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PUSOBENI LESU V POVODI CERVIKU A MALE RAZTOKY
NA CHEMISMUS VODY POVRCHOVYCH ZDROJU

THE IMPACT OF FOREST STANDS IN THE BASINS OF CERVIK AND
MALA RAZTOKA ON THE CHEMISTRY OF SURFACE WATER SOURCES

V. Lochman', A. Chlebek?, M. Jafab4&?, V. Sebkovs!

1V)izkumny ustav lesniho hospodarstvi a myslivosti, 156 04 Jilovisté-Strnady
szzkumny ustav lesniho hospodarstvi a myslivosti, Jilovi§té-Strnady, pracovisté
Frydek-Mistek, H. D. Permon, tfida Pionyri 1758, 738 01 Frydek-Mistek

ABSTRACT: Within the experimental forest basins of Cervik A, Cervik B, and Mal4 Réztoka in the Moravian-Silesian
Beskids (CR), besides standard hydrological research, also the impact of deposition of air pollutants and of the forest
regeneration on the water chemistry in surface sources (creeks) was studied in 1981 to 1984, and 1991 to 1998. The
character of the forest stand (species, age) and site exposition have a crucial role in the chemistry of precipitation water
and the total fall-out in the ecosystem. Gradual, but fast regeneration felling, followed by fast development of the clear-
cut vegetation does not affect significantly the concentration level in surface water. High discharge and rainstorm, con-
nected with the surface water run-off result in a high increase of the concentrations of organic matters Fe, Al, Mn, and
NH; . The soil resistance to erosion and water contamination with sediments depends on the grass cover and soil struc-
ture. N retention in the ecosystems of spruce and beech stands amounts to ca. 10 kg.ha™'.year in the watersheds con-
cerned. Water quality in streams of the Cervik and Mal4 Réztoka watersheds complied with requirements of the drinking
water standard, except discharges caused by high and intensive precipitation.

forest ecosystems; forest basin; forest regeneration; deposition; surface-water chemistry; rainstorm discharge

ABSTRAKT: Na experimentilnich lesnich povodich Cervik A, Cervik B a Mal4 Raztoka v Moravskoslezskych Besky-
dech (CR) byl vedle vlastniho hydrologického vyzkumu v obdobi let 1981 aZ 1984 a 1991 aZ 1998 sledovan vliv de-
pozice imisnich litek a obnovy porostl na latkové sloZeni vody v povrchovych zdrojich (potocich). V chemismu
srazkovych vod a celkovém spadu latek do ekosystémil mé zasadni Glohu charakter lesnich porostii (dfevina, stafi) a ex-
ponovanost jejich stanovi$t’ vii¢i proudéni vzduchu. Postupné, ale urychlené obnovni téZzby porostl, nasledované rych-
lym vyvojem paseéni vegetace, nevyvolavaji podstatné zvySeni koncentraci sledovanych latek ve vodé tokl. Vysoké aZ
povodiiové priitoky, spojené s povrchovym odtokem vody, v ni plisobi vysoké naristy koncentraci organickych latek, Fe,
Al, Mn a NHj. Odolnost pidy vii¢i erozi a zneciiténi vody plaveninami je podminéna zpevnénim jejiho povrchu travnf
vegetaci a jejim zrnitostnim sloZenim. Retence N v ekosystémech porostll smrku a buku na sledovanych povodich
dosahuje asi 10 kg.ha'.rok™'. Kvalita vody v tocich povodi Cerviku a Malé Raztoky vyhovovala poZadavkiim normy na
pitnou vodu s vyjimkou priitokii vyvolanych vysokymi a intenzivnimi sraZkami.

lesni ekosystémy; lesni povodi; obnovy porosti; depozice latek; chemismus povrchovych vod; povodiiové prittoky

UvoD

Plsobeni lesti na odtok srazkové vody do vodnich
zdrojii je pfedmétem zvySeného zajmu vodohospodafii,
lesnikii a ekologli od poloviny tohoto stoleti. Na zales-
nénych vyzkumnych povodich bylo zji§tovano nizsi
zneCisténi privalovych vod plaveninami, vzniklymi erozi
pudy, nez na povodich se zemédélsky obhospodatova-
nymi pozemky. Sou¢asné se ocekaval pozitivni vliv lesi
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na odtok vody — pfedevsim na tlumeni povodiiovych vin
— diky vyS3i retenéni a retardaéni kapacité lesni pidy.

Z tohoto diivodu v roce 1953 v Beskydech zaloZil
kolektiv vedeny akademikem Mafanem vyzkumnd po-
vodi Cervik a Mald Raztoka. Cilem vyzkumu bylo
zji§téni vlivu lesnich porosti (ekosystémi) na srazko-
odtokovy proces. Ve vyzkumném zdméru se prosadil
poZadavek na stanoveni vlivu zm&n v porostni skladbé
pii obnov& lesi na zmé&ny v odtoku vody, zejména
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vodnosti povodi (zmény odtokového koeficientu), na
frekvence a velikosti povodiiovych vin a na erozi pldy.
Tyto cile vyZzadovaly zaloZeni a udrzeni dlouhodobého
vyzkumu.

Po ukonéeni kalibraéniho obdobi (1953-1965) za&aly
na povodi Mald Raztoka a na dil¢im povodi Cervik A
urychlené obnovy porostii. Povodi Cervik B ziistavalo
aZz do roku 1994 nezasazeno umyslnymi téZbami.
Na konci osmdesétych let bylo sice smyceno vice nez 95 %
porosti: smrku na Cerviku A, ale jejich obnova se reali-
zovala opét smrkem. Do roku 1993 byly na Malé
Raztoce na 70 % plochy obnoveny mytné porosty s pie-
vahou buku vysadbou smrku.

Vedle lesnického hydrologického vyzkumu probihalo
v letech 1980-1981 na zminénych povodich v Bes-
kydech také sledovani chemismu vody v potocich
(Jatabaé, Chlebek, 1983), které pokracovalo od roku
1981 (listopad) do roku 1984 (tinor) zjiit'ovanim che-
mického sloZeni sraZek a pidni vody na dil¢ich
vyzkumnych plochach a vody v tocich na mémych
prepadech (Lochman et al., 1986). Primémé koncen-
trace sledovanych litek ve vodach odebiranych na
riznych mistech vyzkumnych povodi v letech 1980 aZ
1987 uvadéji Chlebek, Jafaba& (1995b).

Ve druhé poloviné roku 1991 byl obnoven vyzkum
chemického sloZeni vody v tocich a srazkové vody v dolni
¢asti povodi. Hodnoceni zmén chemismu odtékajici
vody v zavislosti na vyvoji lesnich porostii (ekosystémi)
a na imisnim zatiZeni je pfedmétem této prace.

METODIKA
POPIS OBJEKTU

Vyzkumna povodi leZi v Moravskoslezskych Besky-
dech. Povodi Mala Réztoka je na severozapadnim okraji
Beskyd v tzv. ,Prednich horich“ (povodi Beévy, sou-
fadnice Gauss — Krieger Y: 4301300, X: 5489600).
Vyzkumné povodi Cervik je v povodi piehradni nadrze
Sance na Ostravici, ve vnitini &asti pohofi v tzv.
»Zadnich horach“ (soufadnice Gauss — Krieger Y:
4311450, X: 5483500). Blizsi geografické idaje o po-

vodich jsou uvedeny v tab. I. NejniZ8i body vyzkumnych
objektd lezi na drovni mérnych pfepadi. Na povodi
Cerviku byly od po&atku roku 1966 uvedeny do provozu
samostatné mérné zlaby na podpovodi A s urychlené
mycenymi porosty i na podpovodi B, kde se v dalSich
letech neuskuteéiiovaly imyslné t&€zby.

Souhrnné udaje o zasob& dfevni hmoty a vysi téZeb
na povodich od roku 1966 jsou uvedeny v tab. II.
Jehliénany zde zastupuje smrk a listnaée buk. Podil jedle
a ostatnich listna& na zasobé hmoty na povodi Cerviku
k 1. 1. 1985 dosahoval 0,5 a 0,1 %. Na vyzkumném
povodi Malé Raztoky k 1. 1. 1984 méla jedle z celkové
zasoby hmoty 0,2 % a ostatni listnace 4,9 %.

Rozsédhlej§i imysIné obnovni té€zby na povodi
Cerviku A skon¢ily v roce 1981. V dalsich letech se na
obou povodich jednalo pfedeviim o nahodilou téZbu.
Od roku 1995 probihaji obnovni téZby na podpovodi
Cerviku B a ve zbylych mytnich porostech podpovodi
Cerviku A. Na povodi Mald Raztoka se na potatku
devadesatych let vySe téZené hmoty sniZila a ro¢ni tézby
ptesahujici 1 000 m’ se uskuteZnily a? v letech 1995-1998.

Exponovanost povodi Mald Raztoka vii¢i proudéni
vzduchu ze severu a ze severozdpadu a vy33i nadmotska
vySka ovliviiuji vy38i roéni sraZkové dhrny a vyssi
potencidlni zatiZeni imisnimi latkami na tomto povodi
(oproti povodi Cervik). Na povodi Malé Réztoky roéni
uhmy srazek (Hs) za hydrologické roky 1991/1992 az
1997/1998 dosahovaly 1 043 a2 1 565 mm a na povodi Cer-
viku ve stejném obdobi 964 aZ 1 244 mm (Chlebek,
Jafabag, 1995a, 1998).

Znecisténi ovzdusi SO, a potencidlni depozici siry
v Moravskoslezskych Beskydech hodnoti Hadas$
(1998). Podle autora nepatii oblasti vyzkumnych povodi
k nejvice zatizenym oblastem SO, v Beskydech, pro
které byly v roce 1996 vypoéteny pramérné roéni
koncentrace v rozmezi 10 az 28 ug.m". V prostoru
vodni nidrze Sance, kde lezi i povodi Cerviku, byly
nejnizsi. Oproti hodnotdm z let 1988-1990 doslo ke
sniZeni nejvys3ich hodnot asi o 40 %. Potencidlni
depozice siry presahovala v oblasti vyzkumnych povodi
30 kg.ha"'.rok'. Pisobeni imisnich latek se viak na
porostech smrku v povodi nidrze Sance projevuje jejich
defoliaci (Moravéik, 1998).

L Charakteristika experimentélnich povodi — Characteristics of experimental basins

Cervik Cervik A Cervik B Malé Réztoka

Vychodni zeme&pisna délka 18°23' 18°15
Severni zemé&pisna Sitka 49°27' 49°30"
Soufadnice Gauss-Krieger: X 43.11.450 4301300

¥ 54.83.500 5489600
Rozloha (km?) 1,85 0,88 0,84 2,08
Nadmofska vyska (m) 640-960 650-854 650-960 602-1084
Primé&mé nadmofska vyska (m) 800 840
Prevladajici expozice toku N% Sz
Prim&ma plo3na sklonitost podle Herbsta (%) 30 50
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1. Z4soby a té&%by dfeva (hroubi s kitrou) v m’ na povodich Cervik a Mala Réztoka (Chlebek, Jafabag, 1995a, 1998) — Standing volumes and
cuts (large timber over bark) in m” in Cervik and Malé Réztoka basins (Chlebek, Jafabag, 1995a, 1998)

Cervik
Povods' CGervik Cervik | jehlitnany? | Povods' Malé Réztoka
. 3
i B a listnfie jehlinany? | listndte’ celkem®
Zisobak 1. 1. 1966 78022 | Zasobak 1. 1. 1966 17253 4289 60 149
702+
Tesby 1966-1975 32075 | Tesby 1966-1975 5921 19435 25356
76+
Zésobak 1. 1. 1976 68475 | Zdsobak 1. 1.1976 18714 32213 50927
941+
Tesby 1976-1979 17030 | Tewmy 1976-1979 2211 6358 8569
1980 5052 1980 1803 1066 2869
1981 3244 1981 965 2085 3050
1982 289 1982 708 1789 2497
1983 297 1983 101 2712 2813
1984 506 1984
Tesby 1976-1984 26427 | Temby 1976-1983 5788 14010 19798
“‘
Zisobak 1. 1. 1985 46345 | Zasobak 1. 1. 1984 12 883 22889 35775
2 647*
Tésby 1985-1990 4652 1392 6044 | Tezby 1984-1990 3354 12458 15782
1991 197 267 464 1991 91 248 339
1992 98 320 418 1992 211 510 721
1993 29 507 536 1993 12 145 257
1994 35 224 259
Tesby 1985-1994 5011 2710 7721 |Temy 1984-1993 3768 13361 17099
7‘
Zésobak 1. 1. 1995 46063 | Zasobak 1. 1.1994 10770 12128 22898
3 029%
Tesby 1994 233 16 249
Tesby 1995 99 1207 1306 1995 173 1085 1258
1996 586 2620 3206 199 47 653 1124
1997 229 1659 1888 1997 34 430 464
1998 52 547 599 1998 801 1019 1820

* pouze listnd¢e — only broadleaved trees
"basin; *coniferous species; *broadleaved species; ‘total

POPIS PRACI

Soustavny hydrologicky vyzkum na povodich
Cerviku a Malé Raztoky zacal v roce 1953. Vedle
méfeni sraZek na volné plose i v porostech a odtoki na
mérnych pfepadech probihalo i méfeni teplot na
meteorologickych stanicich. Vysledky dlouholetého
vyzkumu srazkoodtokového procesu a hydrometeoro-
logickych dat jsou publikovany v &etnych pracich,
z nichZ n&které obsahuji souhrnné zpracovani dat
(Chlebek, Jatabag, 1995a, 1998).

V roce 1981 byly vyzkumné prace rozifeny o sledo-
vani chemismu vody. Na vyzkumnych plochach na
setich a v porostech byla instalovana koryta na zachy-
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covani srazkové vody a v plidé lyzimetry na zachyco-
vani pidni gravitadni vody. V potocich byla odebirdna
voda na mémych piepadech.

Mé&siéni vzorky vody za obdobi listopad 1981 az Gnor
1984 analyzovala laboratof Povodi Odry v Ostravé
podle metodik uZivanych v této laboratofi.

V 1ét& roku 1991 (srpen) byly obnoveny odbéry vody
z potokii v mésiénich intervalech a pfi zvySenych (povod-
flovych) prittocich. Zakaly rovn&z odbéry vzorki vody
z mésiénich uhrii sraZek, zachycovanych na meteorolo-
gickych stanicich v blizkosti pfepadi. Rozbory vod
provadi ustfedni laboratof Vyzkumného ustavu lesniho
hospodafstvi a myslivosti v Jilovisti-Strnadech podle
metodik uZivanych v mezinarodnim programu ICP Forests.
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Pri instalaci sb&mych zafizeni (1981, 1982) byly na
plochéch vykopany sondy a odebrany vzorky humusu
a pidy pro chemické rozbory v laboratoti VULHM.
Odbéry vzorki byly zopakovény v roce 1989 (1987)
a v roce 1994. Pi stanoveni pfistupnych kationtl byl
v roce 1981 pouzit vyluh 1% kyselinou citronovou, v roce
1989 bylo soucasné s touto metodou provedeno zjisténi
z4soby kationti vyluhovanych 1M NH,CI a v roce 1994
byla zésoba sorbovanych kationtii stanovena jen v roz-
toku chloridu amonného.

CHARAKTERISTIKA PUDNICH POMERU

Na vyzkumnych plochich na povodi Cerviku a na
vrcholové plose Mala Raztoka byly odebirany vzorky
pudy a pokryvného humusu v letech 1981, 1989 a 1994,
na Malé Réaztoce v udolni &asti povodi v letech 1982,
1987 a 1994.

Geologickym podkladem obou povodi Cerviku je
godulsky piskovec s vlozkami istebfianskych bfidlic
a jiloved, na nichZ se vytvofily plidy proménlivé zrnitosti
od pis€itych az po jilovito-hlinité. Na zmité&jSich sub-
stratech a ve vys§ich polohach pfevazuji podzoly,
kryptopodzoly a v niZi ¢asti kambizemé a na hlubsich
svahovych materidlech i kambizemé oglejené.

Na povodi Cerviku A existuji dvé sondy. Jedna sonda
je v hiebenové poloze. Prvni odbér v roce 1981 se usku-
te¢nil na nové vzniklé holé seéi; v roce 1994 zde byl
nezapojeny smrkovy porost. Mélka hlinitopis¢ita az
Stérkovitd pida méla nizké pH/H,O (< 4,0) aZ do hloub-
ky 35 cm. Béhem let 1981 az 1994 se hodnoty pH (H,O
a KCl) ponékud zvysily. Zasoba pfistupného Mg a Ca je
viak v pokryvném humusu a hlavné v mineralni pidé
s nizkym obsahem humusu velmi mald (Mg < 20 ppm,
Ca < 100 ppm). Pomér C : N vyssi nez 20 byl zji§tovan
i v mineralni pidé.

Ve vzorcich humusu a piidy odebranych na zalesnéné
se¢i pobliz pfepadu bylo v letech 1981 a 1982 stano-
veno pH/H,0 < 4,0 pouze v horizontech Oh a A. Zvy3e-
ni hodnot pH povrchovych horizontii v roce 1989 se
v roce 1994 ukézalo jako pfechodné. Tato pida vytvore-
na na svahovém deluviu je hlubsi a jilnatéjsi (ve spodiné
se stopami oglejeni). Zasoba pfistupnych kationtd
v sorp&nim komplexu je zde vSak také nizka (< 10 ppm Mg
a < 50 ppm Ca). Pomér C : N je v povrchovych horizon-
tech pfiznivéjsi nez v homni sondg.

Na homi plose v povodi Cerviku B stél az do roku
1994 proftidly dospély smrkovy porost. Pokryvny humus
a povrchové piidni horizonty jsou silné kyselé s pH/H,0
<4,0 a az do 25 cm < 4,2. Béhem sledovaného obdobi se
aktivni pH plidy nezménilo, vyménné pH se v roce 1989
zvysilo, ale v roce 1994 opét pokleslo. Zasoba kationtil
v sorpénim komplexu je v mineralnich horizontech
velmi nizkd (u Mg < 10 ppm, u Ca < 50 ppm) a v ob-
dobi let 1981 aZ 1994 se sniZila. Pomér C : N se v po-
kryvném humusu pohyboval okolo 20, v minerélni ptidé
je nizsi.
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Na dolni plose, zaloZené ve star§im smrkovém po-
rostu s kamenitou aZ balvanitou piidou, vykazovaly hu-
mus a plida siln& kyselou reakci s pH/H,0 < 4,2 do hloub-
ky vétsi nez 20 cm. V roce 1988 podlehl porost vétru
a mezi kulturou smrku se vyvinula bohaté bylinna vege-
tace. Vyvoj aktivniho (pH/H,0) a vyménného (pH/KCl)
zde vykazuje stejny trend jako v pidé na horni ploe,
a to s niz8imi hodnotami v roce 1994 neZ v roce 1981
(1982). Zasoba pfistupnych kationtl v sorpénim
komplexu piidy je také velmi nizka — od 5 cm hloubéji
je u Mg nizsi nez 10 ppm a u Ca nizsi nez 100 ppm.
Pomér celkového uhliku a dusiku Cox : Nt se v humusu
a humoézni pidé pohybuje okolo 20. V hlubiich
horizontech je trvale nizsi (< 15).

Geologickym podkladem ptid na povodi Malad Raz-
toka jsou godulské piskovce. Na velmi svaZitém terénu
se zde vyvinuly kamenité pidy — ve vrcholové &i
hiebenové ¢asti predevsim kryptopodzoly a v niz§ich
polohach kambizemé. Na tomto povodi byly zfizeny
pouze dvé plochy, a to na hofe Nofi¢i (1 015 m n. m.)
v porostu buku a v Gdolni &4sti (660 m n. m.). Na plose
Nofi¢i byla v roce 1981 zjidté€na velmi kyseld reakce
humusové vrstvy Oh a horizontu A s pH/H;0 3,6 a 3,7.
Po tfech opakovanych aplikacich dolomitického vapence
se v roce 1989 pH/H,0 téchto horizontl zvysilo na hod-
noty 4,9 a 4,0. Obdobné se zvysilo i pH/KCI ve vrstvé
Oh z 3,0 na4,4 av horizontu A z 2,9 na 3,5. V hlubsich
pudnich horizontech se také ukazal mimy nartist hodnot
pH. Ve vzorcich odebranych v roce 1994 se viak
projevil jejich pokles, a to hlavné v pokryvném humusu.
Pomér C : N vys§i nez 20 mély pouze vzorky z vrstvy
Oh pokryvného humusu. V minerdlnim profilu (véetné
humézniho horizontu A) dosahovaly poméry C : N niz-
ich hodnot neZ 15. Po opakované aplikaci dolomi-
tického vapence byly v roce 1989 zjistény zvySené
zasoby Ca a Mg v pokryvném humusu a prechodné
i zvySeni téchto kationtl v sorpénim komplexu po-
vrchovych piidnich horizonti.

Na tdolni plo3e ve svahu u potoka byly prvni odbéry
humusu a pidy provedeny na nové vzniklé holé seti po
smyceni listnatého porostu s pfevahou buku v roce 1982.
Dalsi odbér se uskute¢nil v kultufe listna¢l v roce 1987.
Nizké hodnoty pH/H,O (< 4,0), zjisténé v roce 1982 v po-
kryvném humusu (Oh) a v povrchovych horizontech
mineralni piidy, byly v roce 1987 podstatmé vyssi a zvy-
Seni se zachovalo i u vzorkdt odebiranych v mladém
porostu listnaél v roce 1994. Projevil se i narist vymén-
ného pH/KCl v humusovém horizontu (Oh) a v povrcho-
vych horizontech pidniho profilu. I kdyz tato plocha
nebyla pfimo vapnéna, spad dolomitického vapence se
v roce 1987 projevil zvysenim celkového obsahu Mg a Ca
v pokryvném humusu a v mnoZstvi téchto kationtl
zji§ténych v sorpénim komplexu horizonti Oh a A.
V hloubce 50-100 cm zistala zésoba téchto pfistupnych
kationtli u Mg < 10 ppm a u Ca < 50 ppm. Poméry C : N
jsou v mineralni pid& p¥iznivé (< 15). V hlubsi &asti pro-
filu pfevaZuje skelet mate¢né horniny (balvany) nad
jemnozemi.

J. FOR. SCI, 46, 2000 (7): 305-324
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1. Primé&mé ro¢ni koncentrace litek ve srazkové vodé (bulk) zachycované na volné plo$e u prepadu povodi Cerviku a Malé Réztoky (mg.I"") — Average annual concentrations of elements in precipitation water

intercepted in open space near the spillway of Cervik and Mal4 Réztoka basins (mg.I™")

Obdobi' pH | Cox | Na I K l Mg ] Ca I NHi I NO; l F l cr ] SO% P Al I Mn I Fe | Cu l Zn
(mg.I'")
Cervik
VIII/ 1991-1993 5,20 3,40 1,45 1,22 1,54 517 1,09 306 | 0100 | 231 15,42 0,120% | 0275 | 0021 | 0041
1994 6,40 3,63 1,24 043 1,16 3,33 0,43* 1,54 | 0,083 1,32 | 13,70 0,017* [ 0037 | 0006 | 0010 | 0003 | 0018
1995 5,70 4,40 0,68 0,27 0,54 3,06 0,79 2,07 0,029 1,96 8,88 0,008 | 0015 | 0009 | 0022 | 0004 | 0022
1996 6,05 10,27 0,73 045 0,80 4,59 0,36 1,57 | 0086 | 290 | 1146 0022 | 0016 | 0012 | 0022 [<0,03
1997 5,80 1,25 0,43 0,24 0,37 1,48 0,52 1,59 | 0033 1,73 3,19 0048 | 0019 | 0006 | 0011 | 0005
1998 5,10 322 0,44 031 0,47 2,07 0,51 166 | 0033 | 251 2.88 0037 | 0016 | 0005 | 0008 | 0004 | 0011
Mal4 Réztoka
VII/ 1991-1993 5,15 496 0,65 1,04 0,70 2,87 1,23 396 | 0080 | 202 |1275 0,160* | 0266 | 0024 | 0021 0,096
1994 6,55 4,22 0,66 0,56 0,82 2,55 0,96 3,03 0089 | 300 |1822 0* 0028 | 0021 | 0008 [ 0,004
1995 6,35 594 0,93 0,92 0,77 2,95 1,91 2,37 0,053 1,91 12,29 0,095 | 0011 0014 | 0013 | 0011
1996 6,30 481 0,68 1,14 0,59 2,50 2,65 3,35 0092 | 291 12,10 0,021 0012 | 0018 | 0018 | 0,003
1997 5,90 3,16 0,51 1,32 0,52 2,07 1,36 2,37 0,110 | 245 6,49 0129 | 0022 | 0008 | 0016 [ 0,007
1998 5,60 5,50 0,87 1,27 0,75 2,76 1,04 2,27 0047 | 357 7,56 0043 | 0022 | 0009 | 0015 [ 0008 | 0,060
* PO
! period




VYSLEDKY

KONCENTRACE SLEDOVANYCH LATEK
VE SRAZKOVE VODE

Na vyzkumnych povodich je sledovan obsah rozpus-
ténych latek ve srazkové vodé zachycované do odkry-
tych nadob na volné plose. Vysledky z let 1991 az 1998,
uvedené v tab. III, ukazuji na zna¢né znecisténi ovzdusi
v tdolni ¢asti obou povodi, navazujicich na sidli§tni
aredl obci. Nejedna se pouze o kyselé anionty SO3, F,
NO;, ale také o prvky deponované s tuhym spadem
(prachem) — zejména o Ca, Mg, Al a Fe. Na povodi
Cerviku se prumémné koncentrace SO?, , F,NO;, Al, Fe,
Ca, Mg, K a Na, zji§tované na pocatku devadesatych
let, po roce 1995 snizily. Hodnoty pH vody odebiranych
mésiénich vzorku srazek se pohybuji v mirné kyselé
oblasti s primérnymi roénimi hodnotami 5,10 az 6,40.

Na povodi Mala Réaztoka se v letech 1991 az 1998
projevovalo vyssi zneciSténi srazkové vody sirany (S0; 9]
a slouéeninami dusiku (NO;, NHj) nez na povodi
Cerviku. O malo vyssi byla i kontaminace srazek u Mn,
Cu a Al. Kyselost sumarizovanych vzorka srazkové
vody byla také velmi nizkd, v ro¢nich primérech se od
roku 1994 pohybovala v hodnotach vyssich nez 5,5.

Vyzkum chemického slozeni srazek na &tyfech
mistech povodi Cerviku byl provadén v obdobi od listo-
padu 1981 do unora 1984. Primérné hodnoty kon-
centraci latek uvadéné v tab. IVa (str. 312) ukazuji vliv
vétsi exponovanosti plochy v hiebenové ¢asti podpovodi
A (zalesnéné sece) nez plochy v tdolni ¢asti. Na pod-
povodi B se v chemismu podkorunovych srazek pro-
jevuje vliv zachycovani imisnich latek v korunach
smrkovych porostii nartistem koncentraci SO;, NO; ,
NH;, Mg, Ca a také K, Mn a PO} . Zfeteln& nejvyssiho
zneéisténi dosahovala voda stékajici po kmenech smrku
ve vrcholové ¢asti podpovodi B, coz se projevilo
i v hlubokém poklesu hodnoty pH.

Vliv korun porostu a terénnich charakteristik na
obohacovani porostnich srazek byl sledovan i na povodi
Mala Raztoka. Dotykalo se to pfedev§im SO; , NO;,
NH;j, Mg, Ca, K, Mn a Zn v okapové vod& porostu buku
na hofe Nofi¢i. Ve stoku po kmeni pfevySovaly kon-
centrace téméf vSech sledovanych latek hodnoty zjisto-
vané v okapové vodé (tab. IVa).

CELKOVE SPADY LATEK SE SRAZKAMI

Celkovy spad latek stanoveny na zakladé stanove-
ného chemismu srazek, zachycovanych do odkrytych
nadob (bulk precipitation), zahrnuje nejen latky pfi-
nasené se srazkami (wet deposition), ale i vymyvané
rozpustné slozky suchého spadu (dry deposition), zachy-
covaného na povrchu srazkomeért.

Roéni sumy takto stanovené depozice pomémeé znaéné
kolisaji (tab. IVb). V letech 1992 az 1998 dosahovaly
na Cerviku u N (NH; + NO;) 7,2 a2 12,0 kgha', u F
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0,27 az 1,09 kg.ha'a u S/SO; 10,7 az 49,3 kg.ha'.
U fluoridi a sirani je v poslednich letech patrny zretelny
pokles depozice. Na povodi Mald Réztoka byla ve stej-
nych letech 1992 az 1998 ve srazkové vodé zjistovana
rovnéz kolisava roéni mnozstvi imisnich latek, ktera se
u dusiku (NH; + NO;) pohybovala v rozmezi 15,8 az
422 kgha', uF 0,60 az 1,83 kg.ha'a u S/SOF 31,3 az
68,2 kgha' (Lochman et al., 1999). Na povodi Mala
Raéztoka je tedy patrna vyssi depozice téchto latek.

Depozice H, N (NO; + NH;) a S/SOi" zjistovana na
povodich v letech 1982 a 1983 je uvedena v tab. X. Pod
porostem smrku na povodi Cerviku B dosahovala vy-
sokych hodnot u vsech tfi prvkd. Pod porostem buku na
Malé Raztoce byl nejvyssi spad dusiku a rovnéz vysoky
spad S/SO} .

VYSLEDKY SLEDOVANI
CHEMISMU VODY V POTOCICH

Priimérné ro¢ni hodnoty koncentraci sledovanych
latek ve vodé potoki uvedené v tab. V vykazuji v pri-
béhu let 1992 az 1998 pro jednotliva povodi odlisné
hodnoty. Na povodi Cerviku se lisil chemismus vody
odtékajici z obou podpovodi A a B. Na podpovodi A
byly zjistény vyssi primérné hodnoty pH a mirné nizsi
koncentrace kationti Na, Mg, kovli (Zn, Mn) i anionti
F,Cl, SO; a NO; nez ve vodé odtékajici z podpovodi
B. Naopak u Ca a Fe byly na tomto podpovodi A
stanoveny vy$§i primérné hodnoty.

Do roku 1995 je patrné mimé zvyseni pH vody v obou
potocich a v letech 1996 a 1997 pokles hodnot — tyto
roky jsou charakterizovany vyssim odtokem (Ho)
a povodiiovymi situacemi v teplém obdobi roku. V téch-
to letech se ve vodé zvysily koncentrace Mn a F, a to
zejména na povodi B. S poklesem pH vody v roce 1996
je na Cerviku pozorovan i nariist obsahu Zn, Ala F .

Voda v potoce na piepadu povodi Mala Raztoka méla
v prubéhu pozorovani od roku 1991 blizké hodnoty pH
jako voda v potoce na Cerviku A (jen mirné vyssi).
Primémé obsahy kationtii Na, K, Mg jsou zde nizsi a Ca
vy3§i nez ve vodé na Cerviku A a B. Charakteristické
jsou i vys8i koncentrace NO;. V letech 1996 a 1997 je
také vidét zietelny pokles primérnych hodnot pH
a v roce 1996 vzestup obsahu rozpusténych iontli F , Cl
tak jako ve vodé tokti na povodich Cerviku.

Kolisani koncentraci rozpusténych latek ve vodé tokl
ovliviyje jeji pratok (Q v Lsec™), spojeny se zpusobem
odtoku. V tab. VI, VII a VIII jsou uvedeny hodnoty
koncentraci latek zji$téné pii zvySenych a povodiiovych
pritocich a také z odbért uskute¢nénych pfi mini-
malnich pritocich. Pfivalové vody maji nizsi pH a nizsi
koncentrace Na, Mg, Ca a také siranii (SO3 ). Souasné
plisobi vy$si vymyvéni organickych latek (Cox), Al Fe,
Mn. Pfi podzemnim zakladnim odtoku se zvySoval ve
vodé obsah F .

Z vysledku analyz vody odebirané v riznych fazich
povodné (obr. 1) na Malé Raztoce v Cervenci 1997

1. FOR. SCL, 46, 2000 (7): 305-324



IVb. Depozice S/SO%", F'a N/NO; a NH se srazkovou vodou zachycovanou do otevienych nddob u meteorologickych stanic (u pfepadi) na
povodich Cerviku a Malé Réztoky — Depositions of $/SOF", F~ and N/NO; and NHY by precipitation water intercepted in open vessels at
meteorological stations (spillways) in Cervik and Mal4 Réztoka watersheds

Povodi' Ukazatel® Rok®
(kg.ha™'.rok™")
1992 1993 1994 1995 1996 1997 1998
Cervik srazky* (mm) 819 960 1045 1088 1140 1242 1113
S/SOF 308 40,6 493 29,5 27,1 133 10,7
F 1,09 1,07 1 0,27 0,98 0,42 037
N/NO;3 + NH} 12 79 72 9,7 7,2 93 8,5
Malé Réztoka srizky* (mm) 824 883 1127 1234 1371 1672 1261
S/ISOF 31,3 34,84 68,2 51,3 389 36,2 31,8
F 0,77 0,96 09 0,76 14 1,83 0,6
N/NO3 + NHj 27,3 16,8 158 227 422 26,9 16,5

'watershed, *parameter, *year, *precipitation

(6. az 10. 7.) je patrny rozdil mezi obohacovanim od-
tékajici vody na zagatku povodiiové viny a po kulmi-
naci, a to pii stejném pritoku Q. Zfetelny narist
koncentraci mély béhem povodiového prutoku amonné
ionty (NH) a naopak se sniZila pfitomnost nitrati (NO3).
Pokles koncentraci t&chto sloucenin se projevil ve vodé
potoka na Malé Raztoce, ale i na povodi Cerviku jesté
na potatku srpna (4. 8. 1997).

O vyvoji chemismu vody v potocich na povodi Cer-
viku a Malé Raztoky od po¢atku osmdesatych let svéd¢i

vysledky rozborl ziskané z odbérii v letech 1981 az
1984; uvadi je tab. IX. Na povodi Cerviku A i B mé&la
v tomto obdobi voda niZ§i primérné pH a vys$si
koncentrace Na, Mg, Ca, K, Fe, Cl a NOj, na povodi A
i SO;™ nez v obdobi po roce 1991. Vzajemné rozdily
prumémych koncentraci jmenovanych ionti mezi po-
vodimi zéistaly zachovéany (s vyjimkou SO3). Také na
povodi Mala Raztoka méla na pocatku osmdesatych let
voda v potoce niz§i pruimémé pH a vyssi koncentrace
Na, K, Mg, Ca, Mn, Fe, Cl a NO;.

Odbéry vody pro laboratorni rozbory:

Mal4 Réztoka CervikAaB
q Den Hodina (SELC) Hodina (SELC)
~1 3
";so‘:"' 6.7.1997 8:00
] 6.7.1997 12:00
3000 | —Mali Riztola 6.7. 1997 23:00
---- Cervik (celé povodi) 7.7.1997 2:00 2:45
2500 4 X odbry - Malé Réztoka 8.7.1997 9:00 6:00
X  odbdry - Cervik 10.7. 1997 14:30 8:30
2000 1
1500 1
1000
500
0 " + " ;
6.7, 7.7, 8.7 9.7. 107, 117 127 137 detum

1. Specifické priitoky g (1.s™".km) ve dnech 6.-13. &ervence 1997 na povodich v Beskydech — Specific discharges g (Ls".km™) between 6th

and 13th July 1997 in the Beskids watersheds

7. FOR. SCL, 46, 2000 (7): 305-324
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ﬁ IVa. Priim&mé koncentrace latek ve sréizkové vodé na vizkumnych plochich v povodi Cerviku A, Cerviku B a Malé R4ztoky v obdobf listopad 1981 a¥ tinor 1984 (mg.l") — Average concentrations of elements in
" precipitation water on research plots in the basins of Cervik A, Cervik B and Mal4 Réztoka from November 1981 to February 1984 (mg.I™)

Povodf' Nadm. v.* pH J Na I K | Mg ] Ca 1 NH{ ] NO; l CI- | SOF I PO; I Mn I Fe ] Cu I Zn
(m) (mg.I'")

Cervik A

Srézky na seti’ 840 42 1,74 0,87 1,66 430 0,85 3,58 625 | 11,81 0,01 0,06 028 | 0005 | 0,058

Srédzky na seti’ 670 4,5 0,81 0,90 1,74 438 0,75 2,80 5,19 8,19 0,01 0,05 027 | 0005 | 0,050

Cervik B

Podkorunové srézky - smrk’ 900 38 1,17 1,33 2,18 5.80 1,89 9,14 6,76 | 26,18 0,01 0,13 024 | 0006 | 0029

Stok po kmeni* 29 2,25 5,39 690 | 31,02 620 | 12,20 9,60 | 129,64 0,08 0,39 067 | 0029 | 0260

Podkorunové srazky - smrk’ 680 3,7 1,69 1,88 2,62 10,70 1,75 5,80 589 | 24,02 0,05 0,26 038 | 0007 | 0,093

Mal4 Réztoka

Srézky na seéi’ 660 5,1 0,99 0,54 1,51 4,32 1,39 3,76 5,20 8,50 0,04 0,07 027 | 0005 | 0,067

Podkorunové srézky — buk® 1015 53 1,08 0,94 1,65 5,72 2,00 5,33 552 | 19,00 0,12 0,13 033 | 0007 | 0,087

Stok po kmeni* 42 2,90 3,50 390 | 18,00 850 | 17,70 760 | 5890 0,16 0,30 142 | 0033 | 0249

"basin, *precipitation on a clearcut area, *throughfall precipitation — spruce, “stem flow, *throughfall precipitation — beech, ® altinde
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V. Priim&mé ro&ni koncentrace létek ve vod& potoki na povodich Cervik A, Cervik B a Malé Réztoka (mg.I'') - Average annual concentrations of elements in brook waters in the basins of Cervik A, Cervik B and Mal4

Réztoka (mg.I™)

Obdobf' 1 pH | Cox | Na K I Mg l Ca | NH: | NO; | cr I F l Nes P | Al l Mn | Fe | Cu—l Zn

Cervik A

VIV 1991-1993 6,79 3,18 2,26 1,40 2,75 669 | 0860 | 238 1,82 0110 |[1843 | 0170 |[o0222 0013 | 0021 0,045
1994 6,98 2,03 1,89 L1t 2,39 6,10 0,69 1,56 0037 (1797 | 0043 | 0079 | 0003 | 0012 | 0002 | 0034
1995 6.76 4,00 1,93 1,07 2,31 587 | 0410 | 1,31 1,79 0066 | 1608 | 0003 0028 0007 0019 |0003 |0019
1996 6,31 4,16 1,44 1,13 1,97 571 | 0124 | 1,15 2,44 0061 | 1655 [ 0015 [o0062 |0008 [ 0038 |0004 |[ 0020
1997 6,29 5,83 1,47 1,22 1,76 528 | 0193 | 099 2,72 0064 |1525 | 0050 [o0260 |[o0011 [ 0238 |0003 |[ 0027
1998 6,76 391 1,77 1,08 2,35 647 | 0103 | 1,4 2,96 0064 |1665 | 0006 |0042 |[0003 | 0033 |0004 |[0010

Cervik B

VI 1991-1993 637 2,99 2,57 1,23 2,82 554 | 0870 | 442 2,17 0,140 |[2046 |[0270 |o0140 [ 0018 | 0012 0,063
1994 6,75 3,12 2,26 L11 2,92 5,50 2,82 2,28 0086 (21,69 | 0055 |[008 0010 | 0007 [0002 |[0037
1995 6,52 327 233 1,13 2,86 542 | 0840 | 2,88 2,58 0078 | 21,07 | 0005 | 0023 | 0012 | 0009 |0003 | 0025
1996 5,82 8,53 1,99 1,18 2,65 577 | 0068 | 398 3,06 o112 |2245 |0032 |0079 |[0027 0024 |0003 | 0042
1997 6,14 8,42 1,64 1,26 2,29 465 | 0055 | 374 2,04 0080 |2066 | 0078 | 0208 | 0077 | 0227 | 0003 | 0034
1998 6,10 2,80 2,26 1,15 2,76 568 | 0108 | 534 3,24 0,098 | 21,21 0,036 | 0008 | 0011 [ 0004 [ 0015

Malé Réztoka

VIV 1991-1993 7,10 2,39 2,18 092 201 | 1405 | 0800 | 647 2,09 0,100 |1944 | 0150 [o0142 [o0008 [ 0015 0,116
1994 7,03 2,34 192 0.73 198 | 1226 | 0204 | 564 241 0035 |2053 | 0072 |0040 |0008 |0004 |0002 | 0021
1995 6,77 324 1,89 0,70 174 | 1140 | 0444 | 449 2,49 0049 19,17 | 0008 |[0013 | 0007 | 0007 | 0003 | 0033
1996 6,61 3,66 1,73 0,79 1,66 | 12,04 | 0165 | 465 2,76 0107 (1870 (0023 |[0012 | 0002 | 0008 | 0004 | 0009
1997 6,48 5,09 1,58 0,87 1,40 987 | 0302 | 481 2,02 0060 |1634 |[0087 | 0207 |o0011 | 0252 | 0004 | 0014
1998 6,91 1,54 1,62 0,72 1,67 [1140 |0172 | 582 2,66 0053 [1535 | 0005 | 0028 | 0002 | 0017 [ 0003 | 0006
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VI. Koncentrace sledovanych létek ve vodé potoka na Cerviku A pti zvySenych a nizkych priitocich — Concentrations of elements in the water of Cervik A brook at increased and low discharges

Cervik A Pritok’ Q pH I Cox l Na T K I Mg | Ca I NHi l NO3; l F l cr l SOf r P I Al r Mn I Fe I Cu J Zn
Datum' (Lsec™) (mg.I™)

2.4.1995 87 6,7 59 2,00 1,10 2,20 5,60 0,63 1,80 0,081 1,70 14,10 <0,01 0,055 0,009 0,023 0,002 0,017
22. 4. 1996 199 6,5 3,6 1.25 1,43 1,86 544 0,08 1,47 0,040 2,21 16,46 <0,01 0,050 0,005 0,025 0,003 0,009
23.4.1996 277 64 32 120 | 141 1,76 | 522 [007 |15 |[o00s50 [203 |[1611 ([<001 |0051 |0006 | 0025 |o0003 |o0028
23. 4. 1996 325 6,4 29 1,33 1,34 1,68 |s07 | 057 1,55 | 0060 | 255 |1482 |o002 |o111 |o0005 | 0057 | 0004 | 0015
24.4. 1996 319 6,3 4,0 1,11 1,04 1,62 4,83 0,27 1,45 0,050 2,31 14,71 <0,01 0,092 0,005 0,048 0,004 0,016
29. 4. 1996 125 6,4 3,1 1,23 1,06 1,71 4,99 0,08 1,36 0,040 2,41 15,63 <0,01 0,075 0,011 0,039 0,004 0,033

8.9. 1996 290 59 2,6 1,06 1,10 1,57 493 <0,01 0,62 0,040 2,23 16,04 <0,01 0,110 0,020 0,074 0,005 0,016

7.7.1997 1213 6,0 17,4 1,03 1,73 1,06 4,54 0,08 1,03 0,052 5,18 11,73 <0,01 1,055 0,036 1,027 0,004 0,017

8.7.1997 665 6,1 6,4 1,01 1,05 1,16 3,19 0,56 0,45 0,063 1,02 12,67 <0,01 0,165 0,012 0,095 0,002 0,019
10. 7. 1997 200 6,2 8,4 0,93 1,05 1,20 3,37 091 0,43 0,049 0,88 12,74 <0,01 0,083 0,008 0,039 0,001 0,008

1.7. 1998 139 7.1 4,6 1,70 1,07 2,01 531 0,05 0,64 0,070 1,82 13,63 0,034 0,125 0,002 0,102 0,002 0,007

30. 10. 1995 35 7,1 34 2,60 1,30 3,10 7,60 0,64 1,20 0,069 1,20 18,10 <0,001 0,009 0,004 0,029 0,008 0,025
28.2. 1996 33 6,8 1,1 2,95 1,10 2,79 7,66 0,04 1,52 0,200 2,03 16,96 <0,01 0,015 0,004 0,023 0,002 0,011

1. 4. 1996 43 6,4 1,2 2,60 1,06 2,65 7,39 0,20 2,07 0,340 2,27 20,16 0,04 0,015 0,001 0,018 0,003 0,026
31.1. 1997 2,5 6,8 28 2,48 1,02 2,44 5,81 0,50 1,05 0,034 1,17 18,31 0,04 0,018 0,002 0,021 |<0,001 0,007
30. 6. 1997 8,8 6,8 27 2,66 1,21 2,44 6,22 0,16 0,84 0,065 1,39 18,08 <0,01 0,044 0,003 0,021 0,004 0,008

4.8.1997 56 6,5 23 1,65 1,15 2,26 6,13 0,07 0,24 0,047 1,92 15,49 <0,01 0,027 0,002 0,021 0,004 0,005

1.6. 1998 1 15 2,9 2,10 1,15 2,48 7,68 0,12 0,64 0,060 242 18,28 <0,03 0,014 0,002 0,010 0,004 0,004

'date, *discharge
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VIL Koncentrace sledovanych l4tek ve vodé potoka na Cerviku B pfi zvy3enych a nizkych prittocich — Concentrations of elements in the water of Cervik B brook at increased and low discharges

Cervik B Priitok’ Q pH ] Cox J Na I K [ Mg l Ca l NH: | NO; l F I Cr I SO I P I Al J Mn l Fe ] Cu I Zn
Datum' (lsec™) (mg.I™")
22.4.1996 111 58 45,6 1,59 1,36 2,71 6,44 0,50 5,68 0,10 4,59 | 2231 |[<0,01 0,106 | 0,042 | 0,035 | 0,005 | 0,035
23.4.1996 153,5 55 66,0 1,40 1,19 2,51 5,94 0,25 5,48 0,11 3,78 21,11 <0,01 0,156 0,054 0,081 0,004 0,094
23.4.1996 104 54 49,5 1,45 1,17 2,63 5.83 0,06 5,76 0,10 305 |2316 |<0,01 0,132 | 0,083 | 0,030 | 0,003 | 0,036
24.4. 1996 131 54 483 1,36 1,20 2,48 6,14 0,17 5,89 0,09 3,59 | 21,92 | <001 0,126 | 0,035 | 0,062 | 0,004 | 0,030
29.4. 1996 50 55 2,0 1,33 0,98 2,35 531 0,02 535 0,09 2,67 | 20,68 |[<0,01 0,148 | 0,051 | 0,017 | 0,003 | 0,035
8.9.199 134 53 29 1,29 1,05 2,19 5,39 0,01 3,17 0,08 2,61 | 21,93 0,02 | 0210 | 0,112 | 0,122 | 0,004 | 0,036
7.7.1997 926 6,7 15,6 1,44 1,53 1,96 4,02 0,98 3,57 0,06 2,17 | 18,58 003 | 0523 | 0,184 | 1,022 | 0,003 | 0,047
8.7.1997 446 6,0 26,3 1,30 1,14 1,86 3,86 0,66 3,30 0,08 1,46 | 17,94 | <0,01 0279 | 0,111 | 0,187 | 0,001 | 0,044
10. 7. 1997 160 59 6,1 1,42 1,22 2,10 4,01 0,73 348 0,08 1,39 | 20,64 | <001 0,188 | 0,071 | 0,039 | 0,002 | 0,036
1.7.1998 139 6,6 3,6 1,91 1,17 2,53 4,74 0,10 5,63 0,08 297 | 17,51 | <003 | 0054 | 0009 | 0,020 | 0,002 | 0,015
28.2.1996 2,7 6,5 0,84 3,69 1,07 2,84 6,08 0,02 2,95 0,180 | 292 | 1996 | <001 0,014 | 0,003 [ 0011 | 0,002 | 0,019
1.4.1996 2,6 6.5 4,08 1,13 3,20 6,98 0,33 3,87 0,380 | 3,17 | 24,38 0,04 | 0,017 | 0,003 | 0,015 | 0,004
31.1.1997 1,1 7,0 3,23 0,98 2,36 4,17 0,47 2,03 0,068 | 1,80 | 24,30 0,02 | 0018 | 0,009 | 0022 [<0,001 | 0,013
30. 6. 1997 4,6 6,7 58 2,79 1,51 2,79 5,30 0,27 3,09 0,111 | 2,01 | 23,01 0,03 | 0,046 | 0,008 [ 0,024 | 0,003 | 0,016
4.8.1997 31 6,4 2,6 2,31 1,29 2,50 5,24 0,15 1,86 0,088 | 2,53 | 21,88 0,04 | 0043 | 0,010 | 0,013 | 0,004 | 0,021
1. 6. 1998 1 7,1 2,6 2,79 1,22 2,52 6,12 0,07 3,58 0,110 | 2,70 | 24,38 |<0,03 | 0,020 | 0,004 | 0,007 [ 0,004 | 0,009

For 1-2 see Table VI
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VIII. Koncentrace sledovanych litek ve vodé potoka na Malé Réztoce pfi zvySenych a nizkych priitocich — Concentrations of elements in the water of Mald Réztoka brook at increased and low discharges

Datum' Pritok? Q pH | Cox l Na I K l Mg | Ca | NH:J NO; r F ] CFk I SO I P [ Al 1 Mn | Fe | Cu I Zn
(Lsec™) (mg.1™)
Mald Réztoka
3.4. 1995 147 6,6 3,80 1,90 0,70 190 11,90 1,35 5,10 0,073 | 230 |19,00 |<0,01 0,008 | 0002 | 0,003 | 0001 | 0015
27.3. 1996 652 6,5 1,92 212 0,80 1,84  |[1243 0,10 7,40 0240 | 333 |19,87 0,04 0,017 | 0010 | 0012 | 0003 | 0,024
22.4. 1996 635 59 8,04 1,62 1,36 141 |10,84 0,19 573 0,060 | 2,81 |1736 |<0,01 0,026 | 0,010 | 0,014 | 0,003 | 0,006
22.4.1996 509 6,2 1,56 1,55 1,29 147  |10,69 0,01 5,59 0,060 | 277 (1845 [<0,01 0,012 | 0030 | 0,098 | 0003 | 0022
23.4.1996 635 63 732 1,34 1,14 1,32 [1021 0,04 5,60 0,050 | 247 (1699 [<0,01 0,023 | 0010 | 0012 | 0,003 [ 0,005
24.4, 1996 570 6,5 0,96 1,36 1,05 1,36 [10,30 0,59 596 0,060 | 390 [17,50 |<0,01 0,014 | 0020 | 0,007 | 0,003 | 0,007
29.4. 1996 232 6.5 0,48 1,38 0,99 1,39 11,01 0,04 6,13 0,060 | 2,69 (17,37 [<0,01 0,009 | 0,030 | 0,005 | 0,003 | 0,006
8.9. 1996 1020 6,6 2,16 1,37 0,63 143 (1033 0,08 3,68 0,050 | 231 [1975 [<0,01 0,026 | 0,002 | 0015 | 0,004 | 0011
6.7.1997 1000 6.4 552 1,07 0,84 0,77 6,58 0,70 4,71 0,056 | 1,30 [12,34 0,72 0,087 | 0,001 | 0,068 | 0,002 | 0,005
6.7.1997 4760 6,4 11,10 1,17 1,10 1,00 7,44 0,93 4,28 0,054 | 097 |1398 0,03 0,528 | 0026 | 0639 | 0002 | 0,012
6.7.1997 1810 6,5 6,72 1,32 0,78 1,07 7,65 0,69 483 0,072 | 1,07 [13,18 [<0,01 0,104 | 0,004 | 0,108 [<0,001 | 0,017
7.7.1997 6 000 6,5 18,60 1,37 1,44 1,32 8,36 0,73 3,97 0,059 | 1,09 [14,20 0,01 1,053 | 0057 | 1,295 | 0,003 | 0,017
8.7.1997 2560 6,6 2,64 1,78 0,72 0,95 6,90 0,08 3,57 0,045 | 090 |1493 |<0,01 0,051 | 0002 | 0042 | 0001 | 0,027
10.7. 1997 400 6,6 2,28 1,74 0,73 1,24 [10,10 0,59 3,71 0,051 | 1,24 [1663 |<0,01 0,034 |<0,001 | 0,021 | 0,001 | 0,009
13.6.1998 544 7,3 3,12 1,24 0,79 1,41 8,40 0,69 5,09 0050 | 145 [1090 [<0,03 0,074 | 0,002 | 0,066 | 0,002 | 0,006
1.7.1998 124 74 1,56 1,59 0,71 1,71 [1092 0,12 5,77 0,050 | 1,72 |1449 |<0,03 0,018 | 0,001 | 0,009 | 0,002 | 0,005
30. 10. 1995 11,6 7.1 3,90 2,40 0,90 190 |1500 0,49 4,80 0,057 | 210 |23,10 |<0,01 0,005 | 0,001 | 0,006 | 0010 | 0,031
28.2. 1996 6 7.0 0,80 2,78 0,71 195 [1517 0,27 5,87 0,080 | 2,89 |1560 |<0,01 0,008 | 0,002 | 0,004 | 0002 | 0,014
31.1.1997 37 7.4 2,16 1,96 0,63 135 |10,84 043 4,14 0021 | 1,70 |21,68 0,05 0,006 |<0,001 | 0,006 |<0,001 | 0,014
4.8.1997 14,3 6.4 1,80 1,84 0,85 1,74 [13,02 0,25 328 0,060 | 240 |17,76 |<0,01 0,012 | 0,001 | 0,006 | 0,004 | 0,005
1.11. 1997 74 70 0,84 1,96 0,67 2,08 [13,13 0,47 3,90 0,050 | 3,39 |19,83 0,02 0,007 | 0,002 | 0,009 | 0004 | 0011
2.2.1998 6,8 6.9 1,20 2,15 0,70 1,95 [1331 0,03 447 0,050 | 2,00 [18,64 |<0,03 0,013 | 0,002 | 0,002 | 0,003 | 0,007
1.6. 1998 74 74 2,64 2,21 0,89 2,12 |15,59 0,17 4,34 0,090 | 348 |19,05 [<0,03 0,010 | 0,002 | 0,004 | 0,004 | 0,005

For 1-2 see Table VI
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DISKUSE

Cilem hodnoceného vyzkumu je stanoveni vlivu
lesnich porosti a celych lesnich ekosystémi a hospodat-
skych zasahti na chemismus vody odtékajici ze sledova-
nych povodi. Soudasné je zji§t'ovan i vliv zmé&n imisniho
zatizeni ekosystémil v priibéhu pozorovani od roku 1981
do roku 1998. V prvni poloviné osmdesatych let dosaho-
valo imisni zatiZeni sledované oblasti Beskyd vysoké
urovné. Dokladaji to spady kyselych latek zji§tované na
volné plose i pod porosty. V tab. X je uvadéna depozice
protontt (H"), dusiku (N/NO; + NH;) a siry (S/SO3).
Tato depozice se srazkami (mokry spad) je diky jejich
vy$8imu sréZkovému thrnu srovnatelna s udaji ziskava-
nymi na konci sedmdesétych let na plose Moldava v Krus-
nych horich. Jde predeviim o ionty H' a N(NO; + NHz)
(Lochman, 1993) stanovené v podkorunovych sraz-
kach na okraji dospélého porostu smrku ve vrcholové
gasti povodi Cervik B. Vysledky mé&feni depozice latek
povodi nadr¥e Sance, uskute&nénych od roku 1995
(Morav¢ik, 1998), ukazuji, Ze se ve smrkovych
ekosystémech sledované oblasti Beskyd depozice
protonti, celkového dusiku a siry sniZila, ale z hlediska
vyvoje chemismu plid zistava stile kritickd. Pufraéni
schopnost pid na silikatovych horninich nepfekraduje
0,5 kmol.ha "ok (Ulrich, 1983; Ulrich etal., 1981).
To odpovidéa skute¢nosti, Ze pidy na pokusnych plo-
chéch v povodi Cerviku jsou v povrchovych horizontech
(do 30 az 50 cm) silné kyselé, s pH/H,O < 4,2 (blizsi
charakteristika ptid je uvedena v metodice).

Na povodi Malé Raztoky byla v letech 1982 a 1983
zji§tovana depozice latek v porostu buku na Nofi¢i.
Podkorunové srazky — véetné vody stékajici po kmenech
— zde pfinaSely 1,87 kmol H iontit na ha za rok. Oproti
depozici protonti stanovené v porostu smrku na povodi
Cerviku B je toto mnoZstvi podstatné nizsi. Pfi¢inou
byla defoliace buku v chladném obdobi roku a zfejmé
i neutralizace kyselych sraZek na listech ve vegetaénim
obdobi, zji§tovana v listnatych porostech i na dalSich
vyzkumnych objektech (Kreutzer et al., 1986;
Lochman, 1996, 1997; Matzner, Meiwes, 1994,
Ulrich et al,, 1981).

Z daji v tab. X je patrné i sniZovani depozice siry
(SO?) zejména pod porosty smrku. Oproti rokiim 1982
a 1983 je také viditelné snizovani spadu N (NO3 + NH3).
I ptes sniZeni spadu imisnich latek v poslednich letech
(po roce 1991) ziistava na sledovanych povodich v Besky-
dech je§té vysoky vstup N a S do lesnich ekosystémii,
a to zejména na povodi Mala Raztoka. Casové a lokalni
variabilita depozice imisnich latek je na horskych
povodich v Beskydech pomé&mé velka (tab. X) a doklé-
daji to i vysledky Setfeni prezentované po roce 1995
(Moravéik, 1998).

Vedle exponovanosti stanovist’ viiéi proudéni vzduchu
a klimatickych faktorii se projevuji pfedevsim porostni
poméry. Ukazuji to idaje ziskané na povodich Cervik A
a Cervik B. V roce 1981 skonéilo obdobi urychlenych
t&2eb a obnovy porostii na povodi Cerviku A v ro&nim
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X. Depozice protonii (H*), dustku (N/NO;3 + NHY) a siry (S/SO%") na povodich v Beskydech — Depositions of protons (H*), nitrogen (N/NO5 + NH)

and sulphur (S/SO%) in the Beskids basins

Povod’ Misto méfent’ Casové obdobi’ B | wiovos +nmp S/s0%
(kg.ha™ .rok™)
Cervik A hol4 se& 840 m n. m. 1982-1983 22 16,6 4438
hol4 se& 670 m n. m. 1982-1983 13,7 313
Cervik B sm. porost 900 m n. m. 1982-1983 8,79 321 80,5
Mal4 Réztoka holé se& 660 m n. m, 1982-1983 0,42 16,8 28,4
bk porost 1 015 mn. m. 1982-1983 1,87 437 80,8
Cervik voln4 plocha 640 m n. m. 1992-1998 <0,10 89 28,8
Malé Raztoka voln4 plocha 630 m n. m. 1992-1998 <0,10 24,0 418
Hamry volné plocha 580 m n. m. 1997 09 204 214
Sance® sm. porost 580 m n. m. 1997 1,1 21,8 35,8
Bily Kiiz volné plocha 840 m n. m. 1997 0,6 23,6 24,2
Sance® sm. porost 840 m n. m. 1997 19 234 50,5

* Moravéik, 1998
'basin, locality of measurement, *time period

objemu > 3 000 m’ hroubi a nadéle pokragovaly nahodilé
tézby dosahujici ngkolika set m’ dfeva, a to predeviim
na povodi Cerviku B. Zvy$ené obnovni t&by v objemu
vétdim neZ 1 000 m’ dfeva na povodi B spolu s domyco-
vanim porostii na povodi A probihaly opét v letech 1995
az 1997 (tab. II). Tato hospodafska ¢innost ve spojeni
s povodiiovymi situacemi mohla ovlivnit i zvyseni
pritomnosti nékterych latek ve vodé potoki.

V letech 1982 byla na povodi Cerviku A provedena
obnova porostil jiz na 90 % vyméry a tuto plochu
zaujimaly zalesnéné seCe a mlaziny. Ve vodé potoka
byly zjistovany vyssi koncentrace SOi nez v potoce na
povodi B s dospélymi porosty. Pfi vyrazné& niz§ich
depozicich siry na seich byly zfejmé jejim zdrojem
rozkladajici se organické latky v pokryvném humusu,
piipadng i sirany (SOY'), vézané v mineralni pidg. V de-
vadesatych letech se koncentrace SO; ve vodé potoki
na povodi Cerviku A snizily a na povodi Cerviku B
zistaly na pfiblizné stejné trovni.

Pokryvny humus a organické latky (zbytky) v pudé
byly zdrojem i nitratovych ionti (NO;3) v odtékajici vodé
v povodi Cerviku A, protoze rozdily v jejich koncen-
tracich oproti povodi Cerviku B nebyly podstatné,
i kdyZ celkova depozice N (NO; + NH;) byla na seéich
povodi A pfiblizng polovini, tak jako u S/SO; (tab. IV,
IX a X).

Podobné vysledky z vyzkumu chemismu vody prova-
déného na povodich Cerviku v obdobi od kvétna 1980
do kvétna 1981 uvadéji Jafabag, Chlebek (1983).

Pokles primémych roénich koncentraci Na, Mg, Ca,
K, Fe, CI', NO; ve vodach toki na povodich Cerviku A
i B v devadesatych letech oproti hodnotdm z po&éatku
osmdesétych let je moZné vysvétlit poklesem depozice
téchto prvki a u kationtl také jejich sniZenym vymy-
vanim z pidy a zvétralinového plasté po sniZeni de-
pozice H ionti se srazkami (zvySeni jejich pH). Vys&i
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depozice imisnich latek v porostech povodi Cerviku B
se viak stile projevuje ve vodé potoka zvySenim kon-
centraci SO}, F, CI', NO3, Mn a Al a také niz$im pH
vody. Na povodi A lze pfedpokladat, Ze v mladych po-
rostech I. a II. vékové tfidy nastdva akumulace bioprvki
v biomase a i dal8ich prvkil v nartstajicim horizontu
pokryvného humusu.

Na povodi Malé Raztoky bylo v letech 1976 az 1980
vytéZeno 11 438 m’ dfeva (roéné v priméru 2 288 m’)
pfevazné z bukovych porosti. V obdobi let 1981 az
1983 dosahovaly ro¢ni tézby v priiméru 2 787 m’a v ob-
dobi 1984 a% 1990 2 255 m’ dfevni hmoty. Od roku
1991 do roku 1994 nastal atlum obnovnich téZeb na
stovky m’ (tab. II). V dalgich letech roéni t&zba opét
prekrocila 1 000 m’ (s vyjimkou roku 1997). V letech
1982 a 1983 dosahovala obnova porosti pfiblizné 40 %
plochy povodi a v roce 1998 jiz vice nez 80 %.

Vysledky rozbori vody, uskuteénénych na podatku
osmdesatych let (tab. IX), ukazuji mirné niz8i kon-
centrace SO, K, Mn a Fe ve vod& potoka na povodi
Malé Raztoka ve srovnani s hodnotami zjist'ovanymi na
povodich Cerviku A i B. Zde bylo také stanoveno vyssi
pH vody a podstatné vysSi koncentrace Ca, a to
i pfed vapnénim porostli na ¢asti povodi v Cervenci 1983
(Lochman et al., 1996). Ve vodé potoka na Malé Raz-
toce byl zji§t'ovan i mirné vy$§i obsah nitrati (NO;).
Setteni v devadesatych letech (tab. V) ukazuji pokles
koncentraci kationti Na, K, Mg, Ca a také Mn, Fe, CI,
NO; a zvy3eni pH — oproti hodnotdm z let 1981 az 1984
— obdobné jako ve vodé potokii na povodich Cerviku.
Vysvétleni lze spatfovat ve sniZeni depozice imisnich
latek a také ve zméné biologického kolob&hu prvkl
mezi pidou a mladymi porosty s pfevahou smrku.

Vychylky koncentraci prvki ve vod& potoki pfi roz-
dilnych pritocich jsou zapfi€inény pfedevsim zpisobem
odtoku sraZek. Pfi zvySenych a hlavné pfi povodiiovych

J. FOR. 8CL, 46, 2000 (7): 305-324



prittocich se podstatnéji uplatiiuje povrchovy a podpo-
vrchovy odtok vody. Odtékajici voda prochézi ve zvySené
mife pouze povrchovymi piidnimi horizonty a vymyva
humusové latky i ionty, jeZ jsou pfi podzemnim (zéklad-
nim) odtoku zachycovany v piidnim profilu jako NHj,
slouceniny P a kovy (Fe a Mn).

Pfi povodiiovych priitocich poslednich let probihala
v povodich silnd eroze pidy na komunikacich, v ne-
stabilizovanych ryhach zplisobenych hospodaiskou
&innosti a také eroze nezpevnénych biehil toka (tab. XI).

v korunédch stromi je pfi vys8ich srazkovych dhmech
relativné nizka (n€kolik mm) a p¥i horizontélnich
srazkach v horskych lesich témé&f nulova (Chlebek,
Jafabda¢, 1987). Méfeni provadéna na povodich v Bes-
kydech ukazuji, Ze se zvySeni odtoku v tocich zretelné
projevuji pfi srazce vy38i nez 50 mm. Srazkové thmy
80 az 100 mm zpusobuji spolu s jejich vysokou inten-
zitou vznik $kodlivych priitoki, a to zejména pfi pred-
chozim nasyceni plidy a zvétralinového plasté vodou
(Chlebek, Jafabag, 1998). Dlouhodobé hydrologické

XI. Zékaly vody a mnoZstvi plavenin pfi zvySenych priitocich na povodich Cervik A, Cervik B a Mal Réztoka v letech 1980-1981 (Jafabag,
Chlebek, 1983) — Turbidity and bed load amounts at increased discharges in the basins of Cervik A, Cervik B and Mal4 Réztoka in 1980-1981

(Jafabaé, Chlebek, 1983)

Povodi’ Cervik A Cervik B Mal4 Réztoka
Datum odbéru vody 23.7.1980 11.3.1981 23.7. 1980 11.3. 1981 23.7.1980 11.3.1981
Specificky odtok’ (L.sec™ km™?) 441,1 738,6 550,5 266,3
Zékal' (jZF) 180,0 520,0 1250 150,0 16,7 6,4
Mnozstvi plavenin® (kg.m™ vody) 0,334 0,756 0,464 0,342 0,18 0,284

"basin; *date of water sampling; *specific discharge; ‘turbidity; *bed load amount

Problému eroze pidy byla v pribéhu hydrologického
vyzkumu na povodich vénovana velkd pozornost. Sou-
stavné méfeni zdkald v povodich Cerviku a Malé
Raéztoky probihalo od roku 1958. Jafabaé, Chlebek
(1984a, 1987) uvadéji, ze v hydrologickych letech 1966
az 1983 se na t&Zeném povodi Cerviku A projevily
zékaly vody roéné v priméru 35,9 dni a na povodi Cer-
viku B 21,1 dnt. Ve stejné dobé dosdhla primérna
intenzita eroze v povodi A 2,638 kg.h".ha'l a v povodi
B 1,277 kg.h™ ha . Autoti (Jataba¢, Chlebek, 1983)
uvadéji, Zze v celoroénim priméru byl nejnizsi zakal
vody potoka na Malé Raztoce (tab. I). Na povodi Cer-
viku A dosahoval jedenéctinasobku. Pfi¢inou rozdilu
v mife eroze je pfiznivéj§i zrnitostni sloZeni pidy na
povodi Mala Raztoka oproti jilnatéj$im ptidam na po-
vodi Cerviku. Spolu s velkym zvy3enim zikalu vody
ve dnech t&ebnich praci na povodi Cerviku A se ve vo-
d& sniZilo pH a nariistala mnoZstvi rozpusténého Mn, Fe,
NH;, PO; a zvySovalo se &islo oxidovatelnosti.

Rozdil v mnozZstvi plavenin ve vodé potoki na povo-
dich Cerviku A a B pfi povodni 7. 7. 1997 (tab. XI)
s vyrazné vy$si hodnotou na povodi B lze vysvétlit
jednak obnovni t&Zbou provadénou na tomto povodi jiz
od roku 1995, jednak tim, Ze hlavnim zdrojem plavenin
byla eroze brehi toku v dospélych porostech smrku,
nezpevnénych souvislou travni vegetaci. Naopak na
povodi Cerviku A se po ukonéeni vétSich mytnich t&zeb
na poéatku osmdesatych let vytvofilo souvislé patro
pfizemni (paseéni) vegetace s pievahou trav.

Moznosti retence srazkové vody v lesnich ekosysté-
mech a zabranéni povodiiovym vinam s nepfiznivymi
dopady v povodich jsou omezené. Intercepce sraZek
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vyzkumy na povodich Cerviku a Malé Raztoky také
ukazaly, Ze pfi jamim tani snéhové pokryvky dosahuji
povodiiové viny jen asi pétiny maximaélnich pritoki
zjistovanych pfi letnich pfivalovych deStich. Teplé
obdobi roku je tedy z hlediska zne€i§téni vodnich zdroji
nebezpeénéjsi.

Vliv chemismu pidnich profilii (piid) povodi na che-
mismus odtékajici vody se vyraznéji projevuje pfi
piimém odtoku vyssich srazek. Jak vyplyva z charakte-
ristiky piid v metodice, jsou na povodich Cerviku piidy
siln& kyselé, v humusovém horizontu a minerélni pidé
do hloubky 30 aZ 40 cm s pH/H,0 < 4,0. V sorpénim kom-
plexu mineralni piidy je zde nizka zisoba Mg (<10 ppm)
a Ca (50-100 ppm). Pomér celkového uhliku a dusiku
C : N v humusovém horizontu Oh a na povrchu mine-
ralni piidy se pohybuje okolo 20, v hlubsi ¢asti pidniho
profilu < 15.

Na povodi Mald Raztoka maji humusové horizonty
a mineralni profily piid na vyzkumnych plochich vyssi
pH nez na Cerviku a v povrchovych horizontech i vyssi
zasobu Mg a Ca (celkovou a vyménnou). Pomér C : N
v humusovém horizontu Oh je pfiblizné stejny jako na
povodi Cerviku (okolo 20), v hlubsich horizontech je
niz§i nez 15. Na zmé&ny pH a koncentrace kationtii v od-
tékajici vod& z rizosféry plsobi chemismus materidlu
zvétralinového plaste. Pusobeni pidni spodiny a zvétra-
liny mateéné horniny na sorpci NO; je minimélni,
a proto mé pro koncentraci nitratli ve zdrojich podstatny
vyznam jejich spotfeba v rizosféfe. DileZitost poméru
C : N v pokryvném humusu dokladaji Matzner,
Grosholz (1997), ktefi na zakladé tohoto poméru v hori-
zontu Oh a depozice dusiku s podkorunovymi srézkami
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(N [NOj + NH;] v kmol.ha™ rok™) sestavili vicenasob-
nou regresni rovnici pro stanoveni mnozstvi nitratl
(kmol NO;.ha™ rok™) vynasenych vodou z piidy smrko-
vych porostii (ekosystémil).

Z hlediska zajmu o Zivotni prostfedi je diileZité stano-
veni retenéniho plisobeni lesnich ekosystémii — spotfe-
bou dusiku pfi jeho kolob&hu. Pro sledovand povodi
v Beskydech miiZeme spotfebu dusiku vzhledem k malé-
mu podtu mist s mé&fenim depozice stanovit jen orientatné.

V letech 1982 a 1983 dosahovaly roéni spady N (NO;
+ NH;) na smyceném povodi Cerviku A 15,15 kg.ha"
a ztraty s odtékajici vodou byly vypocteny na 10,69 kgha',
rozdil je 4,46 kg.ha'. Na povodi Cervik B dosahoval ve
stejnych letech roéni spad N (NO; + NH;) ve smrkovych
porostech 24,45 kg.ha" a ztrita s odtékajici vodou
13,06 kg-ha . Z toho vyplyva jeho spotfeba 11,39 kg.ha™".
Nizké spotfeba dusiku na povodi Cerviku A byla ztejmé
ovlivnéna jeho uvolilovanim pti rozkladu organické
pudni hmoty na sedich a malymi naroky kultur a nezapo-
jenych porosti.

Pro povodi Malé Raztoky byl vypoéten v letech 1982
a 1983 roéni spad N (NO; + NHy) 30,24 l(g.h,ss'I a ztrata
20,73 kg.ha'. Rozdil je tedy 9,51 kg.ha™', co by méla byt
roéni spotieba N na ha v povodi se star§imi bukovymi
porosty (na 60 % plochy) a mladymi porosty a kulturami
(na 40 % plochy).

V letech 1992 a% 1998 nebylo na povodi Cerviku
provadéno sledovani spadu latek v porostech ani na
volné ploSe ve vysSich &astech povodi. Vezmeme-li viak
v Gvahu tdaje o spadu N (NO; + NHj}) ziskané
Moravéikem (1998) na plose Hamry, kde v roce 1997
dosahoval na volné plo3e 17,58 kg.ha ' a v porostu smrku
19,87 kg:ha™', potom bychom mohli uvaZovat o primér-
ném roénim spadu na povodich Cerviku A a B 18,73 kg
N.ha™'. Pti roéni ztraté N (NO; + NH}) s odtékajici
vodou 6 kg.ha™ vychazi roéni spotfeba dusiku v celém
povodi Cerviku (A a B) 12,73 kg.ha .

Na povodi Malé Réztoky byl v letech 1992 az 1998
vypoéten primémy ro&ni spad N (NO; + NH}) na volné
plose v adolni &asti povodi 24,0 kg.ha™ a primé&rna
roéni ztrita s odtékajici vodou 15,1 kg.ha™. Vypoétena
spotieba 8,9 kg N.ha™' je minimélni moznosti, protoze
pod porosty ve vysSich ¢astech povodi je spad dusiku
vy$§i. Vypodtend retence (spotfeba) dusiku v porostech
na sledovanych povodich okolo 10 kg na ha odpovida
nazoru Ulricha (1993), ktery uvadi, Ze lesni porosty
jsou schopny akumulovat ro¢né 10 kg N na ha. Pfi bilan-
covani dusiku v lesnich ekosystémech je nutné uvazovat
i 0 jeho ztratich do ovzdu$i. Ulrich cituje Gdaje
(Brumme, Beese, 1992), Ze z vapnénych a hnojenych
pud unik4 roéné 5-6 kg N.ha™ ve formé N,0 do ovzdusi.

Vyznamnym zasahem do kolob&hu prvki v lesnich
ekosystémech je vapnéni. Jeho vliv na chemismus sréz-
kové a plidni vody a na sloZeni vody v potoce byl sledo-
van na povodi Mala Réaztoka po aplikaci dolomitického
vapence od ¢ervence 1983 do unora 1984. Viapenec byl
pouzit v mnoZstvi 3 tha” na 80 ha plochy povodi o vy-
méfe 208 ha. Oproti primérmym hodnotdm za celé
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obdobi vyzkumu (listopad 1981 aZ anor 1984) se po
aplikaci zvy3ily koncentrace Mg a Ca ve srdzkové vodé
(z20na32az48na7s mg‘l"), ve vodé potoka
(u Mg3,4a38auCal5]lal82mgl")a soutasnd
vzrostlo i pH. V plidni gravitaéni vodé v hloubce 30
a 75 cm viak nebyly zjistény zmény obsahu sledovanych
latek aZ do ukondeni Setfeni (inor 1984). Obdobny na-
rust koncentrace Mg a Ca ve srazkové vodé a zvySeni
jejiho pH se projevilo ve stejném obdobi i na povodich
Cerviku A i B (Lochman et al., 1986). Ve vodg potoki
na mérnych pfepadech v téze dobé narustala koncen-
trace Mg a hodnota pH.

Ve vzorcich vody odebiranych na pfepadech v3ech tfi
hodnocenych povodi se v obdobi od cervence 1983 do
unora 1984 nezvysily koncentrace NO; a NH;. K uvede-
nym zménam v koncentracich Mg, Ca a pH ve vodé
povrchovych zdroji vSech tii povodi mohla pfispét
skuteénost, Zze druha polovina roku 1983 byla srazkové
chud4, s nizkymi pritoky vody a s omezenim pfimého
odtoku. Nelze také vyloutit rozptyleni jemné mletého
materidlu pfi letecké aplikaci a proudéni vzduchu ve
véapnénych hiebenovych polohdch Beskyd do povodi
Cerviku. Vapnéni piid na povodi Mala Réztoka v dal§ich
oblastech beskydskych lest se opakovalo v letech 1985
a 1987. Ve vzorcich humusu a pidy povrchovych
horizontli byly v roce 1989 zjistény vyssi koncentrace
pfistupného a v humusu pfedevs§im celkového Ca a Mg
neZ v roce 1981 (1982). V hlubsich horizontech mineral-
niho pidniho profilu, v horizontech B a B/Cd, se narist
zdsoby pfistupnych forem Ca a Mg neprojevil.

Ve vzorcich humusu a piidy odebrané v roce 1994
byly stanoveny niz§i zasoby Ca a Mg nez u odbéri
z roku 1989, a to v celém plidnim profilu, takZe jejich
zasoba v sorpénim komplexu hlubsich piidnich horizon-
th byla nizs§i nez v roce 1981 (1982). Stejny trend je
mozné pozorovat i na povodich Cerviku (Lochman et
al,, 1986, 1996).

Ve vodé potoka na Malé Réaztoce dosahovaly v letech
1991 az 1993 primémé koncentrace Mg a Ca niz§ich
hodnot (2,01 a 14,05 mg.l™) oproti letim 1981 az 1984
(3,4al5,1 mg.l_') a od roku 1994 nadale poklesly (1,69
a 11,41 mg.I™"). Podobny trend sniZovéni koncentraci Ca
a Mg byl patmy ve vodg potoka na Cerviku A a do roku
1993 na povodi Cerviku B.

Pusobeni lesnich ekosystémi na sledovanych po-
vodich v Beskydech na jakost vody je z hlediska zéso-
bovéni obyvatelstva pitnou vodou pfiznivé. Dokladaji to
primé&mé hodnoty koncentraci latek (ukazatelll) uvedené
vtab. ValIX.

Pfi vysokych a povodiiovych pritocich voda obsa-
huje plaveniny (zékal) a zvySuje se v ni i obsah organic-
kych (humusovych) latek. Jak je patmné z tab. VI, VII
a VIII, nejvyssi naristy a pfekrodeni meznich hodnot
normy (CSN 75 7111) projevuje Al (0,2 mg.l™"), Fe
(0,3 mg.I™) a NH; (0,5 mg.1™"). Ani u jednoho odbéru
viak nebyla zjidt&na vy33i koncentrace Cu a Mn nez
0,1 mg.1"". Také dal3i sledované latky nepiekraduji
mezni hodnoty normy pro pitnou vodu (F, CI, SO},
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Mg, Ca a Zn). Koncentrace nitrati (NO;) nedosahuji
10 mg.l", pouze v jednom pﬁPadé byla zjisténa dopo-
ru¢ena limitni hodnota 15 mg.1™.

V obdobi od listopadu 1981 do unora 1984 byl ve
vzorcich vody z povrchovych zdrojii povodi Cerviku A
i B a Malé Raztoky sledovan vétsi pocet tézkych kovi
(Lochman etal., 1986).

I pfi zvySenych priitocich v nich voda neobsahovala
vys§i koncentrace Cd, Cu, Cr, Mg, Mn, Ni, Pb a Zn, nez
ptipousti norma (CSN 75 7111 — mezni a nejvyssi mezni
hodnoty). Ani v jednom piipadé nebyl piekrocen
ukazatel jakosti u CI, F"a SO}, Piipustna mnozstvi NO;
(15 mg.I") a NH; (0,5 mg.1") prekratovaly nékteré od-
béry vody na povodich Cerviku A a Malé Réztoky.
K narlistu obsahu téchto latek dochazelo pfi zvysenych
priitocich zejména na povodich s obnovnimi tézbami
(Cerviku A a Malé Raztoky).

Pfi hodnoceni vlivu porostnich a imisnich pomérd
v povodi na chemismus odtékajici vody vidime, Ze vzor-
ky odebirané v potoce na Malé Raztoce mély po celé
sledované obdobi vy3§i primérné koncentrace NO;
a vy3si pH nez povodi Cerviku A i B a obsahy SO}
mezi koncentracemi vody z Cerviku A a Cerviku B.
Vychazime-li z poznéani o pozitivnim plsobeni porosti
listna¢ld (ptedeviim buku) oproti smrku na niZ§i kon-
centrace ionti H (vy3$3i pH), SO a NO; (Kreutzer et
al., 1986; Rothe, 1997; Rothe et al., 1998; Ulrich et
al., 1981), potom sv&déi vy3si koncentrace NO; a SO}
ve vodé potoka na Malé Raztoce o vy$§im potencialnim
zatiZeni lest imisemi (zne¢isténym ovzdu$im a expono-
vanosti porostil) na tomto povodi. Porosty buku ovliv-
fiuji pozitivné bilanci dusiku v ekosystémech nejen
niz§im zachycovanim slouéenin N v korundch, ale také
jeho vy33i spotfebou. Dalsi imisni latky ve vodach
zdrojii jako SO; a F nemuseji zfetelnd odraZet jejich
depozici v porostech, protoze v hlubSich pidnich
horizontech vytvéateji reverzibilni sloueniny s volnymi
slou¢eninami Al (oxidy) a z nich se mohou pfi poklesu
kyselého imisniho zatiZeni opét uvoliiovat do odtékajici
vody (Herrnstadt, 1995; Alewell, Matzner, 1993;
Manderscheid etal., 1995).

Vysledky vyzkumu na sledovanych povodich ukazuji,
ze jejich ekosystémy pusobily na retenci latek pricha-
zejicich s depozici, a tim zajisfovaly v odtékajici vodé
koncentrace ionti vyhovujici poZadavkim na pitnou
vodu i v obdobi urychlené obnovy porosti. Zpusobil to
predevsim rychly rozvoj paseéni vegetace na mycenych
plochach, ktera omezila vymyvani bioprvki, zejména
NO;. Dotasné uvolitovéni slou¢enin dusiku pfi rozkladu
plidniho organického materidlu na se¢ich po kalamitnich
téZbach porostli smrku v Bavorsku uvadéji Mellert et
al. (1996). Nasledna vysoka nitrifikace vyvolala vedle vy-
myvani NO; i zmény (sniZeni) pH plidniho prostfedi a
sniZeni vymyvani SO} odtékajici vodou (tvorbou
reverzibilnich komplexnich sloutenin SO} uvoliiova-
nych s oxidy Al). Zvy$eni koncentraci NO; ve vodé
odtékajici z dil¢ich experimentalnich povodi Hubbard
Brook (USA) se smycenymi listnatymi porosty, kde byly
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ponechany zbytky po t&*b& a piidami s mocnym hori-
zontem pokryvného humusu (O), trvalo aZ do vytvoreni
patra pfizemni vegetace (Hornbeck et al., 1987). Zvy-
Seni koncentraci NO; ve vodg odtékajici z povodi po ho-
loseéném myceni porostil a stavb& komunikaci (povodi
Coweeta, USA) uvadéji Swank, Johnson (1994).
Podle autorii na smyceném dil¢im povodi Hubbard Brook
ponechani biomasy po t&Zb& na sei zpisobilo po né-
kolik let vedle zvySeného vymyvani N/NO; i ztrity K a Ca.

Porovname-li nékolikaleté etfeni na povodich v Bes-
kydech s vysledky ziskanymi na né&kterych jinych
horskych lesnich povodich v CR, vidime, Ze ve vods
tokl beskydskych povodi jsou nalézany nizsi koncen-
trace nitratii neZ na povodi U vodéarny v Jesenikéch a ve
vodé potoka (pitoku B&1€) s povodim na svahu Serlichu
v Orlickych horéch, které jsou pokryty pfevazné smrko-
vymi porosty. Jsou zde také nizsi koncentrace NO; nez
ve vodé pramene u Moldavy v Krusnych horach, kde na
povodi odriistaji nahradni porosty zaloZené po imisnich
kalamitnich t&Zbach smrku podatkem osmdesatych let.
Koncentrace nitrati na povodich v Beskydech odpovi-
daji hodnotdm zjiifovanym ve vodé potoka na povodi
U lizu u Zdikova na Sumavé (Lochman et al., 1998).

ZAVER

Z vysledk sledovani latkového sloZeni srazkové vody
a vody v povrchovych zdrojich (potocich), provadéného
na povodich v Beskydech v letech 1981 aZ 1984 a 1991
az 1998, je patmy vliv charakteru lesnich porosti (dfevi-
ny, stafi) a exponovanosti jejich stanovi$t' na depozici
imisnich latek a také na chemismus vody odtékajici z po-
vodi. Priznivéjsi (niZ8f) depozice byla zjist'ovana v po-
rostech buku oproti porostiim smrku.

Vysoké imisni zatizeni lesnich ekosystému na po¢atku
osmdesatych let se v devadesatych letech snizilo a proje-
vuje se i v koncentracich sledovanych latek ve vodé toku.

Na kolisani koncentraci latek v povrchovych zdrojich
pusobi zvySené a povodiiové priitoky, spojené s pfimym
odtokem vody a erozi pidy. Na zneéisténi vody v tocich
se negativné projevilo pouziti mechanizované téZebni
technologie. Dopady piivalovych vin na erozi plidy jsou
zavislé na zpevnéni jejiho povrchu pfizemni vegetaci
a na zrnitostnim sloZeni piid. MoZnosti retence srazkové
vody v lesich a ochrana krajiny pfed povodnémi je
omezena hydrickymi vlastnostmi pid a zvétralinového
plasté. Vliv chemismu lesnich piid ma na latkové sloZeni
odtékajici vody vétsi vliv pfi povrchovém (pfimém)
odtoku nez pfi zdkladnim odtoku, kdy se vice uplatiiuje
chemismus zvétralinového plasté. Moznosti retence N
v ekosystémech s porosty dfevin se pohybuji okolo
10 kg.ha™ rok ™.

Opakované vapnéni porostii (dolomitickym véapen-
cem) ovlivnilo zasobu Mg, Ca a pH v humusovém
horizontu a v povrchovych horizontech mineréalni ptdy.
Trvalé zmény ve vodé potoki nebylo mozné prokazat
— stejné jako zvySeni koncentraci NO; .
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Je mo#né fici, Ze lesni ekosystémy na povodich Cer-
viku A, Cerviku B a Malé Réztoky pusobily pfiznivé na
latkové sloZeni vody v povrchovych zdrojich, takze
i v dob& vysoké imisni zitéZe (v prvni poloviné osm-
desatych let) nebyly u jednotlivych odbérii pfekradovany
mezni hodnoty koncentraci hodnocenych latek podle
normy (CSN 75 7111). U nékterych ukazateli dochézelo
k piekrodeni pii vysokych a povodiiovych pritocich.
Ani zvySené rocni téZzby porosti, spojené s obnovou,
podstatné neovlivnily chemismus odtékajici vody.
Zpisobil to rychly rozvoj pase¢ni vegetace a vysadba
novych porosti, a tim i udrZeni biologického kolob&hu
prvki. Voda na sledovanych povodich v Beskydech ma
z hlediska vodohospodéiskych zajmi pfiznivéjsi sloZeni
nez vody tokil na dalSich sledovanych horskych
povodich se zfetelnym piisobenim imisnich spadii.
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THE IMPACT OF FOREST STANDS IN THE BASINS OF CERVIK AND MALA
RAZTOKA ON THE CHEMISTRY OF SURFACE WATER SOURCES

V. Lochmanl, A. Chlebekz, M. Jahbééz, V. Sebkova'

IF orestry and Game Management Research Institute, 156 04 Jilovisté-Strnady

2F orestry and Game Management Research Institute, Jilovisté-Strnady, workplace Frydek-Mistek,
H. D. Permon, 1758 Pionyri Av., 738 01 Frydek-Mistek

Within the forested experimental basins of the Cervik
A, Cervik B and Mal4 Raztoka in the Moravian-Silesian
Beskids region, established in 1953, besides hydrologi-
cal research also analyses of water chemistry were car-
ried out. The chemistry of precipitation water and
surface water sources as measured in a spillway was
analysed from November 1981 to February 1984 and
from July 1991 to December 1998. In the basin of Cervik
A the adult spruce stands were felled in 90% and the area
was reforested in 1982. Within the basin of Cervik B
only incidental felling in older stands was carried out.
In the basin of Mala Raztoka the regeneration of autoch-
thonous beech stands by spruce represented 40% of the
total area of the basin in 1982, and even 80% in 1998.

In 1981 to 1984 the precipitation water chemistry and
depositions were studied at the top ridge localities and in
the valley. The level of the fall-out was affected by the
character of the stands and by exposition. The highest
was the fall-out of protons (H') and S/SO; at the edge
of the spruce stand in the basin of Cervik B. High pollu-
tion level were also observed in the exposed beech stand
in Mala Raztoka.

During the period of 1992 to 1998, to compare with
the eighties, mainly higher pH of the precipitation water
(lower H" ion deposition), and recently also lower con-
centrations of SO2™ can be observed. Variable concen-
trations of the total nitrogen in precipitation water and
variable fall-out are caused by changes in NH; con-
centrations.

In 1991 to 1998 the water chemistry in the creek was
different in Cervik A basin (young spruce stands) and
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Cervik B basin (older spruce stands). In Cervik A the
average pH concentrations were higher and the concen-
trations of Na, Mg, Zn, Mn, F, CI, SO;", NO; were
slightly lower. However, in 1981 to 1984 the SO} con-
centrations were higher in Cervik A, with prevailing re-
forested clear-cuts, than in Cervik B basin.

When comparing the average concentrations of the
elements measured in the creek water in Cervik A, Cer-
vik B, and Mala Raztoka in 1981 to 1984, and in 1991 to
1998, a significant decrease of Na, K, Mg, Cu, Fe, CI,
NO;, and within the Cervik A also of SO can be obser-
ved, at the same time the average pH concentrations in-
creased. At the exposed basin of Mala Raztoka, with the
original beech stands regenerated by spruce, the values
of NO; were higher than in Cervik basin.

Fluctuations in concentrations of elements diluted in
water of the creeks are affected by the water discharge
(g, in l.sec™'). The concentration of Na, Mg, Ca, and
SO%", and pH is lower during rainstorms, the organic
matters (Cox), Al, Fe, and Mg are diluted at the same
time. A significant concentration increase can be ob-
served also in the NHj, on the contrary, the level of NO;
is decreasing. The decrease in nitrate concentrations can
be observed even during the following weeks after the
rainstorm. Water contamination with suspended sedi-
ments reflecting the soil erosion, depends on the intensity
and volume of precipitation, and also on the soil struc-
ture and vegetation cover.

The forest ecosystems of the basins studied had a po-
sitive impact on a reduction in the contamination of run-
off water with foreign elements even during the period
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of high air pollution load (in the mid-eighties). The run-
off water was of a good quality, fulfilling the standards
of potable water, with the exclusion of high discharge
with an increased concentration of Fe, Al, and NH.

The retention of N in forested ecosystems is about
10 kg.ha " .year". In 1991 to 1998, in the Cervik A basin

the average annual concentrations of NO; in the creek
water were about 0.69 to 2.38 mg.l"', in Cervik B about
2.82 to 5.34 mg.l", and in Mald Raztoka even 4.49
to 6.47 mg.I"", and they were still lower than the concen-
trations in water of other mountain creeks within the CR,
showing significant air pollution impacts.

Kontaktni adresa:

Ing. ViclavL o c hman, CSc., Vyzkumny tstav lesniho hospodéfstvi a myslivosti, 156 04 Jilovisté-Strnady, Ceské republika

Zména publika¢niho jazyka
ve védeckych ¢asopisech CAZV

Predsednictvo Ceské akademie zem&dglskych v&d pri-
jalo na zasedéni dne 6. 4. 2000 usneseni, kde mj. doporu-
¢uje zménu publikaéniho jazyka ve védeckych
gasopisech vydavanych pod gesci CAZV. Predsednictvo
navrhuje Vydavatelské radé CAZV zavést angliétinu
jako jediny jazyk ve viech vé&deckych &asopisech
od 1. 1. 2001. Od 1. 7. 2000 bude redakce &asopisu Jour-
nal of Forest Science pfijimat pfispévky psané pouze
v angliéting.
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A change of publication language
in Scientific Journals of the Czech Academy
of Agricultural Sciences

At its session on the 6% April 2000, the Presidium of
the Czech Academy of Agricultural Sciences adopted a
resolution recommending, among other things, to change
the publication language in scientific journals published
under the Academy patronage. The Presidium proposes
to the Publishing Board of the Academy to introduce
English as the only language in all scientific journals from
the 1* January 2001. So papers written exclusively in
English will be accepted by the editor’s office of the Jour-
nal of Forest Science.
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EFFECT OF FERTILIZING ON THE PRODUCTION AND HEALTH
OF POPLAR 1-214 (POPULUS X EUROAMERICANA [DODE]
GUINIER CV. 1I-214) IN INTENSIVE PLANTATIONS

VPLYV HNOJENIA NA PRODUKCIU A ZDRAVOTNY STAV TOPOL’A 1-214
(POPULUS X EUROAMERICANA [DODE] GUINIER CV. 1-214)
PRI PESTOVANI V INTENZIVNYCH KULTURACH

$. Kohan

Forestry Research Institute, Research Station, Carskeho 3, 040 01 Kosice

ABSTRACT: The paper presents results of research on additional fertilizing of the poplar I-214 in intensive plantations
on a 25-year series of permanent research plots Leles, which were established at spacings 4x4 m and 5x5 m. Research
plots are situated on medium-heavy noninundated alluvia of the Latorica river, in the forest type group Ulmeto-Fraxine-
tum carpineum. Complex commercial fertilizer NPK with 36% content of pure mineral nutrients was applied to one part
of research plots while the other part was left without treatment. The results demonstrated positive effects of fertilizing
on height and diameter growth as well as on volume production of the poplar. Average volume increment increased by
20.4-25.5% and the health of poplar I-214 was improved as a result of fertilizing under the given site conditions.

poplar I-214; additional fertilizing; growth and volume production; health state; Vychodoslovenska niZina lowland

ABSTRAKT: V praci st hodnotené vysledky vyskumu prihnojovania topol'a I-214 pestovaného intenzivnym spésobom
na 25-roénej sérii trvalych vyskumnych ploch Leles, ktora bola zaloZend v sponoch 4 x 4 m a 5 x 5 m. Vyskumna plocha
lezi na stredne t'azkych nezaplavovanych aliviach Latorice, v skupine lesnych typov Ulmeto-Fraxinetum carpineum.
Cast vyskumnych pléch bola prihnojovana komplexnym priemyselnym hnojivom NPK s 36% obsahom &istych mineral-
nych Zivin, kym druh4 &ast’ ostala neprihnojena. Vysledky hodnotenia ukézali, Ze hnojenie pozitivne vplyvalo tak na vys-
kovy a hribkovy rast, ako aj na objemovu produkciu sledovaného topola. V danych stanoviitnych podmienkach sa
prihnojovanim zvysil priemerny objemovy prirastok o 20,4-25,5 % a sucasne sa zlepsil aj zdravotny stav topol'a I-214.

topol’ I-214; prihnojovanie; rast a objemova produkcia; zdravotny stav; Vychodoslovenska niZina

INTRODUCTION

Forest managers of intensive plantations of selected
poplars have recently been concerned with additional
fertilizing, mainly with commercial fertilizers. The pop-
lar requirements for nutrients, particularly for nitrogen,
phosphorus and potassium, are high. They must be sup-
plied to soil in form of commercial fertilizers in the case
of their deficit. Foreign experience shows that fertilizing
can not only increase wood production of poplar stands
but also improve poplar health. Fertilizing can also in-
crease filtration efficiency of poplars; it is crucial for im-
provement of the environmental conditions in lowland
areas of Slovakia.

Results of research conducted in Italy, France, Neth-
erlands, Germany, Hungary, Poland, Czech Republic and
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other countries made it possible to evaluate the effec-
tiveness of additional fertilizing of poplars and to deter-
mine suitable combinations of commercial fertilizers. It
is possible to state from these results that nitrogen is the
most important element for poplar fertilizing, but if
combined with potassium and phosphorus, its effect sub-
stantially increases. Applications of a suitable combina-
tion of NPK fertilizers increased wood production of
poplars by 10-50% in dependence on site conditions.
The poorer in nutrients the soil, the higher the efficiency
of additional fertilizing of poplars (Mottl, Spalek,
1961; Leroy, 1969; Fritsche, 1965; van der Meiden,
1965; B ur a, 1967; Hubert, 1967; Beghe, 1968;
Viart, 1972; Piantos, 1973; Barneoud, 1974;
Denev, 1975; Hejmanowski, 1975; Gyarmating,
1977; Keresztesi et al., 1978; Halupa, Simon,
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1985; Halupa, Téth, 1988, etc.). These problems were
also studied by Krébes, Orgoii (1963) and Kohén
(1993) in the natural conditions of Slovakia. The results
of their evaluation show that poplars are adaptable to some
extent as for the nutrient need, but their increments con-
siderably decrease below a definite minimum level. There-
fore deficient nutrients must be supplied by fertilizing.

MATERIAL AND METHODS

The evaluated series of research plots Leles was es-
tablished in the spring season 1972 on lands with all-
area mechanical soil preparation where one-year plants
of poplar I-214 were set out. It consists of two subplots
with spacings 4x4 m and 5x5 m. The size of (un)ferti-
lized plots is 20x50 m, i.e. 0.10 ha, for both spacings.
All-area soil cultivation by disking was performed on
both plots. Both plots were divided into two subplots in
the 3rd year: poplars on one subplot received individual
additional fertilizing before vegetation onset until the
11th year of age while the other subplot remained with-
out fertilizing. Complex NPK fertilizer with 36% con-
tent of pure mineral nutrients was used. At first, i.e. in
the third and fifth years, one poplar-tree was applied
0.50 kg of commercial fertilizer, later on, in the last
three treatments, the application rate was increased to 1 kg.

A geometric thinning was carried out on the plots at
the end of the 10th year, when every second row of pop-
lars in the diagonal was cut down, i.e. 50% of the tree
number. The initial spacing of 4x4 m increased to
5.6x5.6 m as a result of this measure, per-hectare tree
number was reduced from 625 to 312 and the growing
space per tree increased from 16 m’to 32 m’. On the
other hand, the initial spacing of 5x5 m was enlarged to
7.1x7.1 m, tree number decreased from 400 individuals
per hectare to 200 while the growing space per tree in-
creased from the initial 25 m’to 50 m’.

Biometric measurements of all trees were carried out
to the nearest of 0.5 m in tree height and to the nearest
of 0.5 cm in stem diameter. The last measurement and
evaluation were made at the end of the 25th year, that
means at rotation age. Data processing was aimed to calcu-
late mean height and mean diameter, basal area, standing
volume, removals volume and total volume production
per hectare, and average increments. In addition, distri-
bution of frequency, standing volume and basal area in
diameter classes was determined. The volume of large
timber was calculated fromK o r s u i1’ s (1967) volu-
me tables. Evaluation of the health state was focused on
the incidence of the most important pests or diseases
shown in Table III. The incidence rate was evaluated by
degrees 0—4 (0 — no signs of attack/infection, 1 — scarce
incidence [maximally 5% of trees are attacked/infected],
2 - low incidence [up to 20% of trees], 3 — frequent inci-
dence [up to 50% of trees], 4 — high incidence on all
trees while they should be cut down [100% of attacked/
infected trees]).
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As observations on this research plot, where the
stands have reached rotation age, are of permanent natu-
re, the results of this evaluation will be extremely impor-
tant for intensive management of poplars under practical
conditions in the lowland areas of Slovakia.

RESULTS AND DISCUSSION

The evaluated series of research plots Leles is situa-
ted in the lowland area of Vychodoslovenska niZina on
noninundated alluvia of the Latorica river, in TrebiSov dist-
rict. The landlord is the Premonstratensian Order — Jasov
Abbey. The whole area lies in the Bodrog watershed.
The geological substratum consists of alluvial sedi-
ments. The climate of this area is warm, slightly arid,
with cold winter and long sunshine hours.

Long-term average air temperature recorded at So-
motor meteorological station is 9.4 °C, and 16.5 °C in
the growing season. The growing season lasts about
200-220 days. Average number of summer days is 67.2.
Average annual sunshine hours amount to 1,916, so se-
lected poplars needing warm conditions can be grown with
success. Average annual precipitation sum is 597 mm, of
this amount 363 mm falls on the growing season. Annual
evaporation from soil is 550-600 mm. Northern winds
are prevailing, 41% on annual average.

The soil type is deep brown gley soil of medium-
heavy texture, loamy, medium-rich in humus, with good
moisture-retention capacity. Soil reaction is slightly
acidic. The content of major available nutrients is some-
what lower within the profile, mainly of MgO, P,Os,
K;0. The groundwater level in the growing season is at
a depth of 3.0 to 4.0 m. In terms of typology, this series
of research plots is classified to the forest type group
Ulmeto-Fraxinetum carpineum. The forest type is hu-
mid elm-ash stand with hombeam (No. 951).

Evaluation of natural conditions indicates that cli-
matic conditions in the area of these research plots are
suitable for plantations of selected poplars. The series of
research plots represents relatively arid sites that ac-
count for about 36% of the total area of forest lands in
the Vychodoslovenska niZina lowland. So it will be pos-
sible to apply the results of evaluation to a relatively
vast territory.

Table I shows data on height and diameter growth, basal
area and volume production as well as on average per-
hectare increments on the plots under observation, in ab-
solute values and in per cent. Comparisons are made
under an assumption that the respective values of poplar
1-214 on unfertilized subplots are considered as 100%.

Maximum mean height of the poplar on fertilized and
unfertilized subplots was determined at the initial spac-
ing 5x5 m, which was enlarged to 7.1x7.1 m as a result
of thinnings. Mean height on unfertilized subplot was
32.1 m while it was 34.0 m on fertilized subplot; it is an
improvement of height growth due to fertilizing by 5.1%.
Similarly, poplars at the initial spacing 4x4 m (enlarged
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1. Growth data and volume production of the poplar I-214 at 25 years of age

Subplot I i
Initial spacing (m) 40x40 50x5.0
Current spacing (m) 56x56 71x7.1
Fertilizing variants Unfertilized Fertilized Unfertilized Fertilized
Mean height (m) 316 337 32.1 34.0
(%) 100.0 106.6 100.0 1059
Average height increment (m) 13 14 13 14
Mean diameter (cm) 40.1 426 432 46.3
(%) 100.0 1062 100.0 107.2
Average diameter increment _(cm) 16 17 1.7 19
Basal area (mha™) 39.967 44210 31.800 35.820
(%) 100.0 1106 100.0 1126
Average basal area increment (m*ha™) 1.598 1.768 1272 1432
Mean stem basal area (m?) 0.128 0.142 0.154 0.179
(%) 100.0 110.6 100.0 1126
Standing volume (m*ha™) 5345 6327 412.8 5234
(%) 100.0 1184 100.0 126.7
Removals volume (m’ha™) 86.6 1153 61.6 80.0
(%) 100.0 133.1 100.0 1195
Total volume production (m*ha™) 621.1 748.0 4804 604.2
(%) 100.0 1204 100.0 125.5
Average volume increment (m*ha™) 248 299 19.2 24.1
Mean stem volume (m’) 1.713 2.028 2,061 2,617
(%) 100.0 1184 100.0 126.8

by thinnings to the spacing 5.6x5.6 m) had faster height
growth on fertilized subplot where the mean height was
33.7 m, i.e. by 6.6% more than on unfertilized subplot
with 31.6 m. The evaluation documents positive effects
of fertilizing on the height growth of poplar I-214.

The effect of fertilizing on diameter growth in this
poplar was substantially higher. Maximum mean dia-
meter of poplar I-214 was determined on fertilized and
unfertilized subplots at a relatively wider initial spacing
of 5x5 m. Mean diameter on unfertilized subplot was
43.2 cm while on fertilized subplot it was 46.3 cm. Smaller
mean diameter was calculated for the smaller initial
spacing of 4x4 m: 40.1 and 42.6 cm on unfertilized and
fertilized plot, respectively. The percentage increase in
mean diameter as a result of fertilizing ranged from
6.2% (4x4m spacing) to 7.2% (5x5m spacing). Evalua-
tion of average annual diameter increment on the par-
ticular plots yielded similar results. These results are
remarkable because the sites are relatively arid where
application of intensive cultural technologies is of great
importance. Basal area was also positively influenced by
fertilizing: an increase by 10.6% at the initial spacing
4x4 m and by 12.6% at a spacing of 5x5m.
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The results of this evaluation demonstrate that the ef-
fect of fertilizing on standing volume and removals vol-
ume as well as on the total volume production of poplar
I-214 was also positive. It is to state that maximum
standing volume amounted to 632.7 m’ per hectare on
fertilized subplot at 4x4m spacing while it was lower at
5x5m spacing — 523.4 m’. The rate of an increase in stand-
ing volume on fertilized plots in comparison with unfer-
tilized plots ranged from 18.4% (4x4m spacing) to
26.7% (5x5m spacing). Total volume production at
4x4m spacing was 748.0 m’ per hectare as a result of fer-
tilizing while at 5x5m spacing it was 604.2 m’ per ha.
Hence the percentage difference in total volume produc-
tion caused by fertilizing was large, from 20.4% (4x4m
spacing) to 25.5% (5x5m spacing). Average volume in-
crement on fertilized subplot was highest at 4x4m spac-
ing, 29.9 m’ per ha, while it was lower at 5x5m spacing
amounting to 24.1 m’ per ha. Mean stem volume was also
evaluated on the particular subplots. The results of
evaluation indicate that maximum mean stem volume at
5xSm spacing was 2.061 m’ on unfertilized subplot and
2.627 m’ per ha on fertilized subplot. The positive effect
of fertilizing was most obvious at 5x5m spacing where
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an increase in mean stem volume against unfertilized
subplot amounted to 26.8%.

To describe the effect of fertilizing and spacings on
the overall development of forest stand in a complex
manner, percentage distribution of frequency, standing
volume and basal area in the diameter classes was deter-
mined. The results are shown in Table II. They docu-

dence (degree of attack — 2) of these pests was observed
on unfertilized plots at both spacings: Dothichiza popu-
lea Sacc. et Briard., Micrococcus populi Dell. and Mars-
sonina brunnea Ell. et Ev. In addition to the above
species, the pests Melampsora (sp.) and Saperda
carcharias L. were recorded on unfertilized subplot
at 4x4m spacing (low incidence). The results of health

11. Distribution of frequency, standing volume and basal area of the poplar I-214 in diameter classes at 25 years of age (%)

Distribution of frequency I Distribution of standing volume | Distribution of basal area
Initial spacing (m)
4.0x4.0 ] 50x50 I 40x40 l 50x50 I 40x4.0 I 50x5.0
Diameter ‘(’1”5)” Current spacing (m)
3 56x56 ' 7.1x7.1 I 56x56 I 71x7.1 I 56x56 l 7.1x7.1
Fertilizing variant
Unferti- | Fertili- | Unferti- | Fertili- | Unferti- | Fertili- | Unferti- | Fertili- | Unferti- [ Fertili- | Unferti- | Fertili-

lized zed lized zed lized zed lized zed lized zed lized zed
30.0-31.9 56 - - - 29 - - - 3.0 - - -
32.0-339 5.6 - 125 - 34 - 54 - 36 - ST -
34.0-35.9 28 83 125 - 1.9 5.7 6.6 - 2.0 56 6.5 -
36.0-37.9 13.8 5.6 83 - 114 42 5.1 - 113 42 49 -
38.0-39.9 11.1 139 42 82 9.9 12.0 32 438 9.8 11.7 31 49
40.0-41.9 11.1 333 42 16.7 10.8 31.6 34 107 11.2 315 34 10.7
42.0-43.9 277 5.6 42 42 30.5 5.6 39 29 304 57 37 29
44.045.9 11.1 83 - 42 133 9.1 - 3.6 132 9.2 - 36
46.0-47.9 56 139 83 16.7 74 16.6 9.2 15.6 73 16.9 9.0 15.7
48.0-49.9 2.8 83 125 83 4.0 11.2 14.5 8.6 39 111 14.8 8.6
50.0-51.9 2.8 2.8 83 42 45 4.0 10.8 46 43 4.1 10.7 46
52.0-53.9 - - 83 12,5 - - 11.1 149 - - 115 14.8
54.0-55.9 - - 42 42 - - 6.2 50 - - 6.2 49
56.0-57.9 - - 12.5 125 - - 20.6 17.0 - - 20.5 17.1
58.0-59.9 - - - 83 - - - 123 - - - 122
Total 1000 | 1000 | 1000 |100.0 (1000 | 1000 |1000 |1000 | 1000 |1000 |100.0 | 100.0

ment that as a result of fertilizing the poplars were con-
centrated in higher diameter classes with relatively
smaller amplitude but the wider spacing 5x5 m seems to
be a highly significant positive factor. The poplars are
distributed in larger-diameter classes on subplots with
wider spacing 5x5 m than in the case of 4x4m spacing;
these classes also represent homogeneous material and
provide more valuable timber assortments.

Table III informs about the health state of the given
poplar according to the incidence of major pests. Data in
this table show that poplar I-214 was more resistant to
the monitored pests on fertilized subplots at both spac-
ings. Except Cossus cossus L., which was not present on
fertilized subplots at all, scarce incidence (degree of at-
tack — 1) of the monitored pests was determined at both
spacings under fertilizing. On the contrary, low inci-
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state evaluation demonstrated positive effects of ferti-
lizing on the health of poplar I-214.

Evaluation of the results of poplar I-214 fertilizing in
Slovakia and in other countries documents less favorable
natural conditions, namely the climatic ones, for poplar
plantations in this country. But additional fertilizing of
the given poplar was a beneficial measure also in the
conditions of Slovakia. It was demonstrated by an in-
crease in total volume production by 20.4-25.5% per hec-
tare on this research plot as a result of fertilizing and by
improvement of the health state. The increase achieved
on plots with similar soil conditions in Hungary was
26.7% on average. Taking into account the less favor-
able climatic conditions for poplar I-214 in Slovakia
than in Hungary, our results can be considered as satis-
factory. Improvement of the health state can also be
evaluated as a benefit of poplar fertilizing.
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III. Pest incidence in the poplar I-214 stands at 25 years of age

Subplot
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50x5.0
71x7.1

Fertilizing variant Unfertilized

Fertilized Unfertilized I Fertilized

Pest names:

Degree of attack/infection:

Erwinia cancerogena Uro¥.
Dothichiza populea Sacc. et Briard.
Micrococcus populi Dell.
Marssonina brunnea Ell. et Ev.
Melampsora (sp.)

Aegeria apiformis Cl.

Saperda carcharias L.
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CONCLUSION

The effect of fertilizing on the growth and production
of poplar I-214 was evaluated in intensive plantations on
a 25-year series of permanent research plot Leles, which
is situated on medium-heavy noninundated alluvia of the
Latorica river, in the forest type group Ulmeto-Fraxi-
netum carpineum. The research plot consists of two sub-
plots with spacings 4x4 m and 5x5 m. Fertilizing was
carried out on 50% of subplots in two-year intervals
from 3rd to 11th year; complex NPK fertilizer with 36%
content of pure mineral nutrients was applied. The re-
sults of evaluation demonstrate positive effects of ferti-
lizing on height and diameter growth as well as on
volume production of the given poplar. It was also con-
firmed that fertilizing influenced distribution of fre-
quency, standing volume and basal area in higher
diameter classes very positively; it was possible to pro-
duce timber of larger diameter, that means more valu-
able assortments. In addition, fertilizing contributed to
improvement of the poplar I-214 health.
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VPLYV HNOJENIA NA PRODUKCIU A ZDRAVOTNY STAV TOPOI’A I-214
(POPULUS X EURO-AMERICANA [DODE] GUINIER CV. 1-214)
PRI PESTOVANI V INTENZIVNYCH KULTURACH

8. Kohan

Lesnicky vyskumny ustav, Vyskumnd stanica, Carskeho 3, 040 01 Kosice

V préci sa hodnoti vplyv hnojenia na vySkovy a hriib-
kovy rast ako aj na objemovu produkciu a zdravotny
stav topol'a I-214 pestovaného intenzivnym sposobom
na 25-ro¢nej sérii trvalych vyskumnych pléch Leles.
Séria vyskumnych ploch leZi na stredne tazkych hlini-
tych nezaplavovanych altiviach Latorice v oblasti Vycho-
doslovenskej niziny. Typologicky patri do hospodarskeho
stiboru lesnych typov hrabovych luZznych jasenin, ktory
tu reprezentuje skupina lesnych typov Ulmeto-Fraxi-
netum carpineum, kym lesnym typom je vlhka brestova
jasenina s hrabom. Tato séria vyskumnych pléch po-
zostava z dvoch &iastkovych vyskumnych pléch, ktoré
st v prisludnych tabulkdch oznacené ¢islami I a II.
Na ¢iastkovej vyskumnej ploche I sa topole vysadili
v spone 4 x 4 m, kym na ¢iastkovej vyskumnej ploche II
v spone 5 x 5 m. Na polovici obidvoch ¢iastkovych
pldch sa od treticho do jedendsteho roka vykonalo v dvoj-
roénych intervaloch hnojenie, a to komplexnym
priemyselnym hnojivom NPK s 36% obsahom ¢istych
mineralnych zivin. Okrem toho sa na obidvoch ¢iast-
kovych vyskumnych plochéch uskuto¢nil v desiatom
roku jeden schematicky prebierkovy zasah, pri ktorom
sa odstranil kazdy druhy rad topolov v diagonale, ¢ize
50 % jedincov.

Udaje o raste, objemovej produkeii, o rozdeleni po-
etnosti, zdsoby a kruhovej zakladni ako aj o zdravot-
nom stave sledovaného topol'a I-214 na jednotlivych
¢iastkovych vyskumnych plochdch sa uvadzaju
v tabulkach. Z tab. I vyplyva, Ze hnojenie malo kladny
vplyv tak na vyskovy a hriibkovy rast, ako aj na kruhovii
zékladiiu a objemowvii produkciu pri obidvoch pouZitych
sponoch.

Intenzita zvySenia zasob sa na hnojenych plochéch
v porovnani s nehnojenymi plochami pohybuje v rozpiti
od 18,4 % (pri spone 4 x 4 m) do 26,7 % (pri spone 5 X 5 m).
Percentudlny rozdiel v celkovej objemovej produkcii bol
vplyvom hnojenia tiez znaény s hodnotami od 20,4 %
(pri spone 4 x 4 m) do 25,5 % (pri spone 5 x 5 m). Aj
priemerny objemovy prirastok na hnojenej &asti bol
najvacsi pri spone 4 x 4 m, a to 29,9 m’ na hektér, kym
pri spone 5 x 5 m dosiahol 24,1 m’ na hektar, Z vy-
sledkov hodnotenia tieZ vyplyva, Ze maximalny objem
stredného kmeiia sa dosiahol na ploche so sponom 5 x 5 m,
a to na nehnojenej &asti 2,061 m®, kym na hnojenej &asti
2,627 m’ na hektar.

Percentuélne rozdelenie podetnosti, zasoby a kruho-
vej zékladne v jednotlivych hribkovych stupiioch sa
uvadza v tab. II. Z nej vyplyva, Ze sa topole v dosledku
hnojenia koncentrovali vo vys§ich hriibkovych stupfioch
s pomerne menSou amplitddou. Na prihnojenych
dastiach jednotlivych ploch st topole koncentrované v sil-
nejich hrubkovych stupiioch, ktoré siasne repre-
zentuji homogénnejsi materidl a poskytujui cennejsie
sortimenty.

O zdravotnom stave sledovaného topol'a podl'a vy-
znamnych $kodcov informuje tab. III. Je z nej zrejmé, Ze
topol’ I-214 bol voti sledovanym $kodcom odolnejsi na
prihnojovanych ¢&iastkovych plochach. Této skutoénost’
dokazuje, Ze hnojenie v danych podmienkach pozitivne
vplyva aj na zdravotny stav sledovaného topol'a I-214.

Z vysledkov nasich vyskumov vyplyva, Ze hnojenim
mozno zvysit rast a objemovu produkciu a siéasne
zlepsit' aj zdravotny stav topola 1-214 v zmenenych
ekologickych podmienkach Vychodoslovenskej niZiny.

Contact Address:

Ing. StefanKoh4n, CSc., Lesnicky vyskumny ustav, Vyskumna stanica, Cérskeho 3, 040 01 Koice, Slovenska republika
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IMPORTANCE OF THE MAIN NON-TIMBER FOREST PRODUCTS
IN THE CZECH REPUBLIC IN 1998

VYZNAM HLAVNICH NEDREVNICH PRODUKTU LESA
V CESKE REPUBLICE V ROCE 1998

L. Sisak

Czech University of Agriculture, Faculty of Forestry, 165 21 Praha-Suchdol

ABSTRACT: The work follows up with the previous research projects developed from 1993, when a more systematic
research on evaluation of socio-economic importance of non-wood forest production in the Czech Republic (CR) began.
The research in 1998 stemmed from a questionnaire survey based on interviews with a representative sample of the
Czech population in co-operation with the Institute for Public Opinion Research in Prague. Out of 1,200 questionnaires
sent, the response was 85.7%. The results show, for example, an average household spent 422 CZK.year' for purchase of
ornamental parts of trees and Christmas trees, which equals a value of 1,600 million CZK in the CR. On average 10.05 kg
of forest berries were collected by one average household, which equals 38,400 t in the CZR and 2,900 million CZK.
The values are significant with regard to the GNP in forestry amounting to 8,600 million CZK. Compared to the period
19941998 the year was an average one.

non-timber forest products; forest berries; socio-economic importance; forest frequentation; Czech Republic

ABSTRAKT: Price navazuje na pfedchozi vyzkumné ukoly a publikace feSené a zpracovavané od r. 1993, od kterého
dochézi v CR k systemati¢téj§imu vyzkumu hodnoceni sociilng-ekonomického vyznamu nedfevni produkce lesa. Vy-
zkum v r. 1998 vychézel z dotaznikového Setfeni na bazi Fizenych rozhovorl v reprezentativnim souboru obyvatel CR ve
spolupraci s Institutem pro vyzkum vefejného minéni Praha. Z 1 200 dotazniki byla névratnost 85,7 %. Z vysledki 1ze
napf. uvést, Ze na nakup okrasnych &i uZitkovych lesnich produkti v&novala primérnd domécnost 422 Ké.rok™!, coZ
odpovida hodnot& 1,6 mld. K& v CR, sbiralo se v priméru 10,05 kg hlavnich lesnich plodin na domacnost, co? odpovida
mnozstvi 38,4 tis. t v CR a hodnot& 2,9 mid. K& Vzhledem k hodnot& HDP v lesnictvi na trovni 8,6 mld. K& jsou
uvedené hodnoty vyznamné. Ve srovnani s obdobim 1994-1998 jde o rok primérny.

nedfevni produkce lesa; lesni plodiny; socidlné-ckonomicky vyznam; navitévnost lesti; Cesk4 republika

INTRODUCTION

More systematic research related to an important task
to evaluate the socio-economic importance of non-wood
forest products and forest frequentation began in 1993.
The research in 1998 followed up with previous re-
search projects and publications (Si¥4k et al., 1996,
1997; §i84k, 1997). The social and economic impor-
tance of non-wood forest products has already been
mapped basically in the Czech Republic (CR).

The research in 1998 was pursued in order to get ba-
sic input information to express the importance of major
non-timber forest products (NTFPs) in 1998. Contrary
to previous years not only non-wood forest products (es-

J. FOR. 8CIL, 46, 2000 (7): 331-339

pecially berries and mushrooms) were investigated but
also ornamental (decorative) parts of trees in 1998.

The term ,,non-timber forest products* (NTFPs) —
presented in this article — means not only products out of
wood (for example: forest berries and mushrooms) but
also parts of trees used for other than building and struc-
tural purposes (as decorative things). The concerned
products include forest berries, mushrooms and decorative
(ornamental) parts of trees. In many forest types and in
many forest stands the value of annual production if only
of one product kind (like blackberries) is considerably
higher at present than the average annual timber increment
expressed in market prices. By and large, this is a certain
alternative production to the agricultural production.
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MATERIAL AND METHODS

A sociological survey, performed in 1998, was aimed
at investigation of the level of NTFPs collection by the
population of the CR. Like in previous years, mushrooms
without species specification, bilberry (Vaccinium
myrtillus L.), raspberry (Rubus idaeus L.), blackberry
(Rubus fruticossus L.), elderberry (Sambucus nigra L.)
and cranberry (Vaccinium vitis-idaea L.) were included
into the surveyed NTFPs set in 1998. Apart from this,
the value of the purchase of ornamental parts of trees
and Christmas trees by Czech consumers was investi-
gated for the first time.

The work stems from sociological surveys of repre-
sentative samples of inhabitants of the CR — personal in-
terviews about forest frequentation, volume of purchased
decorative forest products, about sorts, quantity and
quality of collected products and their use including basic
demographic data. The respondents were asked to give
average values for several past years. Nevertheless, their
responses are influenced above all by the immediate ex-
perience from the current season, i.e. from the year 1998.

For the research purposes the questions were formu-
lated and presented to a representative sample of respon-
dents within a framework of so called continually
performed surveys. The survey was carried out in Sep-
tember in order to maintain the continuity and compati-
bility of survey conditions with comparable surveys
performed in the past years.

Because of our own limited capacities to carry out
personal interviews in adequate scope and in order to
achieve the highest objectivity of the sample addressed
the data were collected by the professional inquiry net-
work of the Institute for Public Opinion Research in

3 South Bohemian

Prague (IVVM) within their continual surveys. The
IVVM network of professional inquirers is spread sys-
tematically all over the country based on administrative
districts representing basic statistical units. The basic
processing of the data was performed by the IVVM, too.

The set of respondents was composed on the basis of
so called quota selection, i.e. according to the main de-
mographic features of the population in the CR. In this
case the following features were considered: sex, age,
education, occupation, size of residential village or town,
region, living standard and a specific indicator of air
pollution load. The structure of the representative sample
corresponded with the structure of the Czech population.

A selection plan for 1,200 questionnaires (the in-
quired) was composed according to the quota selection.
Personal interviews were performed by professional in-
quirers in accordance with the selection plan (quota se-
lection) for individual administrative districts. 1,028 filled
questionnaires out of 1,200 returned back for further
processing, the response rate was 85.7%.

The responses were sorted by the basic demographic
features, i.e. by regions, size of the residential village or
town, sex, occupation, and living standard of the respon-
dents. Moreover, the responses were classified by the air
pollution load.

For the purpose of the sociological questionnaire sur-
vey in the representative sample of the population, the
territory of the CR was divided by districts into areas
with considerably higher air pollution damage of forests
and other territories. The division of the CR into indi-
vidual regions and into parts considerably affected by air
pollution is shown in Fig. 1. The questionnaire survey in
the representative sample of the Czech population pro-
vided by the IVVM does not allow differentiation by

Ny Areas exposed to heavy air pollution

1. Regions of the Czech Republic and areas exposed to heavy air pollution
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smaller organisational units than districts. The classifica-
tion criterion for differentiation of the territory was 60%
share of air pollution load zones A, B, C in the forest
land of the district. After proper data from Lesprojekt
(Institute for Forest Management) were analysed, 20 dis-
tricts were included into the territory of significantly
higher air pollution load of forests, the pollution charac-
teristics being acquired from The Environment Year-
book, 1992 and Statistical Yearbooks of the Czech
Republic. The territory represents 25% of forest land
and 29% of Czech population.

RESULTS

The results processed primarily by the IVVM includ-
ing basic statistics were analysed and processed further
on. A detailed report on the methodologies and results
are presented in the research report by Sigak, Pulkrab
(1998). The fundamental results from the research report
were summarized into the following tables and commen-
taries. In order to compare the following financial indi-
cators of NTFP it is necessary to present basic financial
indicators related to timber production. The volume of
GDP, based on timber production created in the Forestry
Sector, reached 8,700 mil. Czech Crowns (CZK) in 1997
(Anonymous, 1998), 13.5 mil. m’ of timber was har-
vested (one of the highest year cuts in the CR). The ave-
rage stumpage price was 800 CZK.m according to data
provided by the Ministry of Agriculture of the Czech
Republic in 1997.

PURCHASE OF ORNAMENTAL PARTS OF TREES
AND CHRISTMAS TREES

Table I presents household expenses spent in average
per year for the purchase of Christmas trees and orna-
mental parts of trees. It can be seen that 31% of house-
holds within the given set did not sPend any money. The
average per set is 422 CZK.year . If this value is ap-
plied to the whole CR, then with 3.827 million house-
holds (see the Statistical Yearbook of the CR) the
volume of purchased forest products reaches 1,615 mil-
lion CZK. This question was analysed for the first time;
there is no comparison with previous years.

Table II provides a detailed view into differences in
expenses by selected demographic features. The more
significant are those characterising households by the
territory and the size of the residential village or town.
We can see most money is spent on the presented pur-

poses by the inhabitants of Prague and North Bohemian
region (483 CZK per household and 480 CZK per house-
hold, respectively). The least amount of money is spent
by the South Bohemian (332 CZK per household) and
West Bohemian (373 CZK per household), i.e. inha-
bitants of the regions with the lowest population density
over a forest land unit in the CR.

With the growing size of the residential village or
town the quantity of purchased commodities increases
(minimum 247 CZK per household, maximum 505 CZK
per household). The products are purchased especially
by wealthier households, as it is obvious from Table II,
where the expenses are classified by the subjective liv-
ing standard (213-659 CZK per household). Some how-
ever insignificant differences were observed in territories
exposed to different air pollution stress. Higher amounts
paid for such products in areas exposed to great air pol-
lution stress can be explained by lack of ornamental
parts of trees with desirable quality in their forests and
by higher purchases of commodities imported from other
areas at higher (mostly transport) cost.

FOREST FREQUENTATION

Table III shows that only 12% of the Czech popula-
tion do not frequent forests, 30% frequent forests once
or twice a year, 35% once a month, nearly 15% once
a week, and 25% of population go to the forest several
times a week, if summarized by average for a several-
year period. According to data from 1998 the average
forest frequentation is 19.4 visits per year and person. If
applied to the whole population (10.3 million) the num-
ber of visits was 199.8 million in 1998 and the number of
visits per 1 hectare of forest freely accessible to the pub-
lic (2.457 million hectares — $i§ak et al., 1996) was
80.7 in average.

The forest is visited more frequently by younger
people (25 visits per respondent in a category of 15-19
years) and less frequently by the middle age category
(16 visits in a category of 30-44 years) — probably for
the heaviest workload. The forest is visited more by men
(22 visits per respondent) than by women (17 visits per
respondent), which corresponds with the results from the
past (3i¥4k, 1996). There are some differences in forest
frequentation by regions — the inhabitants of regions
with a high forest percentage and lower population den-
sity — of South Bohemian region (28 visits per one in-
habitant) and West Bohemian region (24 visits per one
inhabitant) visit the forest more frequently. The inhabi-
tants of North Bohemian region (12), South Moravian

1. Annual purchase of ornamental parts of trees and Christmas trees in the CR in total

No costs Up o 50 Up to 100 Up to 1,000 Over 1,000 Average
CZK CZK CZK CZK CZK/household
Frequencies 318 18 105 516 71 422
Frequencies (%) 30.93 1.75 10.21 50.19 6.91

J. FOR. SCI., 46, 2000 (7): 331-339
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LA I purchase of ¢ | parts of trees and Christmas trees (frequencies in %) characterized by selected demographic data
Features No costs Upto 50 Up to 100 Up to 1,000 Over 1,000 Number of | CZK/houschold
CZK CZK CZK CZK respondents

Size of respondent’s residential village or town

Up t0 499 47.06 0.00 12.94 38.82 1.18 85 247

500-1,999 38.07 0.57 795 48.86 455 176 366

2,000-4,999 30.77 192 11.54 50.96 4.81 104 386

5,000-19,999 28.26 2.17 11.96 51.63 5.98 184 413

20,000-99,999 21.10 275 11.47 55.05 9.63 218 505

Above 100,000 31.15 1.92 8.08 49.23 9.62 260 470

Subjective living standard of the household

Very good 20.93 233 0.00 60.47 16.28 43 659

Good 29.54 1.02 9.00 53.31 713 589 443

Bad 30.21 242 13.29 47.73 6.34 331 400

Very bad 53.85 3.85 15.38 25.00 1.92 52 188

No data 53.85 7.69 0.00 38.46 0.00 13 213

Subjective living standard of the household — transformation

Good 28.96 1.11 839 53.80 175 632 457

Bad 33.42 261 13.58 44.65 574 383 3n

Districts exposed to air pollution

With pollution 25.48 2.66 8.75 55.13 7.98 263 470

Without pollution 32.81 1.44 10.72 48.50 6.54 765 406

I11. Forest frequentation in total in the CR
No visits | Rarely (1-2 a year) Once a month Once a week Frequently Average

2-3 a week (days)

Frequencies 126 317 367 151 56 194

Frequencies (%) 12.26 30.84 35.70 14.69 545

one (18), Central Bohemian one (18) and Prague (19)
visit the forest less frequently. There seems to be a trend
of decreasing forest frequentation with the increasing
size of residential village or town (max. 26, min. 17 —
see Table IV).

COLLECTION OF MAIN NTFPS

Table V presents the average quantity of harvested
non-timber forest products per household. The standard
deviation documents a considerably high dispersion of
values. According to data from 1998 in average 10.05 kg
of gathered major forest crops, out of it nearly a half
(4.63 kg) is mushrooms, fall to a household in the CR.
The volume of harvested mushrooms in 1998 can be
expected to be probably higher than the presented data
as the last seasonal peak of mushroom growth and har-
vest came later than usually in the past years and the
questionnaire survey was already finished.

The annual costs of NTFPs collection are presented
in Table VI. The costs incurred in average by one
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Czech household were 171 CZK in the most. In smaller
residential communities (500-2,000 inhabitants) the ex-
penses are about 100 CZK, in towns above 20 thousand
inhabitants the costs are roughly twofold (211 CZK). Sur-
prisingly, the Prague inhabitants presented lower costs
than the average (154 CZK). This fact may be related to
more days’ recreation in weekend-houses, when the trans-
portation costs are not related directly to the NTFPs col-
lection. There is a certain difference between markedly
damaged (by air pollution) regions (221 CZK) and not
damaged ones (152 CZK) (Table VII).

The resultant data on time spent in NTFPs collection
are presented in Table VIII. Within the whole CR the re-
spondents’ families spent in average 18.7 hours by gath-
ering forest crops. The presented estimate is derived
from the frequencies in single classes. If we consider
10.05 kg of harvested forest crops per household in ave-
rage then gathering one kg takes about 1.9 hour, which
corresponds with the survey performed before (about
2 hours — $i§ak et al., 1996).

The survey of selling prices of collected main NTFPs
showed itself statistically uncertain and unreliable in
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IV. Forest frequentation (frequencies in per cent) classified by selected basic demographic data

No visits Rarely Once a Once a week | Frequently Number of | Average (days)
month respondents
Size of respondent’s residential village or town
Up t0 499 10.59 2235 37.65 21.18 8.24 85 26
500-999 10.92 3391 3218 14.37 8.62 174 23
2,000-4,999 14,71 27.45 40.20 14.71 294 102 17
5,000-19,999 12.15 32.04 37.02 13.26 5.52 181 19
20,000-99,999 12.50 33.80 36.57 13.43 370 216 17
Above 100,000 13.18 31.01 35.27 15.50 5.04 258 19
| Districts exposed to air pollution
With pollution 13.28 28.52 38.67 14.06 547 256 19
Without pollution 12.09 32.06 3522 15.11 5.52 761 20
V. Quantity of main NTFPs collection in kg per household
Products Average Standard deviation
(kg/household) (kg/household)
Mushroo 4.63 8.75
PRROCIS g VIIL Distribution of time in hours spent in NTEPs collection in the CR
Bilberries 2.69 7.51
Raspberries 1.28 4.80 Up Up Up Up More
Blackberries 0.61 248 to5 to 10 to 20 to 50 than 50
Cranberries 0.16 0.89 Frequencies 410 164 158 191 105
Elderberries 0.68 4.12 Frequencies (%) | 39.88 | 1595 | 1537 | 1858 | 10.21
VI. Total annual costs of NTFPs collection in the CR
No costs Up to 50 Up to 100 Up to 1,000 Over 1,000 Average CZK/houschold
CZK CZK CZK CZK
Frequencies 682 21 69 236 20
Frequencies (%) 66.34 2.04 6.71 22.96 1.95 171
VII. Annual costs of NTFPs collection (frequencies in %) by the air pollution load of districts
No costs Up to 50 Upto100 | Upto 1,000 | Over 1,000 Number CZK/household
CZK CZK CZK CZK of respondents
Pollution-exposed 58.56 1.14 7.22 30.42 2.66 263 221
Not exposed to pollution 69.02 2.35 6.54 20.39 1.70 765 152

1998 contrary to 1997 survey. Within the CR only seve-
ral too variable data of a great value dispersion were re-
ceived on prices of the selected forest crops paid both
on the market and by buying-in centres. Therefore the
selling prices of the commodities could not be calculated
for 1998 from those data. Moreover, the NTFPs collec-
tion is allowed for personal consumption only, however
the gathered berries are often sold and bought in.

In order to express the value of collected NTFPs in
1998 the prices determined in 1997 were applied and
adjusted after the survey by an estimate of 5% inflation
for these commodities. The prices used to estimate the
volume of major forest crops based on shadow selling
prices are as follows: mushrooms without species speci-
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fication 89 CZK.kg"", bilberries 71 CZK.kg", raspber-
ries 53 CZK kg™, blackberries 59 CZK kg™, cranberries
84 CZK kg™, elderberries 45 CZK kg fresh. The price
of mushrooms was influenced by sale to foreign buyers
or agents exporting mushrooms (1997).

SHARE OF OWN CONSUMPTION AND SALE
OF COLLECTED NTFPS

The shares of own consumption of harvested NTFPs
are presented in Table IX. 62% of respondents who an-
swered the question (666 out of 1,028) said they con-
sumed all or nearly all, i.e. 90-100% of gathered pro-
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duction in their own household. More than 25% of res-
pondents said they used a significant portion of the har-
vested products, i.e. 70-90%. Only 3.6 % of the in-
quired answered they only consumed a smaller portion
of the harvested crops, i.e. up to 50%. The rest was sold
or given free to other households (relatives, friends).

The share of sales of the harvested major forest pro-
ducts except for timber is presented in Table X. It is gene-
rally very low, surprisingly low according to answers of
the respondents. The objectiveness of the respondents in
this question is rather questionable. Under the Forest
Act (289/1995) the harvest of the mentioned commodi-
ties is allowed for personal use only, though these pro-
ducts are commonly bought in and sold, even in the
public market places.

IX. Share of own consumption of collected NTFPs in the CR

hold, millions of kg for the whole CR) and monetary
units (millions of CZK for the whole CR) for the period
1994-1998. The amounts of harvested forest products
fluctuate considerably year by year, in mushrooms for
example from the lowest value of 4.66 kg per household
(1997) to 7.76 kg per household (1995) with the average
at 5.60 kg per household for the period 1994-1998.
The volume fluctuates also in other commodities, like in
bilberries from 2.28 kg (1997) to 3.90 kg (1995) with
the average at 2.9 kg for the period.

There are considerable differences in the intensity of
collection by households between single regions, which
is caused by many factors. Regardless of the inter-year
fluctuations, certain trends in the differences can be ob-
served; households of Prague, South-Moravian, and North-

No response Up 10 50 % Upto70 % Upto9 % | More than 90% | Number of respondents
Frequencies 362 24 57 169 416 1,028
Frequencies (%) 35.21 233 5.54 16.44 4047
X. Share of sales of collected NTFPs in the CR
No response Upto25 % Upto 50 % Upto75 % More than 75 % | Number of respondents
Frequencies 1,007 8 1 5 7 1,028
Frequencies (%) 97.96 0.78 0.10 0.49 0.68

Out of the whole set of respondents (1,028) only 2%
answered they sell the products they harvest. Out of
these 1/3 households sell more than 75% of harvested
commodities, on the other hand 38% sell significantly
less — up to 25% of harvested quantity.

DEVELOPMENT OF THE BASIC
CHARACTERISTICS OF MAJOR HARVESTED
FOREST CROPS VOLUME IN RECENT YEARS

The harvested amounts of main NTFPs are presented
in Tables XI-XIV both in technical units (kg per house-

XI. Amounts of main NTFPs collection in kg/household in 1994-1998

Moravian regions usually show a lower harvest intensity
— about 9 kg per household in average while the others
are at the level of about 13 kg per household in average
during the 5-year period. The presented differences are
probably caused by the forest percentage of the region,
number of households per forest land unit, and fertility
of the forest with respect to the concerned forest crops.

The average annual volume of harvested mushrooms
and five main berries fluctuated from 34.9 thousand tons
(1996) to 58.5 thousand tons (1995) with the five-year
average at 42.6 thousand tons, which represents values
from 2,000 million to 3,400 million CZK in common
selling prices with average at 2,700 million CZK.

Years
Products Average
1994 1995 1996 1997 1998
Mushrooms 6.15 1.76 4.79 4.66 4.63 5.60
Bilberries 295 3.90 247 228 2.69 2.86
Raspberries 1.11 1.52 0.82 1.04 1.28 LIS
Blackberries 0.70 0.74 0.46 043 0.61 0.59
Cranberries 0.17 0.34 0.19 0.25 0.16 0.22
Elderberries 1.03 1.00 0.39 0.57 0.68 0.73
Total 12.11 1527 9.12 9.23 10.05 1115
336
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XIL Amounts of main NTFPs collection in kg/household by regions of the CR in 1994-1998

Years
Region Average
1994 1995 1996 1997 1998
Capital of Prague 9.85 11.75 6.25 8.12 8.25 8.84
Central Bohemian 13.34 21.16 9.41 9.43 13.14 13.30
South Bohemian 15.24 22.54 15.16 12.62 10.14 15.14
West Bohemian 14,98 20.42 16.07 12.65 9.55 1473
North Bohemian 14.73 18.60 13.02 6.79 9.56 12.54
East Bohemian 16.43 13.66 820 12.38 11.49 1243
South Moravian 7.74 9.35 6.44 8.64 9.17 827
North Moravian 10.59 14.17 7.07 6.62 8.84 9.46
XIII. Total amount of main NTFPs collection (mil. kg) in the CR in 1994-1998
Years
Products Average
1994 1995 1996 1997 1998
Mushrooms 236 29.7 184 17.8 17.7 214
Bilberries 113 15.0 9.4 8.7 103 109
Raspberries 42 58 3.1 4.0 49 44
Blackberries 27 2.8 1.8 1.7 23 23
Cranberries 0.7 13 0.7 0.9 0.6 0.8
Elderberries 39 39 1.5 22 2.6 28
Total 46.4 58.5 349 353 384 42,6
XIV. Total amount of main NTFPs collection (mil. CZK) in the CR in 1994-1998
Years
Products Average
1994 1995 1996 1997 1998
Mushrooms 1314 1,658 1,082 1,510 1,578 1,428
Bilberries 881 1,164 456 585 727 762
Raspberries 180 248 173 202 260 213
Blackberries 161 169 129 96 138 139
Cranberries 22 43 42 72 51 46
Elderberries 140 137 113 95 118 121
Total 2,698 3419 1,995 2,560 2,872 2,709
CONCLUSION of very significant economic importance for households

The results obtained from the survey on the impor-
tance of NTFPs collection carried out in 1998 and from
the comparison of the development of main NTFPs collec-
tion during the five-year period of 1994-1998 prove an
exceptionally high public importance of forests in the
CR in this context. In that five-year period, 42.6 million kg
of concerned commodities were harvested in average at
the value of 2,709 million CZK of current prices. Actually,
the importance of forests must be significantly higher as
except for the mentioned major forest crops others are also
gathered, though less intensively, and also medical herbs
are harvested, although the survey did not cover them.

Forest crop harvest is not only of recreational but also
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and the public of the CR, who consume forest crops in-
stead of other commodities they would otherwise have
to buy at the market. Therefore the harvested and con-
sumed production has though a shadow, not registered,
though a real and important market effect and impor-
tance corresponding with the market value of the com-
modities.

Also the volume of purchased decorative parts of
trees and Christmas trees, which was determined ob-
served for the first time in 1998, has to be added to the
non-timber products importance of forests. The value of
such commodities reached 1,600 mil. CZK.

In many places and localities the forest is of signifi-
cantly higher socio-economic importance for the public,
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that is for the society, from the aspect of production of
concerned commodities than of importance as a source
of timber for private business. The public visits the for-
est and gathers forest crops considerably intensively
even in areas exposed heavy or even extreme air pollu-
tion with the timber production dropping to null.

The harvest of forest crops, namely of bilberries, in-
fluences also the quantity and structure of forest fre-
quentation to some extent. The number of forest visits
per inhabitant was as follows: 25.3 (1995), 22.4 (1995),
17.3 (1996), 23.4 (1997) and 19.4 (1998). The average
is 21.6 visits, which corresponds to 222 million forest
visits per year in the CR. It follows from this fact 1 ha of
a forest open to the public (almost all forest of the CR
apart from forests administered by the Ministry of De-
fence and some strictly protected national reserves) is
loaded with 90 visits in average per year in the CR.

The survey of importance of forest frequentation and
non-timber forest production resulted in much new and
sometimes surprising information. The survey quality
and objectiveness of the results depends also on the fi-
nancial resources available for the project. Many ques-
tions could already be solved by better though more
expensive research.

Further long-term research in the field and its results
could contribute substantially to improving the theoreti-
cal knowledge of social importance of forests and in
practice to ensuring better quality of forestry policy and
decision-making process at different levels. Research
work can contribute to improving the public opinion of
forest importance in the society, and of purpose and re-
sponsibility of subjects dealing with forest. The prob-
lems should be solved regularly and have a stable
position among permanent surveys the results of which
should be a regular component of periodical information
on forest and Czech forest management.
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VYZNAM HLAVNICH NEDREVNICH PRODUKTU LESA

V CESKE REPUBLICE V ROCE 1998

L. Sisak

Ceska zemédélskd univerzita, Lesnickd fakulta, 165 21 Praha-Suchdol

Prace navazuje na pfedchozi vyzkumné tikoly a pub-
likace o dané problematice. Systematiét&jsi vyzkum
dilezité otidzky hodnoceni socidlné-ekonomického
vyznamu mimodfevni produkce lesa byl u nas zahajen
v r. 1993. Vyzkum v roce 1998 byl provadén s cilem
ziskat zdkladni, vstupni informace k vyjadfeni vyznamu
mimodfevni produkce lesa a navitévnosti lesa v tomto
roce a srovnat ziskané idaje o navit&vnosti lesa a sbéru
hlavnich lesnich plodin s idaji z pfedchazejicich let.
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Pokud jde o pojmy, lze terminy ,,mimodfevni produk-
ce lesa“ a ,nedfevni produkce lesa* povazovat za syno-
nyma, odpovidajici anglickému terminu ,,non-timber
forest products* (NTFPs) a zahrnujici veskeré produkty
lesa v&etné produkti lesnich stromi kromé dfeva pro
dal8i zpracovani (patfi sem tedy napf. i vanoéni stromky
a ozdobna klest). Terminu ,,non-wood forest products*
by pak v naSich pomérech nejspie odpovidal vyraz
mnedfevinné produkty lesa“, zahrnujici vechny pro-
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dukty lesa kromé lesnich stromi (u nas tedy zejména
bobuloviny, houby a légivé rostliny).

Do souboru nedfevnich produkti lesa byly v roce
1998 zatazeny jako v minulych letech houby bez druho-
vého rozliSeni, borivky (Vaccinium myrtillus L.), maliny
(Rubus idaeus L.), ostruziny (Rubus fruticossus L.),
brusinky (Vaccinium vitis-idaea L.), bezinky (Sambucus
nigra L.) a navic viibec poprvé nakup okrasnych &i
uzitkovych lesnich produkti (zejména vanocnich strom-
kit a ozdobné klesti) obyvateli CR.

Vyzkum vychazel z dotaznikového Setfeni na bazi
fizenych rozhovori v reprezentativnim souboru obyvatel
CR v ramci tzv. kontinualné provadénych Setfeni ve
spolupraci s Institutem pro vyzkum vefejného minéni
Praha (IVVM). Respondenti méli udavat primérné
hodnoty za nékolik poslednich let. Je viak nutné vzit
v uvahu, Ze jejich odpovédi jsou ovliviiovany piedev§im
bezprostredni zkuSenosti pravé probihajiciho roku, tj.
roku 1998.

Soubor respondentit byl vytvofen na zdkladé tzv.
kvotniho vybéru podle podilu zastoupeni jednotlivych
kategorii obyvatel podle pohlavi, v€ku, vzdélani, za-
méstnani, velikosti mista bydlisté, kraje a specifického
ukazatele zatiZeni izemi CR imisemi. Z 1 200 dotaznikd
se ke zpracovani vratilo 1 028 dotazniki, navratnost
tedy ¢inila 85,7 %.

Vysledky, zpracované v prvotni formé IVVM véetné
zakladnich matematicko-statistickych charakteristik,
byly dale analyzovany a zpracovany. Z vyzkumu
vyplyvd, Ze na nakup okrasnych ¢&i uzitkovych lesnich
produktii vénovala priméma domacnost v souboru 422 K&
za rok. Vztahneme-li uvedeny udaj na celou CR, pak pfi
3,827 mil. domacnosti dosahuje objem uvedenych
nakupovanych lesnich produktd 1,615 mld. K&. Dana
otazka byla sledovana u néas poprvé, takZe neexistuje
srovnani s minulymi lety.

Pouze 12 % obyvatel CR b&hem roku nenavitivi les
ani jednou, jednou az dvakrat ro¢né navstévuje les
kolem 30 % obyvatel, jednou mési¢n& 36 %, jednou tydné
tém&F 15 % a n&kolikrat tydné 5 % obyvatel CR. Poget
navitév lesa na obyvatele je v priméru 19,4 za rok.
Vztihneme-li podet nivitév lesa na celou populaci v CR,
pak dosahne 199,8 mil. navitév za rok a na 1 ha lesa pfi-
stupného vefejnosti (2,475 mil. ha — Si§dk et al., 1996)
¢ini navstévnost v priméru 80,7. V navstévnosti mezi
izemimi s rozdilnym zatiZzenim imisemi neni rozdil.

Podle idajt z roku 1998 pripada celkem v CR v pri-
méru na domacnost 10,05 kg nasbiranych hlavnich
lesnich plodin, z toho téméf polovina — 4,63 kg — je hub
(tab. V). Pokud se tidaje vztahnou na celou CR, pak bylo
sebrano 38,4 tis. t hlavnich lesnich plodin, z toho
17,7 tis. t hub. Celkova hodnota nasbiranych plodin
¢inila téméf 2,8 mld. K&.

Naklady na sbér lesnich plodin dosahovaly v priméru
171 K¢ na domacnost za rok. U menSich sidel se na-
klady pohybuji na trovni kolem 100 K&, u sidel s vice
nez 20 tisici obyvatel jsou niklady zhruba dvojnasobné.
Uréity rozdil je mezi oblastmi vyrazné nadprimérné
postiZzenymi imisemi (221 K¢&) a imisemi postiZzenymi
podprimémé (152 K&).

Primémy pocet hodin spotfebovanych na sbér lesnich
plodin ¢inil podle respondentl v priméru 18,7 hodin na
domécnost za uvedeny rok. Pfi 10,05 kg pak na sbér 1 kg
pfipada v priméru 1,9 h, coZ koresponduje s jiz dfive
realizovanym Setfenim (kolem 2 h — Si¥4k et al., 1996).

Setfeni o prodejnich cenich sbiranych hlavnich
lesnich plodin se ukédzalo v r. 1998 jako statisticky ne-
jisté a nespolehlivé, coz byl rozdil oproti $etfeni v roce
1997. Pro ucely vyjadfeni hodnotového objemu sbéru
v 1. 1998 bylo proto vyuZito cen danych lesnich plodin
zjisténych v r. 1997 a upravenych po vlastnim dodateg-
ném $etfeni o odhadovanou 5% miru inflace pro tyto
komodity.

Podil vlastni spotfeby je pomémé vysoky, 62 % res-
pondentti uvedlo, Ze spotfebuji ve vlastni domacnosti
90 az 100 % sklizené produkce, pouze 3,6 % dotazo-
vanych spotfebuji ve vlastni doméacnosti mensi &ast, tj.
do 50 %. Zbytek piipada bud’ na prodej &i bezplatné
ptedani nebo darovani produkce jinym domacnostem
(pfibuznym, znamym). Podil prodeje nasbiranych
hlavnich lesnich produktii mimo dfevo je az prekvapivé
nizky. Pouze 2 % dotazovanych uvedla, Ze sbirané lesni
plodiny ¢lenové jejich domacnosti prodavaji. Z nich
tfetina domécnosti prodava nad 75 % mnozstvi a 38 %
doméacnosti prodava naopak vyrazné mensi ¢ast — do 25 %
nasbiraného mnozZstvi.

Ze srovnani vyvoje objemu sbéru hlavnich lesnich
plodin v ramci pétileté periody 1994-1998 vyplyva, ze
rok 1998 byl rokem mirn& podprimémym s 38,4 tis. t
sklizenych hlavnich lesnich plodin oproti pétiletému
priméru 42,6 tis. t, pfiéemz hodnotu v béZnych cenach
l1ze odhadnout za rok 1998 na 2,9 mld. K&, zatimco
primér v pétiletém obdobi ¢&ini 2,7 mld. K& Uvedené
udaje dokazuji mimofadné vysoky vefejny vyznam lest
v CR z tohoto pohledu. To vystupuje do poptedi pti
srovnani s hodnotou HDP vytvofenou v lesnim hospo-
dafstvi — napf. v r. 1997 byla na trovni 8,6 mld. K¢&.

Vysledkem $etfeni o vyznamu navitévnosti a mimo-
dfevni produkce lesa je mnoZstvi pro nds pomérné
novych a nékdy piekvapivych informaci. Kvalita Setfeni
a objektivita vystupii je mj. dana rovnéz mnoZstvim
finanénich prostfedki, které jsou pro fe$eni k dispozici.
Ukol obdobného charakteru by mél byt feSen pravidelné
a mél by mit své stalé misto mezi trvalymi Setfenimi,
jejichZ vysledky jsou pravidelnou souéasti periodickych
informaci o lese a lesnim hospodatstvi CR.
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APLIKACIA METOD GEOGRAFICKYCH INFORMACNYCH
SYSTEMOV V SPRISTUPNOVANI LESOV

APPLICATION OF GEOGRAPHIC INFORMATION SYSTEMS IN THE
SPHERE OF FOREST ACCESS

R. Kysel, V. Messingerova, E. Pacola
Technickd univerzita, Lesnicka fakulta, T. G. Masaryka 24, 960 53 Zvolen

ABSTRACT: We introduce a way of solving the problem concerning the forest access by the application of modern com-
puter technology based on GIS in this paper. The GIS and DTM method were applied to evaluation of forest access in the
model area of the Zbojsky brook valley in the Eastern Carpathians, where we were modelling technological parameters of
this area. As the main criterion of evaluation of forest access in the model area, the real skidding distance model was
used. Simulated skidding distances obtained by the modelling reach high values (medium skidding distance is 1,378 m).
By using the results of GIS and DTM method analysis, it is possible to provide an improved concept of the forest access
project in areas with difficult access.

forest road network; geographic information systems; forest access; wood skidding technologies

ABSTRAKT: V préci predstavujeme sposob rieSenia problematiky spristupfiovania lesov vyuZitim modernej pocitacovej
technolégie na baze GIS. Na modelovom tizemi v idoli Zbojského potoka vo Vychodnych Karpatoch sme aplikovanim
met6éd GIS a DMT modelovali technologické parametre izemia, pri¢om ako hlavné kritérium pre postidenie iirovne spris-
tupnenia lesa sme pouZili skutodni priblizovaciu vzdialenost merani po povrchu terénu. Modelovanim ziskané
pribliZzovacie vzdialenosti dosahujii vysoké hodnoty (priemerna pribliZovacia vzdialenost je 1 378 m). VyuZitim vysled-
kov analyzy metédami GIS a DMT ziskanych touto metédou by bolo moZné objektivne zabezpedit' lep$iu koncep&nost’

navrhu rieenia spristupnenia lesa v nedostato¢ne spristupnenych oblastiach.

lesné cestnd siet’; geografické informa&né systémy; spristuptiovanie lesov; technolégie pribliZovania dreva

UvoD

Lesné hospodarstvo sa pri zabezpetovani hlavnych
uloh nezaobide bez raciondlne a optimalne realizovanej
lesnej dopravnej siete. Spristupiiovanie lesa lesnou
cestnou siet'ou je preto primérnou tlohou moderného
lesného hospodarstva. Lesnej cestnej sieti sa pripisuje
prvorady vyznam z hladiska spristupfiovania lesnych
komplexov pre zniZovanie vlastnych ndkladov na
vyrobu dreva a z hl'adiska lesopestovnych potrieb pre
zavadzanie intenzivnych hospodarskych sposobov. Lesy
na uzemi Slovenskej republiky zaberaji rozlohu takmer
2 miliény ha, ¢o je priblizne 40 % rozlohy stitu. Z tejto
plochy zabera lesna dopravna siet zhruba 5 %, ¢o
znamend, Ze asi 100 000 ha plochy lesnej pady je v tech-
nologickom procese dopravy dreva silne atakovanych
a mechanicky poSkodzovanych — najma pri traktorovom
pribliZzovani dreva (K 1&, 1994a,b).

Sucasny trend racionalneho obhospodarovania lesov
a starostlivosti o lesni pédu musi sledovat’ vytvorenie
rovnovazneho stavu medzi produkénym potencidlom
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uzemia a poziadavkami spolo¢nosti. Je to celosvetova
snaha o ekologizaciu lesnej vyroby a ozdravenie krajiny.
Spristupiiovanie lesov spolu s vyberom technolégii
sustred’'ovania dreva si mimoriadne délezité problémy
vo vztahu k ekonomickym i ekologickym vysledkom
hospodérenia v lesoch. Nie je jednoduché tento stav
objektivizovat’ najmd z hl'adiska dlhodobosti.

Jednou z moznych ciest rieSenia je vyuZzivanie
moznosti vypocétovej techniky. Metody GIS a DMT
mozu vniest do rieSenia koncepcie spristupfiovania
lesov v nadvéznosti na technologické planovanie ¢asovo
efektivnejsie a najma objektivnejSie postupy. Vyskum
v tejto oblasti sa dynamicky rozvija najmé s ohfadom na
prudky rozvoj vypodtovej techniky dovol'ujicej overit’
metddy, ktoré boli dlho na virovni teoretickych modelov.
Progresivne trendy v najblizSom obdobi budi smerovat’
k vypracovaniu metodik technickych rieSeni v prostredi
GIS a CAD (Pocitatom podporované projektovanie)
systémov (Pacola, 1999). Tie umozZiiuji rychlu tvorbu
uzivatel'skych modulov rieSiacich $pecifické 1lohy,
umoziiujicich flexibilny pristup do réznych databazo-
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vych zdrojov a schopnych zabezpec€it' prepojenie s mo-
duldmymi ¢lankami lesného informaéného systému.

V lesnickej literatire je vel'mi malo prac pojednava-
jucich o vyuzivani GIS v procese pldnovania spristup-
nenia lesa, preto st u nas predmetom vyskumu a experi-
mentovania.

Ciel'om prace bolo vypracovat’ funkénd aplikdciu
metéd GIS a DMT (digitdlneho terénneho modelu),
ktora by bola vyuZitelna pri rieSeni koncepcie spristup-
nenia lesnych porastov v blizkej budicnosti. Praca
vznikla v ramei grantového projektu GL 1020 (1/7050/20)
Teoretické a praktické predpoklady intenzifikacie
vyuzitia lanoviek v lesnom hospoddrstve Grantovej
agentiry VEGA.

PROBLEMATIKA

Dnesna prax planovania vystavby lesnej cestnej siete
(LCS) na obdobie platnosti LHP, teda decénium,
vychadza predovietkym zo znalosti porastov, suéasnej
dopravnej mechanizicie, moZnosti trasovania lesnych
ciest a vzdjomnych ekonomickych vztahov. Podrobnej-
$ia oficidlna metodika nie je vypracovand. Bene$§
(1986), ktory vypracoval metodiku rieSenia LCS, uvazu-
je s morfolégiou terénu, hodnotenim podloZia, er6ziou
uzemia a navrhovanym pomernym spristupnenim lesa
(postdenie kvality rozloZenia ciest v spristupiiovanom
uzemi) ako vstupmi pre rozhodovanie. Vyhodnotenie
vietkych spolupdsobiacich vplyvov (lesnd pdda,
geologické podloZie, zemina, klimatické pomery, zrazky,
¢lenitost’ terénu, siet’ vodnych tokov, predpokladané
mechanizaéné prostriedky, potreby ochrany pdody,
brehov vodnych tokov, kvality vod, vodohospodarske
pomery) je z hl'adiska projektantov zloZité.

Podobne i Ro§ko (1984) sa v praci vel'mi podrobne
a analyticky zaobera problematikou hodnotenia spristup-
nenia lesnou cestnou sietou, a to pomocou matematic-
kych pomernych ukazovatel'ov spristupnenia, ktoré
obohatil o zaujimavu analyzu tzv. Sikmych pribliZzova-
cich vzdialenosti, ktoré si pri traktorovych technols-
giach priblizovania dreva vyznamnej$im ukazovatel'om
nez klasicky ponimana kolma pribliZovacia vzdialenost’.

Midriak et al. (1988) navrhuja diferencované
spristupfiovanie lesov vo flySovych oblastiach so
zretelom na prirodné podmienky. Doraz kladu na
spristupnenie lesa cestami kategorie 1L (v oddvodne-
nych pripadoch) a spevnenymi cestami triedy 2L.
Spristupiiovanie lesa zvaZnicami odporiaji obmedzit’
len na také pripady, kde by vystavba odvoznych ciest
nebola efektivna.

Hlavnym nedostatkom doteraz realizovanej lesnej
dopravnej siete je jej nekoncep&nost, relativne vysoka
lokélna hustota (miestami a% 100 bm.ha™') a nizka
uroveti jej konstrukcie. Nepriaznivy je najmé pomer medzi
lesnymi odvoznymi cestami a ostatnymi druhmi lesnych
komunikécii (1 : 3 a2 1 : 5), resp. malé zastipenie od-
voznych ciest z celkove realizovanych uéelovych
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komunikacii. Pritom teoretické optimélne spristupnenie
kvalitnymi cestami sa podl'a K1¢a (1994a,b) pohybuje
okolo 20 bm.ha™ pri teoretickom rozostupe ciest 500 m.

V sucasnosti pouzivané metodické postupy moZno
zaradit' do niekol'kych skupin. Metdédy vychéadzajice
z praktickych znalosti a skdsenosti sa viac vztahuji na
rieSenie jednotlivych cestnych tahov ako na celu siet.
Vychodiskom byvaji ¢asto porasty, ktoré je treba
podchytit’ a spristupnit’ v najblizSej budicnosti. Tejto
metdde chyba optimalizaény charakter a pozitivne vy-
sledky sa dosahuju cestou aplikacie skisenosti z mi-
nulych aktivit skusenych projekénych pracovnikov.

DalSou skupinou metéd rie$enia optimalneho rozo-
stupu ciest si ekonomické metody. PouZivaju sa mate-
maticko-analytické metody navrhovania LCS na zaklade
ukazovatelov, ktoré zahfiiaji &iastkové uUspory zo
zvySenia uzitkovosti drevnej hmoty, zo zniZenia doprav-
nych, prevadzkovych nakladov a nikladov na tazbu,
zalesfiovanie a amortizéciu ciest, ako je napr. ¢as hrady
investicii. RieSenie cestnej siete pomocou diagramu
syntézy vychidza z poznatku, Ze rozostup ciest je vte-
dy optimélny, ak sidet ndkladov na priblizovanie a vy-
stavbu ciest je optimdlny. Touto metddou riesilo
problematiku optimalnej hustoty ciest mnoho autorov
u nas i v zahrani¢i. Ich prehl'ad podrobne uvidza
Rosko (1984).

Do budicnosti sa da predpokladat’, Ze sa tato tematika
bude vo vigsej miere riesit’ pomocou metéd GIS a DMT.
V poslednych rokoch, ked’ je vypoétova technika
cenovo pristupnejsia a ked boli vyvinuté softwarové
produkty na baze GIS a DMT, hl'adaji sa moZnosti ich
vyuzitia aj pri optimalizacii v procese technologického
pléanovania. Za najvacsi prinos pocitaCovych metod
povazujeme ich aplikdcie v aktudlnom redlnom case, ¢o
umoziluje operativne rozhodovanie s vysokou mierou
objektivity (Lukac, 1996).

MATERIAL

Pouzitie metéd GIS a DMT v spristupifiovani lesov
bolo overené na modelovom tzemi udolia Zbojského
potoka, ktoré patri k LHC Zboj. Vychodné Karpaty su
svojou &lenitostou a premenlivostou terénnych
podmienok vhodnym dzemim pre aplikovanie metod
DMT a GIS. Geologicky tizemie LHC Zboj patri k oro-
grafickému celku Bukovské vrchy, v ktorych vystupuje
tzv. vonkajsi fly$ duklianskej jednotky so zastipenim
krosnianskych, inoceramovych a menilitovych vrstiev.

Snahy o rie§enie ochrany mimoriadnych biolo-
gickych, zoologickych, vodohospodérskych a krajino-
tvomych hodnét izemia Bukovskych vrchov, ktoré ako
jediné na Slovensku patria k Sistave Vychodnych
Karpit, vyustili v rdmci programu UNESCO o racio-
ndlnom vyuZivani biosféry, koordinovania ochrany,
vyskumu a vychovy v r. 1993 do vyhldsenia Biosférickej
rezervicie Vychodné Karpaty a do prekategorizovania
najhodnotnejfich &asti Chranenej krajinnej oblasti
Vychodné Karpaty na Nérodny park Poloniny v r. 1997.
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METODIKA

Klasickymi metédami sa troveii spristupnenia po-
sudzuje na zdklade niekol'kych zakladnych teoretickych
ukazovatel'ov (hustota a rozostup LCS, teoreticka
a geometrické pribliZovacia vzdialenost', i¢innost’ spris-
tupnenia). Vstupné veliiny pre vypodet tychto
charakteristik sme ziskali z porastovych méap ruénym
odpichovanim diZok jednotlivych usekov ciest podla
kategérii ciest. Ako zakladny usek, tj. rozostup ihiel
odpichovadla, bol zvoleny usek 1 cm, ¢o pri mierke
porastovej mapy 1 : 10 000 predstavuje 100 m.

Pre vypodet geometrickej priblizovacej vzdialenosti
bola mapa rozdelena pravidelnou $tvorcovou sietou na
$tvorce s vymerou 10 ha a v nich boli vynesené t'aZiska
ako prieseéniky uhloprie¢ok. V kazdom $tvorci potom
bola odmerana najkrat3ia vzdialenost’ k odvoznej ceste.
Tie sme pre porovnanie doplnili idajom o skuto&ne;j
priblizovacej vzdialenosti, ktory sme prevzali z opera-
tivno-technickej dokumentacie.

Pri vypod&te rozostupu LCS sme pouZili hustotu
odvoznych ciest triedy 1L a 2L, s trvalymi a do¢asnymi
pribliZovacimi cestami sme pre urdenie tejto ani na-
sledujucich charakteristik neuvazovali. Do hustoty LCS
sme nezahmuli do¢asné priblizovacie cesty.

V prostredi projektu GIS vytvoreného v prostredi
softwarového produktu firmy ESRI ARC/INFO sme
urovenl spristupnenia lesa nehodnotili ukazovatel'mi
pomemého spristupnenia lesa, pretoZe by sme sa dopra-
covali k podobnym, i ked vzhladom na pouzitl
technolégiu rddovo presnej§im vysledkom. Ako
kritérium hodnotenia spristupnenia lesa v modelovom
uzemi sme pouzili skutoénu priblizovaciu vzdialenost’
meranu po povrchu z ktoréhokol'vek miesta porastu,
ktoré reprezentuje bunka rastra s rozmermi 10 x 10 m,
teda o vymere 1 aru. V ramci praktickej technologickej
pripravy pracoviska sa skuto¢na priblizovacia vzdia-
lenost’ priamo premieta do nakladovosti jednotlivych
technologii priblizovania dreva a vo vizbe na ekono-
micki efektivnost’ tychto technoldgii je limitujucim
faktorom ich pouzitia. Neimerné predlZovanie tras
pribliZzovacich prostriedkov sa prejavi i v miere po-
$kodzovania lesného prirodného prostredia, najma pédy
a okolitych lesnych porastov. Skuto&nd priblizovacia
vzdialenost’ preto najlepSie charakterizuje uéinnost
spristupnenia lesa z hl'adiska nielen ekonomickych, ale
najma ekologickych kritérii.

Prehl'ad tvorby projektu je na obr. 1. Ako zdroj dat
pre vytvorenie geografickej databazy boli pouZité:
vrstevnicova nekolorovana porastovd mapa udolia
Zbojského potoka v mierke 1 : 10 000, udaje LHP na
decénium 1992-2002 (V3eobecna &ast LHP, Opis
porastov a plan hospoddrskych opatreni) a Plan lesnej
dopravnej siete.

Mapové podklady boli do digitilnej vektorovej
podoby prevedené digitalizaciou na digitizéri v &leneni
na jednotlivé coverage (informaéné vrstvy, témy),
zdruZujice priestorové informacie rovnakého charak-
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teru, &im vznikla geograficka databaza priestorovych
atribatov. Jednotlivé informaéné, tematické vrstvy tvoria
vrstevnice, porasty, cesty (triedy 1L, triedy 2L, zemné
priblizovacie cesty), vodné toky, hrebene, vySkové kéty
a lesné sklady.

Popisné nepriestorové atribity boli po prevedeni do
digitalnej formy zadavanim z klavesnice PC v podobe
databazového stboru pripojené k vektorovym informac-
nym vrstvam priestorovych atribitov. Databaza tychto
udajov obsahuje identifikdtory jednotiek priestorového
rozdelenia lesa, vek porastov, expoziciu a priemerny
sklon svahov, terénny typ a technologicky typ.

Pretransformované, uz rastrové reprezenticie boli
potom pouzité pre vygenerovanie digitdlneho modelu
terénu a nasledné vykonanie analyz. Pre tvorbu rastro-
vého digitdlneho terénneho modelu v prostredi ARC/
INFO a jeho d’alSieho vyuzitia v analyzach zaloZenych
na akumulacii vzdialenosti sliZzi modul TOPOGRID.
Postup tvorby hydrologicky korektného DMT v tomto
programovom module je zaloZeny na interpolacii vrstev-
nicovych &iar, kedy sa hodnota nadmorskej vysky
vypotita pre kazdd bunku rastra.

Na vygenerovanom sme potom v ramci analytickych
postupov modelovali technologické parametre skima-
ného uizemia pomocou modulov LANDING HILL.AML
a LANOVKY.AML pre vypocet traktorovej a lanovko-
vej pribliZovacej vzdialenosti vytvoreného Pacolom
(1999) s vyuzitim nastrojov vyvojového prostredia ARC
Macro jazyka (AML) a jazyka mapovej algebry priamo

digitdlnych
™

/ \
=) C

1. Prehlad projektu GIS — A scheme of GIS project
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implementovaného v GIS ARC/INFO. Model traktoro-
vej priblizovacej vzdialenosti je mapa definujuca
vzdialenost’ kazdej bunky rastra meranej po povrchu
modelu terénu v smere najvécsieho gradientu sklonu po
spadnici k najblizSej ceste. Modelom lanovkovej pri-
blizovacej vzdialenosti je mapa vzdialenosti kazdej
bunky rastra merana ako Sikma zamera (spojnica stredu
najblizSej bunky cesty a stredu analyzovanej bunky
plochy porastu) ponad povrch terénu.

VYSLEDKY A DISKUSIA

Zakladné teoretické ukazovatele vypocitané pre udely
posudenia Grovne spristupnenia lesa na experimental-
nom tzemi Gdolia Zbojského potoka st s dizkou ciest
podl'a jednotlivych tried uvedené v tab. I a II. Zistené
hodnoty hustoty lesnej cestnej siete poukazujii na nizku

1. Prehl'ad hustoty LCS v modelovom tizemi — Density of forest road
network in the model area

Cesty triedy’ Dizka® (km) | Hustota® (m.ha™)
IL 5,05 4,0

2L 28,42 22,57
Odvozné cesty spolu 33,47 26,57

Cesty pribliZovacie 21,54 17,11

Cesty spolu 88,48 43,69

'roads of class, *length, *density

1I. Zakladné charakteristiky trovne spristupnenia lesa — Basic charac-
teristics of forest access

Pomerné ukazovatele spristupnenia lesa'

Teoreticky rozostup (m) 376,36
Priblizovacia vzdialenost’ (m)
teoretickd 94,09
geometricka 197,85
skutoéna 2500
Stupen spristupnenia tizemia (%) 47,56

'relative parameters of the extent of forest access

hustotu lesnych ciest triedy 1L — iba 4,0 m.ha” — a na-
opak vysoku hustotu ciest triedy 2L — 22,57 m.ha ' —a LCS
niz8ieho radu. I hodnota teoretického rozostupu (380 m)
poukazuje na vysokt hustotu LCS v experimentdlnom
uzemi. Hodnoty teoretickej priblizovacej vzdialenosti
a geometrickej priblizovacej vzdialenosti 94 m a 197,85 m
predstavuju pomerne priaznivé hodnoty pre pribli-
Zovanie dreva traktorovymi technolégiami. Avsak
skuto¢na priblizovacia vzdialenost’ (uvadzana v pre-
vadzkovo-technickej dokumentacii) je omnoho vicsia —
az 2,5 km. Je tomu tak najmé vzhl'adom na nedostatok
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kvalitnych odvoznych ciest, ktoré by umoznovali skratit’
tato vzdialenost na nielen ekonomicky, ale najmé
ekologicky pripustni mieru. Vypocet teoretickych
ukazovatelov spristupnenia lesa dopliiia este stupei
spristupnenia lesa. Podl'a jeho hodnoty — 47,56 % —
je spristupnena iba neceld polovica modelového izemia.

Vysledkom modelovania technologickych parametrov
v prostredi GIS a DMT su tematické mapy pribliZzo-
vacich vzdialenosti odstupfiovanych v kroku po 100 m
pre lanovkové a po 100 m (od 1 000 m po 500 m) pre
traktorové technolégie priblizovania dreva.

Model pribliZovacich vzdialenosti pre traktorové
technolégie je na obr. 2. Na mape je vidiet, Ze tieto
priebezne nadobudaju hodnoty od 0 do 5 000 m. Hodno-
ty priemernych priblizovacich vzdialenosti (tab. V) pre
jednotlivé lesné porasty sa pohybuju v rozmedzi 221 az
3 259 m, pri¢om celkové priemernd priblizovacia vzdia-
lenost’ je 1 378,32 m. To zodpoveda realnym podmien-
kam v praxi, ked' sa drevo pribliZzuje az na odvozné
miesto leZiace pri odvoznej ceste. Vzdialenost' sa potom
napocitava od stredu kazdej bunky prezentujicej plochu
jednotky priestorového rozdelenia lesa po spadnici na
najbliz§iu odvoznu cestu. Postup plne vyhovuje kritériu
definovania ploch, ktoré sa nachadzaji za hranicou
ekonomickej vzdialenosti priblizovania od existujicich
ciest alebo terénnych hran. Model moze byt upraveny
sposobom, ktory dovol'uje vypocet vzdialenosti po
pribliZovaciu cestu (pohyb traktora po linkdch) a né-
sledny vypodet fixnej priblizovacej vzdialenosti (pohyb
traktora po priblizovacej ceste) k existujicemu lesnému
skladu. Redlna dizka trasy priblizovacieho prostriedku
modelovand v prostredi GIS samozrejme méze byt do
urcitej miery odlisné od uvazovaného modelu, ale bude
jej vzdy vel'mi blizka.

Algoritmus vypoctu lanovkovej priblizovacej vzdia-
lenosti pracuje trochu odliSnym spdsobom. Vysledkom
jeho prace je mapa vzdialenosti kazdej bunky rastra
merand ako §ikma zdmera, spojnica stredu pociatoénej
bunky so stredom koncovej, analyzovanej bunky (obr. 3).
Pre kazdu takato zameru sa analyzuje ,,viditenost*
medzi po¢iatkom a koncom ako aj orientacia terénu pod
zamerou, Ak bunky terénu nie si priestorovo umiest-
nené v limite technologického dosahu lanového
zariadenia, vlozi sa do nich signalna pokutové hodnota,
ktora znamend, Ze bunka nie je spristupnend. Podobne
ak bunka nie je priamo ,,viditeI'na“ z bunky cesty, alebo
expozicia sa odchyl'uje od horizontdlneho azimutu
zamery, vloZi sa do nej signdlna (pokutova) hodnota
definujuca miesta so stazenymi podmienkami
priblizovania (bude tu potrebné postavit’ priechodni
podperu). Uvedeny postup pomerne dobre zodpoveda
skuto¢nosti, ze lanovkové priblizovanie je v naSich
podmienkach véé§inou vykondvané po spadnici.
Hodnoty tychto priblizovacich vzdialenosti sa pohybuju
od 0 do 1 200 m, ¢o ale pri dosahu u nas bezne
pouzivanych lanovych systémov asi 500 m znaci, ze
zvySok Uzemia vo vicSej vzdialenosti je pre lanovkové
technologie stistred’ovania dreva nespristupneny.
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2. Na mape traktorovych priblizovacich vzdialenosti mozno ur€it’ skutoénu priblizovaciu vzdialenost' z ktoréhokol'vek miesta v poraste k naj-
bliZ3ej odvoznej ceste. V l'avej Casti je dobre viditeIné, ako vplyvaju terénne zlomy (hrebene) na prediZenie tras pribliZzovacich prostriedkov —
Actual skidding distance from any point in forest stand to the nearest hauling road can be determined on the map of skidding distances. It is
clearly evident in the left part of the map how terrain faults (ridges) influence the routes of skidders by making them longer

Priblizovacia vzdialenost’
200 400 600 800 1000 1200m

s

3. Mapa pribliZzovacich vzdialenosti pre lanovkové technolégic. Na obrazku je mozné priamo od¢€itat’ skuto¢ni priblizovaciu vzdialenost’
a nasledne posudit’ dostupnost’ ¢i nedostupnost” ktoréhokol'vek miesta v poraste pre technolégic lanovkového sustred'ovania dreva — A map
of skidding distances for cableway technologies. It is possible to read off the actual skidding distance directly on the map, and to evaluate
whether any point in forest stand is or is not accessible for cableway skidding
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Plocha oznadend na kartografickych vystupoch sivou
farbou (resp. pismenom N pri iernobielej verzii)
odpovedd tym bunkam rastra, ktoré boli pri analyze
wviditelnosti“ oznacené ako ,,nevidite'né*.

Vypovednd hodnota takychto map je podla nasho
nazoru zna¢na — nie nadarmo sa hovori, Ze lepSie je raz
vidiet' ako stokrat pocut. Na mapach (obr. 2 a 3) je
mozné priamo posidit’ G¢innost existujicej LCS
z hl'adiska spristupnenia ktoréhokol'vek porastu, ktord je
danéd ekonomicky efektivnou vzdialenost'ou pribliZo-
vania &i v pripade lanovych systémov technologickym
dosahom zariadenia (resp. maximélnou diZkou trasy).
Naproti tomu stupeii spristupnenia tizemia je len teore-
ticky udaj, ktory neddva predstavu o skutoénych
dopravnych pomeroch. Dalej mozno na zéklade tychto
grafickych vystupov rozhodnut' o umiestneni d’al'Sich
tras ciest tak, aby sa skuto¢na pribliZovacia vzdialenost’
v zaujmove;j lokalite skratila na pozadovani mieru.

Z porovnania nami zistenych udajov s priememymi
hodnotami charakteristik spristupnenia lesov za celé
Slovensko vyplyvaji nasledovné zavery. Uvedena
hustota ciest triedy 1L je zhruba na tirovni celosloven-
ského priemeru (tab. III), ktorého hodnota je 4,43 mha™.

111. Prehl'ad hustoty LCS pre celd SR — Density of forest road network
in the Slovak Republic

Cesty triedy’ Dizka? (km) Hustota’ (m.ha™")

1L vlastné 5842 3,03
cudzie 26922 14

1L spolu 85342 443

2L 116074 6,01

Cesty pribliZzovacie 13934,1 7,2

Cesty spolu 34 075,7 17,64

For 1-3 see Table 1

Naproti tomu hustota ciest triedy 2L je takmer $tyrikrat
vys§ia, neZ je priemer pre celi SR. Ako je vSak z od-
borne;j lesnickej literatiry zndme, ich stav je pre dnesna
prevadzku lesného hospodarstva vo flySovych oblastiach
nepostadujici. Prave Specifické prirodné podmienky si
vyzaduju vo flySovych oblastiach budovanie hustejsej
siete kvalitnych odvoznych ciest. Odvozné cesty maji
podl'a Midriaka et al. (1988) vo flySovych oblastiach
velmi nizku hustotu, va&§inou 2—4 bm.ha™' oproti
potrebnym 15-20 bm.ha™ i viac.

Této situacia si nasledne vynutila vystavbu hustej
siete priblizovacich ciest, o ma vSak vel'mi negativne
dosledky na prirodné i Zivotné prostredie a v kone¢nom
dosledku i na d’alSie hospodarenie v lese. I ked’ uvedeny
Gidaj o hustote pribliZovacich ciest 17,11 m.ha™ tomu
nenasved¢uje, vzhl'adom na skutoCnost, Ze vypocet
nezahiia dogasné priblizovacie cesty, bude udaj o sku-
to¢nej hustote zemnych ciest v udoli Zbojského potoka
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znaéne vy$§i. ZauSkova (1996) uvadza, Ze pomer
pevnych ciest k zemnym tu dosahuje 1 : 13 — a uz pomer
1: 3 je v podmienkach karpatského flysu z ekologického
hladiska nepriaznivy.

Z tohto vyplyva vysoka hustota LCS v experimentalnom
tizemi tidolia Zbojského potoka (v hodnote 43,69 bm.ha™
z dovodu néroénosti vonkaj§ich terénnych prac nie st
zahrnuté zemné pribliZovacie cesty doCasného charak-
teru). K1¢ (1994a,b) uvadza, ze hustota LCS v priemere
pre celi Slovenski republiku dosahuje trojnasobok
az paterondsobok dizky ciest triedy 1L, 2L a trvalych
pribliZovacich spolu. V tom optimistickejsom pri-
pade to pri hustote spominanych ciest (tab. III)
17,64 bm.ha™ predstavuje 52,92 bm.ha™, v pesimistic-
kej¥om 88,2 bm.ha™".

Zisteny teoreticky rozostup ciest (tab. II) v porovnani
s hodnotou odpori¢anou autormi v inosnom a prie-
chodnom teréne pre spristupnenie hospodarskeho lesa
traktorovymi technol6giami priblizovania dreva do 600 m
(Bene§, 1986) je nizky. Pre lanovkové pribliZovacie
technoldgie, ktoré by v tomto regione mali vzhl'adom na
prirodné podmienky a nakoniec aj na platni technolo-
gicku typizaciu (v idoli Zbojského potoka patri k la-
novkovému technologickému typu takmer 60 % izemia)
prevladat, je tento rozostup nevhodny. Autori odpori-
¢aju pre takéto prirodné podmienky a pre lanovkové
sustred’ovanie dreva rozostup 800 aZ 1 000 m (napr.
Benes, 1986) a prebytocné cesty asanovat’.

Hodnoty teoretickej pribliZzovacej vzdialenosti a geo-
metrickej pribliZzovacej vzdialenosti 94 m a 197,85 m
ostro kontrastuji s idajom o skuto&nej priblizovace;j
vzdialenosti. Jej hodnota je v porovnani s priemernymi
pribliZovacimi vzdialenostami uviddzanymi v literatire
(tab. IV) 3,38-krat via&sia ako pre Severoslovenské
Statne lesy a 2,26-krat vdcSia, ako sa uddva pre Vycho-
doslovenské $titne lesy. Podobne i priemerna pribliZo-
vacia vzdialenost vymodelovana v prostredi GIS
1 378,32 m (tab. V) vykazuje va&§iu hodnotu, nez st
priemerné hodnoty uvedené v tab. IV. Je to alarmujica
skuto&nost’, najma ak uvazime, Ze ekonomicky optimal-
na priemema pribliZovacia vzdialenost’ udavana autormi
je pri traktorovych technolégiach priblizovania dreva asi
500 m (Rénay, Bumerl, 1982; K1& 1994a,b).

Zéaverom moZno konStatovat, Ze sti€asny stav spri-
stupnenia porastov v LHC Zboj je z hl'adiska dneSnych

IV. Priemem4 pribliZovacia vzdialenost’ u 3titnych lesov (Luk4g,
1996) — Average skidding distance in the State Forests company
(Lukag, 1996)

Lesny podnik’ Priemern4 pribliZovacia vzdialenost? (m)
Zépadoslovenské lesy 776

Severoslovenské lesy 740

Stredoslovenské lesy 770
Vychodoslovenské lesy 1108

'forest establishment, average skidding distance
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V. Priememné pribliZovacie vzdialenosti pre traktorové technolégie pre jednotlivé porasty — Average skidding distances for skidder technologies
in the particular stands

Oznaenie' | PribliZovacia vzdialenost Oznatenie' | PribliZovacia vzdialenost’ Oznalenie' | PribliZovacia vzdialenost
JPRL (m) na cestu? JPRL (m) na cestu’ JPRL (m) na cestu®
2511 221 223 945 300 1748

264 239 285 961 304 1755
2512 241 2541 984 1952 1765
281 248 224 991 303 1822
249 257 221 992 202 1849
265 268 289 1005 214 1851
263 296 232 1037 2152 1857
280 355 288 1042 1951 1 868
282 382 2201 1043 184 1877
248 395 257 1046 2151 1927
239 395 231 1053 2272 1934
266 398 287 1057 301 2 096
250 404 2251 1069 3051 2098
252 455 2202 1084 2101 2 106
240 456 2252 1084 216 2137
2691 456 2542 1084 2102 2144
2621 499 290 1088 3052 2148
247 501 258 1093 200 2 149
268 502 2251 1103 306 2163
267 508 208 1133 310 2169
241 509 291 1147 302 2186
279 519 292 1170 307 2205
278 539 2251 1207 2132 2206
238 561 194 1224 2131 2237
283 593 2422 1239 176 2262
284 597 293 1254 2032 2276
2622 609 184 1254 2421 2389
235 640 295 1260 255 2389
2692 646 2191 1276 256 2409
277 654 294 1296 207 2420
246 670 2192 1297 259 2442
270 682 229 1321 206 2 446
234 694 2732 1346 205 2479
276 707 204 1351 1931 2 544
237 711 243 1404 226 2 548
253 724 1932 1411 2181 2558
2691 727 209 1412 2731 2617
271 740 2031 1485 230 2621
261 779 296 1586 244 2682
275 781 298 1611 274 2718
272 782 2171 1616 192 2756
236 788 185 1622 2271 2 839
245 827 196 1648 2182 3014
286 832 183 1672 2732 3028
233 854 297 1 685 299 3 062
222 879 2172 1710 197 3260
260 887 228 1722 Priemerns’ 1378
'designation, *skidding di to hauling road, *average
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poziadaviek na hospodarnost’ a Setrnost’ sistred’ovania
dreva nevyhovujuci. Existujici stav spristupnenia lesa
by bolo v tychto oblastiach potrebné upravit’ a vo
vztahu k faZbovo-dopravnym technolégidm prispdsobit’
zvy$enému podielu lanovkového pribliZovania dreva
(teda poZiadavke pouzivat’ technolégie priblizovania
dreva prevazne lanovymi systémami) na tikor traktoro-
vého, a to vzh'adom na $pecifické prirodné podmienky
karpatského flySu i vzhladom na ¢lenitost’ a premenli-
vost’ terénnych podmienok — 44 % uzemia LHC Zboj,
teda 2 576 ha, je v ramci platnej technologickej
typizacie zaradenych k technologickému typu &. 3, t.j.
k ,Janovkovym terénom®“. Kladieme preto doraz na
zavadzanie lanovych zariadeni do technolégii su-
stred’ovania dreva.

ZAVER

Problematika spristuptiovania lesa vo vzt'ahu k vol'be
tazbovo-dopravnych technologii je vysoko aktuilna vo
vietkych hospodarsky a ekologicky vyspelych krajinich.
Je to vel'mi zloZitd a komplexna zalezZitost', v dosledku
Soho sa nikde vo svete nepodarilo vytvorit' uplne
prepracovany, zdévodneny, overeny a praxou plne
uzndvany postup alebo met6du jej rieSenia.

Vdaka rychlemu vyvoju vypodétovej techniky a jej
masovému zavadzaniu do hospodérskeho Zivota i nasej
krajiny — vd'aka rychlosti a mnoZstvu spracivanych dat
— bude v blizkej budicnosti pravdepodobne tato tech-
nika prostriedkom, ktory umoZzni rozvinit, doplnit’
a objektivizovat’ v si¢asnosti pouzivané metody rieSenia
koncepcie spristupiiovania lesov.

Prave met6dy GIS a DMT svojou mohutnost'ou gra-
fickych vyrazovych prostriedkov a moznost'ou spracu-
vat’ obrovské mnozZstvo geografickych dat predstavuju
dobri zakladiiu pre vybudovanie takéhoto systému.
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APPLICATION OF GEOGRAPHIC INFORMATION SYSTEMS

IN THE SPHERE OF FOREST ACCESS

R. Kysel, V. Messingerovi, E. Pacola

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

The current trend of well-balanced forest manage-
ment and care of forest land should be aimed to establish
an equilibrium between the production potential of for-
est lands and social requirements. With respect to the
economic and ecological outcomes of forest mana-
gement key issues are to ensure forest access through
a forest road network and the choice of skidding techno-
logy. One of the approaches is to use computer techno-
logy, namely GIS and DTM.

The use of GIS and DTM methods to solve the forest
access problem was tested in a model area of the
Zbojsky brook valley in the Eastern Carpathian Mts.
This area is suitable for application of DTM and GIS
methods due to its broken topography and variable ter-
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rain and natural conditions of the Carpathian flysch. The
forest access problem is very urgent there because the
terrain lies in Poloniny National Park, that means in the
region with strict claims on nature conservation.

At first, the extent of forest access was evaluated by
a traditional method: several basic theoretical para-
meters were calculated (density and spacing of forest
road network, theoretical, geometric and actual skidding
distances, efficiency of forest access).

The extent of forest excess was not evaluated by pa-
rameters of relative forest access within the project de-
signed using GIS ARC/INFO software by ESRI company.
Actual skidding distance was used as a criterion of forest
access evaluation in the model terrain. As a part of prac-
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tical technological workplace preparation the actual
skidding distance is directly reflected by the cost rate of
skidding technologies, and in the context of economic
effectiveness of these technologies it is a limiting factor
of their use. Unreasonably long skidding distances will
underlie in the degree of damage to the forest environ-
ment, mainly to soil and adjacent forest stands. Hence
the actual skidding distance describes in the best way the
efficiency of forest access in terms of economic and eco-
logical criteria.

Project development is outlined in Fig. 1. A geographic
database was generated by transformation of the Zbojsky
brook valley map at a scale 1 : 10,000, data of Forest
Management Plan and of the Plan of Forest Road Net-
work into digital form.

Technological parameters of the area were simulated
in generated DTM by help of the modules LANDING
HILL.AML and LANOVKY.AML. A model of tractor
skidding distance is a map of distances of each raster cell
measured on DTM surface in a direction of the largest
gradient to the nearest hauling road. The algorithm of
the calculation of skidding distances does not consider
the existing forest road network of lower order. The pro-
cedure fully meets the criterion of definition of the plots
situated beyond the limit of economic skidding distance
from the existing roads or terrain edges. The actual
skidder route simulated in the GIS environment can ob-
viously be somewhat different from the considered
model, but it will approach it very closely in all cases.

The algorithm of calculation of cableway skidding
distances works in a different way. It will generate a map
of distances of each raster cell measured as a skew line
of sight, i.e. the connecting line between the center of
the initial cell and the center of the end, analyzed cell.
,» Visibility* between the initial and end point is analyzed
for each line of sight as well as terrain orientation under
the line of sight. If it is not possible to ,,see” into the in-
side of the cell and the exposition departs from the hori-
zontal azimuth of the line of sight, the cell will be inserted
a signal (penalty) value — the cell is not accessible. The
above method is in good accordance with the fact that
cableway skidding in the conditions of Slovakia is car-
ried out along paths at right angles to the contour in
most cases. The analysis of ,,visibility* indicates unac-
cessible parts of forest stands, e.g. on the other side of
the mountain ridge.

Tables I and II show the basic theoretical parameters
calculated to evaluate the extent of forest access in the
experimental area of the Zbojsky brook valley, and road
lengths in the particular classes. The calculated values of
forest road network density and of theoretical and geo-
metric skidding distances demonstrate a low density of
forest roads of class 1L, and on the contrary, a high den-
sity of roads of class 2L and roads of lower order. The
value of theoretical spacing (380 m) also indicates a
high density of forest roads in the experimental area. But
the actual skidding distance sharply contrasts with this
fact. It is due to the lack of good-quality hauling roads
of class 2L, and mainly of class 1L, to reduce this dis-
tance to the economically and especially ecologically
admissible length.

Fig. 2 shows a model of skidding distances for
skidder technologies. The computed values from 0 to
5,000 m demonstrate the insufficiency of forest road net-
work. The values of average skidding distances (Table V)
range from 221 to 3,259 m while the total average skid-
ding distance is 1,378.32 m.

The values of skidding distances for cableway tech-
nologies (Fig. 3) range from 0 to 1,200 m; as the radius
of operation of commonly used cableway systems is ca.
500 m in Slovak forests, the remaining, more distant part
of the terrain is not accessible for cableway technolo-
gies. The gray color in both cartographic layouts repre-
sents the raster cells that were attributed penalty values
by the analysis of ,,visibility*.

On these maps, it is possible to make a direct evalua-
tion of the existing forest road network with respect to
the actual access to any forest stand that is based on eco-
nomic effectiveness of wood skidding or on the operat-
ing radius of skidding technologies in the case of
cableway skidding. On the contrary, the extent of access
to the terrain is a theoretical value not describing the ac-
tual hauling conditions.

The problem of forest access is a complex one. Research
in this field has undergone fast development due to great
advances of computer technology. Progressive trends in
the nearest future will be aimed to develop methodolo-
gies for technical solutions within GIS and CAD (Com-
puter Aided Design) providing for fast generation of
user modules to solve specific problems, flexible access
to different database sources and interconnection with
modular segments of the forest information system.

Kontaktna adresa:

Ing. Rastislav K y s e I, Technicka univerzita, Lesnicka fakulta, T. G. Masaryka 24, 960 53 Zvolen, Slovenski republika
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