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VYVOJ VYSADEB BUKU LESNIHO (FAGUS SYLVATICA L.)

DEVELOPMENT OF EUROPEAN BEECH (FAGUS SYLVATICA L.)
PLANTATIONS

V. Balcarl, V. Hynek2

X Vyzkumny ustav lesniho hospoddrstvi a myslivosti, Vyzkumnd stanice, Na Olivé 550,
517 73 Opocno
% Vyzkumny ustav lesniho hospoddrstvi a myslivosti, 156 04 Jilovisté-Strnady

ABSTRACT: In 1984, eight experimental plots with three-year-old European beech transplants (Fagus sylvatica L.) were
established. Aim of the experiment is to get information on genetic variability of several beech plantations originating from
various localities in Hercynian-Sudetic and Carpathian regions. This article is aimed at assessment of 13-year development of
plantations on four experimental plots. Two plots have been located in fir-beech vegetation zone and the other two plots in
oak-beech vegetation zone. Criteria of the evaluation were following: mortality, height and diameter at breast height (d.b.h.).
Supplementary information on air pollution stress and plantations nourishment was obtained by leaf analyses. In accordance
with the results, all tested beech provenances are convenient to be planted in growing conditions of all experimental plots.
Vitality of the tested beech provenances was influenced by site conditions, but not by air pollution stress. The best growing
provenances in site conditions of the fir-beech vegetation zone were from: Frydlant v Cechach, Brumov and Nové Mésto na
Moravé. The worst growing were provenances from Vihorlat, Szuha, Jihlava and Trencin. The best growing provenances in
site conditions of the oak-beech vegetation zone were from Vihorlat and Javornik, the worst growing from Vlasim, Hanu3ovice
and Szuha. Plantations of the native origin (Czech Republic) have grown very well and therefore import of beech planting
stock does not seem to be profitable.

European beech (Fagus sylvatica L.); provenance research; Czech Republic; leaf analyses

ABSTRAKT: V roce 1984 byla zaloZena série osmi pokusnych provenien¢nich ploch s vysadbou tfiletych sazenic buku
lesniho (Fagus sylvatica L.). Cilem pokusu je ziskdvéni poznatkii o genetické proménlivosti této dfeviny. Pfisp&vek hodnoti
13lety vyvoj pokusnych vysadeb na &tyfech vyzkumnych plochich (VP) umisténych (po dvou) v jedlobukovém a dubobuko-
vém lesnim vegeta¢nim stupni (LVS). Kritéria hodnoceni jsou mortalita, vy$kovy rist a vy&etni tloustky stromku. Dopliiujici
informace o imisni zatéZi a vyZivé testovanych vysadeb byla ziskdna pomoci listovych analyz. V3echny testované provenience
vykazovaly vitalitu vyhovujici lesnickému vyuZiti. Z vysledki je zfejmé ovlivnéni vitality stanoviStnimi podminkami, imisni
zat&% se neprojevila. V jedlobukovém LVS nejlépe prosperovaly provenience z Frydlantu v Cechdch, Brumova a Nového
Mésta na Moravé, nejhife provenience z Vihorlatu, Szuhy, Jihlavy a Tren¢ina. V LVS dubobukovém nejlépe prosperovaly
provenience z Vihorlatu a Javornika, nejhufe provenience z VlaSimi, Hanu3ovic a Szuhy. Domaci provenience (Eeské a mo-
ravské) ve srovnani s proveniencemi introdukovanymi vykazovaly vyssi vitalitu v jedlobukovém LVS a zhruba stejnou vitalitu
v dubobukovém LVS. Import sadebniho materidlu buku lesniho z ciziny proto nepovaZujeme za vyhodny.

buk lesni (Fagus sylvatica L.); provenien&ni vyzkum; Ceska republika; listové analyzy

UvOD

Buk lesni (Fagus sylvatica L.) je nejvyznamné&;si list-
natou dfevinou naSich lesi. K vysadbé se doporucuje
v 16 hospodéiskych souborech (z celkového po&tu 24),
a to na lokality v nadmofskych vyskich od 350 do
1 050 m. Plocha porostt, v nichZ zastoupeni buku les-
niho pfichazi v tvahu, tvofi téméf 90 % vyméry lesi
Ceské republiky (Pliva, 1980; Hynek, Sindel4f,
1990). Vzhledem k cennym ekologickym i produk&nim
vlastnostem této dfeviny ma byt jeji zastoupeni (5,4 %)
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zhruba zdvojnasobeno (Pefina et al., 1987; MLHD,
1990; Sindelaf, 1995; Resatko, 1995). Proveniendni
pokusy poskytuji hlavni zdroj informaci o ristovych
a produkénich vlastnostech dfevin a jejich vnitrodruhové
promé&nlivosti. Ziskani poznatkii o genetické proménli-
vosti buku lesniho je hlavnim cilem pokusu se sérii
osmi provenien&nich vyzkumnych ploch zaloZenych v ro-
ce 1984 (SindelAf, 1985a, tab. I).

Vyvoj testovanych provenienci byl v prib&hu 13 let
od zaloZeni pokusu (1984-1996) nékolikrat hodnocen
(Hynek, Sindel4f, 1990; Hynek, 1990, 1996;



Balcar, 1991, 1995, 1996; ZmeSkal, 1994). TeZist&
praci vétSinou spoéivalo v ziskdvani poznatki o vyvoji
bukovych kultur v kritickém obdobi prvnich let po vy-
sadbé. Cilem préace je doplnéni dosavadnich poznatkd
na zdklad€ poslednich biometrickych méfeni a zjidfova-
ni mortality (jaro 1997) a porovnéni prosperity buko-
vych provenienci na vybranych &tyfech vyzkumnych
plochéch reprezentujicich rizné oblasti i ristové pod-
minky, ve kterych byl provenienéni pokus v roce 1984
zaloZen. ’

METODIKA

Pro hodnoceni 13letého vyvoje vysadeb provenienc-
niho pokusu s bukem lesnim byly vybrany dvé vyzkum-

né plochy (VP) zaloZené v dubobukovém lesnim vege-
ta¢nim stupni (3. LVS) a dv& plochy v lesnim vegeta&-
nim stupni jedlobukovém (5. LVS). Kromé& rozdilnych
vertikélnich zén tyto lokality reprezentuji i vSechny &tyfi
oblasti, ve kterych byla série pokusnych ploch v roce
1984 zaloZena v&etné€ rliznych stupiiii ohroZeni lesa
imisni zatéZi. Vyzkumné plochy leZi v lesnich hospo-
dafskych celcich Milevsko (VP 83), Pelhfimov (VP 93),
Broumov (VP 99) a na pozemku Vyzkumného tstavu
lesniho hospodéfstvi a myslivosti u Jilovi§té (VP 82).
Struéna charakteristika riistovych podminek celé série
pokusnych ploch je uvedena v tab. 1.

Sazenice testovanych provenienci byly na pokusné
plochy vysazeny ve véku tfi let (1+2), a to na (malo-
plo$né) holiny po vytéZenych dospélych porostech,

I. Charakteristika osmi provenien&nich pokusnych ploch s bukem lesnim zaloZend v roce 1984 — Characteristics of eight experimental plots

with European beech established in 1984

oy | LHC Lesni oblast® SLT* ’j;;’k'z?i‘;? wgg;‘f'('lﬁc) Uh'?nf,’:)z’g T,
82 Jilovisté 10 - Stiedoceskéd pahorkatina 38 380 838 550 C
83 Milevsko 10 - Stfedodeské pahorkatina 3S 495 7,5 580 D
84 Milevsko 10 — Stfedogeské pahorkatina 3P 420 7.5 580 D
85 Milevsko 10 — Stfedodeskd pahorkatina 3K 390 15 580 D
91 Pelhfimov 16 — Ceskomoravska vrchovina 5B 700 6,5 750 D
92 Pelhfimov 16 — Ceskomoravsk4 vrchovina 5K 680 15 680 D
93 Pelh¥imov 16 — Ceskomoravské vrchovina 58 650 6,8 730 D
99 Broumov 24 - Sudetské meziho¥i 5K 600 6,8 780 B

Pozniamka — Note:

LHC - lesni hospodafsky celek v dob& zaloZeni pokusu - forest management region at the time of experiment establishment
SLT - soubor lesnich typi, pasmo ohroZeni = v dob& zaloZeni pokusu, hodnocené VP vytiitény tuénym pismem — forest type group, threat
zone = at the time of experiment establishment, investigated experimental plots are in bold types

I plot b .zforest

1 5
exper
P

region, 3forest natural region, 4forest type group, Saltitude a.s.l., (’average temperature, 7annual

precipitation, “threat zone (B = strong pollution stress, C = middle stress, D = mild stress)

II. Testované provenience buku lesniho — Tested European beech provenances

Provenience &islo! Oblast? Puvod? Nadmofska vyska* (m)
1 K SK, Trenéin, Dolna Siuca 460
3 K CZ, Brumov, Vlira 520
6 HS CZ, Vlasim, Loufiovice 570
8 HS CZ, Javornik, Vépenni 600
9 HS CZ, Hanu3ovice, Branna 645
11 HS CZ, Frydlant, Oldfichov 450
13 HS CZ, Nové Mésto na Moravé, Cikhdj 780
16 HS CZ, Jihlava, Stoky 640
17 K SK, Kamenica nad Cirochou, Vihorlat T 450-600
21 K H, Szuha, Gombé4smagos 400-600
28 K SK, Zvolen 1, Kovatovi 500
29 K SK, Zvolen II, Budéa 700
34 K SK, Kamenica nad Cirochou, Vihorlat 11 400-500
Poznéimka — Note:
HS — hercynsko-sudetska geografickd oblast — Hercynian-Sudetic region
K - karpatské geografické oblasti — Carpathian region

lpmvcmmce number, 2geographic region, Splaoe of origin, “altitude a.s.l.
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v jednom piipadé (VP 82) na plochu zrufené lesni §kol-
ky. V pfispévku je hodnoceno 13 provenienci, které se
péstuji nejméné na tfech ze étyf sledovanych vyzkumnych
ploch. Sest provenienci pochézi z oblasti hercynsko-su-
detské a sedm z oblasti karpatskych (tab. II). Stromky
se vysazovaly na parcely 10 x 10 m po 50 kusech ve
sponu 1 x 2 m, a to ve &tyfech (VP 82, VP 83 a VP 99)
nebo tfech (VP 93) opakovénich (obr. 1-4). OSetfovani
a oploceni kultur zajistili standardnim zpiisobem pra-
covnici lesniho provozu.

Sledovani mortality a poSkozeni vysadeb i méfeni
vyskového riistu probihalo ve tiletych aZ pétiletych in-
tervalech do jara 1997. Makroskopicky pozorovatelné
pfi¢iny poskozeni (okusem zvéfe, mySovitymi, mrazem,
imisemi aj.) byly evidovany. Vzhledem k tomu, Ze na
Zadné z vybranych VP nebyly ekologické stresy fakto-
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1. Schematicky n4&rt VP 82. Oznaceni parcel menSimi arabskymi
Sislicemi v rozich, v&t§imi &islicemi jsou oznaleny provenience.
Rozmér parcel 10 x 10 m. Opakovéni — bloky — oznageny fimskymi
&islicemi — Scheme of experimental plot No. 82. Provenance No. —
large ciphers, parcel No. — small ciphers, replication Nos. I, II, III,
IV. Parcel size 10 x 10 m. Large arrow — direction to the north.
Rovina - flatland
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2. Schematicky né&rt VP 83. Oznaceni parcel mensimi arabskymi
&islicemi v rozich, v&t§imi &islicemi jsou oznafeny provenience.
Rozmér parcel 10 x 10 m. Opakovéni ~ bloky — oznageny fimskymi
&islicemi — Scheme of experimental plot No. 83. Provenance No. —
large ciphers, parcel No. — small ciphers, replication Nos. I, II, III,
IV. Parcel size 10 x 10 m. Large arrow — direction to the north. Sklon -
slope
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rem limitujicim preZivani (ani pomé&rmné siln4 imisni z4-
té€% na VP 99), za hlavni ukazatel prosperity testovanych
provenienci buku lesniho se povaZuje vyskovy rist.
Vy3ka stromkii byla méfena vy§komérnou ty&ovou sou-
pravou se zaokrouhlenim na 1 cm, po dosaZeni &tyfmet-
rové vysky se zaokrouhlenim na 5 cm. Kromé vy3ek se
v poslednim terminovém Setfeni méfily i tlou¥tky kme-
ni ve vy&etni vy3ce (1,3 m). Pfi zpracovani ziskanych
tidajii bylo pouZito b&€Znych matematicko-statistickych
metod. Rozdily mezi biometrickymi veli¢inami u jednot-
livych vysadeb byly testovany analyzou varianci a Schef-
feho testem pfi hladin& vyznamnosti 95 %. K testovéni
shody v poradi vySek a tloustek jednotlivych provenienci
na sledovanych VP byl pouZit korela¢ni koeficient Spear-
mana.

Zakladem hodnoceni jsou vysledky posledniho Set-
feni (jaro 1997, v&k stromkd 16 let) — vyska vysadeb
(h 96), tloustka kmeni ve vy&etni vy3ce (1,3 m, symbol
d 96) a mortalita. Kromé& celkovych pruméru vysek
a tlousték byly jako dopliiujici biometrické veli¢iny vzaty
i prumérné rozméry 20 % nejvysSich stromkd (tj.
10 stromkil na kaZdé parcele). Jejich pouZitim je elimi-
novéan vliv ndhodného poSkozeni stromkd a thynu
menSich jedincii na celkové priméry.

Pro posouzeni dynamiky vy$kového ristu, jeho pri-
béhu a zmén v pofadi testovanych provenienci jsou
uvedeny pram&rné vy¥ky jednotlivych provenienci ve
véku 7 let (viechny VP) a ve v&ku 11 let (VP 82, VP 83,
VP 93), pfipadné 12 let (VP 99). Vysky stromki ve
véku dvou let pouZité v grafu vySkového ristu jsme
ziskali méfenim vzorkl sadebniho materidlu ve $kolce
rok pfed vysadbou.

Biometricka Setfeni a sledovani poSkozeni a morta-
lity doplnilo hodnoceni imisni zitéZe a stavu vyZivy
pokusnych kultur na zdklad€ listovych analyz. Odbéry
vzorkil probihaly podle metodickych zdsad publikova-
nych Maternou (1973) v z&fi 1993 a 1997. Ze &tyf
vybranych provenienci (€. 11, 13, 17, 29) bylo odebré-

7
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3. Schematicky na&rt VP 93. Oznaleni parcel men$imi arabskymi
Eislicemi v rozich, v&t§imi &islicemi jsou oznaleny proveni

Rozmér parcel 10 x 10 m. Opakovéni — bloky — oznateny fimskymi
&slicemi — Scheme of experimental plot No. 93. Provenance No. —
large ciphers, parcel No. — small ciphers, replication Nos. I, II, IIL.
Parcel size 10 x 10 m. Large arrow — direction to the north. Sklon —

slope
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4. Schematicky né&&rt VP 99. Oznaéeni
parcel men3imi arabskymi ¢&islicemi
v rozich, v&t§imi ¢islicemi jsou oznageny
provenience. Rozmér parcel 10 x 10 m.
Opakoviéni — bloky — oznageny fimskymi
&islicemi — Scheme of experimental plot
No. 99. Provenance No. -~ large ciphers,
parcel No. — small ciphers, replication
Nos. [, II, I, IV. Parcel size 10 x 10 m,
Large arrow — direction to the north.

= Sklon - slope
1 [ . -
Sklon do 10 /
I11. Mortalita vysadeb (%) — Plantation mortality (%)

Vyzkumné plocha! VP 82 VP 83 VP 93 VP 99 VP 82-99°
Rok Setfeni? 1987 1996 1987 1996 1987 1996 1987 1996 1987 1996
Oblast® | Provenience?

HS 6 26,0 26,5 18,0 26,5 26,0 49,3 14,0 23,0 21,0 31,3
HS 8 10,0 11,5 7,0 16,5 19,0 42,7 12,0 19,8 12,0 22,6
HS 9 15,5 15,5 23,0 33,5 11,0 36,7 9,0 27,8 14,6 284
HS 11 6,5 10,0 19,0 19,0 14,0 27,3 9,0 12,7 12,1 17,3
HS 13 10,5 10,5 20,0 22,0 15,0 28,7 18,0 27,5 15,9 22,2
HS 16 10,5 10,5 18,5 18,5 8,0 20,0 7,0 26,8 11,0 18,9
HS Primér® 13,2 14,1 17,6 22,7 15,5 34,1 11,5 22,9 14,4 23,4
K 1 13,0 16,0 13,0 19,0 21,0 27,5 15,7 20,8
K 3 12,5 13,5 26,0 26,5 15,0 33,3 13,0 22,5 16,6 24,0
K 17 11,5 17,0 29,0 41,0 12,0 23,3 16,0 35,9 17,1 29,3
K 21 13,5 15,0 12,0 23,5 11,0 29,3 14,0 34,0 12,6 25,5
K 28 5,0 5,0 28,0 32,0 13,0 24,0 153 20,3
K 29 4,5 6,0 10,0 22,0 13,0 233 6,0 17,8 84 17,3
K 34 15,0 15,0 18,0 30,0 34,0 54,9 22,3 33,3
K Primér® 10,7 12,5 19,4 27,7 12,8 26,7 17,3 32,1 15,1 24,7

lexpen'menml plot, 2year of observation, 3geogmphic region, “provenance No., %all plots, ﬁavemge

IV. Vysledky testi pofadi provenienci podle mortality ~ Spearmano-
vy korelaéni koeficienty = r (testované hodnoty viz tab. III) — Plan-
tation mortality tested by Spearman Rank — Correlation Coefficients
= r (mortality data see Table III)

Porovnévané VP! Rok? 1987 Rok? 1996
VP 82 VP 83 40,01 +0,36
VP 82 VP 93 -0,02 40,53
VP 82 VP 99 +0,49 +0,58
VP 83 VP 93 -0,20 +0,07
VP 83 VP 99 +0,10 +0,62
VP 93 VP 99 40,36 -0,05

Poznémka — Note:

Statistickd prikaznost pfi hladin& vyznamnosti 95 % pfi porovnavani
13 provenienci r = 0,49, u 12 provenienci r = 0,51, u 11 provenienci
r = 0,53, u 10 provenienci r = 0,56. Statisticky prilkazné hodnoty
jsou vytiStény tucné — Statistical significance (level 95%) r = 0.49
for 13 tested provenances, » = 0.51 for 12 provenances, r = 0.53 for
11 provenances. Significant results — bold types

It:ompaﬂ:d experimental plots, 2yeﬂr of observation

no po deseti listech z horni €asti koruny u péti troviio-
vych jedincti na kaZdém opakovani (tj. 150-200 listd
ve vzorku). Vzorky analyzovala laboratof Ing. Toméase
ve Vyzkumné stanici VULHM v Opo&né& vaZkovou me-
todou v letech 1993 a 1997. Analyzy stanovily celkové
obsahy S, N, P, K, Ca a Mg v procentech suSiny listi.
Pfi interpretaci vysledki bylo pouZito publikovanych
kritérii (Bergmann, 1988; Matkovskéa, 1997).
Na VP 99, kde Ize oekavat ovlivnéni vyvoje bukovych
kultur imisemi trutnovské elektrarny, byl rovnéZ sledo-
véan prub&h imisni z4t€Ze sirnymi sloueninami ve ve-
geta¥ni dob& na zaklad& analyz listi jefabu ptaciho (Sor-
bus aucuparia L.) provedenych podle stejné metodiky.
Odbéry vzorki probihaly v letech 1987-1996. Se zis-
kanymi ddaji jsou porovnavany vysledky pfimého mé-
feni koncentraci SO, (standardni metodou Westa a Gae-
ka) na stanici Hony lokalizované zhruba ve stejném
kvadrantu (SV-V) od trutnovské elektrarny jako vy-
zkumna plocha.
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MORTALITA

Zjevnymi pfi¢inami mortality v prvnich letech po vy-
sadb& bylo po¥kozeni pfizemnimi mrazy, mySovitymi
hlodavci, misty i poSkozeni zvéfi (navzdory oploceni),
zéstin rychle odristajici bufeni a po¥kozeni kroupami
(Hynek, Sindel4ft, 1990; Balcar, 1991). V prv-
nich &étyfech letech (1984-1987) se primérné ztraty po-
hybovaly kolem 15 %. Rozdily mezi priméry vyzkum-
nych ploch nebyly vysoké (11,8-18,6 %). Na VP
v dubobukovém LVS uhynulo 15,2 % stromki, na VP
v jedlobukovém LVS 14,4 %. Rozpéti ztrat mezi pro-
veniencemi se pohybovalo mezi 8,4-22,3 %. Provenience
hercynsko-sudetské (déle provenience HS) vykazovaly
v pruméru téméf stejné ztraty (14,4 %) jako provenience
karpatské (déle provenience K - 15,1 %). Pofadi pro-
venienci na danych VP podle mortality v prvnich &ty-
fech letech (1984-1987) nevykazovalo v Zadném pfipa-
dé shodu (tab. III a IV). Pfesto lze na vét§iné VP
konstatovat nizkou mortalitu u jedné provenience ze
Zvolena (&. 29; mortalita 8,4 %), provenience z Jihlavy
(¢. 16; mortalita 11,0 %), provenience z Frydlantu
v Cechéch (&. 11; mortalita 12,1 %) a provenience ze
Szuhy (€. 21; mortalita 12,6 %). Naopak v priméru nej-
vice stromki uhynulo ve vysadbach jedné provenience
z Vihorlatu (¢. 34; mortalita 22,3 %) a provenience
z Vlasimi (¢. 6; mortalita 21,0 %).

K Cetnému Ghynu stromkit dochazelo i v nasleduji-
cich letech. V dalSim devitiletém obdobi (1988-1996)
vzrostla primérnd mortalita tém&f na &tvrtinu pivodni
vysadby (24,2 %). NiZ§i néarist mortality byl zazname-
ndn na VP v dubobukovém LVS (VP 82 +1,4 %; VP
83 +6,8 %) nez v LVS jedlobukovém (VP 93 +16,4 %;
VP 99 +13,1 %). I kdyZ na jednotlivych VP v Ghynu
provenienci HS a provenienci K urgité rozdily byly, pra-
mérny narist mortality byl tém&f stejny (provenience
HS 9,0 %; provenience K 9,6 %). Urgitych zmén do-
znalo i pofadi provenienci. Na rozdil od vysledki hod-
noceni v prvnim obdobi (do roku 1987) byla na konci
13 let pokusu (jaro 1997) v pofadi provenienci zjiiténa
statisticky pritkazna shoda, a to mezi VP 82 a plochami
VP 93 (Spearmanuv koeficient r = 0,53) a VP 99
(r=0,58) amezi VP 83 a VP 99 (r = 62). I v této dob&
vykazovaly pomé&rné nizkou celkovou primérnou mor-
talitu (jiZ dfive zminéné) provenience ze Zvolena (&. 29;
17,3 %), Frydlantu (& 11; 17,3 %) a Jihlavy (. 16;
18,9 %) a mortalitu vysokou provenience z Vihorlatu
(€. 34; 33,3 %) a provenience z Vla¥imi (¢. 6; 31,3 %).

Z vysledki hodnoceni mortality v prib&hu 13letého
trvani provenien¢niho pokusu jsou patrné pomérn& nizké
ztraty na vSech sledovanych plochich v pribé&hu prv-
nich &tyf let (12-19 %). Pozdéji dochazelo k thynu vi-
ce na plochich v jedlobukovém vegetatnim stupni
(VP 93 narust ztrat o +17 %, VP 99 +13 %) neZ ve

V. Primémé vysky 16letych vysadeb na vyzkumnych plochich - Average heights of 16-year old pl on experi 1 plots
VSechny stromky na VP! Nejvys¥ich 20 % stromki?
vp? n* (ks) h96° (cm) sx (%) skup. vp? n* (ks) h96° (cm) sx (%) skup.
93 1143 359 39 | 93 330 500 16 I
99 1 670 418 20 | 99 470 497 12 |
82 2 256 455 38 | 82 520 634 13 |
83 1940 633 22 | 83 520 752 9 |

Poznimka - Note:

sx — smérodatni odchylka — standard deviation, skup. — skupina homogenity, mezi testovanymi parametry (h96) oznafenymi Edrkou v zikrytu

nad sebou nebyl statisticky pritkazny rozdil — homog

groups desig

d by vertical bar (the same vertical position = the same group)

lall trees, 2highest trees (20% from all planted trees), 3eu(perirrlenml plot No., *number of trees, sheight of trees in the autumn 1996

VI. Prim&rné vy3ky 16letych vysadeb z oblasti hercynsko-sudetské (HS) a oblasti karpatskych (K) na vyzkumnych plochiach (VP) — Average
heights of 16-year old plantations of Hercynian-Sudetic origin (HS) and Carpathian origin (K) on experimental plots

Viechny stromky na VP! Nejvysdich 20 % stromki?

Oblast-VP? n®(ks) | h96° (cm) | sx (%) skup. Oblast-VP? | n*(ks) | h96° (cm) | sx (%) skup.
K-VP 93 550 347 40 | K-VP 99 230 483 14 1
HS-VP 93 593 370 37 | K-VP 93 150 498 14 1l
K-VP 99 753 409 21 | HS-VP 93 180 502 18 1
HS-VP 99 917 424 20 1] HS-VP 99 240 511 9 |
HS-VP 82 1031 445 40 1 K-VP 82 280 633 12 |
K-VP 82 1225 462 36 | HS-VP 82 240 636 13 |
HS-VP 83 928 627 23 I HS-VP 83 240 746 9 1
K-VP 83 1012 638 20 | K-VP 83 280 757 8 |

Note and for 1-5 see Table V, K-VP - trees of Carpathian origin on experimental plot No., HS-VP — trees of Hercynian-Sudetic origin on

experimental plot No.

J. FOR. SCIL., 46, 2000 (1): 1-18



VP 82 - primémé viriky
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5. Vy3kovy rist 13 provenienci buku lesniho do stifi 16 let na VP 82 —

Height growth of European beech originating from 13 various locali-
ties up to the age of 16 years planted on experimental plot No. 82

VP 93 - promiimé viriky
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7. Vyskovy rust 11 provenienci buku lesniho do staf{ 16 let na VP 93 -
Height growth of Buropean beech originating from 11 various locali-
ties up to the age of 16 years planted on experimental plot No. 93

stupni dubobukovém (VP 82 +1 %, VP 83 +7 %). Po-
fadi provenienci podle ztrit testované mezi jednotlivy-
mi VP vykazovalo v n&kterych pfipadech statisticky
prukaznou shodu (mezi VP 82 a plochami VP 93 a VP 99
a mezi VP 83 a plochou VP 99).

VYSKOVY RUST

Z vysledku méreni vySek vyzkumnych bukovych
kultur ve v€ku 16 let (1996, tab. V) jsou ziejmé vyrazné
rozdily mezi jednotlivymi vyzkumnymi plochami. Tes-
tované kultury dosihly v priméru vy$§iho vzristu na
lokalitach v dubobukovém LVS (VP 83 vyska 633 cm,
VP 82 vyska 455 cm), niZ8i byly v LVS jedlobukovém
(VP 99 vyska 418 cm, VP 93 vyska 359 cm). Rozdily
mezi vzristem vysadeb na jednotlivych plochach byly
ve viech pfipadech statisticky prikazné. Z hlediska ob-
lasti piivodu rostly na plochich v dubobukovém LVS
ponékud 1épe provenience K, v jedlobukovém stupni
naopak provenience HS. Rozdily vSak nebyly ani vyso-
ké (2-7 %), ani statisticky prukazné (tab. VI). Vys§i
rozptyly naméfenych hodnot (h 96) charakterizované
variaénimi koeficienty (sx %) vykazovaly VP 93
(39 %) a VP 82 (38 %), niZ&i rozptyly VP 99 (20 %)
a VP 82 (22 %). Mezi oblastmi piivodu jednotlivych
provenienci (HS a K) se rozdily v rozptylech hodnot
neprojevily. Pribéh vyskového ristu jednotlivych pro-

6

VP 83 - priméimé viiiky

6. Vyskovy riist 13 provenienci buku lesniho do stafi 16 let na VP 83 —
Height growth of European beech originating from 13 various locali-
ties up to the age of 16 years planted on experimental plot No. 83

VP 99 - priimémé viiky

g8 8§ 8 8 B &
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8. Vyskovy rist 12 provenienci buku lesniho do stéfi 16 let na VP 99 —
Height growth of European beech originating from 12 various locali-
ties up to the age of 16 years planted on experimental plot No. 99

venienci vyjadfuji kfivky na obr. 5-8. Z nich je ziejmé,
Ze rozdily mezi jednotlivymi proveniencemi se v pru-
béhu 16letého vyvoje zvEétSuji, a to zvlast€ na VP 82
a VP 93. Shoda poradi provenienci podle vzristu byla
prokédzédna mezi VP 93 a VP 99 a mezi plochami VP 82
a VP 83, to znamen4 pouze mezi plochami ve stejném
LVS (tab. VII a VIII). Na obou VP v dubobukovém
LVS pomérn& vysokého vzristu doséhly provenience
z Vihorlatu (provenience &. 34 a 17) a provenience z Ja-
vorniku (&. 8), v riistu zaost4vala provenience z Vlagimi
(€. 6). Na plochéch v jedlobukovém LVS rostly nejlépe
provenience z Brumova (&. 3), Frydlantu (¢. 11), Javor-
niku (¢. 8) a Nového Mésta na Moravé (€. 13), relativné
nizky vzrist vykazovala provenience ze Szuhy (€. 21,
tab. IX). Ve shodé s vysledky méfeni na jednotlivych
vyzkumnych plochéch se rozptyly hodnot u testova-
nych provenienci pohybovaly na vy$3i Grovni na VP 93
(sx = 3047 %) a VP 82 (sx = 2647 %) nez na VP 99
(sx = 16-24 %) a VP 83 (sx = 16-26 %). Statisticky
prikazny vztah mezi primérnou vySkou a rozptylem
hodnot na 24dné z vyzkumnych ploch zji§tén nebyl.

Z pohledu G&elového Elenéni na provenience domaci
(vSechny HS a provenience ¢. 3) a provenience introdu-
kované Ize konstatovat, Ze na plochéach v jedlobukovém
LVS rostly 1épe provenience domaci (obr. 10). Na kon-
ci sledovaného obdobi byly vys§io 11 % (VP 93) a6 %
(VP 99), rozdil na VP 93 byl pfitom statisticky prikaz-
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VII. Prim&mé vy¥ky 16letych vysadeb jednotlivych provenienci na vyzkumnych plochich (cm) - Average heights of 16-year old plantations

of tested pro on experi I plots (cm)
Provenience Viechny stromky na VP2 Nejvyssich 20 % stromkd?
&slo' VP* 82 VP 83 VP 93 VP 99 VP 82 VP 83 VP 93 VP 99

1 420 635 391 590 737 467
3 477 634 406 442 662 746 537 539
6 368 608 334 405 563 721 452 507
8 495 679 374 440 706 810 489 522
9 433 602 355 418 646 716 489 501

11 462 625 439 438 627 756 581 529

13 437 617 380 438 633 743 517 515

16 463 621 331 404 643 729 486 492

17 523 645 341 409 662 740 516 487

21 419 624 330 387 596 751 474 442

28 458 622 304 620 738 470

29 420 650 362 413 620 791 493 508

34 526 659 394 682 798 449

!provenance No., 2all trees, 3highesn trees (20% from all planted trees), ‘expcrimcntal plot No.

VIIIL. Vysledky testi pofadi provenienci podle vySek — Spearmanovy
korelagni koeficienty = r (testované hodnoty viz tab. VII) - Planta-
tion heights tested by Spearman Rank Correlation Coefficients = r
(height data see Table VII)

Porovnivané VP! V¥echny? | Nejvyssich 20 %3
VP 82 VP 83 0,53 0,39
VP 82 VP 93 0,31 0,48
VP 82 VP 99 035 0,19
VP 83 VP 93 0,31 0,45
VP 83 VP 99 0,06 0,19
VP 93 VP 99 0,93 0,65
P ka — Note: Statistick prikaznost pfi hladin€ vyznamnosti 95 %

pfi porovnévini 13 provenienci r = 0,49, u 12 provenienci r = 0,51,
u 11 provenienci r = 0,53, u 10 provenienci r = 0,56. Statisticky
prukazné hodnoty vytiStény tuéné — Statistical significance (level
95%) r = 0.49 for 13 tested provenances, r = 0.51 for 12 provenances,
r=0.53 for 11 provenances. Significant results - bold types

lt:ompared experimental plots, 2all trees, 3highw:,sl trees (20% from
all planted trees)

ny. Na plochéch ve stupni dubobukovém byly rozdily
mezi doméacimi a cizimi proveniencemi podstatné men3i
(ob& VP 2 %) a statisticky neprikazné (tab. X, obr. 9).

Rozbor soudasného vzristu pokusnych proveniené-
nich vysadeb buku lesniho dopliiuji ddaje o vySkédch
nejvy3sich 20 % stromki. Tyto tdaje reprezentuji moZ-
nosti testovanych vysadeb na danych lokalitich ne-
ovlivn&né pfipadnym poskozenim nebo mortalitou v ristu
zaostavajicich jedincu. I kdyZ vysledky ziskané obéma
zplsoby zpracovani (celkové soubory a vybéry 20 %
nejvysSich jedinci) vykazuji uréité diference, ve smyslu
vyslovenych z4véra jsou zcela shodné. Hodnoceni 20 %
nejvysSich jedincd potvrzuje vy38i vzrist pokusnych vy-
sadeb v dubobukovém LVS proti vysadbam v jedlobu-
kovém LVS, vétsi vitalitu provenienci HS v jedlobuko-
vém LVS neZ provenienci K a pouze nevyrazné rozdily
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v tomto sméru v dubobukovém LVS. Potvrzuji podob-
nost poradi provenienci na plochich ve srovnatelnych
stanovistnich podminkach — ve stejnych LVS —, tj. sho-
du v zafazeni provenienci do skupin ,rychleji rostou-
cich® nebo ,,pomaleji rostoucich® na jednotlivych vy-
zkumnych plochéch. Z méfeni vySkového ristu je zfejmy
vyvoj poradi provenienci podle celkovych primérnych
vy¥ek ve véku 7, 11 (nebo 12 — VP 99) a 16 let (tab. XI
a XII). Po¢ategni diferenciace vy§kového rastu v kritic-
kém obdobi prvnich &tyf let po vysadbé byla ziejmé
vice ovliviiovana ristovymi podminkami vyzkumnych
ploch (véetné stresti typickych pro pofatedni obdobi po
vysadb€ — drsné pfizemni mikroklima, bufeii, snih) neZ
geneticky kédovanymi rozdily ve vitalité testovanych
provenienci (viz napi. podstatné vy38i vzrist vysadeb
na VP 83 ve srovnéni s ostatnimi VP — tab. XI). Béhem
dalSich Ctyf let se rozdily mezi vzristem na jednotlivych
vyzkumnych plochich zvyraznily (tj. do v&ku 11 let)
a v nasledujicim pétiletém obdobi pak zustaly nezmé-
n&ny. Pofadi provenienci podle vzriistu se v danych ¢a-
sovych intervalech ménilo. Ve véku sedmi let nebyla
statisticky prokazéna shoda mezi pofadim provenienci
u #4dné dvojice vyzkumnych ploch (tab. XII). Poprvé
byla tato shoda prokazéna ve v&ku 11 let, a to mezi
plochami v jedlobukovém LVS (VP 93 a VP 99). Dalsi
vysledky — priméry 16letych vySek — vykazuji prikaz-
nou shodu pofadi mezi plochami v jedlobukovém LVS
i mezi plochami v dubobukovém LVS (VP 82 a VP 83).
S odristanim testovanych kultur lze tedy konstatovat
zvyrazn&ni vlivu provenienci na vitalitu hodnocenou pod-
le vyskového ristu.

TLOUSTKA KMENE
Rozdily mezi vy&etnimi tlouStkami kment bukovych

vysadeb ve v&ku 16 let nebyly tak vyrazné jako mezi
vy¥kami (diference v primérnych vy3kéich az +76 %,
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IX. Prumé&mé vysky testovanych provenienci na jednotlivych vyzkumnych plochich ~ Average heights of tested plantations on experimental
plots

VP 82 — experimental plot No. 82
VEechny stromky na VP! Nejvysgich 20 % stromku?
Provenience &3 | n%(ks) | h96° (cm) | sx (%) skup.  |Provenience &3] n%(ks) | h96% (cm) | sx (%) skup.
6 147 368 47 | 6 40 563 18 |
21 170 419 37 1l 1 40 590 20 I
1 168 420 43 1] 21 40 596 10 1
29 188 420 40 ] 29 40 620 11 11
9 169 433 43 I 28 40 620 11 ]
13 179 437 41 1] 11 40 627 9 1]
28 190 458 33 Il 13 40 633 10 1
11 180 462 33 1 16 40 643 9 i
16 179 463 36 1l 9 40 646 11 11
3 173 477 35 Il 3 40 662 8 1
8 177 495 38 I 17 40 662 7 1]
17 166 523 26 1 34 40 682 10 1
34 170 526 32 | 8 40 706 8 |
VP 83 — experimental plot No. 83
9 133 602 22 | 9 40 716 10 1
6 147 608 21 | 6 40 721 9 |
13 156 617 26 ] 16 40 729 11 I
16 163 621 24 1 1 40 737 6 1l
28 136 622 18 I 28 40 738 8 i
21 153 624 24 I 17 40 740 10 1
11 162 625 22 1} 13 40 743 7 1
g 147 634 17 1 3 40 746 6 1
1 162 635 16 1l 21 40 751 9 1
17 118 645 18 1 11 40 756 8 1
29 156 650 21 1 29 40 791 9 11
34 140 659 24 1 34 40 798 9 I
8 167 679 21 | 8 40 810 6 |
VP 93 ~ experimental plot No. 93
28 114 304 47 | 6 30 452 25 |
21 106 330 37 1l 28 30 470 19 I
16 120 331 37 1 21 30 474 9 1
6 76 334 43 I 16 30 486 11 i
17 15 | 341 4 It 8 30 489 17 1l
9 95 355 38 1 9 30 489 10 1
29 115 362 33 1 29 30 493 11 1
8 86 374 36 i 17 30 516 13 1
13 107 380 36 1 13 30 517 16 1
3 100 406 32 Il 3 30 537 11 I
11 109 439 30 | 11 30 581 13 |
VP 99 — experi I plot No. 99
21 132 387 16 | 21 40 442 12 |
1 95 391 23 1 34 40 449 18 I
34 82 394 24 I 1 30 467 13 i
16 145 404 18 1] 17 40 487 13 it
6 154 405 23 1 16 40 492 6 1
17 127 409 22 11 9 40 501 6 1
29 162 413 19 1 6 40 507 12 1}
9 143 418 17 1 29 40 508 8 ]
13 145 438 20 I 13 40 515 12 1
11 172 438 19 I 8 40 522 9 |
8 158 440 18 | 11 40 529 8 |
3 155 442 21 | 3 40 539 11 |
Poznédmka — Note: -
sx — smérodatna odchylka — standard deviation, skup. — skupina homogenity, mezi testovanymi parametry (h96) oznatenymi &drkou v zikrytu
nad sebou nebyl statisticky priikazny rozdil — homog groups designated by vertical bar (the same vertical position = the same group)
'all trees, *highest trees (20% from all planted trees), >pi No., *number of trees, Sheight of trees in the autumn 1996
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v tloudtkdch kmene aZ +40 %, tab. XIII). Trend pofadi
VP podle velikosti primérnych tlousték byl stejny jako
u vySek (VP 93 < VP 99 < VP 82 < VP 83) a rovnéz
viechny rozdily mezi vyzkumnymi plochami byly sta-
tisticky priikazné. Provenience HS vykazovaly jen ne-
patrné vy33i vitalitu (hodnocenou tloustkovym rustem)
v jedlobukovém lesnim vegetadnim stupni, provenien-
ce K ve stupni dubobukovém (tab. XIV).

Shoda mezi pofadim provenienci byla statisticky pro-
kézéna pouze mezi VP v jedlobukovém vegetainim stup-
ni (tab. XV a XVI). Na obou VP jedlobukového LVS
doséhla nejvetsi priimérné tloustky provenience 11 (Fryd-

lant v Cechach), pomémé& dobte rostly i provenience 8
(Javornik), 13 (Nové Mésto na Moravé) a 3 (Brumov,
tab. XV). Na vyzkumnych ploch4ch ve stupni dubobuko-
vém je moZné oznacit za vitalni ob& provenience z Vi-
horlatu (provenience 17 a 34). VyZetni tlou$tky kment
20 % nejvysSich stromki vykazuji ve v&t¥in& pfipadi
shodny trend s celkovymi priméry. Za vyjimku lze po-
vaZovat vy3$$i hodnoty namé&fené na VP 93 proti VP 99
(rozdil statisticky prukazny).

Rozdily ve vy&etnich tlouStkach kmenu testovanych
vysadeb na vybranych provenien&nich vyzkumnych
plochich s bukem lesnim byly mensi neZ rozdily mé&fe-

6 8 9 1 13 186 3 1 17 21

9. Vy3ky 16letych kultur buku lesniho na VP
v dubobukovém LVS vyjédfené v procentech
celkovych priméri jednotlivych ploch. (CZ
provenience - 6, 8, 9, 11, 13, 16, 3) — Heights
of 16-year old beech plantations in oak-beech
vegetation zone, per cent from the total aver-
age of the experimental plot. (Plantations
from the Czech Republic — Nos. 6, 8, 9, 11,
13, 16, and 3.) VP - experimental plot No.

| [ovrez
mvPs3

28 2 X4

10. Vy3ky 16letych kultur buku lesniho na VP
v jedlobukovém LVS vyjadfené v procentech

celkovych priméri jednotlivych ploch. (CZ
provenience — 6, 8, 9, 11, 13, 16, 3) — Heights
of 16-year old beech plantations in fir-beech
i vegetation zone, per cent from the total aver-
age of the experimental plot. (Plantations from
the Czech Republic — Nos. 6, 8, 9, 11, 13, 16,
and 3.) VP — experimental plot No.

28 2 M

X. Prim&mé vy¥ky bukovych vysadeb domdcich (CZ) a cizich (Int.) na jednotlivych plochdch — Average heights of beech plantations of

Czech (CZ) and introduced (Int.) origin on experimental plots

VEechny stromky na VP' Nejvyssich 20 % stromku?

Oblast-VP3 n* (ks) h96° (cm) sx (%) skup. Oblast-VP? | n? (ks) h96° (cm) sx (%) skup.
Int.-VP 93 450 334 a1 | Int.-VP99 190 472 13 I
CZ-VP 93 693 375 37 I Int.-VP93 120 488 14 1]
Int.-VP 99 598 401 21 1] CZ-VP93 210 507 17 I
CZ-VP 99 1072 427 20 I CZ-VP99 280 515 10 I
CZ-VP 82 1204 450 39 | Int.-VP82 240 628 13 I
Int.-VP 82 1052 460 36 | CZ-VP82 280 640 12 |
CZ-VP 83 1075 628 22 I CZ-VP83 280 746 9 |
Int.-VP 83 865 639 21 | Int.-VP83 240 759 9 |

Note and for 1-2, 4-5 see Table 1X, 3origin (Czech or Introduced) and experimental plot No.
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XI. Prim&mné vy¥ky bukovych vysadeb ve v&ku 7, 11 (12) a 16 let (cm) — Average heights of beech plantations at the age of 7, 11 (12), and

16 years (cm)
Proveni Vek 7 let — h87> VEk 11 let - k913 h92* VEk 16 let — h96°
islo! VP82 | VP83 | VP93 | VP99 | VP82 | VP83 | VP93 | VP99 | VP82 | VP83 | VP93 | VP99
1 101 147 93 225 399 241 | 420 635 391
3 11 144 107 107 266 382 204 267 | a1 634 406 442
6 90 134 101 96 198 352 179 239 | 368 608 334 405
8 113 146 101 108 274 411 186 266 | 495 679 374 440
9 104 131 94 100 | 238 377 181 257 | 433 602 355 418
1 108 153 113 115 268 408 236 271 | 462 625 439 438
13 107 138 102 93 246 387 192 258 | 437 617 380 438
16 109 153 95 99 251 386 167 245 | 463 621 331 404
17 128 134 101 103 308 386 183 246 | 523 645 341 409
21 108 144 91 102 | 244 376 160 232 | 419 624 330 387
28 107 145 98 248 394 164 458 622 304
29 100 153 100 105 238 399 184 251 | 420 650 362 413
34 124 155 80 | 291 408 231 | 526 659 394
Primér® 108 144 100 100 254 390 185 250 | 454 632 360 415
Poznimka — Note:

VP 82, VP 83, VP 93, VP 99 - experimental plot numbers

lprovemmz:e No., 2height of 7-year-old plantations, 3height of 11-year-old plantations, 4hcight of 12-year-old plantations, sheight of 16-year-

old plantations, 6avcmgc

XII. Vysledky testii pofadi provenienci podle vySek ve véku 7 aZ 16 let -
Spearmanovy korelaéni koeficienty = r (testované hodnoty viz tab. XTI) -
Plantation heights at the age of 7, 11 (12), and 16 years tested by
Spearman Rank Correlation Coefficients = r (height data see Table XI)

Porovnévané VP! | Vek 7 let? | Vek 11 (12) let® | Vek 16 let*
VP82 | VP83 0,13 0,45 0,53
VP82 | VP93 0,33 0,40 0,31
VP82 | VP99 0,17 0,24 0,35
VP83 | VP93 0,05 0,51 0,31
VP83 | VP99 0,01 0,24 0,06
VP93 | VP99 0,38 0,93 0,93
Poznimka — Note:

Statistické prikkaznost pfi hladin€ vyznamnosti 95 % pfi porovnavini
13 provenienci r = 0,49, u 12 proveniencf r = 0,51, u 11 provenienci
r=0,53, u 10 pro ir=056.8 icky prikazné hodnoty
jsou vyti§t€ny tuéné — Statistical significance (level 95%) r = 0.49
for 13 tested provenances, r = 0.51 for 12 provenances, r = 0.53 for
11 provenances. Significant results — bold types

lc:ompared experimental plots, zage of 7 years, 3nge of 11 (12) years,
4age of 16 years

ni vySek na konci sledovaného obdobi (stafi 16 let).
Jejich trend je v8ak v podstatné vétSiné€ pfipadi shodny,
a proto je moZné konstatovat, Ze poznatky uvadéné
v predchozi kapitole potvrzuji.

VYZIVA A IMISNI ZATEZ

Z porovnani vysledki listovych analyz buku lesniho
(tab. XIX) s publikovanymi poznatky (Bergmann,
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1988) je zfejma nizk4 uroveifi vyZivy draslikem na vSech
vyzkumnych plochéich v obou ¢asovych terminech. De-
ficit v prvnim odbérovém terminu (1993) byl vyrazn&jsi
(celkovy primér 0,31 % K, kritickd hodnota 1,00 % K)
neZ pii odbéru druhém (1997, primér 0,70 % K). Ne-
dostate¢ny stav vyZivy na vSech lokalitich je rovnéz
zfejmy z obsahi dusiku u vzorki odebranych v roce
1993 (primér 1,35 % N, kritickd hodnota 1,90 % N),
vysledky v roce 1997 jiZ vykazuji stav vyZivy dobry
(primér 2,31 % N). Céste¢n& deficitnim prvkem byl
rovnéZ hoitik. Pod vrovni dostatedné vyZivy se nacha-
zel hlavné v roce 1997 (prumér 0,13 % Mg, kritickd
hodnota 0,15 % Mg), a to u vétiny provenienci na VP 82
a u v¥ech provenienci na plochéch v jedlobukovém ve-
getacnim stupni (VP 93 a VP 99). Za dobry stav vyZivy
bukovych kultur na v8ech plochéach je moZné (podle zvo-
lenych kritérii) povaZovat stupeii zasobeni vipnikem
a fosforem (priméry 0,62 % Ca a 0,55 % P, kritické
hodnoty 0,30 % Ca a 0,15 % P). Obsahy siry v listech
testovanych bukovych kultur vykazovaly v souladu s oe-
kavénim v roce 1993 znacny (a statisticky prikazny) roz-
dil. Na plochach v oblastech s niZ§i imisni zat€Zi
(VP 82 v pasmu ohroZeni C a VP 83 a 93 v pasmu D) se
hladina celkové siry pohybovala v rozmezi 0,11-0,17 %,
na ploge v blizkosti trutnovské elektrarny (VP 99 v pés-
mu B) v rozmezi 0,24-0,31 %. Rozdily v mnoZstvi siry
u jednotlivych provenienci byly pfitom bezvyznamné
(statisticky nepriikazné). Ve druhém terminu odbéru
vzorkt (1997) se hladina siry v listech vyrovnala a roz-
dily mezi priméry vyzkumnych ploch byly minimalni
(0,01 % S). Vyrazny pokles obsahu siry v listech na
VP 99 je plné v souladu se zménami imisni zatéZe v dané
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XIII Prim&mé tlou3tky kmene ve vyZetni vy3ce u L6letych vysadeb na vyzkumngch plochich — Average diameters at breast height of 16-year

old plantations on experimental plots

VZechny stromky na VP! Nejvyssich 20 % stromki?
vp? n* (ks) 96’ (cm) sx (%) skup. vp? n* (ks) d96° (cm) sx (%) skup.
93 1070 4,0 56 | 929 469 57 22 |
99 1670 44 34 | 93 330 6,2 27 |
82 2254 4.8 50 | 82 520 7:2 22 |
83 1940 5,6 37 | 83 519 73 23 |

Note and for 1-5 see Table V

XIV. Primémé tloudtky kmene ve vyletnf vySce u 16letych vysadeb z oblasti hercynsko-sudetské (HS) a oblasti karpatskych (K) na

vyzkumnych plochiach — Average diameters at breast height of 16-year old pl

(K) on experimental plots

of Hercynian-Sudetic origin (HS) and Carpathian origin

V3echny stromky na VP! Nejvys§ich 20 % stromki?

Oblast-VP? n*(ks) | d96°(cm) | sx (%) skup. Oblast-VP? | n*(ks) | d96°(cm) | sx (%) skup.
K-VP 93 509 3,9 57 I K-VP 99 230 55 23 |
HS-VP 93 561 4,1 55 Il HS-VP 99 239 59 20 Il
K-VP 99 745 44 33 I K-VP 93 150 6,2 27 I
HS-VP 99 914 45 35 I HS-VP 93 180 63 27 |
HS-VP 82 1030 47 52 I HS-VP 83 240 7,0 22 |
K-VP 82 1224 49 49 I HS-VP 82 240 72 23 Il
HS-VP 83 921 55 37 | K-VP 82 280 73 22 It
K-VP 83 1 006 5.8 38 | K-VP 83 279 7.6 22 |

Note and for 1-4 see Table VI, *diameter at breast height of trees in the autumn 1996

XV. Primérné tloustky kmene ve vy&etni vyce u 16letych vysadeb provenienci na vyzkumnych plochach (cm) — Average diameters at breast

height of 16-year old plantations on experimental plots (cm)

Bigveni Viechny stromky na VP? Nejvy$sich 20 % stromkd®
gislo' VP 82 VP 83 VP 93 VP 99 VP 82 VP 83 VP 93 VP 99

1 46 5,5 4,2 7,0 74 53
3 4.8 54 44 4,5 72 7,3 6,5 57
6 3,8 5,6 4,0 4,1 6,5 7,0 58 57
8 52 59 4,2 4,7 8,1 7,6 6,1 6,0
9 45 54 39 43 71 6,8 58 S5:7

11 48 5,6 4.8 4.8 6,7 73 15 6,1
13 4,7 53 43 4,6 7.4 6,8 6,7 58
16 48 53 3,6 43 73 6,6 6,0 58
17 56 59 38 4,4 15 7,1 6,4 5,6

21 47 6,0 3,8 4.4 7,6 7.8 6,1 55

28 4.6 5,6 34 6,8 7,5 56

29 44 6,0 4,1 44 6,9 8,1 6,3 58

34 57 59 39 78 8,0 4,7

Iprovenance No., 2all trees, highest trees (20% from all planted trees), *experi I plot No.

oblasti reprezentovanymi hladinou siry v listech jefédbu
a koncentracemi SO, v dobé expozice asimilatnich or-
géni imisim (duben aZ srpen; obr. 11). Pogitkem sle-
dovaného obdobi (1987) ¢inil obsah celkové siry v listech
jefabu 0,21 %, v dob& prvniho odbéru vzorka (1993)
0,15 % S a v dobé druhého odbéru (1996) 0,09 % S.

J. FOR. SCI, 46, 2000 (1): 1-18

Stejny trend vykazoval i pokles koncentraci v téchto
terminech: 0,020 mg SOZ.m‘3, 0,008 mg SOz.m'3
a 0,004 mg SO,.m™.

Na z4kladg vysledku listovych analyz je moZné kon-
statovat pomérn& dobry stav vyZivy testovanych kultur
vapnikem i fosforem a potencialni nedostatek drasliku.
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XVI. Vysledky testd pofadi provenienci podle vy&etnich tlousték —
Spearmanovy korelaéni koeficienty = r (i ¢ hodnoty viz tab. XV) -
Plantation diameters at breast height tested by Spearman Rank Cor-
relation Coefficients = r (data of diameters at breast height see Table XV)

Porovnévané VP! VSechny? | Nejvysich 20 %3
VP 82 VP 83 0,10 0,20
VP 82 VP 93 0,13 0,20
VP 82 VP 99 0,22 -0,23
VP 83 VP 93 -0,10 0,08
VP 83 VP 99 0,00 -0,15
VP 93 VP 99 0,74 0,33

Note see Table XII

Icompared experimental plots, %all trees, 3highest trees (20% from
all planted trees)

Zasobeni dusikem a hoféikem vykazovalo znaénou va-
riabilitu, deficit N byl zaznamenan pfi prvnim Setifeni
(1993), deficit Mg naopak pii Setfeni druhém (1997).
Hromadny vyskyt symptomi indikujicich deficit uvede-
nych Zivin v§ak v prib&hu vyzkumnych Setieni zjistén
nebyl, a proto zjisténé podkritické hodnoty nejsou po-
vaZovéany za vyznamné.

Obsah celkové siry byl pfi prvnim Setfeni na tfech
plochéch v oblastech s niZ8i imisnf z4t€Zi zhruba stejny
(0,13-0,14 % S). Na ploSe pobliZ trutnovskeé elektrarny
vykazoval hodnoty zhruba dvojndsobné (0,27 % S).
V souladu s vyvojem zneli§téni ovzdusi poklesl poz-
déji na primérnou hodnotu 0,14 % S. Dynamika kon-
centraci SO, na stanici Hony pokles imisni zatéZe v okoli
VP 99 v poslednich letech potvrzuje (obr. 11).

DISKUSE

Pii hodnoceni ziskanych poznatka se v prvni fadé
nabizi porovndni vysledku dfivéjSich Setfeni s vysledky
soucasnymi. Prvni idaje o vyvoji viech provenienci bu-
ku lesniho na sedmi ploch4ch publikovali Hynek,
Sindelaf (1990) a na plode osmé (VP 99) Balcar
(1991). Z komparace viech vysadeb v jedlobukovém
LVS ve véku 7 let (VP 91, VP 92, VP 93, VP 99 viz
Balcar, 1991) byla podobnost pofadi provenienci
podle vySek ziejma4, ale statisticky neprukazna. Pfi dal-
§im hodnoceni rozdilné vitality bukovych provenienci
ve véku 11-12 let na tfech plochach v jedlobukovém
vegetaénim stupni byla jiZ shoda poradi statisticky pro-
kédzana (VP 91,93 a99; Balcar, 1996). Shoda pofadi
provenienci ve stejnych LVS je nejvice patrna ve vy-
sledcich sou&asnych. Vysvétleni uvedeného trendu
spatfujeme ve sldbnuti faktort stresujicich lesni kultury
kréatce po vysadbé (mikroklimatické extrémy, bufefi, hlo-
davci...) a tim zvyrazfiovani geneticky kédovanych di-
ferenci ve vitalité jednotlivych provenienci v prib&hu
trvani pokusu. Rozdily ve vitalité (zde reprezentované
vySkovym ristem) jsou ziejmé ovlivnény stanovistnimi
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podminkami, a proto je rozdil mezi pofadim vitality
v dubobukovém LVS a jedlobukovém LVS. Imisni z4-
t&Z v rozsahu naSeho pokusu se na vitalit& testovanych
stromku neprojevila.

Shodu pofadi provenienci podle vy§kového ristu na
vyzkumnych plochach v ramci stejné lesni oblasti
(a LVS) uvadi Hynek rovnéZ u dalSich pokusnych vy-
sadeb buku z roku 1984 (Hynek, 1996). I v tomto
pfipadé byla shoda pofadi statisticky prokizéna aZ ve
véku vysadeb 11 let, vysledky Setfeni ve v&ku 7 let
pritkazné nebyly.

Z porovnani nasich vysledku s udaji o vy§kovém rustu
bukovych vysadeb na jinych vyzkumnych plochéach
v ramci Ceské a Slovenské republiky je zfejmé, %e vy-
sadby na vSech &tyfech uvedenych plochéch rostly po-
mérné dobfe. Ve shodném véku byly v priméru vy3si
neZ pokusné kultury sledované v okoli Brna (Pefina,
1978), na Pelhfimovsku (Sindel4¥, 1985b) nebo
u Trutnova (Balcar, 1986, 1990) a podstatné vy33i neZ
vysadby testované v hordch Jurasek, 1997). Vzhle-
dem k odli¥nému piivodu vétSiny testovaného materidlu
viak neni podrobnéjsi analyza vysledki smysluplna. Rov-
néZ z hlediska mortality 1ze oznalit vysadby za ispés-
né, i kdyZ primérny thyn (24 %) ponékud presahoval
ztrity vykazované pii nékterych jinych vysadbovych
pokusech (Tesaf, 1980; Cervenka, Paule, 1982;
Balcar, 1986, 1990). Dalsi publikované prace naopak
uvadéji mortalitu bukovych vysadeb vyssi (Richtar,
1971; Balcar, Podrazsky, 1994, 1995; Pod-
razsky, 1997).

Vysledky listovych analyz zjiStujicich obsahy hlav-
nich Zivin (N, P, K, Ca, Mg) indikuji nékteré potenciil-
ni problémy ve vyZivé testovanych kultur. Podle pouZi-
tych kritérii (Bergmann, 1988) vysadby na vSech
plochéch trpi chronickym nedostatkem drasliku, v prv-
nim terminu $etfeni (1993) byl zaznamenén deficit du-
siku, ve druhém deficit hoféiku. Uvedené hodnoceni
deficitu Zivin je v souladu i s vysledky publikovanymi
Bublincem (1983). Mirn&jsi kritéria deficitu K a Mg
uvadéji Hofmann, Krauss (1988 - K < 0,56 %,
Mg < 0,09 %). Podle nich by podkritickd mnoZstvi Zi-
vin vykazovaly ddaje z odb&r prvniho terminu (1993),
v terminu druhém by nedostatek K signalizovaly vzor-
ky pouze na VP 93. Hromadny vyskyt symptomi od-
povidajicich danym poruchdm ve vyZivé viak zjiSt€n
nebyl a nebyla ani pozorovéna (vyraznéjsi) redukce ristu.

Obsahy siry ve vzorcich listd svédéi o imisni zatéZi
vech vyzkumnych ploch. Na VP 82, 83 a 93 se hod-
noty tohoto prvku pohybovaly v rozmezi 0,11-0,17 % S,
coZ je podstatné vice neZ jeho pfirozeny obsah v oblas-
tech primyslem neovlivnénych (0,083 % S, Maifikov-
skd, 1983). Na VP 99 byly v prvnim terminu hodnoty
podstatné vys¥i (rozpéti 0,24-0,31 % S), a dosahl tak
nadbytku oznaCovaného jako kriticky (Mafikovska,
1997). Piesto byl ponékud niZsi nez vysledky prvnich
analyz provadénych na VP 99 v roce 1987 (prumér
0,289 % S), kdy byly vzorky odebirdny u vSech testo-
vanych provenienci (Balcar, 1991). Ze Setfeni 1987
bylo zfejmé, Ze rozdily mezi obsahem siry mezi jednot-
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XVII. Primémé tloustky kmene ve vy&etni vySce u testovanych vysadeb na vyzkumnych plochich — Average plantation diameters at breast
height of tested plantations on experimental plots

VP 82
VSechny stromky na VP! NejvysSich 20 % stromkii®
Provenience &3| n%(ks) | d96°(cm) | sx (%) skup. | Provenience &3| n'(ks) | 496° (cm) | sx (%) skup.
6 147 3,8 60 | 6 40 6,5 0,25 |
29 188 44 54 1 11 40 6,7 0,21 1
9 168 4,5 54 1 28 40 6,8 0,23 1
1 168 4,6 55 il 29 40 6,9 0,19 I
28 190 4,6 46 ] 1 40 7,0 0,29 1
21 170 4,7 51 i 9 40 7,1 0,25 I
13 179 4,7 53 [l 3 40 12 0,18 11
16 179 4.8 48 1 16 40 73 0,21 I
11 180 48 45 [l 13 40 74 0,23 I
3 172 4,8 46 1 17 40 75 0,18 1
8 177 52 51 1] 21 40 7,6 0,18 ]
17 166 56 39 1 34 40 7.8 0,23 1
34 170 5,7 44 | 8 40 8,1 0,19 |
VP 83
13 153 53 38 | 16 40 6,6 21 |
16 161 53 33 | 13 40 6,8 19 I
3 147 54 39 | 9 40 6,8 22 |
9 133 54 37 | 6 40 7,0 24 |
1 162 55 35 | 1 40 7,1 23 |
11 162 56 37 | 17 40 7,1 22 |
6 145 56 37 | 11 40 73 22 |
28 136 56 38 | 3 40 13 23 1
8 167 59 38 | 28 40 7,5 22 |
34 139 59 40 | 8 40 7,6 22 I
17 117 59 30 | 21 40 78 19 |
21 150 6,0 38 | 34 39 8,0 18 |
29 155 6,0 40 | 29 40 8,1 26 |
VP 93
28 99 34 69 | 28 30 5,6 39 |
16 111 3,6 58 I 6 30 58 38 1
21 99 38 56 1 9 30 58 22 1
17 105 38 63 I 16 30 6,0 26 11
9 87 39 52 1 8 30 6,1 24 1l
6 70 4,0 61 1l 21 30 6,1 23 1l
29 108 4,1 49 1 29 30 6,3 20 I
8 82 4,2 53 1 17 30 6,4 28 1
13 102 43 55 1 3 30 6,5 21 11
3 98 44 50 1 13 30 6,7 23 I
11 109 4,8 50 | 11 30 7,5 21 |
VP 99
34 80 4,0 33 | 34 30 4,7 24 |
6 152 4,1 41 | 1 40 53 24 I
1 95 42 37 | 21 40 55 21 1
16 145 43 34 | 17 40 5.6 20 I
9 143 43 31 | 3 40 59 21 1
17 126 44 33 | 9 40 57 16 1
21 131 44 31 I 6 39 57 22 il
29 161 4,5 34 | 16 40 58 25 I
13 145 4,6 34 | 29 40 58 22 11
3 152 4.6 30 | 13 40 58 23 1
11 171 4,7 35 | 8 40 6,0 15 I
8 158 4,7 31 | 11 40 6,1 20 |
Note and for 1-4 see Table IX, Sdiameter at breast height of trees in the autumn 1996
13
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XVIIL Primémé tloudtky kmene ve vy&etni vySce u bukovych vysadeb domécich (CZ) a cizich (Int.) na jednotlivych vyzkumnych plochich —
Average diameters at breast height of beech plantations of Czech (CZ) and introduced (Int.) origin on experimental plots

V3echny stromky na VP! NejvysSich 20 % stromku?

Oblast-VP? nt(ks) | d96°(cm) | sx (%) skup. Oblast-VP3 n*(ks) | d96° (cm) | sx (%) skup.
Int.-VP 93 411 3,8 59 | Int.-VP 99 190 54 23 I
CZ-VP 93 659 42 54 I CZ-VP 99 279 58 20 1]
Int.-VP 99 593 43 34 I Int.-VP 93 120 6,1 28 1l
CZ-VP 99 1 066 45 34 1] CZ-VP 93 210 6,3 26 |
CZ-VP 82 1202 47 51 I CZ-VP 83 280 7,1 22 |
Int.-VP 82 1052 49 49 I CZ-VP 82 280 72 22 1]
CZ-VP 83 1068 55 37 | Int.-VP 82 240 73 22 1]
Int.-VP 83 859 5,8 37 I Int.-VP 83 239 7,6 22 [

Poznidmka — Note:

sx — smérodatné odchylka — standard deviation, skup. — skupina homogenity, mezi testovangmi parametry (496) oznacenymi &érkou v zékrytu

nad sebou nebyl statisticky prikazny rozdil — homog

groups desig

d by vertical bar (the same vertical position = the same group)

Lanl trees, 2highest trees (20% from all planted trees), 3origin (Czech or Introduced) and experimental plot No., *number of trees, Sdiameter

at breast height of trees in the autumn 1996

025
S%

11. Obsah celkové siry (S) v listech jefdbu
pta¢iho na VP 99 (% S) a prumérné koncentrace
oxidu sifi¢itého (SO;) v dubnu aZ srpnu na

TN A

stanici Hony (pug SOz.m's) — S-content in rowan
leaves on experimental plot No. 99 and SO,-con-
centration measured by the station Hony in that
region in the period from April to August

(ug SO,.m™)

0,10 W

f

livymi proveniencemi i mezi oblastmi pivodu (HS a K)
jsou nevyznamné. Proto byly pozdé&ji analyzovany
vzorky listd pouze u &tyf provenienci. I pies vysoky
obsah siry v listech byly symptomy akutniho poskozeni
buki na VP 99 zaznamendny pouze na malém podtu
jedinci (Balcar, 1996).

ZAVER

V danych ristovych podminkich (dubobukovy a jed-
lobukovy LVS) byla vitalita viech testovanych prove-
nienci pro lesnické ucely vyhovujici. V priméru uhy-
nulo méné jedinci na plochich v dubobukovém LVS
(19 %), vice v LVS jedlobukovém (29 %). V celkovém
pruméru niZ§i ztraty (17-19 %) vykazovaly provenien-
ce ze Zvolena, Frydlantu v Cechach a Jihlavy, vyssi
ztraty (29-34 %) provenience z Vihorlatu a VlaSimi.
Rozdily v mortalité mezi oblastmi piivodu (provenience
hercynsko-sudetské a karpatské) zjistény nebyly.

Vyskovy rust bukovych vysadeb byl rychlejsi v dubo-
bukovém LVS neZ v LVS jedlobukovém (v priaméru
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0 40 %). Podobnost pofadi provenienci podle vySkové-
ho ristu mezi vyzkumnymi plochami v prvnim &tyile-
tém obdobi hodnoceni prokédzéna nebyla (pravdépodob-
né v dusledku prekryti ekologickymi stresy po
vysadb&). Pfi pozd&jiim Setfeni osm let po vysadbé jiZ
byla zfejma a na plochach v jedlobukovém vegetaénim
stupni statisticky priikazna. Na konci 13letého obdobi
sledovani byla podobnost pofadi provenienci podle vys-
kového rustu jiZ prokazana u obou dvojic ploch ve stej-
nych lesnich vegetacnich stupnich.

V dubobukovém LVS nebyl vyrazny rozdil mezi od-
rustanim provenienci HS a K. (Rychleji rostly provenien-
ce z Vihorlatu a Javorniku, pomaleji provenience z Vla-
$imi, Hanu¥ovic a Szuhy.) Ve stupni jedlobukovém
rostly provenience HS lépe neZ provenience K. (Nej-
rychleji rostly provenience z Frydlantu v Cechach,
Brumova a Nového Mésta na Moravé, nejpomaleji pro-
venience z Vihorlatu, Szuhy, Jihlavy a Trenc¢ina.) .

Relace mezi mortalitou a ristem nemé jednoznalny
charakter. Na VP 82, 83 a 99 je tento vztah zdporny —
rychle rostouci provenience maji niZ§i mortalitu neZ pro-
venience rostouci pomaleji, na VP 93 je trend opalny.
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XIX. Vysledky listovych analyz vybranych provenienci buku lesniho (provenience 11, 13, 17, 29) — Leaf-analyses results of selected beech
plantations (provenances No. 11, 13, 17, 29)

VP! Provenience? | Odbér® S (%) N (%) P (%) K (%) Ca (%) Mg (%)
VP 82 11 1993 0,13 1,26 0,17 0,33 0,77 0,27
VP 82 13 1993 0,15 1,21 0,27 0,34 0,73 0,21
VP 82 17 1993 0,17 1,16 0,24 0,21 0,60 0,25
VP 82 29 1993 0,16 1,08 0,25 0,25 0,84 0,33
VP 82 pramér* 1993 0,15 1,18 0,23 0,28 0,74 0,27
VP 83 11 1993 0,12 1,44 0,14 0,20 0,79 0,27
VP 83 13 1993 0,14 1,40 0,16 0,28 0,84 0,22
VP 83 17 1993 0,14 1,40 0,22 0,30 0,92 0,15
VP 83 29 1993 0,16 1,20 0,22 0,36 0,32 0,11
VP 83 primé&r* 1993 0,14 1,36 0,18 0,29 0,72 0,19
VP 93 11 1993 0,11 1,53 031 0,30 0,40 0,11
VP 93 13 1993 0,15 1,26 0,26 0,28 0,50 0,18
VP 93 17 1993 0,11 1,44 0,23 0,30 0,78 0,18
VP 93 29 1993 0,17 1,06 0,19 0,31 0,76 0,19
VP 93 prumér* 1993 0,14 1,32 0,25 0,29 0,61 0,16
VP 99 11 1993 0,27 1,40 0,22 0,37 0,61 0,42
VP 99 13 1993 0,31 1,48 0,29 0,39 0,43 0,24
VP 99 17 1993 0,24 1,62 0,31 0,41 0,44 0,21
VP 99 29 1993 0,28 1,68 0,29 0,35 0,46 0,27
VP 99 primér* 1993 0,27 1,55 0,28 0,38 0,49 0,28
VP 82 11 1997 0,13 2,17 0,29 0,69 0,80 0,17
VP 82 13 1997 0,12 2,40 0,22 0,69 0,82 0,14
VP 82 17 1997 0,14 2,25 0,22 0,68 0,67 0,12
VP 82 29 1997 0,13 2,15 0,26 0,62 0,80 0,11
VP 82 primér* 1997 0,13 2,24 0,25 0,67 0,77 0,13
VP 83 11 1997 0,13 2,53 0,58 0,70 0,62 0,20
VP 83 13 1997 0,16 2,57 0,26 0,61 0,60 0,18
VP 83 17 1997 0,14 2,53 0,24 0,83 0,57 0,20
VP 83 29 1997 0,14 2,66 0,61 0,73 0,59 0,21
VP 83 priamért 1997 0,14 2,57 0,42 0,72 0,60 0,20
VP 93 1 1997 0,16 2,22 035 0,60 0,47 0,08
VP 93 13 1997 0,14 2,05 0,47 0,44 0,54 0,08
VP 93 17 1997 0,12 2,21 0,28 0,50 0,57 0,09
VP 93 29 1997 0,13 2,35 0,26 0,50 0,47 0,09
VP 93 primér? 1997 0,14 2,21 0,34 0,51 0,51 0,08
VP 99 11 1997 0,12 2,33 0,27 0,87 0,49 0,10
VP 99 13 1997 0,15 2,14 0,17 0,94 0,51 0,09
VP 99 17 1997 0,14 2,14 0,25 0,77 0,50 0,08
VP 99 29 1997 0,17 2,26 0,29 0,94 0,52 0,07
VP 99 prim&r? 1997 0,14 2,22 0,25 0,88 0,51 0,09

Pozndmka — Note:

Tuéné vytiiténé hodnoty zna&i nadbytek siry v disledku vysoké imisni zat&Ze (S > 0,20 %; Maifikovska, 1997) nebo nedostatek vybranych
Fivin (N < 1,90 %; P < 0,15 %; K < 1,00 %; Ca < 0,30 %; Mg < 0,15 %; Bergmann, 1988) - Bold types — sulphur excess (S > 0.20%;
Maifikovskd, 1997) or nutrient deficiency (N < 1.90%; P < 0.15%; K < 1.00%; Ca < 0.30%; Mg < 0.15%; Bergmann, 1988)

3, 1 4
PHNE

'experimemal plot No., 2,,. No., average

Rozdily v imisni zatéZi se na zdravotnim stavu a vys-
kovém rustu bukovych vysadeb neprojevily.

Diference mezi tlou$tkami kment ve vycetni vySce
ve véku 16 let byly méné vyrazné (pfi vyjadieni v pro-
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centech zhruba poloviéni) a méné€ Casto prukazné neZ
rozdily mezi vy¥kami. Jejich trend vSak byl shodny,
a proto lze konstatovat, Ze zavéry vyplyvajici z ddaji
o vySkovém rustu vysledky méfeni tloust€k potvrzuji.
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Relativné silna imisni zatéZ prokazan4 na jedné z vy-
zkumnych ploch vyvoj testovanych vysadeb vyrazné ne-
ovlivnila. Z vysledku listovych analyz vyplyvaji deficity
nékterych zdkladnich Zivin (K, N, Mg) na viech vy-
zkumnych plochéch. Ani tento faktor v3ak nebyl na
vyvoji vyzkumnych vysadeb patrny.

Z vysledku hodnoceni 13letého vyvoje bukovych vy-
sadeb na &tyfech vyzkumnych plochach vyplyvad opod-
statnénost diferenciace mezi proveniencemi pfi vybéru
sadebniho materidlu (semenafska kategorizace). Dovoz
bukového osiva ze zahrani¢i se z produk&niho hlediska
jevi jako malo ucelny (v naSem piipad€ 3. LVS), pii-
padné i jako nevhodny (v nafem pfipadé 5. LVS).
Vzhledem k pomérné kratkému Easovému tseku uvede-
nych vyzkumnych Setfeni (13 let) ve srovnéni s dlou-
hou produkéni dobou bukovych porostii Ize dosavadni
poznatky povaZovat za predb&Zné.
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DEVELOPMENT OF EUROPEAN BEECH (FAGUS SYLVATICA L.) PLANTATIONS

V. Balcar!, V. Hynek?

lFore.\'x‘ry and Game Management Research Institute, Research Station, Na Olivé 550, 517 73 Opoéno
2Fare.stry and Game Management Research Institute, 156 04 Jilovisté-Strnady

European beech (Fagus sylvatica L.) is regarded as
one of the most important broad-leaved tree species in
Czech forests. It is recommended for planting at alti-
tudes from 350 to 1050 m a.s.l. Present beech area is
5.4% of the total Czech forests. For good European
beech properties, ecological stability of forests and wood
quality, its part is supposed to be enlarged up to 11%.
To get exact information on properties of European beech
of various provenance, eight experimental plots were
established in 1984.

This article is aimed to assess 13-year development of
beech plantations on four of those experimental plots.
Two plots have been located in fir-beech vegetation
zone and the other two plots in oak-beech vegetation
zone (Table I). For assessment, 13 plantations of vari-
ous provenance growing at least on three of experimen-
tal plots were chosen (Table II). Six of them originated
from the Hercynian-Sudetic region, seven from the Car-
pathian one.

In the spring 1984, three years old transplants of
European beech were planted out on parcels of area 10 x
10 m (Figs. 1-4). The spacing of trees was 2 x 1 m
(50 trees per one parcel), replications number was 4 (or
3, plot No. 93). From 1984 to 1996 height of the trees
was measured in 3-year up to 5-year intervals, and health
condition (mortality) was observed. Diameter at breast
height (d.b.h.) was measured in autumn 1996 (or spring
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1997). The results were tested by analysis of variance
and Scheffe test with confidence level of 95%. The
homogeneous subsets were indicated by vertical bars
(on the right of the tables). Besides average data of all
tested trees — height, height increment, and diameter —
beech plantations were characterized by averages of the
highest trees (10 trees per 1 parcel, i.e. 20% of plantation).

Supplementary information on air pollution stress and
plantations nourishment was obtained by leaf analyses.
Beech leaves of four chosen plantations (provenance
Nos. 11, 13, 17, 29) were sampled in September 1993
and 1997. Samplings of rowan (Sorbus aucuparia L.)
leaves for investigation of air pollution stress by SO,
were taken on experimental plot No. 99 (situated near
a power plant) every year from 1987 to 1996. Results
of leaf analyses were compared with criteria published
by Bergmann (1988) for nourishment and Maii-
kovska (1997) for pollution stress investigation.

In accordance with the results, all plantations vitality
was sufficient for silvicultural purposes in the four tested
areas. Average plantation mortality was lower on ex-
perimental plots located in oak-beech vegetation zone
(19%, details in Table III) than on plots in fir-beech
zone (29%). The 13-year losses were the lowest in
tested plantations originating from Frydlant v Cechach
and Zvolen (mortality 17-20%, provenance Nos. 11,
29, and 28), the highest losses were observed in plan-
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tations from Vihorlat and Vla$im (mortality 29-34%
provenance Nos. 17, 34, and 6). Difference between
average plantation mortality from Hercynian-Sudetic
region (23%) and Carpathian region (24%) was negli-
gible.

Tested beech plantations in oak-beech vegetation
zone have grown more quickly (in average by 40%)
than in fir-beech zone (Tables V-XII). Rank of planta-
tions of various provenance (according to their average
height) on all experimental plots was tested by Spear-
man Rank Correlation. No significant correlation be-
tween any plots was found in calculation of 7 years old
tested trees (4 years after experimental plots estab-
lishment). When the average heights of 11 year-old
trees were tested, significant correlation was proved be-
tween experimental plots located in fir-beech vegeta-
tion zone (Table XII). In calculation with 16 year-old
trees, significant correlation was proved between ex-
perimental plots located in both vegetation zones. No
correlation was found between plots located in different
vegetation zones.

In oak-beech vegetation zone, the biggest growth at
the age of 16 years was observed in plantations origi-
nating from Vihorlat (provenance Nos. 17 and 34) and
from Javornik (No. 8). Slow-growing plantations were
from VlaSim (No. 6), Hanu¥ovice (No. 9), and Szuha
(No. 21). Plantations originating from Hercynian-Sudetic
region showed rather lower growth than those from Car-
pathian region (difference = 14 cm). In fir-beech vege-
tation zone, the biggest growth at the age of 16 years

was observed in plantations originating from Frydlant
v Cechich (provenance No. 11), Brumov (No. 3), and
Nové Mésto na Moravé (No. 13). Slow-growing plan-
tations were from Vihorlat (Nos. 34 and 17), Szuha
(No. 21), Jihlava (No. 16), and Tren&in (No. 1). In
fir-beech vegetation zone, plantations originating from
Hercynian-Sudetic region showed rather higher growth
than those from Carpathian region (difference = 19 cm).
Because of native provenances (Czech and Moravian)
good performance, import of beech planting stock does
not look profitable (Table XVIII).

The relationship between mortality and height growth
was not univocal. Negative relation — fast-growing
plantations showing low mortality has been found on
experimental plots Nos. 82, 83, and 99, opposite rela-
tionship on plot No. 93.

Differences between diameters at breast height of
tested beech plantations (age 16 years) were not so
marked as those between heights, but their trends are
nearly the same (Tables XIII-XVII).

Air pollution stress, proved by leaf analyses on ex-
perimental plot No. 99 (Table XIX), did not markedly
influence development of tested plantations. Marked
S-content decrease in leaf samples on experimental plot
No. 99 in 1997 (in comparison with samples 1993) was
caused by air pollution reduction following technology
changes in the near heat power station. In accordance
with leaf analyses results, the deficit of some base nu-
trients is obvious (K, N, Mg). Neither did this factor
influence the development of tested beech plantations.
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ABSTRACT: Using the modified Porter’s method, the development is evaluated of the competitive advantage of forest and
wood-processing industry products on the world and European market with these commodities in the period 1992-1996. The
proportion of the Czech Republic increased by 34 and 26% in the world and European export of the commodities, respectively.

competitiveness; competitive advantage; competitive force; protective measures; economic policy; forests-wood complex;

profitability

ABSTRAKT: Aplikaci modifikované Porterovy metody se hodnoti vyvoj konkurenceschopnosti lesnickych a dfevaiskych
vyrobki na svétovém a evropském trhu s témito vyrobky v obdobi 1992-1996. Podil Ceské republiky na svétovém exportu
se v tomto obdobi zvysil 0 34 % a na evropském exportu t&chto komodit 0 26 %.

konkurenceschopnost; konkuren¢ni vyhoda; konkurencni sila; protekcionistickd opatfeni; hospodafska politika; komplex lesy ~

dfevo; rentabilita

INTRODUCTION

In 1998, the Czech Republic had the lowest deficit
in foreign trade balance since 1995, however, not due
to increased exports but lower imports.

Not even have comparative advantages of Czech ex-
porters, i.e. particularly cheap labour, decreasing pro-
duction costs and thus improving the position in the
competitive environment of foreign markets, managed
to achieve a more favourable position on foreign mar-
kets. There is a lack of competitiveness in the majority
of Czech products, particularly necessary technical pa-
rameters, design and, last but not least, business effi-
ciency of sellers.

According to Porter (1990), the aim of increasing
the competitiveness at an international scale is to keep
and systematically increase the living standard of the
population. To achieve the objective it is necessary to
increase the level of productivity using available pro-
duction factors. It is evident that productivity, i.e. out-
put per unit of input, is the most important determining
factor of the standard of living of the population. In-

The paper was prepared with the fi
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creasing the productivity can be achieved by increasing
the effectiveness of capital or work. The main problem
is, however, to find why some production sectors are
more successful at an international level as compared
with other sectors. According to Porter (1990), it
concerns the living standard in a broader sense includ-
ing not only incomes of inhabitants but also public serv-
ices provided by state institutions. The living standard
is then the result of the corresponding rate of produc-
tivity which is usually expressed by a not very pregnant
term ,,national productivity*.

International competition which forces manufacturers
to use their comparative advantages (one of the main
reasons of specialization), i.e. an important tool in the
optimization of using resources, is an important precon-
dition for increasing productivity. Within international
transactions, branches characterized by great competi-
tiveness give rise to the increase of prices of production
factors. It naturally manifests itself favourably in the
rate of effectiveness of their use. Increase in the export
of products of industrial branches able to compete causes
an increase in productivity and thus growth in the stan-

ial support of the Czech Republic Grant Agency within project No. 402/98/0538.
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dard of living. Industrial branches which are not able to
compete are then eliminated from the competition by
means of imports. Protective measures such as financial
support, tax relief or restriction of economic competi-
tion make the process impossible and, from the long-
term point of view, result in slowing down the eco-
nomic development. However, we have also to take into
consideration that international trade can affect produc-
tivity negatively. It happens in cases when domestic
relative advantages of a branch cannot assert themselves
in an international competition due to too keen foreign
competition.

PORTER’S METHOD FOR THE DETERMINATION
OF BRANCH COMPETITIVENESS

The principle of Porter’s method consists in the
analysis of foreign trade results. The data are analyzed
according to the following rules:

— groups of products the proportion of which in the
export is greater than the average proportion of coun-
tries under study are considered to be competitive;

— groups of products exhibiting the negative amount of
balance in foreign trade are assessed as incapable of
competition;

— the formation of product groups takes into account
final consumption whereas vertical, horizontal and
diagonal relationships between particular products are
quantifiable.

The following properties rank among the major ad-
vantages of Porter’s method:

— the method forms horizontal and vertical linkages
between groups of products;

— the method enables to compare between the groups
of products of other branches;

— from the viewpoint of state economic policy, results
of the use of the method are relevant.

Application of the method extends, therefore, possi-
bilities of the analysis of foreign trade effectiveness and
its results are also utilizable in decision making (Bel-
lak, Weiss, 1993). It makes possible to study com-
petitive advantages of particular countries in relation to
the structure of branches of national economy and to
carry out decisions aimed at increasing the export suc-
cess. For example, Weiss (1992) gives results of the
competitiveness study of Austrian exports. The study
includes 51% of the export of competitive goods which
are classified into four groups: mechanical engineering,
forest products, transport and textile. The highest com-
petitive advantages are exhibited by engineering products

1. The share of exports of forest and wood-processing industry products from the Czech Republic in world export of the products in the period

1992-1996 (in % from m’, tUSD™)

Product 1993 1994 1995 1996 Index 96/93 (1993 = 100)
Total forest products 10.44 10.49 /0.50 /0.59 /134
Roundwood 1.61/1.01 2.09/1.10 2.08/1.17 2.71/1.39 168/138
Fuelwood + charcoal 1.45/1.02 2.04/1.43 2.99/1.98 2.98/1.74 205/171
Industrial roundwood 1.62/1.01 2.09/1.10 2.04/1.16 2.70/1.38 167/137
Chips 1.14/0.52 0.72/0.55 0.61/0.42 0.73/0.33 64/63
Wood residues 4.14/3.13 5.29/4.13 6.71/4.27 6.47/3.60 157/115
Sawnwood - coniferous 0.93/0.63 1.30/0.87 1.60/0.88 1.44/1.17 155/186
Sawnwood — non-coniferous 0.19/0.13 0.16/0.06 0.21/0.12 0.14/0.12 74192
Wood-based panels 0.47/0.38 0.84/0.42 0.80/0.35 1.01/0.71 215/187
Veneer sheets 0.08/0.10 0.15/0.23 0.54/0.31 0.33/0.70 413/700
Plywood 0.38/0.42 0.30/0.33 0.15/0.17 0.32/0.40 84/95
Particle boards 0.76/0.51 1.72/0.60 1.62/0.52 1.97/1.40 259/275
Fibreboard 0.32/0.23 0.91/1.34 1.06/1.53 1.07/1.44 334/626
Fibreboard compresed 0.38/0.26 1.06/0.82

Fibreboard — hardboard 1.11/0.69 0.97/0.74

Fibreboard - MDF 1.39/1.22 1.42/1.17

Wood pulp 0.58/0.67 0.64/0.59 0.87/0.63 0.68/0.55 117/82
Recovered paper 0.31/0.46 0.21/0.22 0.26/0.34 0.30/0.29 97/63
Paper + paperboard 0.26/0.25 0.36/0.29 0.36/0.32 0.34/0.32 131/128
Newsprint 0.17/0.15 0.32/0.30 0.30/0.28 0.36/0.49 212/327
Printing + writing paper 0.26/0.27 0.26/0.25 0.28/0.26 0.29/0.27 112/100
Household + sanitary paper 0.48/0.37 0.47/0.35 0.34/0.24 0.23/0.19 48/51
Wrapg + packg paper + board 0.36/0.36 0.51/0.39 0.51/0.47 0.40/0.37 1117103

References: Forest Products, FAO, Rome 1998
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(11.2%) and forest products (9.0%). Of the latter, the
highest competitiveness is shown by: softwood lumber,
agglomerated boards, building timber, wood pulp and
printing and writing paper. The proportion of Austria in
the world export of forest products exceeded 4.4% at
the beginning of the 1990s. It is necessary to say that
the proportion of groups ,transport” and ,textile* was
7.6 and 5.0%, respectively. In the next part of the paper,
we shall discuss results obtained using the modified
Porter’s method in determining the competitiveness of
Czech forest and timber industry products on foreign
markets.

RESULTS OF THE APPLICATION
OF THE MODIFIED PORTER'S METHOD
TO THE FOREIGN MARKET OF THE CZECH
REPUBLIC IN FOREST AND TIMBER INDUSTRY
PRODUCTS

Using the Porter’s method of group analysis, we ana-
lyzed 22 forest and timber industry products in the pe-
riod 1993-1996. Input data were obtained from the FAO
Yearbook of Forest Products (Rome, 1998). Furniture
and other final wooden products were not included into
the analysis because FAO statistics did not take into
account these products.

Results of the evaluation of the proportion of forest
and timber industry products in the world export from
the Czech Republic are given in Table 1. Particularly
the following results can be given for the period under
study:

— Compared to expectation, groups of products show
marked fluctuations in the course of time.

— Shares expressed in technical units (m3, t) are clearly
higher in the majority of product groups with low
added values than shares calculated from data given
in USD. It shows that exports of forest and wood-
processing industry products from the Czech Repub-
lic achieved lower average realization as compared
with foreign competitive exporters.

— In some groups of products, the Czech Republic
achieved an above-average world market share, e.g.
in roundwood, wood waste, softwood lumber and
agglomerated boards, i.e. commodities characterized
by low added values.

— The highest increase in the share of the Czech Republic
in world export occurred in agglomerated boards,
wood-based panels, fuelwood, charcoal and news-
print. The share of exports markedly decreased in
paper for household use and toilet-paper, wood chips,
hardwood lumber and plywood. The total share of
the Czech Republic in the world export of forest and

II. The share of exports of forest and wood-processing industry products from the Czech Republic in European export of the products in the

period 1992-1996 (in % from m’, t.USD™)

Product 1993 1994 1995 1996 Index 96/93 (1993 = 100)
Total forest products /1.01 /1.08 /1.03 /1.27 /126
Roundwood 4.12/4.19 5.28/4.47 5.01/4.08 7.09/5.31 172/127
Fuelwood + charcoal 4.02/2.59 5.14/3.66 7.32/4.81 8.44/4.84 210/187
Industrial roundwood 4.12/4.25 5.29/4.50 4.91/4.06 7.03/5.33 171/125
Chips 7.85/5.34 4.86/5.99 5.08/4.50 5.94/3.90 76/73
Wood residues 5.00/4.47 6.10/5.75 7.99/6.31 7.90/5.60 158/125
Sawnwood — coniferous 2.37/1.65 3.19/2.17 3.96/2.02 3.66/2.91 154/176
Sawnwood — non-coniferous 1.02/0.67 0.78/0.28 0.90/0.53 0.57/0.56 56/84
Wood-based panels 1.42/1.22 2.38/1.22 2.32/0.95 2.88/1.93 203/158
Veneer sheets 0.48/0.29 0.82/0.61 2.48/0.75 1.59/1.57 331/541
Plywood 3.07/2.51 2.10/1.76 1.14/0.86 2.33/2.13 76/85
Particle boards 1.22/0.78 2.81/0.95 2.84/0.81 3.55/2.17 291/278
Fibreboard 0.62/0.42 1.72/1.34 1.95/1.53 1.89/1.44 305/343
Fibreboard compresed 0.72/0.49 2.01/1.52

Fibreboard ~ hardboard 2.19/1.19 1.82/1.17

Fibreboard - MDF 2.53/2.13 2.53/2.04

Wood pulp 1.93/2.30 2.13/1.91 3.18/2.10 2.33/1.95 121/85
Recovered paper 0.68/1.24 0.71/0.50 0.56/0.67 0.63/0.67 93/54
Paper + paperboard 0.45/0.41 0.62/0.47 0.62/0.50 0.60/0.52 133/127
Newsprint 0.45/0.46 0.88/0.90 0.79/0.74 0.94/1.24 209/270
Printing + writing paper 0.34/0.34 0.34/0.33 0.37/0.34 0.39/0.36 115/106
Household + sanitary paper 0.69/0.52 0.49/0.34 0.34/0.27

Wrapg + packg paper + board 0.62/0.56 0.89/0.59 0.92/0.72 0.76/0.57 123/102

Ref. Prad:

Forest P FAO, Rome 1998
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wood-processing industry products increased by 34%

during the period 1993-1996.

Results of the evaluation of the proportion of forest
and forest products commodities from the Czech Re-
public in the European market are given in Table II.
Higher predicative values concerning the export com-
petitiveness of Czech products can be ascribed to results
obtained from European comparisons because Europe
forms a unit showing a relatively high degree of homo-
geneity from the economic point of view. Evaluation of
the shares at a world scale (Table I) is biased by too
large differences in production factors. Data in Table II
show that:

— similarly like in the previous case, the majority of -

product groups shows variations in the course of time.
It is necessary to note that the shares are less impor-
tant than their marked increase occurring in many
cases as late as 1996;

— the shares of the studied groups of products calcula-
ted on the basis of data given in technical units (m3, t)
are, with the exception of some kinds of paper, hig-
her than proportions calculated on the basis of USD
data. It means that at a European scale, exports of
forest and timber industry products from the Czech
Republic achieved lower realization values as com-
pared with foreign exporters. Comparisons of data
from Table I and Table II show that differences con-
cerning the Czech Republic are higher at the Euro-
pean scale than at the world scale;

— particularly a large proportion on the European mar-
ket was achieved by the Czech Republic in round-

wood, fuelwood and waste wood, i.e. unsophistica-

ted commodities from the technological point of

view. The proportion of the Czech Republic in the

European plywood and agglomerated board exports,

i.e. products characterized by higher added values,

can be considered to be adequate;

— rough timber as well as forest product exports sho-
wed evidently increasing trends in the period under
study. The export of veneers, agglomerated boards
and newsprint increased markedly. However, wood
chips and plywood showed decreasing trends. The
total proportion of the Czech Republic in the Euro-
pean exports of forest and forest product commodi-
ties increased by 26% in the period 1993-1996.
Thus, it increased less as compared with its share in
world exports.

Data on the share of the Czech Republic imports of
forest and wood-processing industry products in Europe
in the period 1993-1996 are given in Table III. They
show particularly the following facts:

— in the majority of products, there are marked diffe-
rences in the share of imports in particular years. It
is not necessary to attach any importance to this fact
because it concerns small amounts only and any chan-
ge as compared with the previous or subsequent year
expresses markedly;

— between shares of imports expressed on the basis of
data in technical units (m3, t) and in USD there are
small differences only as compared with the case of
shares of exports. Lower values of share found on
the basis of data in USD indicate that corresponding

I1. The share of imports of forest and wood-processing industry products to the Czech Republic in European import of the products in the

period 1992-1996 (in % from m". t.USD")

Product 1993 1994 1995 1996 Index 96/93 (1993 = 100)
Total forest products /0.53 10.59 10.63 10.86 /162
Roundwood 0.66/0.81 0.53/0.62 0.61/0.66 0.50/0.41 75/51
Industrial roundwood 0.71/0.86 0.55/0.63 0.61/0.67 0.49/0.41 69/48
Sawnwood - coniferous 0.16/0.17 0.76/0.15 0.37/0.11 0.39/0.23 244/135
Sawnwood — non-coniferous 1.69/0.59 2.23/0.53 2.78/0.89 164/151"
Wood-based panels 0.41/0.58 0.81/0.61 0.92/0.69 0.99/1.29 241/222
Veneer sheets 0.87/1.31 0.84/1.23 2.35/1.56 2.32/2.87 267/219
Plywood 0.28/0.34 0.33/0.39 0.44/0.48 0.80/0.61 286/179
Particle boards 0.55/0.64 1.26/0.59 1.11/0.61 0.96/1.39 175/217
Fibreboard 0.44/0.51 0.77/0.39 1.00/1.15 227/225"
Fibreboard compresed 0.07/0.17 0.54/0.56

Fibreboard — hardboard 1.83/0.73 1.93/1.69

Fibreboard — MDF 0.10/0.06 0.60/0.78

Wood pulp 0.80/0.99 0.88/0.89 0.78/0.51 0.88/0.95 110/96
Recovered paper 0.04/0.06 0.04/0.03 0.18/0.15 0.18/0.12 450/200
Paper + paperboard 0.53/0.53 0.61/0.63 0.70/0.78 0.82/0.95 155/179
Newsprint 0.60/0.53 0.54/0.33 0.18/0.19 0.11/0.13 18/25
Printing + writing paper 0.73/0.70 0.89/0.84 1.04/1.05 1.35/1.39 185/199
Wrapg + packg paper + board 0.38/0.52 0.50/0.59 0.66/0.79 0.75/1.01 197/194

References: Forest Products. FAO, Rome 1998
Note: 1994 = 100
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commodities were imported at lower prices than price
standards so that it was evidently the case of lower
quality products or higher commercial ability of our
companies in this field of imports. It is possible to
say that it was the case of sawn timber, plywood and
recycled paper. Higher shares found on the basis of
data given in USD in comparison with data given in
technical units were in particle boards, paper and
cardboard only;

— shares of European imports of particular groups of
products are usually less significant with the excep-
tion of hardwood lumber, veneers and printing and
writing paper;

— the greatest increase in the share of the Czech Re-
public European imports was recorded in sawn timber,
wood-based panels, veneers, plywood, agglomerated
boards and all kinds of paper with the exception of
newsprint. On the other hand, the share of roundwood
and newsprint imports decreased markedly. The total
share of the Czech Republic European imports of
forest and wood-processing industry products incre-
ased by 62% in the period 1993-1996.

EXPORT OF WOOD AND FOREST PRODUCTS FROM
THE CZECH REPUBLIC

Export of rough timber from the Czech Republic
increased by 34% (of which coniferous roundwood by
72%) in the period 1994-1998. In 1998, our exports of
rough timber (excluding firewood and wood chips)
amounted to 2.5 million m3, out of which softwood
lumber amounted to 1.0 million m>. In this year, the
share of exports of sawmill products reached 70% from
the total production of sawmills in the Czech Republic.
Both groups of commodities, i.e. rough wood and sawn
timber, are raw materials and/or intermediate products
characterized by low added values. From the viewpoint
of national economy, such a large volume of export of
unsophisticated products is undesirable. On the other
hand, from the viewpoint of forest and timber-process-
ing companies, export of the products is profitable for
the present because the products usually reach better
realization on foreign markets than in the case of sale
to domestic customers. Thus, there is an evident dis-
crepancy between the national economy and business
effectiveness.

From the viewpoint of state export policy, the wood-
processing industry of the Czech Republic should be
motivated in such a way that its companies will export
products with the high proportion of added value. It is
possible to recommend the following measures:

1. To support technological and product innovations of
wood-processing companies with emphasis on subs-
tantially higher realization of raw materials and thus
resulting increase in the volume of production of
higher added values. The principle should be applied
in industrial policy of the relevant ministry. The ful-
filment of the requirement, which is of course desi-
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rable in all industrial sectors of the Czech economy,
is, however, easier in the case of wood-processing
industry because the main raw material is a domestic
renewable resource, i.e. wood, its harvesting poten-
tial being at present higher than the present volume
of harvested timber. With respect to this fact, the
requirement of the consumers of wood its harvesting
to respond more flexibly to the actual market situation
appears to be substantiated. It is also necessary to say
that the wood-processing industry in this country has
a long-time tradition and at present, a considerable
amount of qualified and at the same time ,.cheap*
workers is available. These evident comparative ad-
vantages could be used both in business activities of
home companies and in obtaining foreign capital.

. To reduce temporarily rough timber exports, particu-

larly roundwood and sawn timber, even if criteria for
our admission into EU require not to limit the circu-
lation of goods. One of the possible measures could
be price regulation of the products on home market,
e.g. a certain analogy of the market regulation fund
serving for the regulation of agricultural products
market. Nevertheless, this measure can be taken as
questionable and applied in the case of unacceptable
market imbalance, in the sense mentioned above.

. In final products of the wood-processing industry,

orientation towards functioning, aesthetics, hygiene
and environmentally-safe properties. An opinion that
market requires all attributes given above to be at the
highest level is somewhat simplified. As a matter of
fact, customers have different incomes thus forming
factual demand, however, differentiated from the
point of view of prices. It is wrong that a decrease
in the level of the attributes results inevitably in mar-
ket decrease and vice versa. The level of market is
primarily determined by the actual situation on mar-
ket, i.e. factual demand and last but not least also the
latest fashion.

. To formulate the conception of export-supporting poli-

cy in the field of the export of forest and wood-
processing industry products based on documents of
governmental conceptions of the export-supporting
policy. The conception should be considered to be
an open continuously updated document according
to the situation on foreign markets. Within the docu-
ment, it is necessary to co-ordinate procedures of
relevant industrial branches, special-interest associa-
tions, federations and business. Close co-operation
has to be ensured in the field of information systems,
representation abroad and preparation and organiza-
tion of business missions. In decision-making con-
cerning territorial priorities, it is necessary to start
from the knowledge of economic situation in parti-
cular countries and from prognoses of their econo-
mic development. It is also important to follow the
latest fashion and promptly respond to the fashion in
business activities. These highly specialized tasks
could be permanently ensured by some workplaces
of departmental research institutes.
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FOREST ENTERPRISES AND WOOD-PROCESSING
INDUSTRIES

Competitiveness of wood and forest products affects
profitability of forest enterprises because effective mar-
ket in rough wood as the main product of forest produce
determines the level of their economic results. The de-
velopment of forestry profitability showed a favourable
trend in the Czech Republic in the period 1996-1998
(Rogenka HN, 1999). While in 1996-1997, profitabil-
ity, i.e. the ratio of economic results to the equity and
to costs, was negative (—0.69 and —0.04%; ~1.53 and
0.13%), in the 1st and 2nd quarters 1998 the profitabil-
ity was positive (0.79 and 0.54%; 11.13 and 6.7%).

In the case of wood-processing industries, close co-
operation with producers of wood (i.e. forest enterprises)
as a basic raw material of the industries appears to be
an important competitive advantage. Capital intercon-
nections of both branches frequent abroad evoke fear
that fulfilment of non-market functions will be endan-
gered due to the application of business principles in
forest management. A less rigid approach to the prob-
lem could increase the level of potential comparative
advantages and so contribute to the improvement of
competitive advantages of both branches under condi-
tions of observing legal rules regulating forest manage-
ment. Imports of rough wood from countries with the
higher level of comparative advantages and thus also
with higher competitiveness of rough timber can create
such a large supply of the commodity that a serious
threat for domestic forest enterprises can arise.

DISCUSSION

Expansion of international markets results in the glo-
balization of competition leading to the decrease in the
importance of national economies. Modernization of tech-
nologies and using competitive advantages appear to be
the favourable result of removing trade barriers and
reducing the protection of home industry with respect
to foreign competition.

Cheap available production factors, market relations,
prepared supplier industry, preconditions for innova-
tions and organization structure of manufacturing con-
cerns can be considered to be basic competitive advan-
tages. Supplementary competitive advantages, such as
business opportunities and governmental support, can
be also classified among the factors. Under the term
business opportunities we understand events which cause
changes in competitive position, e.g. principal changes
in production technologies, disappearance of competi-
tion but also such events as oil shock and wars. The
governmental support consists in the creation of legal
environment for home manufacturers and in the support
of exports but not from the financial point of view.

Competitive advantages based on production factors
are given by cheaper natural resources such as wood,
i.e. domestic renewable raw material available in suffi-
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cient quantities, by the technological level of produc-
tion and by the degree of labour qualification. However,
it is necessary to note that in international competition,
low prices of some production factors result in their
ineffective use. In the Czech Republic, it is particularly
the case of work. On the one hand, low wages are
a comparative advantage of Czech economy in the in-
ternational competition, however, on the other hand the
low wages have negative impacts on production moder-
nization and rationalization being one of the main causes
of over-employment and low level of labour productivity.

Competitive success on foreign markets with wood
products, particularly with final products, is undoub-
tedly related to the level of domestic demand for more
sophisticated products. Requirements of domestic con-
sumers force manufacturers to innovate their products
and to provide services in such a way to compete both
against home and foreign competitors. For example, the
higher the domestic standard of product quality and
service provision in furnishing the flat interior with fur-
niture and wooden products, the higher also the com-
petitiveness of the products on foreign markets. Thus,
domestic demand appears to be an indicator of demand
which can be expected in the case of exports.

Foreign experience (e.g. Borner et al,, 1991) has
shown that keen home competition leads to the perma-
nent optimization of manufacturing technologies and
product innovations. This results in minimization of pro-
duction costs and maximization of receipts in the eco-
nomics of manufacturing concerns. Keen home compe-
tition then forces particular companies to export their
products. It is necessary to say that home competitive
advantages usually have no importance in the domestic
competition because they are used by all competitors.
These advantages are applied on foreign markets only
during confrontation with products which were manu-
factured within another structure of production factors.
Efficient distribution channels are also of great impor-
tance. For example, Italian furniture dominates in the
international competition due to the fact that it has
a well established network of special shops. Commer-
cial success enables to increase series manufacture thus
lowering production costs. This results in decreasing
selling prices. Rationalization of the manufacture and
sale of Italian furniture products appears to be a com-
parative advantage in the international competition. It
is also advantageous if particular products complete one
another. Economic effects are particularly considerable
if the interaction occurs at the time when the product is
introduced on market. In the course of the transforma-
tion of home demand to international demand, consis-
tent technical standards and norms as well as necessary
legal norms and factors from the political and cultural
sphere and, last but not least, similar historical develop-
ment of particular countries play an important role.

Particular branches of national economy enter the
foreign market with a different competitive force. From
the viewpoint of the complex of wood and timber in-
dustry products, it is necessary to differentiate between
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vertical and horizontal entries. In the case of a vertical
entry, it is the relation between a vendor and a buyer.
In the case of a horizontal entry which is more impor-
tant from the viewpoint of national economy it is the
question of co-ordination of particular branches which
are technologically interconnected and successful in in-
ternational competition. Horizontally oriented entry can
be illustrated on the example of groups of manufacturers
which can be aggregated under the term ,,equipment of
interiors*. The grouping which is usually interconnected
by market involves companies manufacturing not only
furniture from various materials, light fittings, home
textile and ceramics and paints but also provides advi-
sory services, maintenance and cleaning. Indispensable
advantage of the horizontal orientation consists in the
geographical concentration of manufacturers. Territo-
rial concentrations of manufacturers successful from the
point of view of exports can be found in many national
economies of developed countries. The degree of com-
petitiveness achieved is also the result of the adoption
of the same values, cultural environment, influence of
public institutions and historical development of the
particular regions.

CONCLUSION

In the countries of Western Europe, adverse balance
of forest enterprises is an ordinary matter. The most
important source of returns of the companies are reve-
nues from wood sales. The volume of market in the raw
material and its favourable realization have, therefore,
great importance for the economics of forest enterprises.
It is, therefore, in their own interest wood-processing
industry to be competitive and thus economically effec-
tive. If the industry achieves favourable economic re-
sults, volumes of its outputs will grow and wood will
find good use on markets. There are, therefore, causal

relationships between the profitability of forest enter-
prises and competitive advantages of forest products.

Positive development of the Czech wood-processing
industry can also favourably affect the economic situation
of forest enterprises in the Czech Republic, particularly
through increased demand for rough timber. From the
viewpoint of national economy, stabilization of the for-
estry/wood-processing industry complex can be an ef-
fective and indispensable support in fulfilling economic
conditions for the admission of our country into EU
particularly when potential synergetic effects are fully
used. Adoption of the common forestry and timber in-
dustry policy of the Czech Republic orientated towards
the economic stabilization of the complex and thus also
increasing its investment value from the viewpoint of
both home and foreign capital is an important tool to
achieve the objectives.
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V roce 1998 sice zaznamenala Cesk4 republika (CR)
nejnizsi deficit obchodni bilance zahrani¢niho obchodu
od roku 1995, av3ak nikoliv zdsluhou zvy$eného expor-
tu, ale niz§iho importu. Dosahnout vyhodnéjsi pozice
na zahrani¢nich trzich nedokézaly zatim ani kompara-
tivni vyhody &eskych vyvozci, tj. zejména levnd pra-
covni sila, ktera sniZuje vyrobni néklady, a tim zlepSuje
umisténi v konkuren¢nim prostfedi na zahrani¢nich trzich.
Znacné Casti Ceskych vyrobki chybi konkurenceschopné
vlastnosti — zejména potfebné technické parametry, de-
sign a v neposledni fadé obchodni zdatnost prodejcu.
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Aplikaci modifikované Porterovy metody (Porter,
1990) bylo v obdobi 1993-1996 hodnoceno 22 lesnic-
kych a dfevaiskych vyrobku.

Vysledky hodnoceni podilu exportu z CR na svéto-
vém exportu (tab. I) jsou nasledujici:

— proti ofekavani vykazuji skupiny vyrobkl v Case zfe-
telné kolisani,

— podily vyjadfované v technickych jednotkach m>, 1)
jsou u v&t¥iny skupin vyrobki s malou pfidanou hod-
notou zfeteln& vys§i neZ podily vypoctené z dajh
uvadénych v USD. Doklada to, Ze export lesnickych
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a dfevarskych vyrobka z CR dosahoval niZiho pri-
mérného zpenéZeni, neZz tomu bylo u zahrani¢nich
konkurenénich vyvozcet,

~ u nékterych skupin vyrobkii dosshla CR nadprimér-
nych podilii na svétovém exportu, napf. u kulatinovych
sortimentl, dfevniho odpadu, jehli¢natého feziva
a aglomerovanych desek, tedy pfevaZné u komodit
s malou pfidanou hodnotou,

- nejvy3i zvy¥eni podilu CR na sv&tovém exportu za-
znamenaly aglomerované desky, panely ze dieva,
palivové dfivi, dfevéné uhli a novinovy papir. Pod-
statné se sni%il podil na exportu v pfipad€ papiru pro
domdécnost a pro hygienické ucely, $t€pek, listnatého
feziva a prekliZek. Celkovy podil CR na sv&tovém
exportu lesnickych a dievarskych vyrobki se v ob-
dobi 1993-1996 zvysil o 34 %.

Z vysledki hodnoceni podili exportu z CR na ev-
ropském exportu (tab. II) vyplyva:

— obdobné& jako v pfedchazejicim pfipadé i zde vyka-
zuje vétSina skupin vyrobki kolisani v Case. Nelze
opominout, Ze v obdobi 1993-1995 jsou podily mé-
né podstatné, k jejich vyrazn&j§imu zvySeni dochazi
v mnoha pfipadech aZ v roce 1996,

— podily sledovanych skupin vyrobki, vypoctené na
‘zéklad& udaji uvadénych v technickych jednotkach
m3, v, jsou s vyjimkou nékterych druhi papira vys-
§i neZ podily vypoctené z idaji v USD. Znameni to,
Ze v evropském méfitku dosahoval export lesnickych
a dievarskych vyrobkd z CR niZ§iho zpen&Zeni, nez
tomu bylo u zahrani¢nich exportér. Z porovnani tda-
ji v tab. II s Gdaji v tab. I vyplyva, Ze v evropském
méfitku jsou tyto rozdily, tykajici se CR, vétsi nez
pfi porovnéni ve svétovém méfitku,

— zvlasté velkych podili na evropském exportu doséh-
la CR u kulatiny, palivového dfivi a dfevniho odpa-
du, tedy u komodit, jejichZ vyroba je technologicky
nendro¢na. Za pfiméfeny lze povazovat podil CR na
evropském exportu pieklizek a aglomerovanych de-
sek, tedy vyrobki s vy§§im zhodnocenim préce a te-
dy s vys§i pfidanou hodnotou,

— export surového diivi i vyrobkil ze dieva mél ve sle-
dovaném obdobi zfeteln& rostouci trend. ZvIasté vy-
razné se zvysil vyvoz dyh, aglomerovanych desek
a novinového papiru. Z vyznamnych komodit zazna-
menaly pokles $tépky a preklizky. Celkovy podil CR
na evropském exportu lesnickych a drevatskych vy-
robku se v obdobi 1993-1996 zvysil o 26 %, vzrostl
tedy méné neZ podil na svétovém exportu.

Z \idaji o podilu CR na evropském importu (tab. III)
Ize uvést:

— u vétSiny skupin vyrobki jsou zfetelné rozdily v po-
dilech dovozu v jednotlivych letech. Neni tfeba to-
mu pfikladat zvla¥tni vyznam, protoZe se jedna jen
o mald mnoZstvi a jakékoliv zmé&na proti pfedchéze-
jicimu nebo nésledujicimu roku se v relativnim vy-
jadfeni vyrazn€ projevi,

— mezi podily importu vyjadfované na zdklad€ udaji
v technickych jednotkéach (m3, t) a v USD nejsou tak
velké rozdily, jako tomu bylo v pfipad& exportu. NiZ§i
hodnoty podili zjiS§ténych na zakladé udaju v USD
napovidaji, Ze pfislu§né komodity byly dovaZeny za
niZ8i ceny, neZ byl cenovy standard; jednalo se ziejmé
o jejich niZ¥i kvalitu, resp. o vy38i obchodni zdat-
nost naSich firem v této oblasti importu. Lze soudit,
Ze tomu tak bylo zejména v piipadé feziva, prekliZzek
a recyklovaného papiru. Vys§i podily, zji§t€né spise
na zékladé ddaji v USD neZ z wdaji uvédénych
v technickych jednotkach, byly pouze u dfevotfisko-
vych desek, papiru a lepenky,

— podily jednotlivych skupin vyrobki na evropském
importu jsou vétSinou nepfili§ vyznamné. Za vyjim-
ku lze povaZovat pouze listnaté fezivo, dyhy, tiskaf-
sky a psaci papir,

— nejvyrazn&j$i zvy¥eni podilt CR na evropském impor-
tu zaznamenalo fezivo, dfevéné panely, dyhy, pie-
klizky, aglomerované desky a vSechny druhy papiru
(s vyjimkou novinového). Naproti tomu se zfetelné
snizil podil dovdZené kulatiny a novinového papiru.
Celkovy podil CR na evropském importu lesnickych
a dfevafskych vyrobki se ve sledovaném obdobi, tj.
v letech 1993-1996, zvysil o 62 %.

Pozitivni vyvoj &eského dfevarského prumysiu by
pfiznivé ovlivnil i ekonomickou situaci lesnich podni-
ki, zejména zvySenou poptavkou po surovém diivi. Sta-
bilizace komplexu lesni hospodéfstvi — dfevozpracujici
primysl miZe byt (z hlediska narodohospodafské efek-
tivnosti) nezanedbatelnou podporou pfi plnéni ekono-
mickych pfedpokladii pro plné zaglen&ni CR do Evropské
unie zejména v pfipad€, Ze bude plné vyuZito potencial-
nich synergickych efekti. DuleZitym néstrojem k dosa-
Zeni téchto cilu je pfijeti spoledné lesnické a dievaiské
politiky CR, smé&fujici k ekonomické stabilizaci tohoto
komplexu, a tim ke zvySeni jeho investi¢ni bonity
z hlediska domdciho i zahrani€niho kapitalu.
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MINOVACI RODU ERIOCRANIA ZELLER - SKUDCI BRIZY
S GRADACNIM POTENCIALEM

MINERS OF THE GENUS ERIOCRANIA ZELLER - PESTS
ON BIRCH-TREES WITH GRADATION POTENTIAL

E. Kula

Mendelova zemédélskd a lesnickd univerzita, Lesnickd a dFevarskd fakulta, Lesnickd 37,
613 00 Brno

ABSTRACT: Phenology of occurrence, species spectrum, population dynamics, rate of development and food requirements
of miners of the Eriocrania genus were studied in birch stands in the eastern part of the Kru$né hory Mts. and in the area of
DéCinskd piskovcové vrchovina (D&¢in Sandstone Highlands). Local mass outbreaks in the areas at a height of 500-700 m
above sea level confirmed their gradation potential and an increased level of threat to birch stands in a vernal aspect. Ten
wintering larvae per m? of Eriocrania sp. miners appear to be a critical number.

Eriocrania sp.; Betula alba Ehrh.; Kru$né hory Mts.; phenology; food consumption
ABSTRAKT: Fenologie vyskytu, druhové spektrum, popula¢ni dynamika, rychlost vyvoje a potravni nidroky minovacu rodu

Eriocrania byly sledoviny v porostech bfizy vychodniho KruSnohoti a D&inské piskovcové vrchoviny. Lokélni pfemnoZeni
minovatil v oblastech s nadmoiskou vy¥kou 500-700 m potvrdilo jejich grada¢ni potenciél a zvy$enou miru ohroZeni porostil

bfizy v jarnim aspektu. Kriticky je pocet 10 zimujicich housenek na m? minova& Eriocrania sp.

Eriocrania sp.; Betula alba Ehrh.; Kru$né hory; fenologie; spotfeba potravy

UvVOD

Fytofagni hmyzi $kudci aktivujici a pusobici $kody
v osmdesatych a devadesatych letech v porostech biizy
v oblasti vychodniho Kru3nohofi se pfevazné fadili k dfi-
ve méné zndmym (bazlivec vrbovy — Lochmaea capreae
L., pouzdrovniCek stromovy — Coleophora serratella
L., svétlokfidlec obecny — Cabera pusaria L.).

Hlavni Zivnou dfevinou zastupcti Celedi Eriocranii-
dae v palearktické oblasti je bfiza Betula L. (Davis,
1978). I kdyZ se zpravidla jedna o $kudce s velmi niz-
kou populaéni hustotou, lokalni pfemnoZeni jsou zndma
ze Skandindvie (Koponen, 1974, 1981). ZvySena po-
pulaéni hustota byla pozorovéana v okoli hutnich imis-
nich zdroji (Kozlov et al., 1995).

Z Finska je uvadéno sedm druhu rodu Eriocrania
(Varis et al,, 1987), z nichZ Sest se vyviji na bfize.
V katalogu motyld Dénska je zaznamendno pé&t druhl

a z moravskoslezského regionu &tyfi druhy (La§tav-
ka, 1993) a v katalogu motyli Cech je uvedeno sedm
druhi (Novak, Liska, 1997). Vechny druhy jsou
univoltinni a imaga se lihnou Casné na jafe, pfiCemZ
Eriocrania sparrmannella Bosc. se objevuje o jeden aZ
dva mésice pozdéji (Kozlov, 1988). Samice kladou
vajicka na pupeny. K lihnuti larev dochézi v koinciden-
ci s raSenim biizy a zavisi na priab&hu polasi v jarnim
obdobi. S vyjimkou druhu Eriocrania haworthi Bradley,
ktery muZe mit aZ Sest housenek v podkopénce (Wood,
1890), ostatni druhy jsou soliterni s jedinou housenkou
v listu. Ve stadiu housenky je moZné odligit pouze $edé
zbarveny druh Eriocrania sangii Wood. Housenky rodu
Eriocrania napadaji Castéji bfizu Betula pubescens
Ehrh., zatimco druh E. haworthi se vyskytoval pfedev§im
na Betula alba (Koricheva, Haukioja, 1992).
Minovéni listd druhy Eriocrania semipurpurella St.
a E. sangii vyvolava ohybéni listové $picky smérem k po-

Préice vychizi z fefeni grantového tikolu Grantové agentury CR &. 526/98/0537, ktery ziskal také finanni podporu Ministerstva zem&d&lstvi
CR, Lest Ceské republiky Hradec Kralové a regionalnich instituci, akciovych spoleZnosti a firem: Obalex, s. r. 0., v Jilovém, Netex, s. r. 0.,
a Alusuisse, s. r. 0., v D&in&, M&stsky a Okresni Gfad v DEEing, Setuza, a. 5., Teplama, a. s., COMPLUS, s. r. o., v Usti nad Labem, CEZ,
a. s., Elektrdrna Polerady a Elektrérna Ledvice, CiZkovick4 cementdrna, a. s., v CiZkovicich, Severoeské doly, a. s., Chomutov, Dieter
Bussmann, s. r. 0., v Usti nad Labem, a je sout4sti vyzkumného zdméru MSMT 434100005.
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lovin& s tvofici se podkop&nkou a napadené listy se li§i
Sitkou a délkou od listi neposkozenych (Koriche-
va, Haukioja, 1992).

Housenka v prib&hu vyvoje spotfebuje listovou plo-
chu o hmotnosti 3 mg suché véhy. Ztrita biomasy v du-
sledku stresu ze Ziru byla tfikrat aZ 20krit vy3$i neZ
spotfeba housenky. To vyvoldva nepfimé ztraty sniZe-
nim aktivni plochy pro fotosyntézu, pfipadné encrgetic-
ké rezervy. Nelze vylouéit, Ze ztrata je do urité miry
kompenzovana jinymi listy (Koricheva, Haukio-
ja, 1992).

Mirné abioticky stresované rostliny se stavaji pfija-
telnéj$i pro herbivory, protoZe se u nich zvySuje nutri¢-
ni hodnota a redukuje se obranna schopnost (White,
1974, 1984; Rhoades, 1979; Mattson, Haack,
1987). Tyto zm&ny v kvalité hostitelské rostliny jsou
rozhodujici pro zvySeni vyskytu a populacni hustoty fy-
tofagniho hmyzu. Existuje mélo tdaji o reakci minovaci
na hostitelskou rostlinu ve stresu, pfedevsim vodnim.
Imise jsou rovnéZ faktorem vyvolévajicim stres v rost-
ling, v.jehoZ dasledku se méni kvalita rostliny, a tim
i potravy pro herbivory. Bfizy rostouci v blizkosti huti
akumuluji v listech t&Zké kovy (Kozlov etal., 1995),
ke kterym hmyz neni tak citlivy (Butovsky, 1993).
Populaéni hustota byla zavisla na hladiné médi a niklu
v listu — negativné v pfipadé soliternich druhd, pozitiv-
né u E. haworthi. Zji$téni dokazuje, Ze populacni dyna-
mika minovadu Eriocrania sp. miZe byt ovlivnéna t&%-
kymi kovy. Nejvétsi housenky byly nalezeny na lokalitach
se stfednim imisnim zatiZenim jako odraz zmény v kva-
lit€ Zivného stromu (Koricheva, 1994).

METODIKA

V piirodnich podminkich se kontrola lihnuti imag
rodu Eriocrania uskute¢nila pidnimi fotoeklektory
o thrnné ploSe 42 m? v letech 1986-1997 vidy od za-
¢atku dubna v Sesti porostech bfizy LS SnéZnik. PouZiti
75% etanolu jako smrticiho a konzerva¢niho média vedlo
ke smyti kresby na kfidlech, a to neumozZnilo determi-
novat imaga do druhu. Preparace genitalii nebyla pro
pracnost uZita pro determinaci.

Celkovy podil na ztraté listové plochy na LS Sné&z-
nik, Litvinov, Janov a Klasterec byl analyzovan metodou
jednotkovych vétvi (0,5-0,7 m dlouhych) odebiranych
ze 156 trvalych vzornikovych stromii (1994-1998). Vy-

hodnoceni stupné napadeni a poskozeni porostii probi-
halo po ukonéeni Ziru. Z kazdého sledovaného porostu
byly odebrany tfi kontrolni vétve, na nichZ byl stanoven
podil napadenych listi a rozsah poSkozeni asimilaéni
plochy v kategorii: 0-10 %, 11-50 %, 50-75 %
a 75-100 %.

Stupeil napadeni, vyvoj a spotieba potravy housenek
Eriocrania sp. byla sledovana v podminkich LS Snéz-
nik. V letech 1997-1998 byly v kvétnu v p&tidennim
intervalu v Sesti porostech bfizy (Celnice, Maringotka,
Jilové, Maly Dub, U lapale, Kristin Hradek) separatné
odebirany listy s jednou nebo dvéma minujicimi hou-
senkami rodu Eriocrania. Housenky byly v listu usmr-
ceny zmaCknutim a soubor 35-40 listd byl uloZen jako
herbafové poloZka. Plocha Ziru byla vyhodnocena v bio-
metrické laboratofi Lesnické a dfevaiské fakulty MZLU
v Brné metodou analyzy obrazu.

Pred ukoncenim vyvoje byly Zivé housenky s listy
sbirdny v porostech LS SnéZnik a ukladdny na vrstvu
raeliny do kvétinacu, byly umistény do pudy v zéstinu
a shora opatfeny krytem, aby byl zamezen vstup para-
zitoidim a preditorum. Lihnuti bylo sledovino od
15. 3. 1997, kdy byl substrét se zimujicimi housenkami
uloZen do fotoeklektori v kolisajici venkovni teploté,
zatimco v nésledujicim roce se lihnuti uskuteénilo v la-
boratornich podminkach pfi teploté 20 °C od 24. 2.

Imaga rodu Eriocrania determinoval doc. RNDr. Z.
La3tivka, CSc., a vychované parazitoidy doc. Ing. M. Ca-
pek, DrSc.

VYSLEDKY

V podminkach studovanych porosti bfizy s nadmoft-
skou vySkou 450-600 m lze z dlouhodobého sledovani
abundance zimujicich housenek v pudé (1986-1997) od-
vodit, Ze se tato skupina minova&l vyvijela na bfize jiZ
na konci osmdesatych let s jarni abundanci 0,5 ks.m™2
(1988) a 0,9 ks.m™2 (1989). V dalSich péti letech byly
zaznamendny pouze ojedinélé nalezy. Slaby Zir se pro-
jevil v r. 1995 pfi zimovani 1,2 ks.m™2. Lokélni silné
Ziry aZ holoZiry nastaly v letech 1996-1997 pfi abundanci
zimujicich housenek 6,1 ks.m™2 a 5,2 ks.m™2 (obr. 1).

Pribéh lihnuti v letech 1996-1997 potvrdil, Ze se
motyli rodu Eriocrania objevuji v zévislosti na po&asi
zpravidla v prvni dekddé dubna s kulminaci ve dnech
20.-26. 4. (obr. 2).

\ 1. Abundance zimujicich housenek rodu
Eriocrania sp. v porostech bfizy (LS Sné&Znik,

s
2 150 \
100 / \

1986-1997, metoda fotoeklektoru, 42 mz) -

1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998
Rok

Abund. of wintering larvae of the genus
Eriocrania in birch stands (SnéZnik Forest Ad-
ministration, 19861997, photoeclectors, 42 m?)
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R 2. Prib&h lihnutf imag rodu Eriocrania sp. v porostech
350 / \ biizy LS SnéZnik (1998, metoda fotoeklektori) — The
300 / emergence of imagoes of the genus Eriocrania in birch
250 stands in the Sn¥Znik Forest Administration district

3 200 / \ (1998, photoeclectors)
py / x
100 / \\
0l B 7
[} T T T T o -
6-12.4. 13.-194. 20.-26.4. 27.4.-3.5. 4.-10.5. 11.-17.5.
Datum

13. 23. 33. 43. 53. .63. 73 83 93

~—samci —{J—samice

3. Prubéh lihnuti druhu Eriocrania sparrmannella v r. 1997 (fotoek-
lektory, laboratorni teplota) — The course of eclosion in the species
Eriocrania sparr la in 1997 (ph lectors, lab y tem-
perature)

Podil 2(ru na plode listu (%)
8
N

5 /g__ i
i i
15 s :

3. 105,

4. Vyvoj rozsahu poskozeni listové plochy minovaéi rodu Eriocrania
(LS Snéznik, 1997-1998) - Development of the extent of leaf area
damage caused by miners of the genus Eriocrania (Sn&Znik Forest
Administration, 1997-1998)

Z housenek sebranych s listy byly na zékladé vylihlych
motyli v laboratornich podminkach determinovany pou-
ze dva druhy — E. semipurpurella a E. sparrmannella,
kterd méla vy3$i zastoupeni (64 %). Vy$3i podil samcl
ovlivnil sexudlni index E. semipurpurella (40,5) i E. sparr-
mannella (42,9 vr. 1997 a47 vr. 1998). V r. 1999 se
vylihlo 46 samci a 72 samic (i — 61) druhu E. sparr-
mannella a pouze jediny samec E. semipurpurella.

I kdyZ se uvedené druhy lihly soubé&zn&, byl u samci
zaznamenan o dva aZ tfi dny asnéj8i nastup pfed samice-
mi u druhu E. semipurpurella, zatimco u druhu E. sparr-
mannella byly prabéh i kulminace lihnuti obou pohlavi
shodné v obou letech (obr. 3). V pfirodnich podmin-
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kach nelze vylouéit i vyrazn&jsi diferenci v lihnuti jed-
notlivych pohlavi mezi t¥mito druhy.

Housenky, které se vyvojem vaZou k jedinému listu
biizy, vytvareji podkopénku (obr. 5), ve které jsme na-
chézeli jednu nebo dv& housenky. Vy$i pocet nebyl
zaznamenén. Intenzita Ziru a celkova spotfeba potravy
byla hodnocena v Sesti lokalitdch. 10. kv&tna 1997 byl
zfetelné vytvofeny zaklad podkop&nky s primérnou
plochou 0,04-0,35 cm? a v prubéhu nésledujicich dese-
ti dnf Zir vrcholil. Pram&rné plocha podkop&nky doséh-
la 1,7-3,6 cm?, pficem? se jednotlivé lokality velikosti
podkopénky a intenzitou Ziru lifily. V&tSina housenek
opustila podkopénku do konce kvétna (rozhodujici &ast
populace mezi 20.-25. 5.). Procenticky podil Ziru v plo-
$e listu naznatil, Ze nejvyraznéjsi poskozeni listové plo-
chy nastalo mezi patym aZ desatym dnem Ziru.

V r. 1998 byl Zir patrny jiZ 1. 5. a vrcholil 15. 5. vy-
tvafenim podkopének o plose 3-4,3 cm?; v porovnani
s r. 1997 byly mezi lokalitami méné vyznamné rozdily.
Vétsina housenek podkopénky opustila do 25. 5. V lis-
tech, kde se vyvijely dv& housenky, se ¢asteéné zvygila
tihrnné poskozena plocha. Listy po Ziru téchto minova-
¢u byly v priméru zni¢eny z 50 %, béZné byla posko-
zena celd plocha listu (obr. 4).

Stanovistni podminky (expozice, nadmotskd vyska,
prub&h pocasi) mohou vyvoj housenek urychlit. Nej-
vy§§i spotfebou potravy se vyznaCovaly vyvijejici se
housenky na lokalité Jilové a Kristin Hradek (1997),
zatimco v r. 1998 se projevila odchylka ve sniZené
spotfebé potravy pouze v jednom porostu. Obecné lze
pfijmout zavér, Ze v nadmorskych vyskach 450-600 m
probiha Zir od zacatku kvétna (koresponduje s raSenim)
a je ukon&en v prabéhu dvou aZ tii tydnd.

V komplexu 43 kontrolovanych porosti bfizy LS
Sn&Znik bylo vice neZ 20 % listi napadeno minovaci rodu
Eriocrania v porostech 222 A 2b, 223 B 2/1, 245 C 2b,
249 E2, 257 D 1b, 205 D 1b a 245 D2 (1996). NejniZsi
napadeni (méné neZ 4 %) listd bylo zjiSténo v poros-
tech 211 B 2d, 257 B 2a, 215 A 2c a 212 B 1d.
V 1. 1997 bylo nejvyssi zastoupeni tohoto Skidce za-
znamenéno v porostech 257 D 1b, 258 A 2c, 247 A 1c
a 222 A 2b. Porosty s vy$§im napadenim tvofily vétsi
komplexy, zatimco porosty se zikladnim stavem se vy-
skytovaly jednotlivé.

Z dlouhodobé kontroly celkového Ziru lze odvodit,
7e nastal Gstup minovaéu rodu Eriocrania, nebot
v r. 1996 byl rozsah napadenych listi 14,8 %,
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vr. 1997 8,4 % a v r. 1998 bylo napadenych listi pouze
6,9 %.

Ve vychodnim Kru$nohofi méli zastupci rodu Erio-
crania i pfes vyskyt v celé oblasti Setfeni vyznamné&;jsi
zastoupeni pouze v LS Litvinov a SnéZnik. Do zdpadné&ji
poloZenych transektd se nerozsifili. Jestlize v r. 1996
kulminoval Zir a $kody, souCasny stav ukazal jedno-
znacné na ustup té€chto minovaca (obr. 6).

Z pétiletych Setfeni 1ze odvodit, Ze preferovali polo-
hy 500-700 m n. m. s tim, Ze i v tomto omezeném
vySkovém profilu ustupovali s nadmoiskou vy3kou
(obr. 7). I kdyZ byl aZ na vyjimky potvrzen vyskyt t&ch-
to minovadi ve viech sledovanych SLT, bylo zvy¥ené
zastoupeni soustfedéno do SLT 6S.

DISKUSE

Zvy$eny vyskyt minovadu rodu Eriocrania v poros-
tech brizy byl hlaSen jiZ v r. 1994 z Broumovskych hor
(Kula, nepublikovano); na jafe 1995 byl projev silného
Ziru na LS SnéZnik zprvu povaZovan za poSkozeni pozd-
nim mrazem. Tento jarni druh miZe v prib&hu prvni
poloviny kvétna zpisobit totdlni defoliaci. V kulturidch
a mlazinich se Zir miZe negativné projevit sniZenim
zdravotniho stavu bfizy. V pfiznivych podminkich v§ak
je bfiza vzhledem ke kontinualnimu vytvafeni listi schop-
na eliminovat dil¢i defoliaci, jestliZe nezaCne piisobit
dal3i stresor (sucho, pidalka podzimni, pouzdrovni¢ek
stromovy, bazlivec vrbovy). Dosavadni postup Sifeni

5. Podkopénka minovadi rodu Eriocrania — A leaf mine made by
miners of the genus Eriocrania

Sktidce zdpadnim smérem se zatim zastavil v oblasti LS
Litvinov, kde bylo v letech 1996 a 1997 zaznamenéno
zvySené zastoupeni. Nalezy na LS Janov a zv143t& Klasterec
pouze potvrzuji vyskyt. Dosavadni pozorovéni nasvéd&uji
tomu, Ze minovaci napadaji porosty rizného véku v niz-
Sich nadmofskych vyskach (obr. 5) a prochézeji dvou-
letym aZ tfiletym zvySenim populaéni hustoty (gradaci).
Ze Skandinavie, kde minovadi preferuji vy$8i nadmoft-
ské vySky, oteviené porosty a kontinentélni stanovisté
(Koponen, 1974), jsou hlaSena pfemnoZeni (Kopo -
nen, 1974, 1981). Podle naSich vysledku napada tento
Skiidce bfizu pfedevdim v polohédch do 700 m n. m.

Lokalni pfemnoZeni na tizemi Broumovskych hor a LS
SnéZnik potvrdilo existujici gradaini potencidl t&chto
minova&i. Narustajici sexualni index u druhu E. sparr-
mannella upozornil na zvySujici se ohroZeni porosti
bfizy, coZ bylo potvrzeno silnymi Ziry na jafe 1999
v podminkich LS SnéZnik. Toleranci k imisni z&t&Zi
uvadéji Kozlov, Haukioja (1993), nebotf se
abundance kolem imisnich zdroji (huti) zvySovala v pas-
mu se stfedni zaté€Zi. Vzhledem k tomu, Ze LS SnéZnik
a napadené tizemi LS Litvinov v niZ8ich nadmoiskych
vy$kédch ma niZ8i imisni zat€Z v rdmci sledovanych tran-
sektl, mohl by tento fakt korespondovat, ale dostupni
data zatim jednoznaln& neumoZiiuji ur¢it miru vlivu
imisi a stanovi$tnich podminek.

Z druhového spektra uvedeného Varisem et al.
(1987) byli potvrzeni pouze dva zastupci (E. semipur-
purella a E. sparrmannella), ktefi se vyvijeli soub&zné,
zatimco Kozlov (1988) zjistil, Ze E. sparrmannella
se objevuje o jeden aZ dva mésice pozdé€ji neZ ostatni
druhy. Vzhledem k tomu, Ze z housenek odebranych
v kvétnu s podkopénkami se b&zné lihly oba druhy,
v naSich podminkach nebyl zmifiovany posun potvrzen.
Zajimavé je zji§téni, Ze uvedené soliterni druhy mély
v podkopénkach dvé housenky. Druh E. haworthi, kte-
1y je uvadén s vySSim poftem aZ Sesti housenek v listu
(Wood, 1890), nebyl zachycen. V podminkich LS
Broumov jsme zaznamenali vyskyt jednotlivé Zeroucich
housenek nebo tii housenek v podkopénce. Podrobné&;jsi
Setfeni ani chovy nebyly realizovany, proto nemizZeme
blize specifikovat, o jaky druh Slo.

4} ERIOCRANIA SP Litvinov
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6. Podil minova&i rodu Eriocrania na celkové defoliaci
biizy (1994-1998) ~ The share of miners of the genus
Eriocrania in total birch defoliation (1994-1998)
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ERIOCRANIA SP. 7 P.odll minovaé\‘.l rodl:l Eriocrania na celkové defo-
liaci bfizy v zévislosti na nadmofské vyice — The
y share of miners of the genus Eriocrania in total birch
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Vys§i prumérné denni teploty koncem dubna a na
zadatku kvétna urychluji proces raSeni a vyvoj house-
nek (Koponen, 1974). Nastup k Ziru se tak muZe
li%it aZ o 10 dni (10. 5. 1997 a 1. 5. 1998); stejné je na
prubéhu pocasi zavislé i ukonCeni vyvoje, které spada
do obdobi 15.-20. 5. Minovati rodu Eriocrania se tak
stavaji §kudci s relativné kratkou dobou vyvoje v Cas-
ném jaru, béhem niZ miZe dojit k silnému poSkozeni az
k aplné defoliaci porostu bfizy.

Itimies, Ojanen (1977) zjistili, Ze mortalita
larev zpusobena ptiky byla vyznamna pouze pii vysoké
hustoté¢ minova¢i. Faeth (1980), Sato, Higas-
hi (1987)a Freeman, Smith (1990) uvadéji, Ze
nejdileZit&jSimi predétory jsou mravenci. Pfi nasi kon-
trole byly nalezeny priazdné podkopénky, ve kterych
byly prokousané otvory od mravenci. Nejéastéji do ko-
run bfiz vystupoval druh Formica lemani Bond. (Ku-
la, 1993), ktery je povaZovéan za vyznamného predato-
ra minovaci rodu Eriocrania i ve Finsku. Dosavadni
informace o blanokfidlych parazitoidech Celedi Eulophi-
dae a Ichneumonidae (Askew, Shaw, 1974; Da-
vis, 1978) jsou nedostateCné. Ze spektra parazitoidi
u zimujicich housenek r. Eriocrania jsme potvrdili pouze
druh Colastes incertus (Wesm.), blize nedeterminova-
nou chalcidku a tachinu. Podrobnéjsi studii je mozZné
oCekdvat z Finska, kde se systematicky sleduje okruh
prirozenych nepfatel minovaci rodu Eriocrania (Koz-
lov, ustni sdéleni).

Kromé minovaci rodu Eriocrania byly zji§tény dalsi
minujici druhy — napf. Rhynchaenus rusci Hrbst., Fe-
nusa pusila Lepel., Agromyza alnibetulae Hd. a Scolio-
neura betulae Zdd. (Kula, 1997).

ZAVER

Minovadi rodu Eriocrania jsou skupinou, kterd se
fadi mezi malo znamé, doposud v naSich podminkéach
neprostudované $kudce, u nichZ jsme prokazali gradac-
ni potencial.

V porostech bfizy vychodniho KruSnohofi (LS Litvi-
nov) a D&inské piskovcové vrchoviny (LS SnéZnik) se
tito minovaci soustedili do nadmotské vysky 500-700 m.
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Z populaéni dynamiky, odvozené z abundance zimuji-
cich housenek (1986-1997), vyplynula kulmina&ni hla-
dina 6,1 ks.m? (1996), kterou lze povaZovat za kriticky
podet provazeny citelnou ztritou asimilaéni plochy
u brizy.

Lihnuti motyli probihalo od zag4atku dubna a vrcho-
lilo ve tfeti dekadé dubna, housenky se lihly v koinci-
denci s raSenim bfizy na zaC4tku kvétna a vyvoj ukon-
Cily v prub&hu dvou aZ tfi tydni. Primérna spotfeba
dosahuje 3-4,3 cm?. Poskozené listy zasychaji a pfipo-
minaji ,,spaleni* pozdnim mrazem.
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MINERS OF THE GENUS ERIOCRANIA ZELLER - PESTS ON BIRCH-TREES

WITH GRADATION POTENTIAL

E. Kula

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

613 00 Brno

Besides the formerly less known phytophagous in-
sect pests activating and causing damage in birch stands
in the eastern part of the Kru$né hory Mts. in the eighties
and nineties, such as Lochmaea capreae L., Coleophora
serratella L., Cabera pusaria L., there appeared miners
of the genus Eriocrania.

The birch Betula L. is the main nutritive tree species
for representatives of the family Eriocraniidae in the
Palearctic region. Even though these pests usually have
very low population densities, local mass outbreaks
were reported from Scandinavia (Koponen, 1974,
1981). Increased population densities were observed in
the environs of metallurgical emission sources (Koz-
lov et al., 1995).

Females lay eggs to buds, larval emergence is in
coincidence with birch flushing and related to weather
conditions in the spring season. Except Eriocrania ha-
worthi Bradley, which can have up to 6 larvae per leaf
mine (W ood, 1890), the other species are solitary with
the only larva per leaf.

The control of imago emergence in Eriocrania under
natural conditions was carried out by help of soil pho-
toeclectors. Total share in leaf area loss was analyzed
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by the method of unit branches (0.5-0.7 m long) taken
from 156 permanent sample trees (1994-1998). Food
consumption of Eriocrania sp. larvae was processed by
analysis of the size of feeding area on leaves.

The abundance of soil-wintering larvae (1986-1997)
amounted to 0.5 individuals per m? (1988) in the late
eighties under the conditions of the studied birch stands
located at a height of 450-600 m above sea level. Local
detrimental feedings, or even clear-eatings, were ob-
served in 1996-1997 at the abundance of wintering lar-
vae 6.1 individuals per m? and 5.2 individuals per m?
(Fig. 1). It was confirmed by the course of eclosion in
1996-1997 that moths of the genus Eriocrania
(E. semipurpurella and E. sparrmannella) usually ap-
peared in the first decade of April with a peak of eclo-
sion between 20th and 26th April in dependence on
weather conditions (Fig. 2). Even though the eclosion
of the latter two species was parallel, the males of
E. semipurpurella appeared earlier by 2-3 days than
did the females while the course and peak of eclosion
of E. sparrmannella was identical in both sexes in 1997
and 1998 (Fig. 3). There may be larger differences in
eclosion under natural conditions.
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Larvae make leaf mines (Fig. 5) where one or two
larvae were regularly found. Feeding rate and total food
consumption culminated in 2 weeks, average values
amounted to 3-4.3 cm?. A general conclusion can be
drawn that feeding at altitudes of 450-600 m starts at
the beginning of May (coinciding with flushing) and
terminates within 2-3 weeks.

Long-term monitoring of total feeding indicated a de-
cline of miners of the genus Eriocrania because the
proportions of attacked leaves were 14.8% in 1996, 8.4%
in 1997 and 6.9% only in 1998. Even though represen-
tatives of the genus Eriocrania occurred in the whole
area of observation, their representation in the eastern
part of the Krugné hory Mts. was higher only in forest
administration districts Litvinov and Sné&Znik. They did
not spread to transects situated farther to the west.

Five-year investigations showed that these pests pre-
ferred altitudes of 500-700 m a.s.l., but their occurrence
within this limited height profile decreased at higher
altitudes (Fig. 7). A local mass outbreak in the area of

the Broumovské hory Mts. and higher population den-
sities in the SnéZnik Forest Administration district con-
firmed the existing gradation potential of these miners.
Tolerance to pollutant stress was reported by Kozlov,
Haukioja (1993) because the abundance in the en-
virons of emission sources (metallurgical works) in-
creased in the intermediate-stress zone. As the Sn&Znik
Forest Administration district and the affected area of
Litvinov Forest Administration district at lower alti-
tudes are exposed to a lower pollutant stress in the tran-
sects under observation, this fact could be realistic but
the available data do not make it possible to determine
the effect of pollutants and on-site conditions explicitly.

The only species, Colastes incertus (Wesm.), was
demonstrated from the spectrum of parasitoids in win-
tering larvae of the genus Eriocrania. A more detailed
study is expected to appear in Finland, where the range
of natural enemies of miners of the genus Eriocrania
has been systematically investigated (Kozlov, oral com-
munication).
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Doc. Ing. Emanuel Kula, CSc., Mendelova zem&dglsk4 a lesnickd univerzita, Lesnickd a dfevarskd fakulta, Lesnicka 37,
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HODNOTENIE RELATIVNE] VITALITY BUKOVEHO
PORASTU PRISTROJOM TVM 01

ASSESSMENT OF RELATIVE VITALITY OF BEECH STAND
BY APPARATUS TVM 01

I. Stefanéik
Lesnicky vyskumny istav, T. G. Masaryka 22, 960 92 Zvolen

ABSTRACT: 3-year results of the observation of beech relative vitality by electric resistance method are given in the paper.
The research was carried out on 269 beech individuals of thinning permanent research plot Jalna which is under a moderate
pollution load from the near-by aluminium works in Ziar nad Hronom. The assessment of discolouration and defoliation of
assimilatory organs according to the methodology of international monitoring was made on surveyed individuals and at the
same time the values of electric resistance of cambial tissue were measured on them. The results are considered from the
viewpoint of their use for the assessment of beech stands health condition. The attention was also paid to the factors influencing
applicability at the measurement of cambial electric resistance in tree tissues. It is stated that the assessment of forest health
by this method has to be considered of limited and/or restricted practical applicability.

beech; electric resistance of cambium zone; relative vitality

ABSTRAKT: V préci sa uvddzaji trojroné vysledky sledovania relativnej vitality buka elektrickou odporovou metédou.
Vyskum sa uskuto&nil na 269 jedincoch buka prebierkovej trvalej vyskumnej plochy Jalnd, ktord je pod miernym imisnym
vplyvom z nedalekej hlinikirne v Ziari nad Hronom. Na skdmanych jedincoch sa vykonalo hodnotenie ZItnutia a defolidcie
asimilanych orgdnov podla metodiky medzinirodného monitoringu a si¢asne sa na nich zmerali aj hodnoty elektrického
odporu v kambidlnej zone. Vysledky sa posudzujui z hladiska moZnosti ich vyuZitia pri hodnoteni zdravotného stavu bukovych
porastov. Pozornost sa venuje tieZ faktorom, ktoré ovplyviiuji meranie elektrického odporu kambidlnej z6ny stromov. Kon-

3tatuje sa, Ze pouZitie tejto metddy pri zistovani zdravotného stavu lesa je velmi obmedzené.

buk; elektricky odpor kambidlnej z6ny; relativna vitalita

UVOD A PROBLEMATIKA

Hodnotenie zdravotného stavu lesnych porastov nado-
budlo osobitny vyznam najmi za poslednych 20-25 ro-
kov, a to v suvislosti s rozsiahlym odumieranim iesov
v Eurépe. UZ od zaCiatku vyraznejSiecho posobenia tohto
fenoménu v polovici sedemdesiatych rokov bolo snahou
véasne a spolahlivo diagnostikovat (najéastejSie podla
vonkaj$ich symptémov) poskodenie drevin. Preto sa hla-
dali spolahlivé metédy, ktorymi by sa zistilo poskodenie,
resp. zhorSenie zdravotného stavu jedinca ovela skor,
ako sa prejavi vizudlne. Tato skutoCnost podnietila popri
fyziologickych metédach aj vyvoj a pouZivanie elektro-
nickych meracich pristrojov, ktoré by mohli podla na-
meranych hodn6t uréitych velicin (napr. elektrického
odporu, vodivosti a pod.) objektivne a v&as signalizo-
vat naru$enie zdravotného stavu dreviny.

Treba podotkniit, Ze nie vZdy vyrobcovia presne cha-
rakterizovali vyuZiteInost elektronickych meracich
pristrojov. Casto uvéadzali moZnost ich pouZitia pri me-
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rani vitality porastov, resp. ich zdravotného stavu, o
nie je totoZné. Zdravotny stav Zivého systému vyjadruje
charakter priebehu jeho fyziologickych procesov v da-
nych podmienkach, umoZiiujici mu vyuZivat dany ne-
poruSeny geneticky potencidl (Ne&as et al., 1972, in
Stolina, 1982). Naproti tomu vitalita drevin je dedi¢-
ne podmienené a vonkaj$imi podmienkami ovplyvnena
Zivotaschopnost drevin, ktora sa prejavuje lepSou pri-
sposobivostou k vonkajSiemu prostrediu, vySSou odol-
nostou, vi&Sou plodnostou, vitsou diZkou Zivota. Vita-
lita umoZiiuje drevine branit v aktivizacii $kodlivych
CiniteTov a odstrafiovat nasledky poskodenia (Lesnicky
néudny slovnik, 1995).

Za jednu z metdd zistovania relativnej vitality stro-
mov sa povaZuje aj meranie elektrického odporu kam-
bidlnej z6ny stromov (dalej EOK). Hoci v siCasnosti
existujui viaceré prace z tejto problematiky (napr. Ju-
ra et al, 1990; Caboun, 1994; Sereda, Ma-
charadek,1993; Glomb etal, 1994; Stefandik,
1994, 1997a), vysledky vyskumov nie si jednoznané.
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Napr. Sereda, Machara&ek (1993) povaZuji me-
ranie elektrickej vodivosti za objektivnu metédu ne-
destruk&ného testovania vitality a triedenia sadenic les-
nych drevin. Rovnako He§ko (1990) konitatuje, Ze
hodnoty EOK pomerne objektivne hovoria o zdravotnom
stave jedinca i rozsahu pokodenia aZ jeho hynuti. Podob-
ny nazor uvadzaji aj Jura et al. (1990) a Glomb et
al. (1994), pri¢om v3ak poukazuji tieZ na urité nedostat-
ky, resp. faktory, ktoré je potrebné brat do tivahy pri in-
terpretécii vysledkov.

Na druhej strane si autori (M artincova, 1990, 1992;
Caboun, 1992a; Stefan&ik, 1994, 1997a,b), ktori
povazuju vyuZitie merania EOK drevin v lesnickej pre-
vadzke za dost obmedzené, resp. nespolahlivé. Ide o to,
Ze okrem niektorych, najma praktickych vyhod pouZiva-
nia elektronickych pristrojov na meranie EOK (napr.
SHIGOMETER, CONDITIOMETER AS-1, TREE
VITALITY METER atd.), niekolko autorov upozornilo aj
na ich uré&ité nedostatky (Jura et al,, 1990; Caboun,
1992a; Martincova, 1992). MoZno k nim zaradit napr.
skuto&nost, Ze najtesnejsi korela¥ny vztah sa zistil medzi
hodnotami EOK a hribkou dreviny (Garrec et al.,
1989; Jura et al, 1990; Caboun, 1992a; Glomb
et al., 1994). Okrem toho hodnoty EOK zavisia od mnoz-
stva faktorov (socidlne postavenie jedinca v poraste, druh
dreviny, vy$ka stromu a pod.). Pri tvrdej listnatej drevine,
akou je buk, je osobitne ddleZité aj spravne vtladenie me-
racich hrotov do kambiélnej zény. DoterajSie vyskumy
tieZ poukazuji najmi na velky vplyv polasia, resp. rog-
ného obdobia na hodnoty EOK, ktoré sa vyznacuji den-
nou i roénou dynamikou.

Vyrobcovia uvedenych elektronickych pristrojov uva-
dzaji vhodnost ich pouZitia na zisfovanie tzv. relativnej
vitality stromov, resp. ich zdravotného stavu (Tree vitality
meter TVM 01). Doterajsie vysledky vyskumu — najmi ¢o
sa tyka pristroja TVM 01 — to v8ak do znaCnej miery
spochybiiuji. Za jednu z hlavnych pri¢in jeho nedosta-
tocnej spolahlivosti sa oznaCuje skutoCnost, Ze hodnoty
EOK sii ovplyviiované celym radom vnitornych i vonkaj-
Sich faktorov, ktoré posobia €asto vzdjomne protichodne
a stazuji interpreticiu vysledkov. PodrobnejSie sa faktor-
mi, ktoré mdZu ovplyviiovat meranie EOK, zaobera prica
Stefan&ika (1997b).

Zamerom nasho vyskumu bolo stanovenie zdravotného
stavu stojacich stromov (ako to uvadza vyrobca pristroja
TVM 01) vo vybranom bukovom poraste, kde sme vyko-
nali hodnotenie Zltnutia a defolidcie asimilaénych organov
stromov a sicasne na nich aj zmerali hodnoty EOK. Cie-
Tom préice bolo zistit hodnoty EOK na vybratych jedin-
coch buka a porovnat ich s hodnotami defoliacie, resp. na
zéklade vzajomnych vztahov a ziskanych poznatkov po-
stdit vhodnost pristroja TVM 01 pre objektivne hodnote-
nie zdravotného stavu bukovych porastov.

MATERIAL A METODIKA
Objektom vyskumu bola séria trvalych vyskumnych

pléch (TVP) Jalna, ktoré sa nachadzaji v Stiavnickych
vrchoch v teritériu Lesného zavodu Zarnovica, Lesna
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sprdva Jalna. Séria TVP Jalna bola zaloZen4 v roku 1958

za Gi¢elom sledovania pestovno-produk&nych vztahov

prebierok v buCindch. Neskdr v rdmci komplexnosti sa
vyskum roz§iril aj o hodnotenie zdravotného stavu, my-
kologické a niektoré ekofyziologické pozorovania.

Sériu vyskumnych pl6ch tvoria tri &iastkové plochy:
— plocha O je kontroln4 — bez imyselného z4sahu.

Na ostatnych dvoch plochéch sa skimaji a porovna-
vaji G¢inky dvoch odli¥nych prebierkovych met6d:

- plocha C - silnej podiroviiovej prebierky (C stupeii
podla Nemeckych vyskumnych udstavov lesnickych
z roku 1902),

- plocha H - volnej uroviiovej prebierky (Stefan-
¢ik, 1984), ktora predstavuje individualnu vychovu
stromov vyberovej kvality.

Na ¢&iastkovych plochich (C, H) sa vykonalo od za-
loZenia pldch (r. 1958) doteraz osem prebierkovych z4-
sahov. Vek porastu (k 1. 1. 1993) bol 70 rokov, expo-
zicia zapadna, nadmorska vyska 610 m. Podrobnejsia
charakteristika vyskumnych pldch z hladiska pestovno-
-produkéného, mykologického i celkového zdravotného
stavu je v pracach Stefan&ika et al. (1991, 1996)
a Mihala (1995).

TVP Jaln4 sa nachédza v blizkosti hlinikarne v Ziari
nad Hronom, asi 7 km vzdu3nou vzdialenostou od emis-
ného zdroja. Podla analyzy obsahu 3kodlivin v asimilag-
nych organoch drevin vykonanej v okoli Ziaru nad Hro-
nom (Maiikovské, 1991) je porast v pdsme C, t.zn.
slabého ohrozenia imisiami. Podobne aj najnovsie vy-
skumy Marnikovskej (1998) potvrdili zaradenie TVP
Jaln4 do pasma C. Treba uviest, Ze aj v minulosti bola
imisiami silne postihnuté iba oblast bezprostredne v bliz-
kosti hlinikdrne. V sii€asnosti do¥lo k vyraznému zni-
Zeniu emisii hlavne zvy$enim tu&innosti zachytdvania
Skodlivin, ale najmd zmenou technoldgie vyroby do-
kon&enej v roku 1996.

Na vyskumnych plochiach sme merali obvod kmeiia
vo vyske 1,3 m, hodnotili relativne vySkové postavenie
jedincov (vzrastové triedy) a vizudlne (dalekohladom)
Zltnutie a defolidciu asimilaénych organov buka podla
metodiky medzinirodného monitoringu hodnotenia zdra-
votného stavu lesov. Zltnutie listov a defolidciu sme
hodnotili v rokoch 1993 aZ 1995 vZdy v auguste na stro-
moch 1. aZ 3. vzrastovej triedy podla 5-stupiiovej kla-
sifikdcie miery strat, resp. 4-stupiiovej klasifikacie Zlt-
nutia listia (Stefan&ik et al., 1991). Okrem ZItnutia
listov a defolidcie sme na tych istych jedincoch Styri
razy roéne v rokoch 1993 aZ 1995 merali EOK pristro-
jom TVM 01 (Tree vitality meter).

Pri vyhodnocovani vysledkov sme ziskané udaje
spracovali pre tri kategérie stromov (sibory). Cely po-
rast (1. sibor) predstavuji v3etky zmerané jedince
(1. aZ 3. vzrastova trieda) na kaZdej ploche. Druhy su-
bor tvoria tzv. stromy vyberovej kvality (v zmysle prace
Stefan&ika, 1984), ktoré sa z hladiska vychovy po-
rastov najdoleZitejSim predmetom starostlivosti pesto-
vatela, pri€om si hlavnymi nositelmi kvalitativnej
a kvantitativnej produkcie porastu. Za takéto jedince sa
vyberaji najkvalitnejsie a najvitdlnejie (podla morfolo-
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gickych znakov) jedince. Ostatné stromy (3. siibor) pred-
stavuji jedince celého porastu okrem stromov vybero-
vej kvality.

Zo zistenych udajov sme vypocitali zdkladné Statis-
tické charakteristiky a vzdjomné vzfahy medzi defolis-
ciou, obvodom kmeiia 0; 3 a hodnotami EOK sme zisto-
vali regresnou analyzou. Statistickd vyznamnost rozdielov
medzi jednotlivymi veliinami, plochami i rokmi sme
testovali z-testom.

VYSLEDKY

V tab. I a VI si uvedené priemerné hodnoty Zltnutia
a defoliacie asimilanych organov buka podla skima-
nych kategérii stromov na jednotlivych plochich. Vidno,
Ze Zltnutie listov sa na vSetkych plochach takmer nevy-
skytlo. Hodnoty defoli4cie medzi jednotlivymi plochami

sa pocas troch rokov mélo odli¥ovali, rovnako tieZ me-
dzi rokom 1994 a 1995, kedy zistené rozdiely boli tak-
mer vZdy Statisticky nevyznamné (tab. X). Oproti roku
1993 doslo v dvoch nasledujicich rokoch ku zna&nému
zvyseniu defolidcie (tab. I, II, VI). Rozdiely v hodno-
tich defolidcie medzi rokom 1993 a 1994, resp. 1993
a 1995 boli Statisticky vysoko signifikantné (tab. XI).

V tab. III, IV a V st priemerné hodnoty EOK a ob-
vodu kmefia 0; 3 celého porastu na TVP Jaln4 v rokoch
1993-1995. Vo vietkych sledovanych rokoch sa hod-
noty EOK zvySovali s klesajicim relativnym vy$kovym
postavenim stromov, pricom rozdiely boli vysoko sig-
nifikantné (tab. XII). Je to dosledok zndme;j a viacerymi
autormi potvrdenej skuto&nosti, Ze s poklesom hribky
stromu sa zvySuji jeho hodnoty EOK, lebo medzi uve-
denymi veli¢inami existuje najtesnej¥ia korelatna zé-
vislost (obr. 1, tab. XIV). Merania v §tyroch terminoch

1. Zdravotny stav buka na TVP Jalna (cely porast) ~ Health condition of beech on the permanent research plot Jalna (whole stand)

Plocha! Rok? Pocet hodnotenych Zltnutie* (%) Defolidcia’ (%) Index zdravotného
stromov? x 7 % stavu
1993 126 0 19,8 33,1 1,04
C 1994 126 0,1 26,6 28,5 1,38
1995 126 0 25,6 34,7 1,38
1993 55 0,6 17,6 40,6 0,84
o 1994 55 0 25,0 37,6 1,27
1995 55 0 23,9 39,4 1,22
1993 88 0,2 16,5 34,3 0,82
H 1994 88 0 25,3 35,0 1,27
1995 88 0 243 35,1 1,28
Vysvetlivky — Explanatory notes:
% — aritmeticky priemer — arithmetical mean
5,% - variatny koeficient - coefficient of variation
C — plocha so silnou podiroviiovou prebierkou (C - stupefi podla Nemeckych vyskumnych istavov lesnickych z roku 1902) - plot with
intensive low thinning (C - degree according to the German Research Forestry Institutes from 1902)
O - kontrolné plocha bez imyselného zdsahu — control plot without any treatment

H - plocha s iiroviiovou volnou prebierkou — plot with free crown thinning

lplm. 2year. 3humber of evaluated trees, 4ycllowing, Sdefoliation, ®health index

11. Zmeny podielu buka (v percentich) v jednotlivych stupiioch po$kodenia na TVP Jaln4 (cely porast) — Changes of beech share (in per cent)

in individual deg of damage on the per research plot Jalni (whole stand)
— - Stupefi poskodenia’
0 1 2 3 4 1-4 2-4 34
1993 T2 81,6 11,2 0 0 92,8 11,2 0
c 1994 0 61,6 38,4 0 0 100 384 0
1995 1,6 59,2 39,2 0 0 98,4 39,2 0
1993 23,6 69,1 7,3 0 0 76,4 7,3 0
o 1994 55 61,8 32,7 0 0 94,5 32,7 0
1995 9,1 60,0 30,9 0 0 90,9 30,9 0
1993 22,7 72,7 4,6 0 0 71,3 4,6 0
H 1994 34 65,9 30,7 0 0 96,6 30,7 0
1995 9,1 534 375 0 0 90,9 37,5 0

lplm, 2yenr. Jdegree of damage
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III. Hodnoty elektrického odporu kambidlnej zony (kOhm) a obvodu kmefia buka na TVP Jaln4 v roku 1993 (cely porast) — Values of electric
resistance of cambium zone (kOhm) and stem girth of beech on the permanent research plot Jalna in 1993 (whole stand)

Plocha! | Potet zmeranjch Memnie‘3 Varastové Elektricky odpor kambilnej z6ny® Teplota Obvod :cémmna 0,4}
stromov’ (détum) trieda — vzduchu’ (°C) —
x 5. % x 5%
56 1 18,35 19,0
65 2; 3 2 22,05 18,1 vl
5 3 25,82 8,6
126 spolu? 20,55 20,8
56 1 11,32 16,3
65 122..7. 2 14,29 22,5 i
5 3 21,34 23,8
C 126 spolu’ 13,25 26,9
56 1 13,63 18,8
65 3, 2 17,22 19,0
5 27.8 3 20,52 16,0 =
126 spolu? 15,75 22,8
56 1 22,13 18,0 110,95 18,6
65 4. 2 26,88 17,8 71,73 14,2
2. 11. 5.9
5 3 26,78 6.3 59,82 12,5
126 spolu? 24,77 20,0 91,79 258
23 1 17,34 14,8
18 1. 2 19,96 16,6
14 2.3 3 26,56 192 &
55 spolu? 20,55 25,1
23 1 11,67 17,8
18 2. 2 14,39 214
12.7. 134
14 3 21,93 21,2
0 55 spolu’ 15,17 34,5
23 1 14,59 22,0
18 3 2 17,44 21,6
14 21.8 3 22,57 19.1 v
55 spolu® 17,55 27,8
23 1 21,13 20,7 98,21 17,4
18 4. 2 26,08 177 79,18 16,0
2.11 76
14 3 31,79 19,1 54,37 143
55 spolu’ 25,46 25,6 80,83 21,5
60 1 15,71 15,5
18 231..3 2 21,08 16,0 i
10 3 26,52 13,1
88 spolu® 18,04 25,7
60 1 8,39 16,4
18 ]22:7. 2 11,37 18,5 148
10 3 17,33 33,4
H 88 spolu’ 10,02 37,6
60 1 12,24 17,7
18 g, 2 16,51 19,3 18
10 27.8. 3 21,64 223
88 spolu® 14,18 29,8
60 1 19,37 16,8 106,26 15,1
18 4. 2 25,15 15,5 - 78,23 14,0
10 2.1 3 31,35 16,6 . 49,96 11,0
88 spolu 21,91 25,1 94,24 25,5
'plot. Znumber of d trees, > “date of ing, 5growth class, ®electric resistance of cambium zone, Tair temperature,

$stem girth, “total

J. FOR. SCIL, 46, 2000 (1): 34-52
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IV. Hodnoty elektrického odporu kambialnej z6ny (kOhm) a obvodu kmeiia buka na TVP Jalné v roku 1994 (cely porast) — Values of electric
resistance of cambium zone (kOhm) and stem girth of beech on the permanent research plot Jalni in 1994 (whole stand)

Plocha! | Pofet zmeranych | Meranic® | Varastoya | Elektricky odpor kambitlnej 26ny* Teplota i :’:)h o1*
stromoy’ (datum) trieda = vzduchu’ (°C) 2
X 5. % X 5, %
56 1 13,27 14,2
65 1. 2 16,15 20,1
5 30. 3. 3 18,10 13,9 .
126 spolu? 14,94 20,8
56 1 6,54 15,0
65 15?.7‘ 2 7,82 23,1 s
5 3 12,24 283
c 126 spolu® 7,42 26,7
56 1 9,40 17,3
65 3 2 11,74 19,0
5 23.8. 3 16,62 16,2 s
126 spolu’ 10,89 23,8
56 1 17,32 18,1 112,35 18,4
65 4, 2 21,77 18,4 78,73 14,2
10. 10. 31
5 3 25,02 153 60,06 12,2
126 spolu? 19,92 21,9 92,89 25,7
23 1 14,16 17,9
18 1. 2 16,56 16,1
14 30. 3. 3 23,04 34,0 the
55 spolu® 17,21 33,5
23 1 6,34 12,8
18 152..7. 2 7,46 13,3 el
14 3 13,11 259
(o} 55 spolu® 8,43 39,7
23 1 9,88 13,7
18 3. 2 12,05 13,8
14 23.8. 3 18,24 29,8 o
55 spolu’ 12,72 35,5
23 1 16,90 17,1 99,46 17,3
18 4. 2 20,14 15,4 80,14 158
10. 10. 58
14 3 28,23 19,4 54,64 14,5
55 spolu’ 20,84 28,3 81,73 21,6
60 1 13,21 12,2
18 1, 2 16,01 154
10 30.3. 3 21,65 11,6 i
88 spolu’ 14,74 22,6
60 1 5,57 12,0
18 ]52..7. 2 7,21 16,9 i
10 3 11,60 238
H 88 spolu® 6,59 34,3
60 1 8,06 14,1
18 3. 2 10,72 14,6 160
10 2.8 3 16,48 28,6
88 spolu? 9,56 34,9
60 1 15,77 157 108,25 14,8
18 104.10 2 20,25 16,9 65 79,48 13,9
10 . 10. 3 28,87 17,1 50,46 111
88 spolu’ 18,17 28,7 95,80 25,5

For 1-9 see Table I1I
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V. Hodnoty elektrického odporu kambiélnej z6ny (kOhm) a obvodu kmefia buka na TVP Jaln4 v roku 1995 (cely porast) — Values of electric
resistance of cambium zone (kOhm) and stem girth of beech on the permanent research plot Jaln4 in 1995 (whole stand)

i 2 A 8
Plocha! Poget zmeranych | Meranie® | Vzrastovs | Elektricky odpor kambiinej z6ny® Teplota Obyod (k‘x)m 013
stromov (datum)* | trieda’ — vzduchu’ (°C) —
x 5% x 5,%
56 1 26,32 158
65 1. 2 32,12 16,8 i
5 2.3 3 34,34 3,7 ;
126 spolu? 29,63 19,0
56 1 5,89 15,1
65 122.7 2 7,05 21,4 -
5 <7 3 11,08 26,6
c 126 spolu’ 6,69 25,7
56 1 9,75 197
65 835 2 12,23 20,7 -
5 - 9. 3 16,60 8,7
126 spolu” 11,30 24,5
56 1 20,16 23,4 113,67 18,3
65 4. 2 25,81 21,1 25 79,74 14,2
5 23.10 3 33,60 17,8 v 60 34 12,5
126 spolu? 23,61 26,2 94,05 26,7
23 1 25,85 16,3
18 1. 2 30,82 15,9 i
14 23.3 3 42,14 20,9 '
55 spolu® 31,62 27,8
23 1 6,20 17,1
18 2. 2 7,13 17,5
21,3
14 12.7. 3 12,43 40,1
0 55 spolu® 8,09 46,1
23 1 9,97 21,6
18 83;) 2 12,05 143 4
14 -9 3 18,50 26,8
55 spolu® 12,82 35,7
23 1 18,99 21,0 100,57 17,2
18 4. 2 23,28 20,8 - 81,03 153
14 23. 10 3 37,05 19,1 ; 54,95 14,7
55 spolu® 24,99 35,8 82,56 27,7
60 1 23,84 20,2
18 1. 2 30,26 12,8 T,
10 2.3 3 38,49 9,6 )
88 spolu’ 26,83 24,8
60 1 5,24 18,1
18 122'7 2 6,21 11,9 258
10 : 3 10,71 26,9
H 88 spolu’ 6,06 35,3
60 1 8,38 15,0
18 3. 2 11,15 14,6 139
10 8.9. 3 16,84 30,6
88 spolu’ 9,91 34,9
60 1 16,40 18,2 110,01 14,5
18 4, 2 23,51 19,1 - 80,67 13,8
10 23. 10. 3 35,11 19,1 y 50,88 11,3
88 spolu? 19,98 36,3 97,29 25,5
For 1-9 see Table III
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VI. Zdravotny stav buka na TVP Jaln podla kategérie stromov — Health condition of beech on the permanent research plot Jalni according
to the category of trees

Stromy vyberovej kvality? Ostatné stromy*

Plocha! Rok? Potet hodnotengch Defolidcia® (%) Potet hodnotengch Defolidcia’ (%)
stromov’ % 5.% stromov % 5.%
1993 31 21,45 27,3 95 19,26 34,7
(e 1994 31 29,52 28,7 95 25,69 27,3
1995 31 28,23 31,3 95 24,68 353
1993 23 19,57 36,1 32 16,25 42,1
(0] 1994 23 27,83 31,3 32 22,97 40,7
1995 23 28,04 27,7 32 20,94 44,8
1993 44 17,27 27,9 44 15,68 40,0
H 1994 44 26,25 31,0 44 24,43 38,8
1995 44 25,45 27,4 44 23,18 41,9

'plot, 2yceu', 3trees of selective quality, 4other trees, *number of evaluated trees, Sdefoliati

VII. Hodnoty elektrického odporu kambiélnej z6ny (kOhm) a obvodu kmeiia buka na TVP Jalni (stromy vyberovej kvality) — Values of
electric resistance of cambium zone (kOhm) and stem girth of beech on the permanent research plot Jaln4 (trees of selective quality)

; , | Potet zmerangch Termin Elektricky odpor kambiélnej z6ny® Tcplotaﬁ Obvod kmeiia o, 5’ (cm)
Rok Plocha 3 . 4 = vzduchu =
stromov’ merania’ X 5,% ©C) x 5%
23.3. 19,45 15,9 13,6
c 31 12.7. 11,96 16,2 12,2
27.8. 14,36 18,0 13,9
2. 11. 23,12 16,5 5.9 100,69 15,1
.3, 18,21 15,8 15,0
1993 o 23 12.7. 12,77 17,4 13,1
27. 8. 15,82 18,2 12,4
2. 11. 22,72 21,2 7.6 91,17 14,6
23.3; 15,66 15,1 14,1
H 44 12. 7. 8,24 14,1 14,8
27. 8. 11,90 17,2 11,6
2. 11. 18,97 16,2 8,3 107,95 14,1
30. 3. 13,90 14,1 15,0
c 31 15.7. 6,95 19,9 20,5
23. 8. 10,18 153 17,9
10. 10. 18,92 14,6 31 101,98 15,0
30. 3. 14,86 16,4 14,0
1994 o 2 157 6,74 13,7 20,3
23. 8. 10,36 12,9 16,6
10. 10. 18,30 16,7 5.8 92,42 14,6
30. 3. 13,10 13,1 13,0
H “ 15.7. 539 10,9 19,9
23. 8. 7,84 12,6 16,0
10. 10. 15,45 14,5 6,5 109,86 13,8
23.3: 28,51 15,0 0,7
c 3l 12.:7. 6,14 17,9 20,5
8.9. 10,50 18,1 14,7
23. 10. 21,53 17,9 27 103,37 15,1
23.3. 27,45 14,9 1,1
1995 o 2 12:7. 6,28 16,7 21,3
8.9. 10,77 18,2 14,5
23. 10. 20,43 21,1 4,5 93,49 14,5
23: 3 22,80 17,0 1,7
H 4 12. 7. 4,97 14,8 22,5
8.9. 8,16 11,8 13,9
23. 10. 15,74 16,4 6,3 111,73 13,6

lytmr. z|:'lov.. *number of measured trees, *date of measuring, Selectric resistance of cambium zone, air temperature, "stem girth
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VIIIL. Hodnoty elektrického odporu kambiélnej zény (kOhm) a obvodu kmeiia buka na TVP Jalné (ostatné stromy) — Values of electric
resistance of cambium zone (kOhm) and stem girth of beech on the permanent research plot Jalna (other trees)

- e Poget zmerangch Term!n Elektricky odpor kambiélnej zény® v’rz;glcc;'tzﬁ Obvod kmetia o, 37 (cm)
stromov? merania = 5% ©C) = 5%
23. 3. 20,91 21,7 13,6
c 95 12. 7. 13,67 28,2 12,2
27. 8. 16,21 23,1 13,9
2. 11. 25,31 20,4 59 88,88 28,3
23.3. 22,22 25,9 15,0
1993 o ) 12::7. 16,90 35,7 13,1
27. 8. 18,79 29,7 124
2.1 27,43 25,0 7.6 73,39 33,1
23. 3, 20,41 25,1 14,1
H a4 12. 7. 11,80 38,6 14,8
27.8. 16,46 28,0 11,6
2.11. 24,86 23,3 8,3 80,53 29,0
30. 3. 15,29 21,8 15,0
c 95 15:.7: 7,58 28,0 20,5
23. 8. 11,12 253 17,9
10. 10. 20,25 23,3 3,1 89,92 28,2
30. 3. 18,90 359 14,0
1994 o 2 15.7. 9,64 40,5 20,3
23. 8. 14,41 36,0 16,6
10. 10. 22,67 29,6 5,8 74,04 333
30. 3. 16,37 22,8 13,0
H 44 15. 7. 7,79 34,0 19.9
23. 8. 11,29 34,7 16,0
10. 10. 20,90 28,1 6,5 81,75 29,1
23. 3 29,99 19,9 0,7
c 95 12.:7. 6,87 26,9 20,5
8. 9. 11,56 25,5 14,7
23. 10. 24,29 27,3 2,7 91,01 28,1
23.:3 34,62 28,8 11
1995 0 3 127 9,40 46,4 213
8.9. 14,30 37,0 14,5
23. 10. 28,27 35,1 4,5 74,71 333
23. 3. 30,86 20,7 ) %
H 44 12.:7 7,16 349 22,5
8.9 11,66 35,2 13,9
23.10. 24,22 32,7 6,3 82,84 29,1

For 1-7 see Table VII

pocas kazdého roka potvrdili zndAmu dynamiku priebehu
hodnét EOK. Od prvého merania hodnoty klesali, pri-
¢om najniZSie hodnoty sme namerali vZdy v druhom
termine, t.zn. v polovici jila kaZdého roka. Potom sa
opat zvySovali a na konci vegetatného obdobia, resp.
ku koncu roka dosahovali najvy$Sie hodnoty.

Pri porovnani hodn6t EOK medzi rokmi pre cely
porast, stromy vyberovej kvality (tab. VII) i ostatné
stromy (tab. VIII) vidno, Ze boli vZdy odlisné, a to aj

J. FOR. SCL, 46, 2000 (1): 34-52

v pripade, ked sme merania vykonali v rovnakom ter-
mine (prvé a druhé meranie v roku 1993 a 1995). Vo
vi&ine pripadov boli rozdiely aj Statisticky vysoko pre-
ukazné (tab. XI). Vysledky zaroveii ukazali, Ze pre vietky
tri kategérie stramov vo vegetatnom obdobi (druhé
a tretie meranie) v roku 1994 a 1995 boli hodnoty EOK
oproti roku 1993 vZdy niZ8ie, priCom rozdiely boli vy-
soko signifikantné (tab. XI). Je to v uritom ,,rozpore*
s defoliaciou, pretoZe jej hodnoty sa vysoko signifikantne
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IX. Hodnoty elektrického odporu kambidlnej zony (kOhm) a obvodu kmefia buka na TVP Jalni podfa stupfia po¥kodenia (cely porast) —
Values of electric resistance of cambium zone (kOhm) and stem girth of beech on the permanent research plot Jalné according to the degree
of damage (whole stand)

Stupeii poskodenia®
0 1 2
Plocha' | Rok® "oy ics odpor | Obvod kmelta | Elektricky odpor | Obvod kmefia | Elekiricky odpor | Obvod kmeda
kambiélnej zony* 0, 5% (cm) kambidlnej zony* 0, 3% (cm) kambiélnej zony* 0,3’ (cm)
x 5% x 5% % 5% X 5% x 5. % X 5. %
1993 15,73 18,4 83,16 19,9 15,92 22,0 90,67 26,3 13,83 22,8 107,28 17,5
C 1994 - - - - 11,05 21,6 87,34 25,1 10,42 23,2 102,34 234

1995 16,56 14,3 67,30 0,9 11,85 20,8 83,41 18,0 10,14 255 | 111,78 | 224
1993 19,95 24,5 65,78 294 16,86 283 84,34 254 16,40 18,2 96,33 12,9
o 1994 18,65 389 56,90 13,9 13,66 319 74,78 26,1 9,94 15,9 98,99 | 18,6
1995 17,34 20,2 56,50 13,3 13,60 34,8 77,61 25,8 9,97 23,3 99,84 | 188
1993 17,66 32,9 74,93 38,1 13,11 230 99,59 18,9 13,81 44 105,20 { 21,0
H 1994 17,04 25,4 44,17 2,2 9,36 37,1 96,60 24,9 9,17 15,2 99,82 | 19,8
1995 16,20 39,8 69,89 43,5 9,68 25,8 94,93 23,3 8,71 15,4 107,29 | 19,3

'plot, 2ye:u', 3deg1ee of damage, 4electric resistance of cambium zone, *stem girth

X. Statistickd vyznamnost rozdielov medzi plochami podla kategérie stromov — Statistical significance of differences between the plots
according to the category of trees

Stromy vyberovej kvalit Ostatné stromy> Cely porastS
Charakteristika!| Rok? | rermin B0 heciongl fvats” ’ o
ImOTaniy H-C H-O C-0 H-C H-O c-0 H-C H-O C-0
23.3. ** ** N N N N x i N
1993 12 y 5 *% *% N * ** ** *% ** *
27. 8. ** ** N N N * Kk *k *
15 0 0 . *x N N N N ** ** N
Elektricky 30. 3. N - N N N > N * o
zgfnobriﬂnej 1994 15 7 *k ok N N * * % *% *x *
Zﬂny" 23. 8. *k *% N N *% *% ** *% x*¥
10. 10. 3 > N N N N x » N
23_ 3 *% *% N N N * *x *k N
]995 l2 7 ** *% N N * *% * *% *k
8. 9 *% *% N N * *k *% % *
23 10 ** *¥ N N N * *% *% N
1993 211 * ** * N N % N 4% **
i 1994 | 10.10. | * = * N N * N o o
kmeiia °l,3ﬁ pas
1995 23. 10. ¥ . * N N e N % ad
1993 24. 8. 2 N N *» N * > N &
Defolidcia® 1994 11. 8. N N N N N N N N N
1995 7. 8. N N N N N . N N N
Vysvetlivky — Explanatory notes:
N - Statisticky nevyznamny rozdiel (P > 0,05) — statistically insignificant difference (P > 0.05)
5 - Statisticky vyznamny rozdiel (P < 0,05) — statistically significant difference (P < 0.05)

** - Btatisticky vyznamny rozdiel (P < 0,01) - statistically significant difference (P < 0.01)

!characteristic, 2yca.r. *date of measuring, “trees of selective quality, Sother trees, Swhole stand, "electric resistance of cambium zone, *stem
girth, *defoliation

zvysili v rokoch 1994 a 1995 v porovnani s rokom Porovnanie hodnét EOK medzi plochami pre cely
1993 (tab. XI), ale niZSie hodnoty EOK naopak pouka-  porast (tab. III, IV, V) a stromami vyberovej kvality
zuji, Ze relativna vitalita buka sa Statisticky preukazne  (tab. VII) naznaduje, Ze vo vSetkych troch sledovanych
zvysila. rokoch boli hodnoty EOK najvy3§ie na ploche O a naj-
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XI. Statistickd vyznamnost rozdielov medzi rokmi podfa kategérie stromov — Statistical significance of differences between the years

according to the category of trees

Stromy vyberovej kvality* Ostatné stromy’ Cely porast’
Charakteristika' | Plocha? | Meranie® | 1993 [ 1993~ | 1994~ | 1993- | 1993- | 1994~ | 1993- | 1993~ | 1994
1994 | 1995 | 1995 | 1994 | 1995 | 1995 | 1994 | 1995 | 1995
l' *% *% *%x Lid % *% *k e *k
C 2. ok *% * % % * >k ** %
3. ok *¥ N *k *x N *k ok N
4. *% N *% *k N *% *¥ N *%
Elcku’icky 1. ¥ *k **% * *k *% % *k *¥
o‘k;;n";:iﬂnej O 2. % *k N *% *k N ** *x N
z6ny’ 3, *ox *k N *x *x N *ok *x N
4_ *k N N *¥ N * *% N *x
I. *%x *%* ** *¥ *k *% *k ok *x
H 2‘ o *¥ *k *% *X N *% *x N
3. ok *k N ¥ ok N *k *% N
4_ x% *%x N *% N * ok * N
c N N N N N N N N N
Obvod
st ol 0 N N N N N N N N N
H N N N N N N N N N
C *k *k N ok ok N ok *k N
Defolidcia’ [o) ** ** N *x * N *x ** N
H *k *% N xx *k N *% *% N

Vysvetlivky — Explanatory notes: ako pri tab. X — see Table X

For 1-2 and 4-9 see Table X, 3measurement

niZ$ie na ploche H, ¢o kore$ponduje s hnibkovou Struk-
tirou ploch, resp. s obvodom meranych jedincov. Pri
kategorii ostatnych stromov (tab. VIII) boli najhrubgie
stromy na ploche C, takZe mali aj najniZ$ie hodnoty
EOK. Z hladiska signifikantnosti rozdielov medzi plo-
chami (tab. X) vidno, Ze vysledky si nejednoznaéné,
pretoZe napr. medzi plochami H a C (cely porast) sa
zistili signifikantné rozdiely v hodnotiach EOK, pri¢om
rozdiely v obvode o) 3 a defoli4cii (okrem roku 1993)
boli nesignifikantné. Podobne pre stromy vyberovej
kvality boli rozdiely v obvode kmeiia medzi plochami
C a O signifikantné (P < 0,05), ale rozdiely v defolidcii
a EOK boli nesignifikantné. V pripade signifikantnosti
rozdielov EOK medzi plochami H a O (stromy vybero-
vej kvality, cely porast) ide o vplyv hriibky (obvodu)
meranych jedincov, lebo rozdiely v defoliacii st nesig-
nifikantné.

Zaujimavé vysledky sme zistili, ked sme porovnali
kategoriu stromov vyberovej kvality (SVK) a ostatné
stromy (OS). Na v3etkych plochéch vo vietkych rokoch
mali SVK vZdy niZ%ie hodnoty EOK, ale vysSie hodno-
ty defoliacie oproti OS, hoci rozdiely boli signifikantné
iba v dvoch pripadoch (tab. XII). Vysoka preukaznost
rozdielov v hodnotach EOK bola spdsobend opit hriib-
kou meranych stromov.

Okrem porovnania jednotlivych kateg6rii stromov nés
tieZ zaujimalo, &i sa prejavia rozdiely v EOK aj s ohla-
dom na stupeti poskodenia (tab. IX), ktory je sihrnnym
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ukazovatefom stupiia Zltnutia a defoliacie (podla meto-
diky medzindrodného monitoringu). Ako vidno z dda-
jov v tab. IX, opit sme zistili zavislost, ked so stipa-
jicim stupfiom poSkodenia sa hodnoty EOK zniZovali,
t.zn. relativna vitalita sa zvy3ovala. Bolo to znova spdso-
bené hribkou zmeranych stromov, lebo v najvy$Som
stupni poskodenia boli prave najhrub$ie stromy. Signi-
fikantnost rozdielov (tab. XIII) poukazala na ,silad*
medzi hriibkou a hodnotami EOK iba na ploche H.

Zavislost medzi jednotlivymi hodnotami sme skima-
li regresnou analyzou (tab. XIV). Z vysledkov vyplyva,
Ze vieobecne najtesnejsi vztah bol medzi EOK a hrib-
kou stromov, reprezentovanou obvodom o; 3 (obr. 1).
Podla kategorii stromov najvys¥ie indexy korelécie boli
pre cely porast a najniZSie pre SVK. Najmenej tesny
vzfah sme zistili medzi EOK a defolidciou (obr. 2). Re-
lativne najvysSie hodnoty korelatného koeficientu sme
zistili pre kategériu ostatné stromy, iba na ploche C to
bolo pre SVK. Druhou najtesnejSou zavislostou bol vztah
medzi EOK a vzrastovou triedou (obr. 3), ktory je
v podstate ddsledkom hribkovej Struktiiry, lebo s kle-
sajlicou vzrastovou triedou sa zniZuje i hribka stromov.
Tento vztah bol najtesneji pre kategoériu cely porast
a najmenej tesny pre SVK.

Pri sledovani uvedenych zévislosti na jednotlivych
plochéch sme zistili, Ze vztah EOK — obvod bol najtes-
nej8i na ploche O - okrem kategorie SVK, kde to bolo
na ploche C. Pri vztahu EOK - defoliicia to bolo tiplne
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XII. Statistickd vyznamnost rozdielov medzi stromami vyberovej kvality (SVK) a ostatnymi stromami (OS), resp. medzi vzrastovymi triedami
celého porastu — Statistical significance of differences between the trees of selective quality (SVK) and other trees (OS) and/or between the
growth classes of whole stand

Charakteristika' Plocha? Rok? Meranic* SVK3-088 = Vm“‘;‘i‘; trieda’ =
1. * o ok ok

X ** % ok ok

1993 5 - . e 2

4. * *% ** N

1. *% *¥% *k N

2 N *% *k *x

C 1994 % R e " g

4. N ** *x N

1. N ¥ *% *

2‘ *k *% *% *k

1995 3. . i . -

4. *k *ok ok o

]' *k % *k ok

2’ *k ok ok *k

1993 5. N - e .

4. ** % x **

1. *k ok ok *ok

G 0 1994 = - s * =
kambiélnej zony® 3. *% *x ** "
4. *k o ** -

l_ ok ok *% *%

2. e * *x% *%

e 3. ** ** *% %

4. % *k *% *%

1. ** *% *x *x

2. % % *% *%

1993 3 iz ] = -

4. % *k % *%

l. *k % ok *%

2. *k ok *k * %

H 1994 g o o i -]

4. >k *¥ *k **

]. * X% *x *% **

2_ *%x *x *k *%

1995 3. i P %i “

42 *k *% *k *%

1993 * *x *% X%

C 1994 *% *x *x *x

1995 *x *x *x *x

1993 *k *x *% *x

gf,:;ﬁ 0 o 1994 *x *x *x -
d 1995 *¥ *% *k *%
1993 *x *k *k **

H 1994 *k *k >k o

1995 ** ok *ok *%

1993 N *k * N

C 1994 * *k P N

1995 N o ™ N

1993 N * - *

Defoliacia'® 0 1994 N o - e
1995 % o *% %

1993 N N x %

H 1994 N N ok **

1995 N N ok *%

Vysvetlivky — Explanatory notes: ako pri tab. X — see Table X

!characteristic, 2plot. Syear, *measurement, >trees of selective quality, Cother trees, 7growth class, Pelectric resistance of cambium zone, *stem
girth, 10gefoliation
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1. Zavislost elektrického odporu kambial-
nej z6ny od obvodu kmeiia pre cely porast
v roku 1994 na TVP Jaln4 O - Dependence
of the electric resistance of cambium zone
on the stem girth for the whole stand on
the permanent research plot Jalné O in 1994

0 20 0 ©0 0 100 120 140 160
obved (cm)
XL Statisticka vy { rozdielov medzi stupfiami poSkodenia (cely porast) - Statistical significance of differences between the degrees
of damage (whole stand)
Stupefi poskodenia®
Plocha! Rok? 0-1 0-2 1-2
Elektricky odpor Obvod kmefia | Elektricky odpor | Obvod kmeiia | Elektricky odpor | Obvod kmeiia
kambidlnej zény* 0,3 (cm) kambiélnej z6ny* 0;3° (cm) | kambidlnej zény* | o, ° (cm)
1993 N N N » # **
C 1994 - - - - N bl
1995 *% *k *% *% *% * %
1993 N i N ", N N
(6] 1994 N % N *x *x *x
1995 * *¥ *% ** ** *k
1993 *k *x *k * N N
H 1994 ** *k *k *k N N
1995 *% * *% % * *
Vysvetlivky — Explanatory notes: ako pri tab. X — see Table X
“ 2. Zavislos( elektrického odporu kambiél-
nej z6ny od defolidcie pre stromy vyberovej
= * ¥ kvality v roku 1995 na TVP Jalni H - De-
- S bR B pendence of the electric resistance of cam-
T -ame s bium zone on the defoliation for the trees
28 - —— - of selective quality on permanent research
plot Jalnd H in 1995
. * s - LR 3

defoltica (%)
8

slektrickf odpor kambia (kOhm)

vyrovnané. Pri vzfahu medzi EOK — vzrastové trieda
bol najtesnej¥i vztah na ploche O a H a najmenej na

ploche C.

Pri sledovani tesnosti zévislosti uvedenych hodndt
medzi rokmi boli malé rozdiely pri vztahu EOK - vzras-
tova trieda a EOK — obvod, najvi&sie boli pri vztahu

EOK - defoliacia.

J. FOR. SCI., 46, 2000 (1): 34-52

DISKUSIA

Nase trojroéné merania potvrdili, Ze hodnoty EOK

podliehaji sezénnej dynamike, lebo od zatiatku vege-
taného obdobia sa zniZovali aZ do polovice jila, kedy
si minimélne, potom sa hodnoty elektrického odporu

zvySovali aZ na najvy$sie hodnoty v novembri. Uvede-
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XIV. Elektricky odpor kambiédlnej z6ny vo vztahu k obvodu kmeiia o, 3, defolidcii a vzrastovej triede na TVP Jaln4 — Electric of camb zone in relation to the stem girth o, 5, defoliation and growth
class on the permanent research plot Jalnd R
Elektricky odpor kambiélnej zény* ~ Elektricky odpor kambilnej z6ny* — Elektricky odpor kambidlnej zény* — Vzrastova
Kategéria stromov! Plocha? Rok? Obvod® 0, 5 Defoliacia® trieda’
Regresnd rovnica® I, Regresna rovnica® o Regresna rovnica® ey
1993 y = 962,1 x 09176 0,739 y = 29,649 - 0,5709 x 0,253 y = 10,333 + 3,4664 x 0,492
c 1994 y = 178,43 x 0.6232 0,599 y = 48,449 — 1,8594 x 0,342 y =7,0728 + 2,6776 x 0,633
1995 y = 256,33 x0.6941 0,564 y = 50,881 — 2,158 x 0,462 y = 7,6826 + 2,4247 x 0,470
o 1993 y =715,4 x 08539 0,540 y = 18,783 + 0,0499 x 0,022 y = 12,942 + 2,2421 x 0,289
Kvality? o 1994 y = 118,05 x~0.5407 0,569 y = 49,607 + 2,1025 x 0,324 y = 8,3989 + 1,6106 x 0,495
1995 y = 154,07 x 05915 0,449 y = 31,734 - 0,3427 x 0,087 y =8,1293 + 2,1673 x 0,455
1993 y = 271,58 x 06774 0,551 y = 3,7605 + 1,1356 x 0,483 y =10,756 + 1,117 x 0,081
H 1994 y = 43,647 x 03678 0,411 y = 4,9563 + 2,7167 x 0,331 y = 8,1288 - 0,2844 x 0,042
1995 y = 46,855 x~03720 0,434 y = 25,754 — 0,0646 x 0,009 y = 7,6584 + 0,4858 x 0,075
1993 y = 287,07 x 06523 0,736 y = 22,791 - 0,2195 x 0,119 y = 10,499 + 3,2731 x 0,485
c 1994 y = 278,23 x 07294 0,768 y = 27,774 - 0,189 x 0,070 y=6,2911 + 2,7584 x 0,569
1995 y = 257,84 x0.7015 0,701 y = 37,279 - 1,095 x 0,365 y = 6,5372 + 2,9004 x 0,537
1993 y = 765,13 x 08839 0,843 y = 25,763 - 0,5145 x 0,422 y = 6,5761 + 5,3561 x 0,687
Ostatné stromy'® o 1994 y = 679,36 x~09189 0,848 y = 38,663 — 1,0888 x 0,605 y =3,5377 + 4,7679 x 0,659
1995 y = 814,03 x 09630 0,821 y = 35,883 — 1,0453 x 0,589 y =2,3381 + 5,2429 x 0,711
1993 y = 221,77 x9.6072 0,679 y = 26,967 — 0,6857 x 0,504 y = 8,786 + 4,1678 x 0,694
H 1994 y = 311,47 x 07726 0,766 y =36,917 - 1,1059 x 0,457 y =4,3635 + 3,7627 x 0,736
1995 y = 406,19 x0.8237 0,815 y = 38,873 - 1,3454 x 0,568 y = 4,7383 + 3,7614 x 0,704
1993 y = 327,51 x06823 0,745 y = 24,755 - 0,3161 x 0,168 y=10,511 + 3,2745 x 0,521
C 1994 y = 244,91 x~0.695 0,749 y = 31,591 - 0,458 x 0,146 y = 6,8373 +2,5201 x 0,579
1995 y = 244,04 x 06878 0,689 y = 40,013 — 1,2841 x 0,394 y = 7,0777 + 2,6507 x 0,540
1993 y = 613,54 x 08267 0,786 y = 25,839 - 0,4742 x 0,332 y=10,177 + 39814 x 0,642
Cely porast'! ) 1994 y = 649,02 x-09125 0,853 y = 39,59 — 1,1474 x 0,552 y = 53506 + 4,0124 x 0713
1995 y = 651,04 x 09102 0,801 y = 38,413 - 1,1312 x 0,549 y = 5,3226 + 4,0838 x 0,717
1993 y = 347,66 x~0.7184 0,755 y=21,78 - 0,374 x 0,280 y = 7,6008 + 4,5939 x 0,746
H 1994 y = 328,15 x 07916 0,803 y = 32,829 - 0,7829 x 0,294 y = 4,0812 + 3,8293 x 0,788
1995 y = 376,22 x 081 0,836 y = 35,097 — 1,0993 x 0,449 y = 4,3671 + 3,8705 x 0,770

Vysvetlivky — Explanatory notes:

I, — index korelécie — index of correlation
Ty, = korelatny koeficient — correlation coefficient

'category of trees, 2plot, 3year, 4electric resistance of cambium zone,

5

stem girth, Cdefoliation, 7growlh class, uregression equation, %trees of selective quality, other trees, ''whole stand
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3. Zavislost elektrického odporu kambiélnej
z6ny od relativneho vy3kového postavenia
pre cely porast v roku 1994 na TVP Jalnd H —
Dependence of the electric resistance of cam-
bium zone on the relative height position for
the whole stand on permanent research plot
Jalna H in 1994

y=38293x + 40812
R =061

ny celoroény priebeh plati vieobecne aj pre iné dreviny,
rozdiely si len v absolitnych hodnotich (kOhm). K rov-
nakému poznatku dospeli aj Glomb et al. (1994)
a Caboun (1994), ktori podrobnejsie skimali sez6n-
ny priebeh EOK na réznych drevinich. Za vSeobecne
platny vysledok moZno povaZovat aj zvySovanie hodndt
EOK s poklesom hribky meranych stromov, ktory zis-
tili vSetci autori zaoberajici sa meranim EOK stromov.
Napr. Smelko (1995) zistil v 70-ro¢nom smrekovom
poraste index korelacie 0,817 a Mihina, IStofia
(1995) uvadzaji hodnotu r = 0,925 pre bukové porasty
rozneho veku. Tieto hodnoty sa mélo odli$uji od naSich
merani v bukovom poraste na TVP Jalna, kde korelacna
zévislost medzi hribkou, resp. obvodom kmeifia dosaho-
vala pre cely porast hodnoty od r = 0,689 do r = 0,853.

Zaujimava je skutoCnost, Ze aj v pripade, ked sme
merania vykonali v rovnakom termine (prvé a druhé me-
ranie v roku 1993 a 1995), namerané hodnoty EOK boli
rozdielne, a to vicSinou vysoko signifikantne. To po-
tvrdzuje, Ze velmi ddleZitymi faktormi si pre hodnoty
EOK predovsetkym meteorologické podmienky (teplo-
ta a vlhkost vzduchu, resp. pletiva, zrazky atd.). Vy-
sledky dlhodobych merani je nutné prepoéitavat na
Standardné podmienky (teplotu), a tou je v sicasnosti
25 °C, ¢im sa dosiahne vy$8ia objektivita a porovnatelnost
vysledkov. Podrobny vyskum tychto faktorov v spoji-
tosti s hodnotami EOK vykonali Glomb et al. (1994)
a Caboun (1994), ktory sledoval okrem okamZitej
teploty vzduchu aj vplyv minimélnej a maximalnej tep-
loty v defi merania i v diioch pred meranim, mnoZstvo
zrazok i dfzku slneZného svitu. Zistil, Ze najtesnejsia
korelécia bola medzi hodnotami EOK a priemernou ma-
ximdlnou teplotou vypoditanou z maximalnych tepldt
za tri dni pred meranim odporu. Priemerny index kore-
lacie bol najtesnejsi pre buk — aZ 0,9441. Z uvedeného
teda vyplyva, Ze elektricky odpor kambiélnej zény je
viac ovplyvneny pocasim pocas troch dni pred meranim
ako momentalnou teplotou pri merani. Glomb et al.
(1994) konStatuji na zaklade trojroénych pozorovani
smreka, borovice, buka a brezy, Ze hodnoty EOK rea-
govali priblizne s mesanym aZ dvojmesaénym posu-
nom na priaznivé alebo nepriaznivé zraZkové pomery
v urditej zavislosti od dreviny, resp. s ohladom na hlbku
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jej koreiiového systému. Do urditej miery sa to prejavilo
aj pri naSich trojronych meraniach, lebo na vetkych
plochéch boli hodnoty EOK v rokoch 1994 a 1995 niZie
oproti roku 1993, o zrejme sivisi s ovela priaznivejSou
zrazkovou bilanciou vo vegetanom obdobi tychto ro-
kov (tab. XV). Na druhej strane sa poveternostné vply-
vy prejavili pri zvySenych hodnotéch defolidcie v roku
1994 a 1995, ¢o si vysvetlujeme dlhotrvajicim pdsobe-
nim vysokych tepl6t (najmi v lete roku 1994) pri spo-
lupGsobeni s imisiami a tieZ zvySenou frekvenciou ne-
kréz na konaroch bukov (Stefanc&ik et al., 1996).
Suma tepl6t vzduchu v jednotlivych mesiacoch vege-
tatného obdobia rokov 1994 a 1995 znacne prevySova-
la hodnoty v roku 1993.

Je v3ak zaujimavé, Ze hodnoty EOK v jednotlivych
rokoch st v uréitom ,,rozpore” s hodnotami defoliacie,
pretoZe jej hodnoty sa signifikantne zvy$ili v rokoch
1994 a 1995 oproti roku 1993; niZie hodnoty EOK
naopak poukazuji na to, Ze relativna vitalita buka sa
zvy$ila. Rovnaki ,,nelogicki‘ zavislost sme zistili aj
v smrekovom imisne zataZzenom poraste v pasme B/C
imisného ohrozenia (Stefan&ik, 1994). Korelacia
medzi uvedenymi veli¢inami mala slabi tesnost (0,05 aZ
0,36). Zavislost hodnét EOK od stupiia (percenta) de-
foli4cie zistovali aj dal$i autori (Mihina, I§tofia,
1995; Tomiczek, 1995), ktori tieZ zistili slaba ko-
rel4ciu medzi hodnotami EOK a defoli4cie. Smelko
(1995) na LHC Oravské Polhora v roku 1991 tieZ zistil
na siibore 108 stromov 70-ro¢ného smrekového porastu
slabSiu zavislost, ked korelatny koeficient dosiahol
hodnotu 0,243. Z vysledkov prac, ktoré skimali napr.
zavislost hodndt EOK od stupiia defolidcie (resp. po-
$kodenia jedincov) vyplyva, Ze ohmicky odpor citlivej-
Sie reaguje na faktory merania ako na samotné posko-
denie &i defolidciu. Spravne to vysvetluji Mihina,
I8tofia (1995), Ze ohmicky odpor mdZe byt indikéto-
rom iba momentalneho (okamZikového) stavu vitality
stromu, ktory &asto znatne kolife, kym defolidcia je
agregovanym vysledkom pdsobenia vplyvu Skodlivych
i prirodzenych Cinitelov za predchiddzajice dlh3ie ob-
dobie.

Podobne pri zistovani zévislosti hodnét EOK od me-
chanického poskodenia kmefiov (Stefan&ik, 1994)
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XV. Vybrané klimatické charakteristiky z meteorologickej stanice SHMU v Ziari nad Hronom (275 m n. m.) — Some climatic characteristics
from a meteorological station of the Slovak Hydrometeorological Institute in Ziar nad Hronom (275 m a.s.l.)

R e 0“*;;3@5 2 | Uhmod1. 14 Teplota vaduchu® (°C) | - reploes | TepIot pOd5” (°O) (5 cm)
(mm) % NE (mm) % N® | priemer® | T,.. Tt priemer’ | T... T

1. 279 | 594 | 279 | s94 | 15 | 130 | -164 | 68| -16 14 | 79

2. 20 | 489 | 499 | 542 | -21 87 | <172 | -1051| -13 | -04 | -38

3. 71 | 154 | s70 | 413 30 | 221 96 a6| 22| nm1 | 33

4 184 | 376 | 754 | 403 99 | 266 | -38 | 2887 | 101 | 201 13

5, 222 | 342 | 976 | 387 | 168 | 29, 52 | 83| 188 | 265 | 126

1993 6. 467 | 623 | 1443 | 4a1 | 174 | 303 61 | 13301 201 | 282 | 148
7. 416 | 652 | 1919 | 480 | 181 | 315 45 | 18912 203 | 274 | 129

8. 739 | 1103 | 2658 | 569 | 190 | 347 39 | 24808 | 21,5 | 29,1 133

9. 507 | 957 | 3165 | 609 | 137 | 266 26 |28010]| 156 | 205 | 113

10. 725 | 1272 | 3890 | 674 | 106 | 242 | -23 [32200] 120 | 156 41

11. 29 | 681 | 4319 | 615 16 | 150 | -11,5 |[32688| 43 | 110 | -02

12. | 1105 | 1842 | 5424 | 715 17 95 | -39 |33213] 20 4.4 02

1. 467 | 994 | 467 | 994 17 | 107 | -93 27| 17 53 | -07

2. 35 78 | 502 | s46 10 | 143 | -123 80| 16 s8 | -12

3. 34 | 683 | 816 | 591 64 | 190 | 32 | 2795| 60 | 116 1.8

4 | 1049 | 2141 | 1865 | 997 99 | 248 | 28 | s757| 102 | 192 438

s, | 111 | 207 | 3176 | 1260 | 141 | 293 00 | 10125 162 | 223 | 100

1994 6. 358 | 477 | 3534 | 1081 | 180 | 343 37 | 15534 | 193 | 276 | 139
7. 407 | 558 | 3941 | 985 | 221 | 363 92 | 22398 | 235 | 208 | 180

8. 164,0 2448 558,1 119,5 19,4 36,7 6,1 28413 21,6 30,1 15,6

9. | 1094 | 2064 | 6675 | 1284 | 163 | 283 37 [33300] 182 | 225 | 136

10. | 1092 | 1916 | 7767 | 1346 75 | 220 | 42 |35628| 105 | 182 59

1. 406 | 644 | 8173 | 1277 47 | 165 | 31 [37029] 61 | 106 2,4

12. 325 | s42 | 8498 | 1214 09 | 120 | -88 |37295| 17 56 | -0

1. 397 | 845 | 397 | s8as | -18 | 103 | -188 | -s545| -02 24 | -15

2. 579 | 1287 | 976 | 106, 37 | 128 | -68 49| 29 58 | -02

4 699 | 1520 | 1675 | 1214 39 | 159 | 36 | 11| 50 7.8 23

4. s16 | 1053 | 2191 | 1172 98 | 278 | 40 | 4662| 96 | 176 23

. 719 | 1106 | 2910 | 1155 | 140 | 285 | -09 | 8995| 155 | 231 10,8

1995 6. 115,1 153,5 406,1 1242 17,2 29,2 44 14158 19,6 25,2 11,2
7. 412 | 564 | 4473 | 8 | 29 | 327 103 | 20036 233 | 282 | 180

8. 593 | 885 | 5066 | 1085 | 183 | 315 42 | 26614 215 | 273 | 134

9. 76 | 1350 | s782 | 2 | 129 | 265 | -01 | 30480 154 | 207 9,5

10. 1,7 30 | s799 | 1005 | 102 | 252 | 41 |33653| 120 | 178 54

11. 288 | 457 | 6087 | 951 14 | 112 | -130 |34072| 39 95 | -03

12. 536 | 893 | 6623 | 946 | —06 60 | -148 | 33887 | 1.8 42 | 06

'year. Zmonth, *sum of precipitation for the period, 4sum since January 1, Sair temperature,

8pcrccnmgt: of normal, 9average

sa zistila ,,opa¢né zavislost“, ked mechanicky poskode-
né stromy mali viac§inou aj ,relativne lepSiu vitalitu®.
Podobny vysledok zistil aj Glomb (1996), ktory meral
hodnoty EOK na zédmerne poskodenych duboch a bu-
koch aplikovanim arboricidneho pripravku Garlon 4.
Autor uvadza, Ze v prvej faze poSkodenia doflo k vy-
raznému zvySeniu relativnej vitality; aZ po niekolkych
mesiacoch — pri vyznamnom po$kodeni stromu — jeho
vitalita klesala. Uvedené vysledky nazna&uju, Ze opisa-
né metédy pouZitia meracich pristrojov nie si vhodné
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Ssum of temperatures, "soil temperature,

pre hodnotenie zdravotného stavu lesa, a je preto nutné
hladat také met6dy vyuZitia vietkych elektronickych
meracich pristrojov, ktoré by umoznili objektivne hod-
notenie zdravotného stavu stromov, resp. lesa. Spravna
interpretdcia nameranych hodnét a dosiahnutych vy-
sledkov vyZaduje dobré znalosti najmi z oblasti fyzio-
l6gie a elektrofyziol6gie lesnych drevin.

TieZ naSe vysledky pri skimani vzfahu EOK so stup-
fiom poskodenia ako sihrnného ukazovatela stupiia Zlt-
nutia a defolidcie zistili priaznivejSie hodnoty EOK pre
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vy$§§i stupefi poSkodenia. Podobné vysledky sme zistili
aj v imisne poSkodenych smrekovych porastoch TVP
Smolnicka Osada (Stefan&ik, 1994). Naproti tomu
Garrec et al. (1989) zistili o8akavani z4vislost hodnét
EOK vo vztahu k poskodeniu smrekovych porastov, t.zn.
zdravé jedince mali Statisticky vyznamne niZ$ie hodno-
ty EOK ako chradniice smreky. K podobnym vysled-
kom dospel aj Caboun (1992b) pri merani EOK na
dubovych vzornikoch v imisnej oblasti Jel§ava-Lube-
nik, ked hodnoty EOK kore¥pondovali aj s vizualne po-
zorovatelnym poSkodenim jedincov v zavislosti na vzdia-
lenosti od emisného zdroja. Torelli et al. (1990),
ktori zistovali elektricky odpor kambiélnej z6ny zdra-
vych a pod réznym stresom rasticich stromov jedle bie-
lej v SZ Juhoslavii v jedlo-bukovom poraste, namerali
hodnoty EOK, ktoré korelovali so zdravotnym stavom
vySetrovanych stromov, t.zn. vy$Sie hodnoty EOK na
nezdravych jedincoch a niZSie hodnoty na zdravych stro-
moch. Rovnako aj Glomb et al. (1994) zistili zdvis-
lost relativnej vitality na stupni poSkodenia a prislus-
nosti k stromovej triede.

Pri porovnani hodnét EOK medzi jednotlivymi plo-
chami sa prejavil vplyv hribkovej Struktiry porastu,
lebo zavislost hodnét EOK od hriibky meranych stromov
je najtesnejdia a asto prekryva aj eventudlne posobenie
inych faktorov (druh dreviny, jej vek, teplota a vlhkost
vzduchu, resp. meraného pletiva, vegetacna doba atd.).
V3etci autori potvrdili, Ze s poklesom hriibky stromu sa
zvysuju jeho hodnoty EOK (Garrec etal., 1989; Ju-
ra etal, 1990; Caboun, 1992a, 1994; Glomb et
al, 1994; Stefanc&ik, 1994; Mihina, IStoila,
1995; Smelko, 1995, a ini), lebo medzi tymito veli-
¢inami existuje najtesnejSia koreladna zévislost. S tym
stvisi aj dalSi znamy poznatok, Ze so stipajiicim rela-
tivnym vyskovym postavenim (biosociologické postave-
nie stromu) sa zniZuji hodnoty EOK, Co je v§ak dosle-
dok hribky, lebo vysSie stromy sii spravidla i hrubsie.

Treba tieZz podotkniit, Ze hodnoty EOK ovplyviiuje
mnoZstvo vonkajSich i vnitornych faktorov, ktoré nie-
kedy moZu skreslit ziskané vysledky (Garrec et al.,
1989; Jura etal., 1990; Stefané&ik, 1994; Smel-
ko, 1995). V tejto sivislosti nemoZno vylicit, Ze aj
na$e merania boli ovplyvnené niektorymi z uvedenych
faktorov, najmé v roku 1994 a 1995, kedy meraniu EOK
predchadzalo viacdiiové hortce pocasie s teplotami nad
30 °C. Okrem toho hodnoty EOK st ovplyvnené aj
fenologickou fazou dreviny v ¢ase merania, ¢o pri hod-
noteni fyziologického stavu sadenic lesnych drevin zistila
aj Martincova (1990). Z prehladu literatiry vyply-
va, Ze iba malo autorov si viima, resp. berie zretel na
fenofazu drevin, na ktorych sa meria EOK, ¢o méZe byt
tiez jednym z d6vodov ziskania protichodnych (nejed-
noznaénych) vysledkov. Podobne naSe niekolkoro&né
sledovania fenologickych prejavov buka (Stefané&ik,
1995) tieZ zretelne ukazali, Ze z hladiska fenolégie mdZze
byt kaZdy rok iny, t.zn. meranie EOK kaZdoro¢ne
v rovnakom termine e$te nezaruCuje, Ze porasty si
v rovnakej (porovnatelnej) fenofdze. Najmid dlhotrvajice
sucho (zrazkovy deficit) zna¢ne meni (urychluje) prie-
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beh najmi jesennych fenofdz v normalnych i imisnych
podmienkach (Stefané&ik, 1997c).

Zaujimavé bolo porovnanie nameranych hodnét
EOK podIa jednotlivych kategérii stromov. Aj ked ta-
kéto merania sme v literatire nenasli, je zrejmé, Ze me-
ranie EOK sa riadi vlastnymi objektivnymi z4konitos-
tami, Casto rozdielnymi od vizuidlne pozorovatelnych
znakov. Opit sa prejavila opaind zdvislost, t.zn. niZie
hodnoty EOK mali SVK, hoci mali vy$§iu defoli4ciu
ako ostatné merané jedince. Vplyv hribky meranych
stromov opit prekryl moZny vplyv zvySenej defoliacie.

Nazdavame sa, Ze poet 269 stromov, u ktorych sme
Styrikrat ro¢ne pocas troch rokov merali EOK, je do-
statocny na postdenie objektivnosti hodnotenia zdra-
votného stavu bukového porastu pristrojom TVM 01.
V literatiire sa v tejto stvislosti uvddza ako postadujici
pocet 30 aZ 100 stromov.

ZAVER

Pri hodnoteni relativnej vitality 70-rofného bukového
porastu v oblasti s miernou imisnou zataZou meranim
EOK vysledky nekoreSpondovali so zisteniami rozsahu
defolidcie. NaSe merania potvrdili znamu skutcénost, Ze
najtesnejSia koreladn4 zévislost existuje medzi hnibkou
meranych stromov a hodnotami EOK. Druhou najtes-
nejSou zdvislostou bol vztah medzi EOK a vzrastovou
triedou, ktory je v podstate ddsledkom hriibkove;j $truk-
tiry, lebo s klesajicou vzrastovou triedou sa zniZuje
i hribka stromov. Tento vztah bol najtesnejsi pre kate-
goriu cely porast a najmenej tesny pre SVK. Najmene;j
tesny vztah sme zistili medzi EOK a defolidciou.

Vysledky podla defoliacie aj hodnt EOK preukazali
podstatné rozdiely medzi jednotlivymi kategériami
stromov, ale zavislosti boli ,,opainé®, t.zn. stromy vy-
berovej kvality podla nameranych hodnét EOK mali
,»najvyssiu relativnu vitalitu*, hoci mali najvys8iu defo-
lidciu. V pripade, Ze sme merania uskutocnili v rovna-
kom termine dvoch rdznych rokov, hodnoty EOK sa
signifikantne odliSovali. Nezistili sa rozdiely v zavis-
losti od spdsobu vychovy porastov, lebo rozdiely medzi
plochami boli spdsobené hribkovou $truktirou mera-
nych stromov. TaktieZ sa prejavila ,,opa&na* zavislost
pri sledovani hodn6t EOK s ohladom na stupeii posko-
denia meranych stromov, ked relativna vitalita stromov
sa zvySovala so stipajicim stupfiom poSkodenia.

Z naSich viacroénych merani ako aj z prehladu pub-
likovanych pric z predmetnej problematiky vyplyva
znadna zloZitost objektivneho posudzovania zdravotné-
ho stavu stromov (porastov) meranim EOK. Vysledky
vyskumov priniesli niekedy nejednozna&né, resp. proti-
re¢ivé vysledky. Potvrdilo sa, Ze objektivne zistovanie
zdravotného stavu stromov metédou merania EOK uve-
denymi pristrojmi, ako to uvadzaji vyrobcovia i niektori
autori, ned4vaji uspokojivé vysledky. Najmi jednorazo-
vym meranim nie je moZné ziskat dostato¢ne spolahlivé
vysledky o zdravotnom stave drevin, moZno ich vSak
vyuZif napr. pri posudeni ,relativnej vitality* dvoch su-
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sednych stromov. Nesplnili sa teda velké nadeje vkla-
dané do tejto metédy v tom zmysle, Ze nenarocne, véas
a spolahlivo zistime strom, ktory navonok nejavi Ziadne
prejavy chradnutia, ale jeho fyziologické procesy na-
znaduji jeho zhorSenie stavu ¢&i neskorSie odumretie.
Sthlasime s ndzorom viacerych autorov, Ze vyuZitie me-
rania EOK drevin v lesnickej prevadzke je problematic-
ké (obmedzené). Pri¥inou nedostato&nej spolahlivosti je
skutognost, Ze namerané hodnoty si ovplyvnené celym
radom vnitornych i vonkajSich faktorov, ktoré Casto
posobia vzdjomne protichodne a sfaZuju interpreticiu
vysledkov.

Na druhej strane moZno konstatovat, Ze elektrodiag-
nostické metédy (meranie EOK) moZno vyuZit pri opa-
kovanych (kontinudlnych) meraniach pri hodnoteni re-
lativnych zmien v ramci ekofyziologického vyskumu.
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ASSESSMENT OF RELATIVE VITALITY OF BEECH STAND BY APPARATUS

TVM 01

1. Stefancik

Forest Research Institute, T. G. Masaryka 22, 960 92 Zvolen

The aim of the paper was to find the values of elec-
tric resistance of cambial zone (ERCZ) on selected
beech individuals, to compare them with the values of
defoliation and on the basis of obtained results to judge
suitability of an apparatus TVM 01 for objective assess-
ment of health condition of beech stands.

Research was conducted on the series of permanent
research plots (PRP) Jaln4 situated in the Stiavnické
vrchy Mountains. The series of research plots consisted
of three partial plots. The plot O is control plot — with
no intentional treatment. In plot C intensive low thin-
ning was carried out in the past (C-degree according to
the German Research Forestry Institutes in 1902), plot
H is managed by free crown thinning (Stefancik,
1984), which represents an individual way of tending
of the trees of selective quality.

Since establishment of the PRP (in 1958) eight thin-
ning treatments have been carried out on partial plots
(C, H) up to now. Age of stand (in 1993) was 70 years,
west exposition, altitude 610 m a.s.l. More detailed
characteristics of this PRP from silvicultural, produc-
tional, mycological and health condition point of view
are presented in papers by Stefan&ik et al. (1991),
Mih4l (1995) and Stefan&ik et al. (1996).

PRP Jaln4 is situated near the aluminium works in
Ziar nad Hronom about 7 km in an air line from an
emission source. According to the analysis of the con-
tent of pollutants in assimilatory organs of trees con-
ducted in the vicinity of Ziar nad Hronom (Mafi-
kovské, 1991) the stand is located in zone C, it
means under weak immission impacts.

On the research plots we carried out measurements
of the stem girth at height 1.3 m, a relative height po-
sition of individuals (growth classes) as well as we as-
sessed visually with the help of binocular yellowing and
defoliation of beech asimilatory organs according to the
international methodology of the assessment of forest
health condition (ICP method). Besides leaf yellowing
and defoliation an electric resistance of cambium was
measured by apparatus TVM 01 (Tree vitality meter)
on the same trees 4 times, annually in the years 1993
to 1995.

Obtained values were processed for three categories
(files). The whole stand (first file) is represented by all
measured individuals (1st to 3rd growth class) on each
plot. The second file consists of so called trees of se-
lective quality (in the sense defined by Stefan&ik,
1984), which regards tending the most important sub-
ject for care of silviculturists and they are the main
bearers of quantitative and qualitative production of
stand. Above mentioned individuals are selected from
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the trees of the highest quality and vigour (according to
the morphological traits). Other trees (the third file) are
particularly individuals of the whole stand excluding
the trees of selective quality.

Average values of yellowing and defoliation of beech
assimilatory organs according to the investigated tree
categories on individual plots are presented in Table I and
Table VI. Values of defoliation between the plots were
little different during three years, as well as between
1994 and 1995 when the differences found were almost
always statistically insignificant (Table X). The defolia-
tion increased markedly during the next two years in
comparison to 1993 (Tables I, IT and VI). Differences
between the years 1993 and 1994, 1993 and 1995, re-
spectively, for values of defoliation were statistically
highly significant (Table XI).

In Tables III, IV and V are presented average values
of ERCZ and stem girth of the whole stand on PRP
Jalnd in the years 1993-1995. In the whole period the
values of ERCZ increased with a decreasing relative
height position of trees, while the differences were highly
significant (Table XII). It is a known fact that with de-
creasing tree diameter its values of ERCZ increased due
to the closest correlation among presented parameters
(Fig. 1, Table XIV). The measurements in the fourth
terms during each year confirmed known dynamics of
the course of ERCZ values. Since the first measurement
the values decreased, while the lowest ones were al-
ways measured in the second term, it means in the mid-
dle of July every year. Later the values of ERCZ
increased again and at the end of the growth period
and/or at the end of the year the heighest ones were
recorded.

By comparison of the values of ERCZ between the
years for the whole stand, trees of the selective quality
(Table VII) and the other trees (Table VIII) it can be
seen that they were always different even when the
measurements were made in the same term (the first and
the second measurement in 1993 and 1995). In most
cases the differences were also statistically highly sig-
nificant (Table XI). At the same time the results showed
that for all tree categories during the growth period (the
second and the third measurement) in 1994 and 1995
the values of ERCZ were always lower in comparison
to 1993, while differences were highly significant (Ta-
ble XI). This fact is at certain discrepancy with defolia-
tion because its values increased highly significantly in
1994 and 1995 in comparison with 1993 (Table XI), on
the contrary lower values of ERCZ suggest that relative
vitality of beech trees statistically significantly in-
creased.
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Comparison of ERCZ values between the plots con-
firmed a close relation with diameter structure of plots,
with stem girth of measured individuals, respectively.
Trees of selective quality had always lower values of
ERCZ on all plots and in all years but higher values of
defoliation in comparison with the other trees although
the differences were significant only in two cases
(Table XII). Very significant differences for ERCZ val-
ues were again caused by the diameter of measured
trees.

It is obvious from values in Table IX that the relation
was found again, when with increasing degree of dam-
age the values of ERCZ decreased, it means the relative
vitality increased as well. It was again caused by the
diameter of measured trees because in the highest dam-
age degree were the trees with the greatest diameter.

The relation between the values was investigated by
regression analysis (Table XIV). According to the re-
sults generally the closest relation was found between
ERCZ and diameter of trees represented by stem girth
. (Fig. 1). According to the tree categories the highest
indices of correlation were found for the whole stand
and the lowest ones for the trees of selective quality.
The lowest relation was found for ERCZ and defolia-
tion (Fig. 2), followed by ERCZ and growth class in-
terrelation (Fig. 3) which resulted from diameter struc-
ture, because with a decreasing diameter of trees also
the growth classes are lower.

With the assessment of relative vitality of 70 years
old beech stand in the region under mild immission load
with the help of ERCZ measurement the results did not
correspond to the results on defoliation. Our measure-

ments confirmed a well-known fact that the closest cor-
relation exists between diameter of measured trees and
ERCZ values. The lowest relation was found for ERCZ
and defoliation.

The results according to the defoliation and also the
values of ERCZ showed substantial differences be-
tween the particular categories of trees but dependences
were ,contrary”, it means according to the measured
values of ERCZ the trees of selective quality had ,.the
best relative vitality*, although they had the highest
degree of defoliation. In the case that the measurements
were carried out in the same terms in two different
years the values of ERCZ were significantly different.

No differences in relation to the way of tending were
found because the differences between the plots were
caused by diameter structure of measured trees. An op-
posite dependence between the values of ERCZ and the
degree of damage of measured trees occurred when the
tree relative vitality increased with an increasing degree
of damage.

According to our measurements and regarding the
published papers we can say that it is very difficult to
judge the health condition of stands objectively by means
of ERCZ measurement. The results of investigations
sometimes showed ambiguous and/or discrepant results.
We agree with the opinion of several authors that utili-
zation of the measurements of ERCZ for trees is very
complicated (limited) in forest practice. The reason of
its insufficient reliability is a fact that the values are
influenced by a lot of internal and external factors
which frequently counteract and make interpretation of
the results difficult.

Kontaktnd adresa:

Ing. Igor Stefan&ik, CSc., Lesnicky vyskumny stav, T. G. Masaryka 22, 960 92 Zvolen, Slovenska republika
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