0.6 0.6 0.4 0.5
BeZny hribkovy prirastok (cm) 0.5 0,6 0,2 03
Kruhovi zdkladia (m%ha™') 20,000 18,441 29,491 26.838
Kruhovi zédkladiia stredného kmeiia (m?) 0,050 0,027 0,077 0,063
Zisoba (m*ha™) 240,0 173,5 4439 335,2
Objem prebierok (m*ha") 127,6 14,4 195,0 84,0
Celkova objemové produkcia (m*.ha"") 367.6 187,9 638,9 419,2
Priemerny objemovy prirastok (m*ha™") 9.2 6,3 9.1 8.4
Bezny objemovy prirastok (m*ha™") 10,1 10,6 32 6,5
Objem stredného kmeiia (m%) 0,601 0,257 1,159 0.787

Iplot name
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111, Prehlad rozdelenia podetnosti. zdsoby a kruhovej zdkladne v hriibkovych stupiioch (%) - Distribution of frequency, standing volume and

basal area in diameter classes (%)

Nizov plochy! Bofany Podunajské Biskupice Hrable Hores

Sposob pestovania® intenzivny’ intenzivny’ tradiény® tradiény®

Vek? 40 30 70 50
Rozdelenie! P Z KZ P Z KZ P Z KZ P Z KZ
Hriibkové stupne’ (cm)

14,0-15.9 - - - 23,2 1,8 14,0 - - - - - -
16,0-17.9 25 09 11 9.8 8,5 8.2 - - - - - -
18,0199 5,0 2,0 2,6 28,0 26,2 26,1 22 0.8 0.7 - - -
20,0-21,9 8.8 5.6 5.6 20.7 242 248 43 1.8 1.8 3.1 1.5 1,6
22,0-23.9 18,8 12,9 14,7 17,1 26,6 247 43 1,9 23 18,7 10,6 124
24,0-25.9 20,0 19.5 18,6 1,2 20 2.2 - - - 14,2 9.5 10,1
26,0-27.9 16,2 16,7 17.4 - - - 43 23 3.1 18.7 154 16,5
28,0-29,9 17,6 239 23,1 - - - 23,7 203 207 10,9 12,2 11,4
30,0-31,9 6,2 9,0 8,9 - - - 19,7 16,6 18,9 9.4 10,5 11,0
32,0-33,9 2,5 43 3,1 - - - 6,5 7,7 7,0 10,9 174 14,5
34,0-359 1,2 2,2 23 - - - 13,0 153 153 7.8 1.7 1,8
36,0-37.9 1,2 3.0 2,6 - - - 13,0 19,8 17.9 4,7 8.3 7,9
38,0-39.9 - - - - - - 6,5 9.7 8.6 1.6 29 28
40,0-41.9 - - - - - - 2,5 3.8 3,7 - - -
Spolu® 100,0 | 100,0 | 100,0 | 100,0 | 100,0 | 100,0 | 100,0 | 100,0 | 100,0 100,0 | 100,0 100,0

Legenda — Legend: P — pocetnost — frequency; Z — zdsoba — standing volume; KZ - kruhovi zikladiia — basal area

'plot name, 2management system, “age, “distribution, *diameter classes, “total, "intensive, *traditional

pomerne kratko, a to v priemere iba 37,7 dni. Ro&ny
vypar z pody dosahuje 550-600 mm; je v mesiacoch
mdj aZz august velmi intenzivny a méZe dosahovat az
450 mm.

Prehlad o typologickych jednotkich a pédnych po-
meroch na sledovanych vyskumnych plochiach poskytu-
je tab. I. Z nej vyplyva, Ze tieto plochy patria do HSLT
€. 124, teda hrabovych luZnych jasenin (tvrdych luhov).
Z lesnych typov si zastipené Zihlavova brestova jase-
nina s hrabom (& 952), cesnakova brestova jasenina
s hrabom (&. 953) ako aj sucha brestova jasenina s hra-
bom (&. 924). Okrem vlhkej brestovej jaseniny s hra-
bom (€. 951) su teda zastipené vetky lesné typy, ktoré
tvoria HSLT hrabovych luZnych jasenin.

Z pddnych predstavitelov tak na ploche Botany, ako
aj na ploche Hores, ktoré leZia v oblasti Potiskej niZiny,
je zastipend hneda glejova pdda, ktora je ilovitohlinita
aZ ilovita, teda tazka, a vykazuje mierne kysli reakciu.
V oblasti Podunajskej niZiny na vyskumnej ploche Po-
dunajské Biskupice je podnym predstavitelom siva vap-
nita paternia. Po zrnitostnej strinke je péda prevaZne
piesoCnatd a vykazuje slabo alkalicki reakciu. Plocha
Hrable je typologicky charakterizovand ako hnedasta
vapnita paternia so stredne tazkou hlinitou pédou, ktora
vykazuje priaznivé fyzikdlne vlastnosti. Reakcia pddy
je neutralna. Hladina podzemnej vody poklesla na sle-
dovanych vyskumnych plochach v dosledku vodohos-
podarskych tprav proti pévodnému stavu asi o 1,5 m.

Uvedena charakteristika a hodnotenie prirodnych
pomerov ukazuje, Ze sledované vyskumné plochy verne
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reprezentuji suchSie stanovistia v oblasti Potiskej a Po-
dunajskej niZiny, ktoré vznikli po vykonani vodohospo-
dérskych dprav a inych technickych opatreni v tychto
regiénoch. Sicasne mdZeme konStatovat, Ze po stranke
klimatickej st v tychto oblastiach vhodné podmienky
na uspesné pestovanie orecha Cierneho. Na niektorych
— najmi na tazkych — pddach je vSak Ziaduce zlepsil
vlahovii bilanciu a prevzdu$nenost pady, ¢o sa dosiahne
predovSetkym aplikaciou intenzivnych technoldgii za-
kladania a pestovania porastov. Vyznam tychto stano-
vist je v lesoch zaujmovych oblasti zna&ny najmi preto,
lebo ich rozloha v désledku vodohospodarskych tprav
a inych technickych opatreni sa znaéne rozSirila. Vy-
sledky hodnotenia bude moZné takto aplikovat na po-
merne rozsiahlom tzemi s negativne ovplyvnenymi
ekologickymi podmienkami v niZinnych oblastiach
Slovenska.

VYSLEDKY A DISKUSIA

So zretelom na rozdielnost stanovi§tnych pomerov,
sposoby pestovania ako aj na odliSny vek jednotlivé
sledované vyskumné plochy sa hodnotia osobitne. Vy-
sledky hodnotenia platia pre ten stanovistny typ. na kto-
rom sa hodnotend vyskumna plocha nachadza.

V tab. II uvadzame prehlad o zmene sponu, poCtu
stromov na | hektar ako aj o zmene rastovej plochy na
1 strom, a to k danému veku, v ktorom sa uskutocnilo
hodnotenie jednotlivych vyskumnych pléch. Udaje
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o strednej vyske, strednej hribke a kruhovej zdkladni,
dalej o zdsobe, objeme prebierok a celkovej objemovej
produkcii ako aj o beZnych a priemernych prirastkoch
sa uvéadzaji tieZ v tab. II. O rozdeleni pocCetnosti, zaso-
by a kruhovej zakladne v hribkovych stupiioch v per-
centich informuje tab. III.

Pokusna plocha Botany, ktora leZi na nezaplavova-
nych taz8ich ilovitohlinitych aliviach Latorice, sa hod-
noti vo veku 40 rokov. Na tejto ploche sa vykonala
doteraz jedna precistka a jeden schematicko-selektivny
prebierkovy zédsah o intenzite 68 % z pocCtu stromov,
¢im sa pdvodny spon rozsiril na 5,0 x 5,0 m. Z vysled-
kov hodnotenia vyplyva, Ze orech Cierny tu dosiahol
stredni vySku 22,3 m, priemerny ro¢ny vy$kovy priras-
tok 0,5 m a bezny roény vyskovy prirastok 0,3 m. Tak
priemerny, ako aj bezny rocny vySkovy prirastok sa
zniZil v poslednom pitroénom obdobi iba o 0,1 m. Po-
dobné priaznivé vysledky sme dostali aj z hodnotenia
hribkového rastu. Strednd hriibka dosiahla na tejto vys-
kumnej ploche 25,3 cm, kym priemerny a beZny rocny
hribkovy prirastok 0,6 cm, resp. 0,5 cm, priCom tieto
hodnoty su za poslednych pit rokov sledovania v pod-
state ustdlené. Tato skutocnost sved¢i o intenzivnom
hribkovom raste aj v danom veku. Celkova objemova
produkcia dosiahla na tejto ploche hodnotu 367,6 m* na
I ha, ¢o svedCi o tom, Ze aj na relativne suchSich a faz-
§ich pdédach moZno intenzivnym pestovanim dosiahnut
primerand drevni produkciu. Je pozoruhodné, Ze tak
hodnota priemerného, ako aj beZného ro¢ného objemo-
vého prirastku, ktory predstavuje 9,2 m, resp. 10,1 m*
na | ha, je v poslednom pitro¢nom obdobi sledovania
v podstate ustalend. Na zlepSenie hrabkového rastu je
potrebné vykonat na tejto ploche eSte jeden selektivny
prebierkovy zasah o intenzite asi 30 % z poctu stro-
mov, ¢im sa dosiahne rubny spon 6,0 x 6,0 m.

Pokusna plocha Podunajské Biskupice je najmlad$im
objektom, ktory sa hodnoti vo veku 30 rokov. Po vyko-
nani jednej precistky a jedného prebierkového zéasahu
o intenzite 57 % sa povodny spon zvicsil na 3,8 x
3,8 m. Hoci leZi na such8ich nezaplavovanych pddach
Podunajskej niZiny, vykazuje zatial pomerne dobry rast,
kedZe strednd vySka dosahuje 19,2 m, kym stredna
hribka 18,5 cm. Priemerny a bezny roény vyskovy pri-
rastok, ktory predstavuje 0,6 m, resp. 0,5 m, a priemer-
né hribkové prirastky, ktoré dosahuji 0,6 cm, st v po-
slednom obdobi pozorovania ustdlené. Naproti tomu tak
priemerny, ako aj beZny rony objemovy prirastok
s hodnotami 6,3 m”, resp. 10,6 m* na 1 ha sa doteraz
mierne zvysuje, ¢o zdroven potvrdzuje priaznivy vplyv
intenzivneho pestovania na objemovi produkciu orecha
¢ierneho v danych podmienkach. Na zabezpecenie dal-
Sieho priaznivého vyvoja — najmi na zlepSenie hribko-
vého rastu — bude potrebné uskutoCnil v poraste eSte
jeden schematicko-selektivny prebierkovy zasah o in-
tenzite 50-60 % z poctu jedincov, ¢im sa dosiahne rub-
ny spon 5,7 x 5,7 az 6,0 x 6,0 m.

Pokusné plocha Hrable, ktord leZi na stredne tazkych
hlinitych pddach v oblasti dolného toku Hrona s priaz-
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nivymi fyzikdlnymi vlastnostami a takto poskytuje
vhodné podmienky na pestovanie orecha Cierneho aj
tradi¢nym spdsobom, sa hodnoti vo veku 70 rokov, ¢o
tu predstavuje rubny vek. Hoci sa tu vykonali tri selek-
tivne prebierkové zdsahy o intenzite 88 %, husty
povodny spon 2,0 x 1,5 m sa roz§iril ibana 5,1 x 5,1 m,
¢o s ohladom na stanovi$tné pomery ako aj na biologic-
ké vlastnosti tejto dreviny neumoZni vytvérat dostato¢-
ne velké koruny ako aj primerané, lepSie hriubkové di-
menzie. Z toho potom logicky vyplyva, Ze stredné
hrabka, ktora predstavuje 31,2 cm, nezodpoveda poten-
cidlnym moZnostiam daného stanovi$ta. Na vy$ku cel-
kovej objemovej produkcie, ktora dosahuje 638,9 m* na
1 ha, aj napriek niZ§im hribkovym dimenzidm do istej
miery pozitivne vplyval relativne vysoky pocet jedin-
cov. Podobne sa dosiahol pomerne dobry priemerny
ro¢ny objemovy prirastok, ktory predstavuje 9,1 m” na
| ha, hoci s ohladom na dobri potencialnu produkéni
schopnost stanovi$ta by bolo moZné dosiahnut aZ 10 m?
na | ha. To by vSak predpokladalo vytvirat rubny spon
v rozpiti od 6,0 x 6,0 m do 6,5 x 6,5 m, ¢im by sa
dosiahla stredna hribka asi 40 cm. S ohladom na rubny
vek porastu je pochopitelné, Ze tak priemerné, ako aj
beZné prirastky vykazuji v poslednom obdobi sledova-
nia klesajicu tendenciu.

Pokusnd plocha Hores, ktord lezi na tazkych, nedo-
statocne prevzdu$nenych aldviach Tisy, sa hodnoti vo
veku 50 rokov. Podobne ako v predoslom pripade, aj
tento porast sa pestoval tradi¢nym spdsobom a po vy-
konani vychovnych zisahov sa povodny spon 2,5 x
1,5 m roz8iril na 4,8 x 4,8 m. Strednd vy$ka predstavuje
na tejto ploche 24,3 m, kym priemerny a bezny rocny
vySkovy prirastok 0,5 m, resp. 0,2 m, ktoré v posled-
nom obdobi sledovania vykazuji mierne klesajicu ten-
denciu. Podobne sa zniZili aj hribkové prirastky, ktoré
pri strednej hribke 27,9 ¢cm dosiahli hodnotu 0,5 cm,
resp. 0,3 cm. S ohladom na menej priaznivé stanovistné
podmienky poskytuje tento porast aj niZ8iu objemovii
produkciu aj objemové prirastky, kedZe celkova obje-
movi produkcia predstavuje 419,2 m’, kym priemerny
objemovy prirastok 8,4 m’ a bezny objemovy prirastok
6,5 m> na | ha.

Na zaklade doterajSieho vyvoja porastu je redlny
predpoklad dosiahnut strednd hribku 35 cm a vypesto-

" val cennej$ie sortimenty, a to pri asi 70-rocnej rubne;j

dobe. Predpokladom je v3ak uskutocnit Co najskor je-
den selektivny prebierkovy zdsah o intenzite cca
30-35 %, ¢im sa dosiahne rubny spon 5,8 x 5.8 m az
6.0 x 6.0 m.

Nase vysledky sme porovnavali s vysledkami, ktoré
dosiahol Palotds (1973) v podobnych stanovist-
nych podmienkach Madarska. Z toho vyplyva, Ze vys-
kovy rast orecha ¢ierneho bol v obidvoch pripadoch
v podstate rovnaky, kym hribkovy rast bol tam mierne
lepsi, a to v priemere o 3-6 %. Podobné vysledky sme
dostali aj z porovnania objemovej produkcie a objemo-
vych prirastkov, ktoré sa v Madarsku dosiahli v désled-
ku priaznivejSich klimatickych podmienok.
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ZAVER

Hodnotenie rastu a objemovej produkcie orecha
&ierneho pestovaného intenzivnym a tradi¢nym sposo-
bom sa vykonalo na pokusnych plochich Botany, Po-
dunajské Biskupice, Hrable a Hore§ v zmenenych eko-
logickych podmienkach Potiskej a Podunajskej niZiny.
Typologicky patria tieto plochy do HSLT hrabovych
luZnych jasenin. Zrnitostne su charakterizované lah§imi
piesoCnatymi az taz§imi ilovitymi podami.

Vysledky hodnotenia ukdzali, Ze intenzivnym pesto-
vanim orecha ¢ierncho moZno dosiahnut uspokojivé vy-
sledky tak na suchS§ich, ako aj na tazSich, teda menej
vhodnych pddach. Podla stanovi$tnych podmienok
predpokladame dosiahnut priemerny rocny objemovy
prirastok cca 8-10 m® na 1 ha pri 50-70-ro¢nej rubne;j
dobe. DoleZité je vSak vCasnymi a spravnymi prebierkami
vytvaral rubny spon v rozpiti 6 x 6-5,6 x 5,6 m.

Na$e vysledky zaroveii potvrdili, Ze orech Cierny je
perspektivnou drevinou naSich niZinnych oblasti, ktoré
boli v poslednom obdobi negativne ovplyvnené vodo-
hospodérskymi zdsahmi a inymi technickymi opatrenia-
mi. Jeho pestovanie je odovodnené najmi na tych sta-
novistiach, ktoré pre zhorSend vlahovi bilanciu pody
nie st vhodné na pestovanie $lachtenych topolov.
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SOME DATA ON BLACK WALNUT (JUGLANS NIGRA L.) STANDS AND THEIR
MANAGEMENT IN LOWLAND AREAS OF SLOVAKIA

S. Kohén

Forestry Research Institute, Research Station, Cdrskeho 3, 040 0] Kogice

Tree growth and volume production of black walnut
were evaluated in stands in which intensive and tradi-
tional management systems were applied to experimen-
tal plots Botany, Podunajské Biskupice, Hrable and
Hores situated in lowland areas of Slovakia on uninun-
dated alluvia of the rivers Latorica, Tisa, Hron and Du-
naj. The intensive management system consisted in
stand establishment on plots with broadcast soil prepa-
ration and in broadcast soil cultivation performed until

36

the stand canopy was formed. Silvicultural treatments
involved a cleaning and a geometric-selective thinning.
The traditional management system consisted in stand
establishment by hole planting on plots without broad-
cast soil preparation, followed by individual plant treat-
ment in the first three years. A cleaning and two thin-
nings were performed in the successive years.

The results of evaluation of the experimental plots
are shown in tables. Tab. I shows basic data and site
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conditions. Tab. II informs about changes in tree spac-
ing, number and growth area at the given age: data on
mean height and mean diameter, on basal area, standing
volume, volume of thinnings and total volume produc-
tion per 1 ha, and on average and current increments
are presented. Tab. III documents distribution of fre-
quency, standing volume and basal area in diameter
classes at per cent expression.

Data in Tab. I show that intensively managed stands
were established at spacings of 4.0 x 2.0 m and 2.5 x
2.5 m while the spacings of stands under a traditional
management system were 2.0 x 1.5 m and 2.5 x 1.5 m.
In terms of typology, these plots belong to the manage-
ment complex of forest types of floodplain hornbeam-
ash stands. Soil types involve gley Cambisol, gray cal-
careous soil and brown calcareous soil. As to texture,
light sandy soils, medium-heavy loamy soils, heavy-
textured clay-loam to clay soils are represented with
slightly acid, neutral or weakly alkaline reactions.

Tab. II indicates that the black walnut stand on
Botany experimental plot with heavy-textured clay-
loamy soil, at the age of 40 years under intensive man-
agement system consisted of trees with the mean height
22.3 m, mean diameter 25.3 cm and total volume pro-
duction 367.6 m* per 1 ha. Average annual volume
increment was 10.1 m? per | ha. The black walnut stand
on Podunajské Biskupice experimental plot with light
sandy soil, at the age of 30 years under intensive man-
agement system consisted of trees with the mean height
19.2 m, mean diameter 18.5 cm and total volume pro-
duction 187.9 m3 per 1 ha. Average annual volume
increment was 6.3 m® while current annual increment

made 10.6 m per 1 ha. The respective values for mean
height, mean diameter and total volume production for
the black walnut stand on Hrable experimental plot with
medium-heavy loamy soil at 70 years of age under tra-
ditional management system were 28.0 m, 31.2 cm and
638.9 m* ger 1 ha. Average annual volume increment
was 9.1 m” while current annual volume increment was
only 3.2 m’ per 1 ha. It is to note that the age of
70 years is considered as a felling age in the given con-
ditions. Hore$ experimental plot, situated on heavy-tex-
tured clay soil, has adverse physical characteristics. The
mean height of black walnut trees at the age of 50 years
was 24.3 m, mean diameter 27.9 cm and total volume
production amounted to 419.2 m? per 1 ha on this plot
under traditional management system. As a result of
less beneficial site conditions, average annual volume
increment on this plot was lower, 8.4 m? per | ha, and
current annual volume increment was also lower,
6.5m’ per 1 ha. Tab. III shows that the intensive man-
agement system had positive effects on distribution of
frequency, standing volume and basal area in diameter
classes.

Evaluation of the above data has demonstrated that
the intensive management of black walnut stands can
provide satisfactory results under less convenient,
rather arid conditions as well as on heavy-textured
soils. It has also been confirmed that the black walnut
is a promising tree species to be grown also in altered
ecological conditions of lowland areas of Slovakia. Its
planting is reasonable mainly at those sites that are not
suitable for planting bred poplars due to a worse mois-
ture balance of soil.
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FINANCNA OPTIMALIZACIA OBHOSPODAROVANIA
LESNEHO MAJETKU V PODMIENKACH RIZIKA
NAHODNYCH TAZIEB

FINANCIAL OPTIMIZATION OF THE FOREST PROPERTY
MANAGEMENT UNDER CONDITIONS OF SALVAGE CUTTINGS RISK

J. Holécy

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

ABSTRACT: The paper demonstrates how linear programming technique together with some results provided by the theory
of Markov processes can be used to specify the financial optimum pattern of harvests from an irregular forest during the
period of its conversion to sustained yield. The deterministic and the stochastic models are compared. Both the models are
exercised on the example of possible development of the spruce even-aged forest. The problem of calculation of the present
value of the expected net perpetual annual income under conditions of risk is also solved.

linear programming; conversion to sustained yield; Markov processes; risk of salvage cuttings; net perpetual annual income

ABSTRAKT: Clinok ukazuje, ako moZno vyuZit techniku linedrneho programovania spolu s niektorymi vysledkami teorie
Markovovych procesov na uréenie finanne optimdlneho programu tazby polas obdobia prevodu vekovo nerovnomerne
rozdeleného lesného majetku na normdlny les. Porovndva sa deterministicky model so stochastickym. Obidva modely st
odskuiSané na priklade moZného vyvoja rovnovekého smrekového lesa. Prispevok riedi aj vypodet suc¢asnej hodnoty ocakivanej

trvalej renty roc¢nej v podmienkach rizika.

linedrne programovanie; prevod na normélny les; Markovove procesy; riziko nidhodnych taZieb; trvald renta roénd

UVOD

Prinavratenie uZivacieho priva lesov ich pévodnym
majitefom a ich priama privatizicia prostrednictvom res-
titdcii po roku 1989 vyvolali zdsadné zmeny v ekonomic-
kych ndzoroch na hodnotenie lesov Slovenska. Majitel
lesa dnes uZ nie je pasivnym pozorovatelom, pripadne
prijimatelom hospodarskych rozhodnuti $tatnych orga-
nov. V kone¢nom doésledku o navrhu hospodarskych
opatreni v lesnom hospodirskom plane (LHP) rozhoduje
sdm. Motivdciou hospodarenia sikromnych, ale i §tat-
nych lesnych podnikov sa stala maximalizédcia vynosov.
Osobitnym problémom hospodirenia na lesnej pode dnes
je vSak riziko vzniku ndhodnej tazby. Hoci lesni hospo-
dari v sikromnych i 3tatnych podnikoch musia rieSeniam
problémov, ktoré toto riziko vyvoldva, venovat vela Casu
a energie, jeho finanéné dosledky na hospodérenie im
zvereného majetku sa doposial dosledne neanalyzuji.
Cicelom prispevku je ndvrh a odsku$anie modelu finangnej
optimalizicie obhospodarovania lesného majetku s pri-
hliadnutim na riziko vzniku nahodnych taZieb v jednotli-
vych vekovych stupiioch pestovanych porastov.
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PROBLEMATIKA FINANCNYCH ANALYZ
HOSPODARENIA NA LESNEJ PODE

Metddy finanénych analyz hospodarenia na lesnej
pdde sa teoreticky vyvijajui uZ viac ako 200 rokov. Naj-
vacSim prinosom v tomto smere bola praca Faust-
manna (1849). Vystizny prehlad tychto met6éd a zhod-
notenie ich vyznamu pre rie§enie aktudlnych otdzok
lesnickej ekonomiky publikoval napr. Katé (1985).
Niektoré klasické metody pri rieSeni sicasnych problé-
mov vSak uZ dnes neddvaji vZdy v praxi pouZitelné
vysledky. Informuje o tom napr. Vehkamiki (1990).
Napriek tymto skuto¢nostiam klasické met6dy sa pri
analyzach hospodarenia podnikov i v ocefiovani lesov
nadalej pouZivajui i rozvijaji. Dévodom je skutognost,
ze ich vysledky moZno vZdy jasne a jednoznaCne inter-
pretovat. Prikladom su postupy zaloZené na principoch
Faustmannovho vzorca i Endresovych podmienok jeho
platnosti, ako ich uvddza Katé (1985). Optimalizuji
obhospodarovanie lesa s ciefom maximalizovat sicas-
ni hodnotu ofakavanych vynosov pri urcitych danych
prirodnych i zdkonnych obmedzeniach. Zikladny pro-
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blém takto chapanej optimalizacie riadenia rubnych
taZieb v Case pomocou metdd linedrneho programova-
nia vyrieSili Nautiyal, Pearse (1967). Systemi-
zaciu pouZivania modelov linedrneho programovania
pre tieto icely vykonali Johnson, Scheurman
(1977). Tito ulohu rozSireni o hladanie optimalnej
stratégie taZieb s ohJadom na sti¢asni hodnotu prebie-
rok formuloval tiezZ Kilkki (1985). Vietky tieto mo-
dely si deterministické, a preto ich vysledky mozZno
povaZovat za spolahlivé len v podmienkach, kde riziko
hospodarenia v lese nie je vyznamné. Na determi-
nistickom pristupe su tieZ zaloZené metddy pre vypocet
uradnych cien lesnej pody uvedenych vo Vyhlaske Mi-
nisterstva financii Slovenskej republiky ¢. 465/1991
Z. z. SvedCia o tom prace jej navrhovatelov v publika-
ciach Tutka et al. (1990, 1992).

Riziko ndhodnych taZieb je v8ak dnes mimoriadne
zédvazny problém. Autori, ktori hladaji jeho rieenie,
vychéadzaji z kvantifikacie tohoto rizika odhadom prav-
depodobnosti vzniku olakédvanej ndhodnej udalosti
a ich vyuZitia pri oceneni ofakavanych tZitkov. Teore-
tickym vychodiskom je hlavne modelovanie ndhodnych
procesov pomocou Markovovych retazcov, ako ich
uvadza napr. Howard (1969). V lesnictve tieto me-
tédy v naSich podmienkach pouZili napr. Kouba
(1984) a Priesol, Ngo Khim Khdoi (1989).
Posledné dve publikécie viak nepouZivaji te6riu Mar-
kovovych retazcov pre finanéni optimalizdciu obhos-
podarovania lesov, ale len na predvidanie désledkov
hospoddrenia pri jeho nemennych pravidlach
v podmienkach rizika. Otdzkam kalkulicie rizika hos-
podarenia na lesnej pode sa venuju napr. Van Wag-
ner (1983) a Gassman (1989). Obaja za najvac¢si
rizikovy faktor pri hospodareni v lese povaZuju poZiare
a obaja modeluji pravdepodobnost ich rizika exponen-
cidlnym rozdelenim pravdepodobnosti.

V naSich podmienkach existuje viacero vyznamnych
rizikovych faktorov hospodarenia v lese. Su to hlavne
veterné polomy a vyvraty, kérovcové a iné biologické
kalamity a odumieranie porastov v ddsledku toxickych
priemyselnych imisii. Z finan¢ného hladiska v3ak nie je
dolezity Cinitel, ktory nahodnu taZzbu spdsobil, ale sku-
to¢nost, Ze poskodeny porast sa v uvazovanom obdobi
vytaZi nezrely a neprodukuje drevni hmotu aZ po svoj
rubny vek. Takto kalkuluje riziko produkcie drevnej
hmoty Kouba (1984) i ini autori. Pravdepodobnosti,
ktoré opisuji riziko vzniku nédhodnej taZby v zavislosti
od veku porastov, mozno ziskat s vyuZitim vykazov
lesnej hospodarskej evidencie a lesného hospodarskeho
plinu (LHP), hlavne porovnanim vySky planovanych
obnovnych taZieb so skutoénymi, alebo porovnanim
plochy holin, ktoré vznikli neplanovanou tazbou v jed-
notlivych vekovych stupiioch, k celkovej ploche veko-
vych stupfiov.
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KONSTRUKCIA DETERMINISTICKEHO
A STOCHASTICKEHO MODELU FINANCNEJ
OPTIMALIZACIE HOSPODARENIA NA LESNOM
MAJETKU

Medzi zdkladné ciele hospodarenia na lesnom majet-
ku patria:

— dosiahnutie nepretrZitosti a vyrovnanosti produk-
cie dreva, t.j. modelu tzv. ,,normélneho* lesa,

— taky program taZieb, ktory pri dodrZani vSetkych
zdkonnych obmedzeni vySky decendlnych taZieb a za-
lestiovacich povinnosti zabezpe¢i majitelovi maximal-
ny oCakdvany vynos.

Dosiahnutie prvého z tychto cielov v si¢asnosti ohro-
zuje najmé vysoké percento podielu predéasnych nihod-
nych taZieb dreva. Kouba (1984) zistil, Ze pomocou
zndmej matice pravdepodobnosti prechodov porastov
z niz8ich vekovych stupiiov do vysSich P je moZné vy-
pocitat staciondrny vektor limitnych pravdepodobnosti
rozdelenia plch jednotlivych vekovych stupiiov. Tento
vektor, ktory nezévisi od ich potiato&ného rozdelenia
na celkovej ploche lesného majetku, je uréeny vztahom:

a.P=a (1)

Uvedené plati pre stacionarny proces, ktory sa opa-
kuje trvale aZ do nekone&na. Zaroveii plati, Ze dosiah-
nut rovnomerné zastipenie ploch jednotlivych veko-
vych stupiiov (alebo vekovych tried) je v podmienkach
rizika prakticky nemoZzné.

Problémom dosiahnutia druhého uvedeného ciela sa
uZ zaoberalo mnoho autorov. Ddsledne ho vyrieSili uZ
spomenutym modelom Nautiyal, Pearse (1967).
Optimalizuje prevod siboru niekolkych rovnovekych,
ale r6zne starych porastov na normilny les. Struéne
formulovat ho moZno nasledovne:

1. O vekovych stupfioch musi platit

m+i=-1 p-1

z.r).—2xk+i.k=0 prei=1,..,p-n (2)
j=1 k=)

m+i-1 p-1

ZX_\'_ZXHi.k:% prei=p-n+l,..,p-1 (3)
j=1 k=1

m+i-1

A
2 5="

i=1

prei=p (4)

2. O plochich vytazenych z pociatoénych vekovych
stupfiov musi platit

r
> K krio1 =A; prei=1,..,m (5)
k=1

pretoZe porasty, ktoré si na konci prevodu star§ie ako
rubnéd doba, musia byt tplne vytaZené.
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3. Utelova funkcia tlohy pre potreby maximalizacie
&istej sicasnej hodnoty (CSH) vynosov poéas prevodu
ma tvar

p m+i=l

Z=y Dfx

i=1 j=1

= max (6)

kde: fi= rl,(wi -¢).

Vyznam pouZitych symbolov:

A — celkova rozloha lesného majetku (ha),

m — pocet existujucich vekovych stupiiov (vekovych tried),
A; - plocha j-teho vekového stupiia (vekovej triedy) (ha),
n — planovany podet vekovych stupiiov (vekovych tried),
u ~ pocet rokov vekového stupiia (vekovej triedy), preto

n.u je rovné rubnej dobe,
- plocha imyselnej fazby v i-tom decéniu (alebo dvad-
safroti) z j-teho vekového stupiia (vekovej triedy),

Xij

m+i-1 - pocet vekovych stupiiov (vekovych tried) v Tubo-
volnom ¢asovom okamihu,

k — pocet vekovych stupiiov (vekovych tried), ktoré vznikli
z obnovnych taZieb pocas obdobia prevodu,

Wy — hodnota zisoby na | ha v j-tom vekovom stupni (vekovej
triedy),

r — uvaZovani doba prevodu majetku na normalny les,

d; - diskontny faktor pre stred obdobia i-teho decénia
(alebo dvadsatrocia),

c - naklady na zalesnenie | ha.

Uvedeny model moZno tiez chapat ako opis takych
zmien stavov lesného majetku v jednotlivych desatro-
Ciach &i dvadsatroCiach obdobia prevodu, ktoré zabez-
pecia majitelovi najvySSiu sicasnd hodnotu vynosov.
Formdlne moZno tito skuto&nost opisat nasledovne:

S 1 =5 - N+ ZX; Q)

kde: ; — vektor, ktorého prvky opisuji stavy pléch jednotlivych

vekovych stupiiov (vekovych tried) v i-tom decéniu (dvad-
safro¢i) obdobia prevodu

S = S e S s Sin)

x; = vektor pl&c? umyselnych (aZieb Xz ploch s,
“‘-ij' i

Z - matica rozmeru m, ktorej prvy riadok tvoria jednotky
a ostatné riadky si naplnené nulami.

i X = [ eees

Sucin vo vztahu (7) znamend, Ze celd vytaZena plo-
cha tvori na zadiatku obdobia i + 1 plochu prvého ve-
kového stupiia, resp. vekovej triedy. Je vSak moZné na-
vrhnit i taky model vyvoja obhospodarovania lesa,
ktory vyuZziva pre opis zmeny stavov ploch lesného ma-
jetku Koubovu maticu pravdepodobnosti prechodov P
20 vztahu (1):

S =P G —x) + Zx; (8)
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kde matica P pre tento icel ma tvar:

P P2 - P -+ Pm
I-p,
I-p,

I-p

l_pm

Stochasticky variant optimalizacnej ulohy je moZné
zostavit podla stavovej rovnice (8) tak, ako je zostave-
ny deterministicky variant optimalizaCnej dlohy vo
vztahoch (2) aZ (6) podla stavovej rovnice (7). Rozdiely
medzi deterministickou a stochastickou optimaliza¢nou
ilohou moZno charakterizovat nasledovne:

1. Matica technickych koeficientov stochastického
modelu obsahuje nielen jednotky a nuly, ale aj Cisla
v rozpiti medzi jednotkou a nulou.

2. Ak pravdepodobnost, Ze porasty m-tého vekového
stupiia (triedy) neprejdi do nasledujiceho vekového
stupiia (triedy) p,, = 1, tak pocet vekovych stupiov
(tried) nie je nikdy vy3Si ako m.

3. Prvky vektora obmedzeni, ktoré si v determi-
nistickej dlohe podla vztahov (3) a (4) rovné zastipeniu
ploch jednotlivych vekovych stupiiov v normdlnom le-
se, je vzhladom na stochasticky charakter dlohy potreb-
né nahradit plo§nymi podielmi vypocitanymi podla prv-
kov stacionarneho vektora a.

4. K hodnote ucelovej funkcie stochastickej dlohy je
potrebné vZdy pripocitat diskontované hodnoty oaka-
vanych niahodnych tazieb. Ich vyska je v modeli impli-
citne zadana prostrednictvom matice P a mozno ich vy-
pocitat z obmedzeni tlohy hned po jej formulacii.

Aby rozmer obidvoch tloh zostal fyzicky zvladnu-
telny, model prevodu na normilny les sme formulovali
nie pre vekové stupne, ale pre vekové triedy porastov.
Diskrétnou Casovou jednotkou v obidvoch tlohach pre-
to nie je decénium, ale dvadsatrodie. Rozmer matice P
i pocet premennych v modeli sa tak zniZil o polovicu.
Obidva modely sme tieZz upravili tak, Ze:

1. Plochové obmedzenia taZieb zdkladnej tlohy vo
vztahoch (2) aZ (5) sme rozsirili o hmotové obmedzenia
vySky taZieb v jednotlivych dvadsatro¢iach prevodu na
normélny les. To znamend, Ze v Ziadnom dvadsatroci
prevodu nie je mozné faZit viac, ako pripusta normova-
ny normdlny etit. V stochastickej ulohe sa vSak vyska
povolenych taZieb v jednotlivych dvadsatrociach pre-
vodu rovna vySke normovaného normdlneho etdtu, ako
ho formuloval Kouba (1984):

E,=a.v.p'™ )
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kde: @ - limitny staciondrny vektor stavov matice P,
V - diagondlna matica, kde na diagondle si zdsoby drevnej
hmoty na | ha v uvaZovanych vekovych triedach,
p(” — prvy riadkovy vektor matice P (vektor rizik).

2. Z ekologickych dovodov sme vylucili moZnost
obnovnej tazby v porastoch mladSich ako 40 rokov.
Vsetky x;; a x;; sme postavili rovné 0 a vynechali zo
sistav rovnic obidvoch modelov.

Zostavenu dlohu podla klasifikéacie, ktord uvadzaji
Johnson, Scheurman (1977), moZno preto kla-
sifikovat ako model typu II.

VSTUPNE UDAIJE PRE MODELY A ICH UPRAVA

Pre odskuganie obidvoch typov modelov sme pouZili
udaje LHP pre Lesny hospodarsky celok (LHC) Hrifiova
(1984). Pre zloZitost konStrukcie obidvoch modelov
sme optimalizovali len hospodirenie na ploche porastov
smreka obyc¢ajného o celkovej vymere A = 2 411,35 ha.
Sucasné zastipenie ploch vekovych tried tejto dreviny
na ploche LHC Hrifiova je uvedené v tab. 1.

Zasoby drevnej hmoty na 1 ha v jednotlivych veko-
vych triedach reSpektuju existujice zakmenenie smreka
v prirodnych podmienkach LHC Hrifiova. Vysky zdsob
drevnej hmoty na | ha tejto dreviny si uvedené v po-
slednom riadku tab. I.

Zasoby na | ha vo vys8ich vekovych triedach, ako
je 8. trieda, sme odhadli pomocou Gompertzovej krivky:

Y=ot 10)
kde x je Cislo vekovej triedy. Funkciu krivky sme zis-
kali vyrovnanim udajov v tab. I metédou najmensich
Stvorcov. V naSom pripade ma tvar:

Y= 86.683024& -6.44421701 . 0,53005157"

Vyuzili sme viak len hodnoty tejto krivky pre 9. aZ
11. vekovi triedu. Pre dalSie vekové triedy sme uvaZo-
vali uZ len konStantni hodnotu zasoby (799 m3.ha").
Vychédzali sme z predpokladu, Ze na ploche, kde sa
neuskutoénila obnovni tazba uz viac ako 200 rokov,
bude zastipenych uZ len méalo stromov z pdvodného
zalesnenia. Na druhej strane vSak moZno ocakavat, Ze
vplyvom prirodzeného zmladenia i odumierania prestar-
lych jedincov sa vytvori niekolko etazi a vekova Struktira
takéhoto porastu sa bude pribliZovat k $truktire prirod-
ného, resp. vyberkového lesa.

—

Vyrovnani hodnotu zisoby moZno pre naplnenie
modelu doporuéit aj v pripade, ak plocha niektorého
uvaZovaného niZSieho vekového stupiia alebo triedy ne-
ma v sucasnosti na ploche lesného majetku (LHC)
Ziadne zastiipenie.

Vysku dvadsatro¢ného etatu pre hmotné obmedzenia
tazby v deterministickej tlohe sme urgili ako zdsobu
poslednej vekovej triedy v normalnom lese:

A _2411,35ha

Ep=7-Wi==——% .637m* . ha' =307 161 m*

Dvadsatro¢ny etdt na ten isty ucel pre stochasticka
ulohu sme stanovili s vyuZitim matice pravdepodobnos-
ti prechodu porastov z nizSej vekovej triedy do vyssej
— P. Tento doleZity vstupny Gdaj sme prebrali z publi-
kicie Priesol, Ngo Khim Khoi (1989) s do-
volenim autorov. Matica bola zostavend pre ihli¢naté
porasty Skolského lesného podniku Technickej univer-
zity vo Zvolene, ktory hospodéri vo velmi podobnych
podnych i klimatickych podmienkach, ako si na tzemi
LHC Hrifiova. Matica prechodu P ma pri zvolenej rub-
nej dobe 100 rokov tento tvar:

Xi"m"“ 1 2 3 4 5

I 1,000000

2 1,000000

3 0,119425 0,880575

4 0,073900 0926100
5 1,000000

Vsetky ostatné prvky matice sa rovné 0.
Tejto matici zodpoveda limitny vektor a:

a=[0,2129,0,2129, 0,2129, 0,1875, 0,1736]

Dvadsatrocny etat pre stochasticki ilohu sme potom
stanovili podla vztahu (9):

E, =1[0,2129,0,2129, 0,2129, 0,1875, 0,1736] .

16 0
149 0
319 . 10,1194

489 0,0739

637 1

E,=302503 m’

Zastipenie ploch vekovych tried smreka na ploche LHC Hrifiova ~ Areas of stand age classes in the territory of the FMU Hrifiovi

Vekovi trieda’ 1 2 3 4 5 6 7 8
Plocha? (ha) 501,38 273.71 310,2 777.96 375,69 144,18 18,5 9,73
Zisoba® (m*.ha™') 16 149 319 489 637 741 781 788

1 2 3 ¢
age class, “area, “growing stock
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Pre smrekové porasty sme zvolili rubni dobu nu =
100 rokov, kde u = 20 rokov a n = 5. Obdobie prevodu
v8ak volit nebolo moZné. Bolo potrebné ho hladat. Jeho
pociatoénu hodnotu p = 5§ dvadsatro¢i sme postupne zvy-
Sovali, az kym sme nenasli pripustné rieSenie ulohy. De-
terministickd dloha prvy raz mala rieenie pri dobe prevo-
du p = 14, t.j. 280 rokov. Pri stochastickej ilohe sme nasli
rieSenie podstatne skor, pri hodnote p = 8, t.j. 160 rokov.

FORMULACIA OPTIMALIZACNYCH ULOH
A ICH RIESENIE

Formulacia deterministickej tlohy nepredstavovala
problém. Vykonali sme ju podla vztahov (2) aZ (6).

Stochastickid tlohu sme sformulovali ako kombina-
ciu pravdepodobnostného modelu vyvoja lesa reprezen-
tovaného redukovanou maticou P a stavovou rovnicou
(8). Plochy, ktoré prechadzali z niZ§ich vekovych tried
do vys8ich, sme nasobili pravdepodobnostami ich pre-
chodu z matice P. Uelovii funkciu sme skonStruovali
pre obidve optimaliza¢né vlohy ta isti. Tento pristup
umoznil porovnat deterministickd dlohu so stochastic-
kou. Ceny dreva na pni sme zistili ocenenim zisob
smrekovych porastov LHC Hrifiovd podla Vyhlasky
¢. 465/1991 Z. z. Koeficienty ucelovych funkcii sme
ziskali podla znameho vztahu

j}j =d; (wj—c)

kde: f;; — suasnd hodnota olakdvaného vynosu pri vyfaZeni | ha
Jj-tej vekovej triedy v i-tom dvadsatroci,
w; — hodnota zdsoby na | ha v j-tej vekovej triede.
¢ - naklad na zalesnenie hned po fazbe (zvolili sme pausilne
10 000 Sk.ha™"),
d; - diskontny faktor pre i-te dvadsalrocie.

Diskontovanie sme vykonali pri tdrokovej miere
r=0,03. V tejto vyske ju pre lesnicke projekty na tze-
mi Slovenska navrhuji pouZivat Tutka et al. (1992).
Pre vysoky pocet Struktirnych premennych (175 v de-
terministickom modeli a 41 v stochastickom modeli)
koeficienty ucelovych funkcii tu neuvddzame. Uplné
formulédcie obidvoch modelov a vysledky ich rieSenia
sii uvedené v publikicii Holécy et al. (1993).

RieSenie obidvoch iloh sme uskutocnili na PC s vy-
uzitim balika programov PC PROG firmy Kavelagen
(z Holandska).

VYSLEDKY RIESENIA MODELOV

Hodnoty Struktirnych premennych Xjj v obidvoch
ilohach informuji o postupoch planovanej tazby v jed-
notlivych dvadsatro€iach prevodu, ktoré si z financné-
ho hladiska najvyhodnejsie. Utelové funkcie obidvoch
iloh informuji o maximalnej vyske CSH obidvoch pro-
jektov umyselnej tazby dreva.

Deterministicky model obsahuje 36 obmedzeni (plo-
chovych aj hmotovych) a 112 premennych. Vysledky
jeho rieSenia st uvedené v tab. II.

Stochasticky model obsahuje 24 obmedzeni a 41 pre-
mennych a vysledky jeho rieSenia st uvedené v tab. IIL.

iy

I1. Struktirne premenné x;; a hodnota GZelovej funkcie Z.MAx v opti

rieSeni deter » modelu prevodu smrekovych porastov

LHC Hritova na normalny les — Structural variables x;; and value of the objective function Z'y4x at the optimum solution of the deterministic

U

model for conversion of spruce stands within the FMU Hrifiova to fully regulated forest

Deterministicky model'
. A ! 2 3 5 6 7 8
i
| 279,02 144,18 18,50 9.73
2 369,23 96,67
3 4,75 408,73
4 12538 305,45
5 308.89 148.33
6 257.31 192,49
7 0,35 255.23 194,12
8 430,48 41348 210,67
9 457,22
10 44935 449,80
11 572.42
12 482,20
13 24,98 457,22
14 90,22 391,98
Vsetky ostatné? x; = 0
| Z'\ax = 288 106 821 Sk

!deterministic model, %all other
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TI. Struktirne premenné x; a hodnota ucelovej funkcie z’ MAx ¥ optimdlnom riedeni smchnstlckého modelu prevodu smrekovych porastov
LHC Hriitovéd na normélny Ics - Structural variables x; and value of the objective function Z\ax at the optimum solution of the stochastic
model for conversion of spruce stands within the FMU Hrifiova to fully regulated forest

Stochasticky model'
_ d I 2 3 5 6 7 8
1

1 38,23 154,92 124,86 18,15 9,73
2 90,76 320,13

3 162,95 168,74

4 127,23 272,83

5 360.75 89,34 62.84

6 127,34 97,02 147,23 23,47

7 228,92 182,09

8 117,54 43,75 83,69 158,68

Vietky ostatné? x;; = 0

| Z'max = 215 354 424 Sk

Istochastic model, 2all other

Okrem vystupnych zostav rieSeni obidvoch optima-
lizaénych tloh st pre ich porovnanie potrebné aj tidaje
o vySkach ocakavanych nidhodnych taZieb pri stochas-
tickej dlohe a ich CSH. Vy3ky ndhodnych taZieb sme
vypocitali z matematickej formulacie sistavy rovnic
stochastickej tlohy. VySky ndhodnych taZieb si v nej
implicitne zadané. Je to sucin plochy porastov, ktoré
neprejdi do nasledujicej vekovej triedy, a zdsoby na
1 ha v tejto triede. V tab. IV su ofakdvané vysky na-
hodnych taZieb v jednotlivych dvadsatro¢iach prevodu.
Prvé Cislo v prvom riadku kaZdého policka je zdsoba na
| ha v j-tej vekovej triede. Druhé ¢islo v prvom riadku
je plocha otakédvanej nahodnej tazby v j-tej vekovej triede

majetku pogas i-teho dvadsatrogia obdobia prevodu. Cislo
v druhom riadku kazdého polic¢ka je ich sacin. V pos-
lednom stlpci tab. IV sd sucty ndhodnych faZieb N
v m’ v i-tom dvadsatroi prevodu. Udaje v tab. IV sme
pouZzili pre zniZenie hmotovych obmedzeni (normalne-
ho normovaného etétu) tazby v jednotlivych dvadsatro-
&ach prevodu. V tab. V je CSH odakavanych nihod-
nych taZieb pofas obdobia prevodu lesného majetku na
normdlny les. VSeobecne je moZné tito veliinu urcit
podla vzt'ahu'

NT;; (w
CSHNT“Z 2 (l+;)2°' 10

i=1 j=3

an

IV. Vysky otakdvanych nihodnych faZieb pocas jednotlivych dvadsatroli prevodu smrekovych porastov LHC Hrifiovd na normdlny les —
Volumes of expected salvage cuttings during the particular two decades during the period of conversion of spruce stands within the FMU

Hriflovd to fully regulated forest

Vekovi trieda’
3 4 5 6 ENt; (m3)
20-rotie?

319.. 37,04 489 . 57,49 637. 25,92 741 . 1932
K 11816 28 113 16 511 14 316 101258
5 319, 32,68 489 . 20,19 637.. 49,71 741 . 46.87 G5 50

10 425 9873 31 665 34 731

319 . 59.86 489 . 17,81 637 . 17,45 741 . 89.88
% 19 095 8 709 11 116 66 601 108.521

319, 20,02 489 . 32,63 637 . 15,40 741 . 31.56
4 6 386 15 956 9810 23 386 35 538
3 319 17,84 489 . 1091 637. 28,21 741 . 27,74 A
2 5 691 5 335 17 970 20 555 *
" 319 22,09 489 .9.73 637.9.43 741 . 5096 ix

: 7 047 4758 6007 37 761 3547
. 319 11.89 489 . 12,04 637 . 8.41 741 . 17.06 oy
3793 5 888 5357 12 641

319.. 10,08 489 . 6,49 637. 10,41 741 . 1520

B 3216 3174 6631 11 263 24 284
'nge class, *two-decade period
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V. Vypotet CSH ocakivanych nihodnych (aZieb smreka na LHC Hrifiova pocas obdobia jeho prevodu na normalny les. CSH nihodnej tazby
olakdvanej v i-tom dvadsatrodi z j-tej vekovej triedy je uvedeny v poslednom riadku kaZdého poli¢ka — Calculation of the NPV of expected
salvage cuttings of spruce stands within FMU Hrifiova. The NPV of salvage cuttings expected in the i-th two decades period from the j-th

age class is presented in the last row of each cell

= Vekovi trieda’ 5 i 5 3 ENE (SK)
20-rocie
74 225 154 893 247 308 328 696
I. 232,65 . 11 816 316,75 .28 113 388,24 . 16 511 443,58 . 14 316 24 414 662
2 749 347 8 904 793 6410 231 6 350 291
B 41 097 85 760 136 928 181 991
128,83 . 10 425 175,38 . 9 873 214,96 . 31 665 245,60 . 34 731 18 411 221
1 343 053 1 731 524 6 806 708 8 529 934
22 754 47 483 75 814 100 764
3. 71,33 .19095 | 97,10.8 709 119,02, 11116 135,98 . 66 601 12 587 120
1 362 046 845 644 1 323 026 9 056 404
12 529 26 290 41 976 55 790
4. 39,49 . 6 386 53,76 . 15 956 65,90 . 9 810 75,29 . 23 386 3517 189
252 183 857 795 646 479 1 760 732
6975 14 566 23 241 30 890
5. 21,87 . 5691 29,78 . 5335 36,48 . 17 970 41,69 . 20 555 1795 822
124 462 158 876 655 546 856 938
4249 8 447 13 225 17 490
6. 13,32, 7 047 17,27 . 4 758 20,76 . 6 007 23,60 . 37 761 1 191 902
93 866 82 171 124 705 891 160
2352 4677 7 339 9 684
7. 73143793 9,56 . 5 388 11,52 . 5357 11,72 . 12 641 294 109
27 954 56 289 61 713 148 153
1303 2589 4 063 51362
8. 4,08 .3 216 529.3174 6,38 . 6 631 7.24 .11 263 153 762
13 121 16 790 42 306 81 544
S = CSHyr = 62 365 787
For 1-2 see Tab. IV
kde: p - uvaZovany potet dvadsatroZi prevodu (8), tabulky sa sicasné hodnoty vynosov z ofakavanych na-
i _f;if.' existujicich vekovych wied na ploche lesného ma- o qnych tazieb potas i-teho dvadsatrogia prevodu.
b okovEmie (r = 0,03), CSH o&akdvanych ndhodnych taZieb potas obdobia
w; —cena dreva na pni na | ha porastov j-tej vekovej triedy. prevodu ur€end optimalnym rieSenim stochastického
¢ -niklady na zalesnenie | ha vzniknutej holiny modelu je v poslednom riadku tabulky.
(10 000 Sk), Udaj o &istom vynose z predaja 1 m® dreva na pni

NT;; - plocha oCakdvanej ndhodnej fazby v i-tom dvadsafrodi
z j-tej vekovej triedy (ha).

Veliginu CSHyr je v8ak moZné vypotitat aj postu-
pom, ktory pouZiva hodnotu &istého diskontovaného
vynosu z predaja | m? dreva na pni v j-tej vekovej
triede, tak ako je to uvedené v tab. V. Pod &istym dis-
kontovanym vynosom rozumieme cenu 1 m? zniZeni
o podiel nakladov na zalesnenie po tazbe, diskontovani
k pociatku projektu prevodu.

V prvom riadku kazdého policka tab. V su hodnoty
vynosov (w; - ¢) diskontované 3% diskontnou mierou
k zaCiatku prevodu. V druhom riadku si siciny hodnét
1 m® dreva na pni diskontované k zaliatku obdobia
prevodu s vySkami ofakdvanych néhodnych taZieb Nt;;.
V trefom riadku st hodnoty tychto sicinov, t.j. sicasna
hodnota ofakévanych vynosov NT;;. V poslednom stlpci
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uvddzame z toho dévodu, Ze je tiez doleZitou informa-
ciou pre rozhodovanie.

Existujice rozdiely medzi hodnotami sucinov Cisel
v tab. V a sicasnymi hodnotami nahodnych taZieb vy-
pocitanymi podla vzfahu (11) si sposobené len za-
okrihlovanim vstupnych ddajov pre vypocet podla vzia-
hu (11).

INTERPRETACIA VYSLEDKOV RIESENIA

Podla vystupnych zostiv rieSeni optimalizanych
iloh a vypoctu oCakdvanej vysky niahodnych (aZieb si
ziskané vysledky zhrnuté v tab. VI. St v nej uvedené
si¢asné hodnoty oCakdavanych maximalnych moZnych
vynosov z projektu prevodu majetku na normalny les,
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VI. Maximilne oCakdvané vynosy projektu prevodu smrekovych porastov LHC Hrifiovd na normilny les — Maximum expected revenues
induced by the project of conversion of spruce stands within the FMU Hrifiova to fully regulated forest

Typ ulohy! CSHz. (Sk) CSHyr (Sk) CSHp (Sk)
Deterministickd optimalizacia® 288 106 821 0 288 106 821
Stochastické optimalizicia® 215 354 424 62 365 787 277 720 211

'typc of problem, Zdeterministic optimization, Ystochastic optimization

kde: CSHz. - hodnota igelovej funkcie modelu, t.j. Cistd sifasnd
hodnota pldnovanych rubnych taZieb,
CSHyy - Cistd sicasnd hodnota olakdvanych nihodnych taZieb,
CSH, — Cistd sicasnd hodnota celého projektu prevodu.

S vyuzitim ziskanych ddajov moZno lesny majetok
aj ocenit. Pre tento u¢el mozno navrhnit vztah:

W=CSH,* + CSHyp + (12)

T N
1+
kde: W — vynosovi hodnota lesného majetku,
p - obdobie prevodu potrebné na zmenu lesného majetku na
normélny les (pocet dvadsafroci),
u - 20 rokov (dl2ka vekovej triedy),
K - kapitalizovana hodnota trvalej renty rocnej, ktord zacéne
plynit z normélneho lesa po obdobi prevodu.

Pre deterministicky model o tejto veli¢ine (Kp) plati:

Ay (w,—¢)
u
Kp= 13
e (13)
kde: n - pocet vekovych tried na lesnom majetku po dosiahnuti

normality,
A, - plocha poslednej vekovej triedy po dosiahnuti normality,
w, — cena dreva na pni | ha n-tej vekovej triedy (posledne;j),
¢ - niklad na zalesnenie | ha pody,
u — pocet rokov vo vekovej triede (u = 20),
r - pouZitd drokovi miera (r = 0,03).

Kapitalizovana (su¢asna) hodnota trvalej renty ro¢nej
je v pripade deterministického pristupu rovna hodnote

Kp =266 990 381 Sk.

Vypodet kapitalizovanej ofakdvanej trvalej renty ro¢-
nej pri uvazovanom stochastickom vyvoji lesa je po-
trebné vykonat s vyuZitim prvkov vektora a. Po dosiah-
nuti normality sa zrejme budi tazit v priebehu kazdého
dvadsatro¢ia trvale aZ do nekone¢na vplyvom nahod-
nych faktorov porasty, ktorych plocha nedosiahne na-
sledujicu vekovi triedu. Dvadsatroény vynos z taZby
preto moZno opisal ako sicet oCakdvanych vynosov

z jednotlivych vekovych tried. Sicasni hodnotu trvalej
renty roCnej K pri zndmych otakdvanych pravdepodob-
nostiach vyskytu ndhodnych taZieb v jednotlivych ve-
kovych triedach preto moZno vypogitat nasledovne:

Y A@i+a,,). (wi—c)

K== (14)

u.r

kde: A - celd plocha porastov smreka na lesnom majetku,
m - rozmer matice pravdepodobnosti prechodov P (pocet
vekovych tried po dosiahnuti normality),
«a; - i-ty prvok vektora limitnych pravdepodobnosti u rozdelenia
pléch jednotlivych vekovych tried na ploche A. teda a,,,, = 0,
w; — cena dreva na pni v i-tej vekovej triede.

Ostatné symboly st rovnaké ako vo vztahu (13).

V pripade stochastického pristupu potom vyska oca-
kavanej trvalej renty ro¢nej, pocitana navrhnutym po-
stupom, je rovna hodnote

K,.=1253 657 430 Sk.

Porovnanie ceny lesného majetku pri pouZiti deter-
ministického a stochastického modelu je prehladne zna-
zornené v tab. VIIL.

Rozdiel v uvedenych kapitilovych cendch lesného
majetku pri pouZiti deterministického a stochastického
modelu prevodu porastov na normélny les (AW) infor-
muje o vplyve vyskytu nihodnych taZieb na finanéni
efektivnost projektu prevodu.

AW =288 174 753 Sk — 279 960 439 Sk = 8 214 314 Sk

Tento rozdiel moZno povaZovat za ekonomicku stra-
tu, ktord hospodareniu na lesnom majetku sposobuje
riziko vyskytu ndhodnych taZieb.

Zaujimavé poznatky mdZe priniest aj analyza dudl-
nych cien. Pri plochovych obmedzeniach, ktoré sii splne-
né ako rovnice, moZno vyznam hodndt dudlnych cien
zhodnotit po zisteni ich fyzického rozmeru:

VII. Porovnanie ocenenia lesného majetku smrekovych porastov LHC Hriflova deterministickym a S(DLhnSlleym modelom — Comparison of

the valuation of spruce stand forest property in Hrifiovd FMU using deter

ic and hastic

Model' Z' yax (SK) CSHyr (SK) K.[1/(1 + 0,03y"] (Sk) W (Sk)
Deterministickd optimalizcia® 288 106 821 0 67 932 288 174 753
Stochasticka optimalizicia® 215 354 424 62 365 787 2 240 228 279 960 439

'model, *deterministic optimization, *stochastic optimization
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dim [f;
U] =Sk.ha™ .d;

dim [ay] a 4

dim [u;] =

Duilne ceny plochovych obmedzeni informuji o si-
Casnej hodnote vynosov, pripadne strat, ktoré vyplyvaji
z prisneho dodrZania plochy jednotlivych vekovych tried
pocas obdobia prevodu.

Pri hmotovych obmedzeniach je moZné vyznam dudl-
nych cien interpretovat podobnym spdsobom. O ich roz-
mere plati:

dim [

- -3
m-Sk.m .d;

dim [u;] = (16)

Informuji o sicasnej hodnote vynosov, ktoré majitel
lesného majetku moZe ziskat za kazdy 1 m? prekrocenia
dvadsatro¢ného etétu.

DISKUSIA K VYSLEDKOM A MOZNOSTIAM
POUZIVANIA MODELOV

Z vysledkov je zrejmé, Ze vynosova hodnota lesného
majetku je vySSia pri pouZiti deterministického modelu.
Vysledky st v rozpore s predpokladom, Ze pri pouZiti
stochastického modelu by mala byt hodnota lesného
majetku vysSia, pretoZe vplyvom néhodnych taZieb sa
urychli navrat z vloZenych investicii. Ziskané vysledky
podla nids moZno vysvetlit tym, Ze:

1. ceny prestarnutych porastov v deterministickom
modeli, pouZité pre ich ocenenie v ucelovej funkcii
podla vyhlasky, sa pravdepodobne ovela vysSie ako ich
skuto¢na hodnota,

2. do uvahy treba brat aj fakt, Ze normovany dvad-
satro¢ny etét, pocitany podla Koubovej teérie zo
vztahu (9), je o nieco niZ§i ako ten isty etdt, pocCitany
klasickym deterministickym spésobom.

Tak deterministickd, ako aj stochasticka tloha boli
konstruované pri absencii vynosov z prebierok, L.j. za
predpokladu, Ze vynosy z predrubnych taZieb plne po-
kryvaju spravne naklady obhospodarovania. Priame na-
klady zalesiiovania | ha pddy (10 000 Sk) boli odhad-
nuté na drovni ndkladov z roku 1990. Dévodom bola
skutoCnost, Ze aj ceny dreva na pni, ktoré sme prebrali
z vyhlagky &. 465/1991 Z. z., boli pocitané z nikladov
a cien gulatiny v tomto obdobi.

Vstupné tdaje vSak moZno rozsirit o percentd prebie-
rok pre vietky plochy, ktoré prechadzaju v jednotlivych
dvadsatrociach do vysSich vekovych tried (podla opti-
malneho rie§enia ulohy). Diskontovani hodnotu vyno-
sov z prebierok potom moZno pripo¢itat k hodnote ice-
lovej funkcie optimalneho rieSenia.

Z vysledkov tieZ vyplyva, Ze vyrovnanost taZieb Ci
wnormalitu hospodérenia* na lesnom majetku je moZné
dosiahnut podstatne skor pouZitim stochastického mo-
delu (aZ o 120 rokov). Deterministicky model je zrejme
aj z tohoto pohladu neredlny.

Z hladiska praktického pouZivania obidvoch mode-
lov je pozoruhodna skutoCnost, Ze stochasticky model
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ma ovela mensie rozmery ako jeho deterministicky va-
riant. Stochasticky variant v§ak vyZaduje ovela vysSie
naroky pre spracovanie vstupnych dat.
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FINANCIAL OPTIMIZATION OF THE FOREST PROPERTY MANAGEMENT
UNDER CONDITIONS OF SALVAGE CUTTINGS RISK

J. Holécy

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

The optimization is based on the linear programming
model that proposes such a procedure of harvests which
maximizes the present value of net benefits from fellings
during the period of conversion of the stands of forest
property to the fully regulated forest. This model was
published by Nautiyal, Pearse (1967), and does
not take into account the risk of salvage cuttings which
can occur under the influence of natural elements or as the
impact of various kinds of industrial immissions. For the
purposes of modelling the mentioned risk we used the
matrix of transition probabilities (P) for transitions of par-
ticular even-aged stands from lower age classes to higher
ones as it was formulated using the theory of Markov
processes by Kouba (1983). By adding this matrix to
the original deterministic model we obtained a stochastic
dynamic model that can be applied to forecasting the in-
fluence of salvage cuttings on profitability concerning
the whole project of conversion. To compare the results
obtained by both deterministic and stochastic models,
coefficents in both objective functions are the same.
These coefficients consist of discounted stumpage
prices within the particular age classes expressed in
(Sk,ha”l) reduced by direct cost of afforestation in-
duced by planned fellings. Areas of expected salvage cut-
tings in the stochastic model are given implicitly. We
obtained them by simple introducing the structural vari-
ables of the optimal solution into area constraints which
concern future harvests. Both models are exercised on the
example of spruce stands belonging to forest management
unit (FMU) Hrifiova. The rotation period of 100 years was
used. But the length of conversion period (p) had to be
sought till the feasible solution of the model was found.
The deterministic model approaches the first feasible so-
lution when the conversion period p = 280 years.

The stochastic model approaches the feasible solu-
tion at the value of p = 160 years. Both these models
were solved on PC using PC PROG package of the
Kavelagen Co. (The Netherlands). The results can be
presented as follows:

; Zigas NPV, |K[OA1+| W
Mode! (SK) sk |+0P K| sk
Deterministic| 288 105 821 0| 67932 |288 174 753
Stochastic  |215 354 424]62 365 787 |2 240 228 [279 960 439

The capital value of the forest property in FMU
Hrifiova (W) is equal to the sum of the maximum value
of objective function (Z*\15x), net present value of sal-
vage cuttings (NPV,) and present value of the net per-
petual annual income (K) which is to occur after the
conversion of spruce stands to fully regulated forest.
The discount rate r = 0.03 was used. The value K for
stochastic model of forest property development (Kj)
was calculated from the formula:

m

2A(a,-+a,-+|).(wi—c)

K =i=|

§

u.r

It is the product of the whole area of forest property
(A) and elements of the vector @ which describe steady-
state probabilities of the expected forest property devel-
opment process (4,,, = 0). These probabilities are mul-
tiplied by stumpage price of the particular age classes
(w;) reduced by cost of afforestation (c).

Symbol (u) denotes the number of years within the
age class and (m) is the dimension of matrix P or the
number of age classes within the period of rotation.
Presented results concerning the valuation of forest
property in two different ways confirm the assumption
that salvage cuttings decrease expected profitability of
both the conversion project and the project of manage-
ment of the fully regulated forest, as well.

The difference in presented capital values of forest
property (AW) informs about the influence of salvage
cutting occurrence on the financial profitability of the
whole project of conversion.

AW =288 174 753 Sk - 279 960 439 Sk =8 214 314 Sk

This difference expresses the economic loss of forest
property management induced by the risk involving the
occurrence of salvage cuttings.

From the application point of view it is remarkable
that the dimension of stochastic model is smaller in
a great deal than it is in the case of its deterministic
variant. However, stochastic model requires higher de-
mands of input data processing.

Kontaktnd adresa:

Ing. Jdn Holécy, CSc., Technickd univerzita, Lesnicka fakulta, T. G. Masaryka 24, 960 53 Zvolen, Slovenski republika
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INFORMACE

VYUZITI OBRAZOVE ANALYZY PRO AUTOMATICKE
TRIDENI SADEBNIHO MATERIALU, MOZNOSTI
MONITOROVANI JEHO BIOMETRICKYCH PARAMETRU
A VOLBA VHODNE FYTOTECHNIKY

USE OF IMAGE PROCESSING ANALYSIS FOR AUTOMATIC GRADING
OF FOREST PLANTS, MONITORING OF THEIR BIOMETRICAL
PARAMETERS AND CHOICE OF APPROPRIATE PHYTOTECHNICAL
PRACTICES

S. Sustek, M. Druckmiiller

Mendelova zemédélskd a lesnickd univerzita, Fakulta lesnickd a drevarskd, Lesnickda 37,

613 00 Brno

ABSTRACT: An automatic sorter with operation speed one plant per second was designed for automatic sorting of forest
plants. These characteristics were measured: root collar diameter, aboveground height, slenderness ratio, i.e. aboveground
height to root collar diameter ratio, projection area of shoots, projection area of roots and root system depth. Plant sorting
will be based on these predetermined characteristics. Long-term monitoring of forest plants should be the task of this machine.
The data obtained in this way would not only reflect the quality of the seedlings but also of the stands and seeds collected in
them.

image processing analysis; measurement; morphology; quality

ABSTRAKT: Pro automatické tfidéni sadebniho materidlu jsme navrhli automaticky tfidici stroj s rychlosti prace jedna
sazenice za vtefinu. Mé&fili jsme tloustku kofenového kréku, nadzemni vysku, Stihlostni koeficient, tj. pomér nadzemni vysky
a tloustky kofenového kréku, projekéni plochu prytd, projekéni plochu kofenti a hloubku kofenového systému. Podle téchto
pieddefinovanych parametrii se bude provadét tfidéni sadebniho materidlu. Posldnim stroje by mélo byt dlouhodobé monito-
rovani kvality sadebniho materidlu. Takto ziskané udaje by monitorovaly nejen kvalitu sadebniho materidlu, ale i porosti a
osiva v nich sebranych.

obrazovd analyza; kontrola mé&feni; morfologie; kvalita

UvVoD

V Ceskych zemich se kaZdoroCné vypéstuje velké
mnozZstvi sadebniho materidlu, ktery by mél byt roztfi-
dén, aby se zabrinilo vysadb& nevhodnych sazenic a za-
mezilo vzniku geneticky slabych porosta, které pak
rychle podléhaji S§kidcim. Naklady na dodatkové vlo-
Zenou energii do takto vzniklych ekosystému jsou pak
netdnosné velké, dodate¢né vloZené financni prostiedky
jsou zcela nepfiméfené k celkové vynaloZenym pros-
tiedkiim.

Je nutné podotknout, Ze genetickd kvalita sadebniho
materidlu spoliva hlavné v pfizplisobeni se mistnim
podminkdm v&etné klimatickych extrémi a zpravidla
méné souvisi s morfologickou kvalitou sadebniho ma-
teridlu ve Skolce. Spornou otizku by mohly feSit ,,mist-
ni* normy pro jednotlivé lesni oblasti. Zatim tuto dlohu
Castené feSi nova zakonnd norma, kde jsou jiZ uvedeny
doporucované optimalni hodnoty biometrickych cha-
rakteristik — vnéjSi znaky kvality sadebniho materidlu
(vyhlaska ¢. 82/1996 Sb., pfiloha €. 7), ale tato smérni-
ce neni zavazna.

Priice vznikla diky grantovému projektu Ministerstva $kolstvi, mladeZe a télovychovy CR VS 96 077.
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Sledovani fenotypu sadebniho materidlu by mélo
probihat nejen na trovni sledovéani genotypu osiva, ale
i monitoringu kvality sadebniho materidlu, vypéstova-
ného z osiva.

Uginny sbér takovych dat by umoZnilo mechanizované
tiidéni sadebniho materidlu spojené s automatickym zé-
znamem vybranych biometrickych charakteristik na
vhodném médiu. Je ziejmé, Ze tento proces musi byt
mechanizovany a automatizovany; lidska préce je v tomto
pfipadé namahava, zatiZena chybami a zdlouhava.

V zahrani¢i jsou v nékolika pfipadech pouZiviny
prototypy obdobnych zafizeni, dosud vSak pro experi-
mentalni shromazdovéni dat, a ve velkych Skolkdch
(hlavn& v USA) pro hodnoceni vlivli péstebnich tech-
nologii na morfologickou kvalitu sazenic (Kranz-
ler, Rigney, 1989). PoZadavky na tfidéni sadeb-
niho materidlu podle morfologickych znaku vychazeji
z odliSnych potieb, zejména z potieby ziskat po vysad-
bé dobfe se ujimajici a rostouci kulturu.

Mechanické tiidéni sadebniho materidlu by umozZni-
lo ziskavat cenné informace i pro volbu odpovidajici
fytotechniky. Rychlost takového tfidéni sadby by méla
byt asi jedna sazenice za vtefinu, coZ znamena vyraz-
nou usporu lidské pracovni sily.

Hardware: minimalni poZadavky — Pentium 200 MHz,
16 MB RAM, VGA | MB, HD | GB, barevny monitor

Software: MS Windows 95, DIPS 5.0 for Windows

METODIKA

Prvnim krokem pro
provedeni méfeni je
pofizeni digitalizova-
ného obrazu tiidéné sa-
zenice (bud listnaté,
nebo jehlicnaté) a nut-
na rozmérova kalibrace
systému.

K tomuto ucelu Ize uZit béZnou televizni cernobilou
CCD kameru a digitalizacni adaptér pro PC s rozlise-
nim alespoii 640 x 480 pixeli. Podminkou pro dalsi
uspé$né zpracovani je kontrastni pozadi (nejlépe bilé)
a rovnomérné kolmé nasvétleni snimané sazenice. Po-
tom nasleduje numerické analyza obrazu pocitatem. Za
tim ucelem byl pouZit univerzalni obrazovy analyzitor
DIPS 5.0 for Windows firmy SOFO (Druckmiil-
ler, Heriban, 1996). V soutasné dobé se pracuje
na vyvoji specializovaného systému, ktery umoZni
plnou automatizaci snimani a analyzy obrazu.

Numericka analyza se sklada z nasledujicich kroku.

J. FOR. SCI., 45, 1999 (1): 48-50

Prahovini obrazu

Utelem této opera-
ce je ziskat bindrni
obraz (obsahujici jen
bilou a ¢ernou), na
kterém je pokud moz-
no nejlépe definoviana
hranice mezi pozadim
a objektem sazenice.

Orientace obrazu

i DuleZitym krokem
! je piesnd orientace sa-
zenice pii snimani. Je
nutné zajistit, aby po-
délnd osa sazenice by-
la rovnobézna s defi-
novanou stranou
obrazu. Pokud to ne-
lze zajistit (napf. pfi
automatickém zakla-
dani sazenic do sni-
maciho zafizeni), je
nutné provést otofeni
obrazu matematickou
operaci. K tomuto
ucelu se vyuzivaji
momenty objektu sa-
zenice az do 3. fadu,
které uréuji tzv. hlav-
ni soustavu soufadnou
(procedure Analysis
Object Shape). Obra-
zem oto¢ime tak, aby
osa x hlavni soustavy soufadné byla rovnobézna se zvo-
lenou stranou obrazu.

Popis jednotlivych operaci pfi méfeni:
— priamér kofenového kréku,
— vyska nadzemni &asti,
— Stihlostni koeficient (tj. pomér vyska k priméru),
— projektovana plocha vyhont,
— projektovana plocha kofent,
- povrch kofent,
— hloubka kofenového systému.
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Projekce plochy
prytu v [mm?]

Tlou$tka [mm ]
korenového krZku

Povrch kofenového
systému [mm?] '

Hioubka kofenového
systému v [mm)

i
1

g

VYSLEDKY

Oméiené parametry pokusného sadebniho materidlu
jsou uvedeny v tabulce. Pii dostate¢n& velkém statistic-
kém souboru bychom zjistili poZadované hodnoty para-
metrt, podle kterych bychom nastavili tfidici zafizeni.

V soucasné dobé ndklady na pocita¢, digitalizacni
adaptér, kameru a software pro obrazovou analyzu ne-
prekroci ¢astku 150 000 K¢&. Podminkou realizace toho-
to stroje jsou potencidlni zajemci, kontakty na vyrobce
jsou jiZ vytvoreny.

Tabulka omé&fenych charakteristickych parametri (mm, mm:) saze-
nice sm 1/2, bk 1/2

Druh sazenice sm bk

Prumér kofenového kréku (mm) 10,1 5.5
Vyska nadzemni Casti (mm) 445 253
Stihlosti koeficient 441 4.6
Projektovand plocha vyhoni (mm?) 383.0 9,9
Projektovana plocha kofenti (mm?) 80,6 13,0
Povrch kofenii (mm?) 320,8 40,8
Hloubka kofenového systému (mm) 18.8 7.8

ZAVER

Zavadéni téchto technologii je jisté narocné a bude
se obtiZné prosazovat, ale je nevyhnutelné, jak ukazuje
vyvoj v ostatnich trznich ekonomikéch zapadnich zemi.
Hlavnim pfinosem je také dlouhodobé biometrické sle-
dovéni kvality sadebniho materidlu a ndvazné komplex-
ni ekologické studie.

Literatura

DRUCKMULLER, M. — HERIBAN, P., 1996. Scientific Ima-
ge Analyzer Dips 4.0.

KRANZLER, G. A. - RIGNEY, M. P., 1989. Machine vision
grading of tree seedlings. In: DODD, V. A. - GRACE, P.
M. (eds.), Land and water use. Proc. of the 11th Interna-
tional Congress on Agricultural Engineering in Dublin.
Agricultural Engineering, Rotterdam: |883-1886.

Doslo 25. 8. 1998

Kontakini adresa:

Ing. Svatopluk Sustek, Mendelova zem&d&lskd a lesnickd univerzita, Fakulta lesnickd a dfevafskd, Lesnickd 37,

613 00 Brno, Cesk4 republika
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VYZNAMNE ZIVOTNI JUBILEUM

ING. JIRIHO SINDELARE, CSc.

Modfin patfi bezesporu nejen k naSim nejkrasnéj$im
dievinam, ale také ke dfevinam vysoce ekonomickym,
s kvalitnim, krasnym a velmi Zadanym dievem. Chce-
me-li se blize a podrobnéji sezndmit s problematikou
modfinu, s jeho p&stovanim a §lechténim, pak nemuZe-
me pominout zdkladni zavaZné a obsahlé price, které
modfinu vénoval jubilant Ing. Jifi Sindeld¥, CSc., bg-
hem celé své dlouholeté a plodné price v provozu i ve
vyzkumu. V rdmci svého pracovniho zaméfeni na gene-
tiku a Slechténi lesnich dievin propracoval zejména vel-
mi podrobné tuto problematiku u modfinu, a tim pod-
statné pfispél k tomu, Ze modfin patfi mezi nejlépe
prostudované druhy naSich lesnich dfevin nejen po
strdnce geneticko-§lechtitelské, ale i mezi ty hospodat-
ské dfeviny, o nichZ miZeme najit velké mnoZstvi za-
kladnich i praktickych informaci, potfebnych pravé pro
odborné lesni hospodare i pro vSechny ostatni pracov-
niky lesniho hospodafstvi, ktefi se zabyvaji praktickou
péstebni Cinnosti. Jeho prace vénovana modfinu byla po
zasluze ocenéna i v mezinarodnim méfitku, kdy byl po-
zadan IUFRO o vypracovani zdkladni monografie Ge-
netika a $lechténi modrinu opadavého (Genetics and
improvement of European larch Larix decidua Mill.),
ktera vyS$la v anglictiné v nakladatelstvi Akademie véd
a uméni v Zahiebu v r. 1992. Ve stejném roce byl pak
publikovan jeho zasadni referat pro konferenci IUFRO
v Berling, vypracovany spolu s Dr. H. Weisgerberem,
History, results, and future trends of research and in-
ternational cooperation with European larch Larix de-
cidua Mill., Silvae Genetica 1992. O znaCném zajmu
o vysledky jeho prace svédCi i Cetné prednasky o této
dieviné. OvSem prace jubilanta nebyla zaméfena jen na
modfin, ale vénoval se i dal$im hospodafsky i lesnicky
vyznamnym dfevindm, jako je smrk, jedle a borovice,
dile buk a dub, i nékterym ,,vedlej§im* dfevindm, jako
je napf. ol3e, kterd dnes patfi mezi vyznamné melio-
racni dfeviny a ma své nezastupitelné misto v nasich
lesnich porostech.

K vyznanym Zivotnim vyrogim Ing. Jifiho Sindel4-
fe byla v minulosti uvefejnéna fada pfispévka (napf.
Lesnickd prace 1979, 1989, 1994, Lesnictvi 1989),
v nichZ byla uvedena a zhodnocena jeho Cinnost do pfi-
sluSného roku. Proto se omezime jen na informace o je-
ho neutuchajici védecké a pracovni aktivit® v posled-
nich letech.

Jubilant se narodil 27. dnora 1919 v Béstviné
u Chrudimi a po absolvovani zdkladni a stiedni $koly
v Havlickové Brodé a Vys3i lesnické $koly v Pisku stu-
doval na Lesnické fakulté Vysoké Skoly zemédélské
nejprve v Brng, ale sva studia ukon&il v r. 1946 na
CVUT v Praze. Po absolutoriu zastival fadu vyznam-
nych hospodarskych funkci v provozu a podilel se na
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fidici, organizatorské i odborné &innosti v lesnim hos-
podafstvi. Od r. 1957 pracuje ve Vyzkumném tstavu
lesniho hospodafstvi a myslivosti v Jilovisti-Strnadech
a v r. 1966 obhdjil kandidatskou dizerta¢ni préci na té-
ma Proménlivost modFinu opadavého (Larix decidua
Mill.). Vychoval fadu védeckych pracovniki, byl kon-
zultantem a Zidanym oponentem velkého mnoZstvi
kandidatskych i doktorskych dizertaénich praci, praco-
val jako koordindtor pro genetiku a Slecht&ni lesnich
dfevin, v komisich i pracovnich skupinich byvalé Cesko-
slovenské akademie zemé&délské i v pracovnich skupi-
nach IUFRO a v dal§ich odbornych komisich.

I kdyZ je od 1. 4. 1990 v dichodu, pokraduje ve
svych pracovnich aktivitich ve VULHM i nadile s ob-
divuhodnou svéZesti a tviréi invenci. V poslednich de-
seti letech byly jeho pracovni aktivity zamé&feny na vel-
mi Siroky okruh studii, z nichZ bychom mohli uvést
alespoii nékteré nejduleZitéjsi. Je to predevsim prispé-
vek k dal§imu poznéni problematiky genetiky, §lechténi
a pé€stovani modfinu, jakoZ i zpracovédvani vysledki
méfeni, dal§ich pozorovani a hodnoceni vyzkumnych
praci z minulych obdobi, zejména proveniencnich
ploch a potomstev modiinl z volného spraseni i z kon-
trolovaného kiiZeni. Zaméfil se i na hodnoceni vysled-
ki pozorovani a sledovéni nékterych dalich dievin, ze-
jména smrku ztepilého, borovice lesni a buku lesniho.
Zpracoval dlouhodobou vyhledovou koncepci praci
z oboru genetiky a $lechténi lesnich dievin, zaloZil ne-
bo inicioval zaloZeni sit¢ srovndvacich pokusnych
ploch lesnich dfevin s potomstvy porostii, uznanych ke
sklizni osiva, jako zaklad prakticky orientovaného
Slechténi lesnich dfevin. Vysledkem jeho dlouholeté
prace je i navrh koncepce genovych zakladen v lesnim
hospodaistvi, ktery byl plné akceptovin a principy kon-
cepce byly promitnuty do soucasného lesniho zdkona.

*Navrhl i koncepci Zadouciho druhového sloZeni lest

v CR, plné odpovidajici i koncepci, vypracované
v UHUL, a zpracoval rovn&% koncepci moznych racio-
nalizaénich opatieni v oboru péstovani lest. Ing. Sinde-
l4F pracuje také na Eetnych studiich nejriiznéj§iho cha-
rakteru, zejména v oboru péstovani lesi — napf. vliv
moznych klimatickych zmén na lesy, druhova skladba
lest, zajiSténi reprodukéniho materidlu pro potieby les-
nické praxe. Soustavné sleduje lesnickou literaturu
a zaji§tuje potiebné literarni prameny pro ttvar biologie
a Slechténi lesnich dfevin a podle potieby pracovisté
i Ustavu zpracovéava pieklady nebo vytahy pro dstavni
publikace.

Publika¢ni Cinnost Ing. Sindeléfe je neuvéfitelné bo-
hatd. B&hem své védecké a vyzkumné price ve
VULHM publikoval hodn& pfes 500 praci, z toho je
polovina puvodnich a origindlnich praci védeckého
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charakteru, néasleduje mnoZstvi studijnich a zavére¢-
nych zprav (kolem 50) a zbyvajici podil jeho publikaci
tvofi price odborné a popularizacni v nejriznéjsich les-
nickych, pfirodovédeckych i popularnich Casopisech.
Neopominutelné jsou i jeho prace pro ochranu pfirody
a Zivotniho prostiedi, jako je problematika biodiverzity
v lesnim hospodafstvi, zsady uplatiiovani prvki pfiro-
dé blizkého hospodareni v lesich, stabilita lesnich eko-
systému vletné otdzek zastoupeni lesnich dfevin. T€Zis-
t€ jeho praci vSak stile spociva v otdzkich lesnickych,
jako je opatfeni k zdchrané a reprodukci genetickych
zdrojli, problematika genetiky a Slechténi lesnich dfe-
vin, vyustujici ve specifickou problematiku smrku, jed-
le, borovice, modfinu, buku, olSe i nékterych ohroZe-
nych druhi lesnich dfevin, jako jsou napf. druhy roda
Prunus, Sorbus, Malus, Pyrus a jiné.

Vybér 77 praci Ing. Sindeléfe z celkového rozsahlejsi-
ho souboru 262 praci z obdobi do r. 1988 byl uveiejnén
v Lesnictvi 1989, &. 2 na str. 177-181. V nésledujicim
obdobi od r. 1989 publikoval Ing. Sindeldf 199 praci
v domécim i zahrani¢nim tisku a vypracoval 9 rozsih-
lejsich studijnich zprav. Nejv&tsi pocet tituli je véno-
van problematice genetiky a Slechténi lesnich dfevin
veetné otdzek biodiverzity, zidchrany a vyuZivani geno-
vych zdroji, zejména genovych zikladen. Znac¢ny podil
tvofi i problematika modfinu opadavého, fada praci se
tyka buku lesniho, borovice lesni, smrku ztepilého a n&-
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kterych listnatych dievin. Dile jsou to obecné problémy
péstovani lesti v&etn& otdzek, spojenych s plivodnim
sloZzenim a Zadoucim zastoupenim dfevin v druhové
skladbé naSich lesi. ZnaCny pocet praci se tyka i prob-
lematiky lesniho semenafstvi, semennych porostl a se-
mennych sadi. V souvislosti s racionalizaci praci
v péstovani lesti vznikly i nékteré publikace o obnové
a vychové lesnich porostu.

Uplny seznam praci jubilanta za poslednich deset let
bude publikovdan ve Zpravach lesnického vyzkumu
(1998, ¢. 3).

Vyznamné Zivotni jubileum zastihuje Ing. Jifiho Sin-
delare, CSc., v plné tvar€i Cinnosti, o cemZ svédEi i ob-
sahly pocet jeho publikaci a studijnich zpriv z posled-
niho desetiletého obdobi. Jubilant tak uplatiiuje své
dlouholeté védecké i odborné poznatky v nejSir§im
okruhu pracovnikl lesniho hospodéfstvi pro zlepSovini
a udrZovani dobrého stavu naSich lest. Jeho neuvéritel-
n€ objemnd prace a neutuchajici usili zaslouZi obdiv
a jeji autor nase uzndni, vctu i podékovani za tuto ob-
rovskou préici pro Ceské lesy. Proto mu my vSichni, jeho
piatelé a spolupracovnici, piejeme do dalSich let pevné
zdravi, dobrou pohodu, Zivotni optimismus a stile vy-
soky pracovni elan.

Za vechny pritele a spolupracovniky

Viastislav Jancarik
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POKYNY PRO AUTORY

Casopis uverejiiuje ptivodni védecké prace ze viech obori les-
nictvi, které maji vztah k evropskym lesnim ekosystémum.
Autor price je odpovédny za pivodnost pfispévku; prace ne-
smi byt publikovana nebo zasldna k publikovani do jiného ¢a-
sopisu. Rozsah zaslaného pfispévku nema pfesahnout 25 stran
(A4 formatu, psanych obfddek) véetné tabulek, obrazka, lite-
ratury, abstraktu a souhrnu. K rukopisu je tfeba pfiloZzit disketu
s textem price a s grafickou dokumentaci pofizenou na PC
s uvedenim pouzitého programu. K publikovani jsou pfijima-
ny priace psané v Cestiné, slovenstiné nebo angli¢ting. Zaslané
rukopisy musi obsahovat anglicky souhrn o rozsahu 3 strany.
Autor odpovida za spravnost anglického textu. Rukopisy maji
byt napsdny na papiie formatu A4 (60 tihozi na fadku, 30 fad-
ki na strance). Uspofddéni ¢lanku musi odpovidat formé, ve
které jsou ¢lanky publikovény. Je tfeba zaslat dvé kopie ruko-
pisu na adresu vedouci redaktorky: Mgr. Radka Chlebeckova,
Ustav zem&d&lskych a potravinafskych informaci, 120 56 Pra-
ha 2, Slezskd 7. O uvefejnéni price rozhoduje redakéni rada
Casopisu se zfetelem k lektorskym posudkim, védeckému pfi-
nosu a celkové kvalité price a s pfihlédnutim k vyznamu &lan-
ku pro lesni hospodafstvi.

Uprava textu

Rukopis mé obsahovat titulni stranu, na které je uveden nizev
¢lanku, jméno autora (autort), ndzev a adresa instituce, kde price
byla vypracovana, a Cislo telefonu a faxu autora, popf. e-mail.

Kazdy ¢lanek by mél obsahovat &esky (slovensky) a ang-
licky abstrakt, ktery nema mit vice nez 90 slov, a kliovi slo-
va. Uvod by mél byt struény, s uvedenim zaméfeni a cile price
ve vztahu k dosud provedenym pracim. Nemél by v ném byt
uvadén rozsahly piehled literatury. V kapitole Materidl a me-
tody by mél byt uveden popis pouZitych experimentdlnich me-
tod tak, aby byl postacujici pro zopakovani pokusi. Mély by
byt uvedeny obecné i védecké nazvy rostlin. Je-li zapotfebi
pouZivat zkratky, je nutné pfi prvnim pouZiti zkratky uvést
i jeji plny nizev. Je nezbytné nutné pouzivat jednotky odpovi-
dajici soustavé mérovych jednotek SI. V &asti Vysledky by
méla byt presné a srozumitelné prezentovana ziskana data
a tdaje. V kapitole Diskuse se obvykle ziskané vysledky kon-
frontuji s vysledky dfive publikovanymi. Je piipustné spojit
Cast Vysledky a Diskuse v jednu kapitolu. Citovani literatury
v textu se provadi uvedenim jména autora a roku vydani pub-
likace. Pfi vét§im podtu autorl se uvadi v textu pouze prvni
z nich a za jeho jméno se doplni zkratka et al.”.

V Casti Literatura se uvad@ji pouze publikace citované
v lextu. Méla by sestdavat hlavné z lektorovanych periodik.
Citace se fadi abecedné podle jména prvniho autora: piijment,
zkratka jména, rok vydani, plny nazev prace, ufedni zkratka
Casopisu, roénik, prvni a posledni strana. U knihy je uvedeno
i misto vydani a vydavatel.

Tabulky

Tabulky jsou &islovany prab&Zné a u kazdé je uveden i nad-
pis. KaZzdd tabulka je napsina na jednom listu.
Obrazky

Jsou priloZeny jen obrizky nezbytné pro dokumentaci vy-
sledki a umozitujici pochopeni textu. Soudasné uvadéni stej-
nych vysledkd v tabulkdch a na grafech neni pfijatelné.
Viechny obrizky musi byt vysoce kvalitni, vhodné pro repro-
dukei. Nekvalitni obrazky nebudou pickreslovany, budou au-
torovi vrdceny. Fotografie musi byt dostate¢né kontrastni.
Viechny obrazky je tfeba Cislovat prabé&Zné arabskymi Cislice-
mi. Jak grafy, tak i fotografic jsou oznaoviny jako obrizky.
Jestlize ma byt nékolik fotografii publikovéno jako jeden obrizek,
je tieba je vhodné uspofadat a nalepit na bilou podlozku. U kaz-
dého obrazku je nutné uvést jeho struény vystizny popis.

Rukopis nebude redakei p¥ijat k evidenci, nebude-li po
formélni strince odpovidat pokyniim pro autory.

INSTRUCTIONS TO AUTHORS

The journal publishes original results of fundamental and ap-
plied research from all fields of forestry related to European
forest ecosystems. An article submitted to Journal of Forest
Science must contain original work and must not be under
consideration for publishing elsewhere. Manuscripts should
not exceed 25 double-spaced typed pages (A4 size) including
tables, figures, references, abstract and summary. A PC disket-
te with the paper text and graphical documentation should be
provided with the paper manuscript, indicating the used editor
program. Papers should be clear, concise and written in Czech,
Slovak or English. Each manuscript must contain two or three
pages of English summary. Correct English is the responsibi-
lity of the author. Manuscripts should be typed on standard
paper (A4 size, 60 characters per line, 30 lines per page). They
must fully conform to the organization and style of the journal.
Two copies of the manuscript should be sent to the executive
editor: Mgr. Radka Chlebeckovd, Institute of Agricultural and
Food Information, 120 56 Praha 2, Slezska 7, Czech Republic.

Text

Manuscript should be preceded by a title page comprising
the title, the complete name(s) of the author(s), the name and
address of the institution where the work was done, and the
telephone and fax numbers of the corresponding author, or
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