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Cile prace

¢ Posoudit vybrané fyzikdlni a mechanické vlastnosti dieva borovice lesn{

z charakteristickych lokalit Ceské republiky.

¢ Zhodnaotit vliv clonného a holosecného zplsobu obnovy na hodnocené viastnosti dieva.

¢ Porovnat variabilitu vlastnosti v ramci kmene.

¢ Analyzovat dal$i mozné zdroje variability vlastnosti, jako je orientace svétovych stran a vliv Sitky
letokruhu.

Metodika

Na vzorovych lokalitach, reprezentujicich holose¢ny a clonny postup obnovy borovice lesni, odebrat vzoro-
vé kmeny. Ze vzornikl odebrat reprezentativni sekce. Pofez sekci a vyroba zkusebnich téles musi umozZnit
posouzeni horizontdlni variability. Standardizovanymi postupy vyhodnotit vybrané fyzikdIni a mechanic-
ké vlastnosti dfeva, pfedevsim hustotu, sesychani, pevnost a modul pruznosti v ohybu, pevnost v tlaku
a razovou houZevnatost. Pfi hodnoceni vybranych vlastnosti vyuZit i nedestruktivni metody. Statistickymi
metodami posoudit viiv zplsobu obnovy a vliv pozice v kmeni.

harmonogram feseni:

1. rok —odbér zkuSebniho materidlu z prvni lokality, pfiprava zkusebnich téles, provedeni zkousek, zpraco-
vani literarni reSerSe na dané téma.

2. rok —odbér zkusebniho materialu z dalSich reprezentativnich lokalit, pfiprava zkusebnich téles, provedeni
zkousek, statistické analyzy dat.

3. rok — dokon¢eni experimentd, statistické analyzy dat, prvni publikace vysledkd.

4. rok — publikace vysledk(, dokon¢eni a obhajoba disertaéni prace.
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Abstrakt

Ve stSedntl|l Eempi@pbBbjebnovy dSevi pl Rugweagoyv
kit ®r i @ NDp $4 2 @ k ®hlesa Tpalksot opvr§§ee se zabTvsg viive
vl astnost.i dSeva LRorepireeaehe¢snz, dkudos® wejv
dSevikwgebn2 materi §l byl vybnkernstic®pr ¢tyPFst o
borovice d®@sindkal iZt kalyjyl y vybr 8noydIdivgan & oz poTsst C
obnovy,athol osellminn¥zorn2ky stromT byly zk8ceny
hl edi ska dopadu obnovn?2Jakmekazate kvalimlayly p 6 agit nyp st
mechani ck® a fyzi k&8 mM2giwlaasztknoousniainT a@ewah ast r
hodnotu porost T cdomawdns pitkedrwd z narmonzZid2 | ve vl ast
dSeva nebylzctedgkbrs eat dmrhepstbgbnovy produkuj e d
kvality. Mnohem vI1znammMjoi zspel swlbiuv paborjoew i | na r
g2Sce kmdmerpiTksdbdb obnovy vykazuje hampomgenDj ¢
fingpnacovsg§n?2 dSdetvaat niPe maz@t é gt po k mNapreti d Sev o
tomuhol osel nl zpTsobzovyphowRnmEkeaptopevujdSeva
kambiu.Variabilituv | ast zespdzorovat.Byl poz jvin@gt&nvamedea N |
d&vo se? bwac ithkmened s mido korany d o ¢ h akbesu kodnot
vliastnost 2.
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Abstract

In Central Europethe shelterwood regeneration methis regardd as an apmach
that meets the criteria of closenature silvicultureThis thesisdeals withan effect of the
shelterwood regeneration method wood propertiesof Scots pine, which represents the
second mosimportant coniferous tree spes in the Cech Republt. The test material for
this study was selected from four localitiégpical by occurence ddcots pineTwo stands
from each locality were selsd, representing two differeregenerationmethods namely the
clearcutting and shelterwoodnethod. Sample trees were cut down and subsequently
evaluated in terms of the impact of the regeneration method on the properties of the wood.
The mechanical anghysical properties of woodexeusedasqualitative parameters. Most of
the investigated propees achieve highe valuesin standsregenerad by the shelterwood
method, even though a diametrically significant difference in the properties of the wood was
not found and it cannot therefore be stated, that the shelterwoodr regeneration method
produces wod of a diffeent quality. Most significant was the impact of the regeneration
method on the distribution of properties along the trunk radius, where the shelterwood method
showsmore uniform properties distributioand for the finalwood processingt is therefore
not important from which part of the trunk the wood comes fr@n. the other hand, the
clearcutting regeneratiormethodis manifested by an increasewood propertiesfrom the
pith to the cambiumVariability of properties can also be obserwedelationto the height of
the trunk, it was found that the best quality wood is located in the basal part of the trunk and
towards the crown there is a decrease in the propertgs/alu

Keywords: Pinus sylvestri.., shelterwoodegeneration metheavood properties,
density, variability
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1 bvod

Borovi cRnuslsgvestrid . ) j e druhou neviznamnBhj g2 d
ihned po smrku. Postupnl mj apkook | mas@2m mrajsd Pluedil
dSevi mamboravicee ost e a zjvbh8Ss}j rmet e e noeRa ¢pi cdhS e v
podm2nk&8ch vleé ehipdrosee®hboroviceV e szna2uj 2 m§8 d &1, 160 VviR 2z

plochy, pSilemg jej2 pSir ozesant®lo @guaes34o%.p e n 2
Doporul en® zastloauspre?n@h bppearabsikoscde vy gg? neg
(MZe 2016).

DSevo je heterogenn?2 materi §I a vykazuj e

vliastnostegiedDmoygin®e $| ¢ calmidokalitami gtromy a dokonce i

vr §mci | ed nTorhaekesal P0OOTKask 013 . VI astnosti dSeva
m2ry ovlivnRDn® pSes genotyp stromu, nadmoSs
prostSed2m a pTO@miseldd] Pdila etzaB 2083h.y Vari abi |l ita
dSev&mci jkemeurel uj2c2 pro visledn® zpracov§gn?
Lesn2? hospod§Si, kteS$S2 chtRhj?2 z2snejabmze sv

podstathD rTstu a obnm%y p&ed3khapot WdzfEji ahe
Middleton 1994) K v a Vaijetdajis®l Se2 ry subjektivn2 pojem a
pS2sl| ugn @vacdormidet & 201Qu. (VNt gi nou ji ch&8peme z p
jsou pS2nosg@®@gpa.d HSeSI| n?

HIl avn2m ukazatelem kvality®d@evy ¢el huRujoe
pevnostn?2 cdhSaervaak.t e@b esdcnypl at 2, ge se vzrTs
z v y g(kKojlnreann 195). Hustota dSeva siramukleSr Tast a§racve R
horizont §$méump & ei(2PWyh¢dna z pS2lin variabil
vhorizont8l nZm smDru je juveniln? dSevo. Ju
dSeva ve stSedu kmenegdg RO arh8ft.@&tMu |2 -mEN psSti rbd K tg
podstupuje ryomi2imm zanDME8omgr eas pr ot o rno8v no8dhl2i gs
vyzr 8l Tm dSeveanal (1%B). ®as ghmarur | uj Rtes®@om | k ¥ RUPE |
viastnostid S ewharizot § 1 n2 mj emi2uSka |l etokruhu. U dSe
srostouc? wWRBSkwe pedolkrl etn2ho dSeva sniguje
kles 8Kask 2015.

Faktory, ktere®tpSgbp2vajari &bilitk, vIga®sStkmo:
leokr uhu a ophRDt hustot a, kter8 snul¥rle n uovde nh d zn
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dSeva, kterT se s vigkouuijkaeneklealzivtyyyug e aa n(eT
Nem®nhD viznamnimi faktory, ekakelrn® ow®dé whRagtz jv
a bnli, pS2tomnost a rozxsahpeadociTadaomi €shabb
koreluje svariabilitou hustoty, a mos e d§ pSedpokl §dat stejnl
hustoty.

PNDstovg8§n?2 | esau av klLvpasl ki®iac ed Scehv8ap §nsyo j ak o od
stoj?2c? problle2mate kygak giahwaoce naprosto od
vIivu 2mxihs toepbant Yd m2st n s tEvrdPdlv astj§d e akt ugl n?
vysphRim2acth Feako je naps§. N D Beck ROO0, Pelt®laet & k o n e

2007, Jeloneket al. 20(®) . Studi e, kter® by nhRjakim zpTsc
lesa na kvalitu dSemaga 2?2 z | dleslkm® relpamdktker ,
problematk y pr o borovici v nag2ch pS2rodn2ch podr

2 C2hehypot ®zy pr 8ce

Hypot ®z vy :

1) Clomn§8 obnova borovice | esn2 poskytuje dSev
2) Exist uje viznamnl rozd?2l| rgemcivakimeberRh®ho vl
hol osoelznp®hs obu . obnovy | esa

C2le prsgce:

1. Posoudi t vybran® fyzi ktgldSae boavimnechkhasnoka
charakteriic k Tch | okal it Lesk® republiky.

2. Zhodndit viiv clonn®ho a holosel n®ho tizpTsob

dSeva.
3. Porownat variabiltu vlastnos 2r &/mc i k mene.

4. Analyzovat dal g2 mo ¢ nigakajedorroijeen tvaacrei asbvilltiotvy

a vl iletokgBuS k y

10
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celou Evropu a poAlssitea.t nOal Koevss ad mlua gt§srtoz g2 S
30A g2Skovich, cég podpkwud®. 1 ksepgdvmdn2 d
sever oF@mmiadaB? it skTch ostrovech se vyskytuje
EvrophD nem8 zass&a®perriwNDma®str Tvkovit® zas
pol oostrovni, naecBhal M&IN® Asive.hoNatwlchod zas
Vi esn2pm dEBsk ®2 r ¢ gwmhuljickn8 a6, Bov® zpl ochy, p S
pSirozen® zas tsoku paednb2 Wrokd 20a6payi®@e 3, 4 %. Dop«
zastoupentebafohi pervostech je dokonckaskvygg?
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Obr §tekRozg2Sen2 borovice | esn?zaBmaaja¥zte n220 112edsk ® r e

V. optim8ln2ch podm2nk8ch dor Tst § z4&k®hno vIT g
nebok&ovit®ho vzrTstu dosahKimennadl egt p&hmAch v
n8hl el ekbaste na suchlch i wvlihl2ch chudlch
p2slitlich pTdgch, preferuje ksl ovkigBie®toanov i ¢
syst @mwede | erpat vodu z pomRrnN velklTch hi
borovlch§cdoubbyrlaav dubem postupnhD vytlalena n:¢

boryJe nen§roln8§ nav@dknhs¢le dae snkkblye mi svpi@ dgp &
11



znetllngKoSenovl syst®m dobSe ukotvuje nadzemr
poviyovg&na za zpevRovac? dSevinu, ledabgho®2n?2 z
VzimhD vgak | asto doch8z2 ke huPorkeoata.l%0 chol u
Kremerl995L v a n ktalrl@97Gr oss a Rol ek 2000) .

311 Vyugit2 dSeva borovice | esn?

Po smrku je nag?2 hospod§8Ssky nejvyug?2ve
rozmanitIim zpTsobem, jako je ,$vhvebfl2 maagon:
neposledn?2 SadhR sloug?2 truhl &8STm pro wybaver
dSevhDnich desek, |l ze z nhj |l epit staveebnz d?2
postupnhN s vhRkem zvRNtxgtulji2zc he asvupkiTotse el ®F e plo | p
navozen?2 rustik8ln2zho stylu2v&jilicemedieg?2 oMb
se z pupenT a jehlic. Maceroe8§hkmnjebl Asose
poug2van® na Vv Ikroobbeu c hokdrolewelkoraovi ce je dl ol
pryskySice u hotovich virobkT] abmpr ponung?asg®
dRt skTch hSigS a virobu sloupdk®Vd$eodwm.b DPiglt
hobliny sevzpoaodtDs wajpkl et jako palivo. N a
zauj ?2?m8 protierozn? fum&krcovi /e sayddDanujcd VB MesE
vyglecht DnT ch ozMob§K, Ediaeiall 2000y ar ec h

312 Makroskopick& stavba dSev

Borovicel esn2 patS$2 do skupiny dSevin j§8drov
svDtl e SU0amnggbtb&kEy ,se st S2d§ se ¢gluto]erven
kter® na svRDtle s$dnld kmanwe ej. ®diae jp &R dicidgonda t e
mezi jarn2m a |letn2m oBevedmarjr2 pbSewpniva$?
letokruhuajeVr aznNDLeDk? 2dSevo, kter® tvoS2 tmavg?
a m§ dvtaXkirksrtl§uasgv Wt @2 PryskySiln® kan§l ky | sol
(vDt g2 ned u smrku a modS2nu). Na raand® 8d n?2 n
pryskySiln® kan§8l ky jsou zde vidRt jalko jemn
dekormtfilvilh?dr em a pryskySi|ln® kan§lky jsou zd
( Wa g e n f 0 Helnere2ad. PO07).

12



Obrg2Mekroskopi ck® zna%?| mlor otvarmgen @ishl2nZepker r adi §1 n2
2012)

313 Mikroskopick8 stavba dSeva

Bor ovi cwgkazuje\s B inc i sv®ho | etokruhu ostrl p¢
dSevem, kterl se nnia priokjreovsukjoep i £ \KI®t grertdym neb
bunh| nl S esthPatun 2zc hrachemy(gbra3). ¥elikost tracheidborovicese
pohybuiew 0z me zi3106 0 0 mujgaSrkra2 ch a IsepohyBueh oz maechei
40070 e m a tND]oru® Ssktal rbyuidste &Hwrhy\biugn@hetBe & hriud §
dSeRov ® kp agbsa@lsjik?y , |tracheidys®e zubat D ztloustl Tmi b
Parenchymati ck® buRky d®eumoMIindh hp asprsnk§T h o o
jednoduchinvestykutaexri|8¢ m2 mi tracheidami . PryskyS
maj2 po obwo®u epeuRbHYP4 Axi 8§l n2 parenchym
Wagenf ¢MamRdR®v Faj2a0r AR

Ob r § 3 Mikroskopick® znakyod $ev apeS2llensin2 radi 8l n2 a tangen
(http://www.woodanatomy.cz)
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32 Vybrams®nwlsai dSeva
321 Hustota dSeva

Hustota dSevahlsaevkvwdyzlg?2eu§ kijvakd ty dfewnadm kit e
vl astnostem, nj2akopejvsnooustmy zickh8lr akteri sti ky
svitnNg?2 (Kolngaknnlb5i Auty et al. 2014 ) . Hustota dSeva je ne
pSedevg2m tempem rTstu stromu, st@apojvi gt Wk e
kambia a genotypem a d e b n 2 h oRaiskdaetealk 2008 Tamczaket al.200).Ob ec n I
pl at 2, ge2sauer pEamajs2t (K8lmanal953). Py @pujjelsd i | nan
udg§v & e hudtostashud ewnaejvri g2 fbvepndbludvleowi ddév a
jedefiopauBo z-na dSeva ve stiSeErd 5neadgoek2 @dd]|
Vykazuieod !l i gnou st r ok towdustotuvaorn e@dry § ni? s vyzr §l]
(Kretschmannet al. 198). N§ sl ednhD smRrem od dSenhDt®ustot
pomal ejiobdgsteSaval ®h &w8st @mhHB2. Po dosagen
zal ne o pKibahmek19&85KBI At | i( n,draiskil@dd &.2006,Gryc et al. 2011, Kask
2015. Podle Tsoumis¢199),hust ot a dSeva borogl oe kBestBE kr

ke koruntbr. 4t rvvemi2a i k3NDna hustoty dSeva u je
pozorovs8na mogbtaljl99d,Repalay200fMu T oz ).80DGen?2 hustot
vicholov® | §sti | ze pSi | 2 tkmeni (Bensdnd¥EANapratio d 2 | u

~

tomuFischeret al (2016) zjistiu s mr ku , ztggephlu®h @t a dSeva se VI
na bohatTch stanovi gt 2 chRepaa(2e0§ njai sthiuldT mur i Te
hustoty dSeva adg dovpoalowBafsk mpmeke v n8BI e
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Obr §5ekvliiv g2Sky letokruhu na hustotu dSeva

VI znatiwsianow gt n2ch podm2nélroai kjigislkleskn 2d 3e v

etal.(2005),kt er T zkoumal rozd?2| hustoty dSeva mez
or nP8P |l e mhodnotyhgugs?t oty zj i st il u stromT phNDstov
pTdRozd?2 1y v asnhm®& t2e miae $xhasl ke@®T &N z kou mal [ T «

(2013)vydghgdeoy hiust oty dSeva nadllaazlaenfl&@014e s n? p
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zkoumal vliiv stanovi ¢t Fnskaa RuskiMenitmi@ mihtodvo sgtda m c €
nalzl viznalmhlustotzB?2 dSev apotvrMjeii Tvs osutma rso v(i1gotoml )
uvsg§d2, ¢gSehaswbdbtwmamnhD ovliVvRuj2 stanovigtn?
Variabilitahust oty dSeva mTXse etbint2 ndv IziSwsmhrya ikt e
zhleds k a r T s.tEduksormédt al. 2606), Mederskiet al. (2019 i Fischeret al. (2016
porovngval i vhyussetnoetnudnd &ehv aa zvysazovanich boro
hustoty byly nal ezeny porastechBrikssoned al. 200169 h up/ Brdé s t
gerpsty opbSniolvaemne®p Tepbamuj 2 n2rzakn® chsS2srt T8sdti 2 c\h
ag po uvolnhNn?2 mateSsk®ho porostu dFRscher§z?2 k
etal (2016nal ezl negat irwre2h| K aor enf@mddimudmSsstragc o §
vedokni §g2 hustotnD dSevwae dsotmd jnov MKI® g 2 pcchr s trw n

322 Sesychg8n2 dSeva

Kz&8kladn2m fyzik8ln2m wlaaps®aedsv gmm ks emidc
Roz mNDr ov ®z pzZIosam ® s e sjsowcshpSonj2 em2®s §sn 2 kno tvS eavkpos t |
rozmhDr ovi& ozumldnTyl egi t ou i nformac?2 pro dSevozp
ovlizRupteovegn2, vyugidiSi, ajdakeheed tdisit nfosh i drdBleT a
v T rko[@eidler 2013) Rozsah se&symrhdne Sisez§klgadn2 smh
pod®l nT, radi 8§l PSewaotheagendstbuich vad sesy
smRru a nej m®nN v pod®IPo@&netg. mydr, Pangl Z0BR0 U Mi s
Rozs § h| T mi st udi e miexistjgn bk oplriokk §mr8§inm§ k mgedc iy Ra k t «
sesychg&8n2 dSeva. Ty zahrndpekanémde \pp?2 ny2Brset d
obsah extraktivn2ch blng t2eletodnbeke ch2 i menivi 8P €
| et n2 hoareddSdvanezi juveni | 6cmdHolan 3024R&skiben d Se v ¢
al. 2006,).Hust ot u dWBlexvma meakBakoo kterT ovlivRpyje se
pot vr z ukaa t nKBudanalétial. 198, Shmulsky a Jones 201Harsi et al. 2013

3.2.3 Pevnostv ohybuamodulp r u § n ohylui v

Pevnost whybuk ol mo n & MOR3 kmaa modul prugnost. ds
hl avn2 <charakteristikty2 déseaa %t @b @pidje l k v Ra

Ysnosnost konstrukce bez psoaghuogpemds t zmat2rmic®l uM
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tvar podHaat adnal 2Gl#). Véariabilita MOR a MOE byla nalezena jak mezi
jednot ! i vTi,makivlt 8 ka alify,ltax kmezi jednotli T nsiromy Zobel a van
Buijtenen 1989, VeS8t et al.2012.

Stromyr ost oucpongicrhg 3 cslo us ¢ har akstidrnilRsAgidcekn® ,h u
PpSil emdukporvBivilo st viiegnamdPpP §é whi  RMORGxNTEh

(Fischeret al 2016) . U smrku ztepil ®ho se velikost
pr TmRDrem kmene, codg vede ke sn2getrak2016)hybov]
Fischeretal.(2016§z j i st i |l , ge vyeae|jekestvzdBTawgaky yadd j

vzd8l enostvirchmDuemak?2n8 opNt kluwoawvi Tent @s
(M2Kkinen a Colin 199 &Hybert2mOR) i skna k(dlacepnmn i
al. 2012).
Vzhledemkt o mu , ge koomsmuuXk|mpr rRahedndt@VOE a

MOR je dTJlegit® m2t povDRDdonm?sto? vdzSeavhau, nreezsip .|
pevnostn?2mi char ak eteal. 2044 | k aVmit a b Hanetzd ma@kku st ot
oybov® vliastmasmiD dSgva ja& mezi stromy, por
ni cm®nN konstruk| n2 po gsaed alfvikgy?8 Insaz m hwy@d i® 2vrh ¢
a.2016). Strdamylreqg ey 2 G ans p r old rednot seani ugj s21 uvny g
tl oygS&tokruhT, kter® m§8 negativn2 vliv na

Naproti tetsay20@est Bltil, ¢ge v imal fhust oMOR na N
z8visl & na sukovitosHRI d\WSeesaf2® Onvevipulyrmacel pre ho h u
predi kci pevnost.i dSeva bor oviFscheret ®d. Q0@ na z &

zZji stsibl2,hag®es,t pkrnfenmDrprkméneligce a d®l ka kor
dTl egi tNDj g2 ukazatel e gtMDEet Lal. PODO)ROr n & § z gskt an o
charakteristiku vlastnost 2 kmene, kter® nej
pRNstovan®heo n®hrokuy e thosgbkalkmene shb2havost
porostu. ettbh(2 @in3 Wiazj izg88QE sd MORit ougSkou | et okr

hustotoud Servaa bor ovFicnsKaesa2Ruska. Zjistil, ¢§ge n
na zBkMa@Hg, ng§sledovanou tlougSkou |l etokruhu
nej | ki kpov atleldmd hrus to8kKp diSevgSlkdadgl @and ki u h u
a.(2014) nal ezl negativn? korel aci ZvVyYyguj 2 c?

z8vislost byla slabg?2 pro MOE neg pro MOR
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3.24 Pevnostvt | aku a r8zov§8§ hougevnatost

Pevnost dSevpmevnadshve&owvbougevnatost2 jsou
faktory ypywdRamMmMG@2002Pevnostn2 charaktery stiky
pNstebn2mij okatiSenpmlst ebn? spon stromu, hno
dal g2 ( Zo bwy g g129 9kko n kounrye nvceed emesziic es tkre ,alm 2 gen?
konkurence mezi ni mi zl epgujlet sm§geogok mene NDav 3
| 2m se zvyguj 2?2 p edvSnedkkairnnét al. 2007)al Masktteqbrairts &vim kz P
ovli vRuj evakv aZlvittugechSe rozestup st rtakoTtaknep S2 z
r§zovou hougevnatost. T ech ¢ o a rnaekgtaetriivsnt2i kp oske e
zv i gteln®u g Sce, |veytgodk? um$2 t o mn oasnamnjr mwein ipl S2t hoomr
v Nt ¥obel 1092 Hapla et al. 2000. Velikosta pS2t omnlménisumkdggavt i v
ovliivRuje vliastnosti ratbegm2ad&evmi §Tjsdumi sl
l etokruhu vT znhaunsnt/dt kb atr @l Bejvedd, somkalmnv Ruj e mect
viag nost.iByd ®ewa okBagmoyc?yehisst ot ou dakwaa se h
rgzov® houge(Padgodjti 129y guj 2

33 Faktory oviadtnosidR$ié ¢ & 2

Rozsah ovl isvtnrDe@T wNM@% e ;my morjoestruej viraznhj
z al o bianiewicz 014. Vt ®t o f § z i mTge kvalitu dSeva ne
porostu, sadebn?2asspposnv,nlp $2 porlav as Bsdéedstde®h o mat
Peltolaet al. 2007 . RTst strwmiln jleust dindBumoedmé snkami pT
st angakikgitiimat i ¢ kT mi poovdl m2vnRkuaj mi , k okntkel®Pn@®m e ir k me z
pTsob?2 ndaSapsSamotiu,pmep$Smani ctvam jejich %li
s t a n o(Xobelya vAn Buitenen 198pa v émbjRedi nc T po §a Fanlvian® kv
20090 . Vi bRrov® operace jako jsou projpoutoky a g
dTl egsdje®oksn2 hoowdd BNk r TstovlichT apdkvali
zal ogen? vypk200B)st u ( Fahl

18



331 VI iv pzromabsSkelleva borovice | esn?

Nejviznamnihj g2 faktory prostSed?, ovlivVvRuUj
jsouk | i matick@kbalkteorpyr TbNDh teaktaogl ansv Setka P
(Biondi 2000), & e r Tst stromu mohou ovlivRovat podn
(Hol msgaard 1956) . S 0zc8 p8d jni2, ppolXksti aevpdnidzu uzj Sesdhi i
stromu Peltola et al. 2007) a lokalita vz 8 vi sl ost i na dpenld olyi ak
nadmoSskw@soumsd¥bur | uj2 visledn® vlastnosti ¢

zpracovsgnz2.

MnNoh® studie potvrzuj? kadeab&skow, ovdirgSkhka n
a teplotou w r T b D h (Lindhotmketial. 2 0 0 O , M© 2, Koprowgski e2 8.2012.
NadmoSsk§ viigla ckdumvipsZTbdhem polas?2 ve vygg?

sez-na a negativn? vliiv pozdemdgh mriaodT))h.os N
stromT ve v yD§lkpletalp2007)dkes ciSej m®, Je prost Sed?
snadmoSskou vIigkhoe, ikonotki§ilenm?t ymi kr okl i mat i ck

ovlivnRny topografizm(epdepd mBmetnrsue D ewlesnk ya ¢
mrazovl ch (8ahindlei2008)ap od .

Nem®nnD dTlegitim faktorem je slogen? ped
gi vin, dostupnost vody, typu pTdy apod.) | i

VITSst unus ttraok Peems| cag @O,s f ®z yn( i mi se). Negativn
mTge blt povagovsgn i ,atéd zKlvopadsin2zzgenén@& sk oni
(Bytnerowicz et al. 2005, Stenberget al. 2014 . Tento hendi keagom§ge

dostatel nim ¢ Fadtal 0D

3.3.2 Variabilita mezi stromy

Variabilitu ve struktitSed Sevae nal ®zt i u dSepwiont 0§ e e
pedol ogi ck® podm2nky ojdd d(Taumdia 19R)a grdt®onz ds2t layn ow @ ¢
strudtbeS@umdiezenyima stejn®m stanovigti, tak |
| okaHodMocen? variabilityelmekaed sdky mpnDi @l iokb
pSisuzuj dnNdail qnedtmut i ¢ kk®mu (Rdiskilgee ah 2008snebp o e
bi zpgsa Irowsgari abi | i(Jeloneketlav2009tZ® i kinene a Ged
2015.
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Stromy rostouc? vhyk aztugjdh®m svwbamawvi giit u ve
obvykle je tatnoegvameizabirldzibddew §86F S tamdy Vv igd
podm2mzkey mDnit phRepreBSez®vEnE&sahywojen2, vzd§l
atd). DTs | ed kreomprf?oméisstormy budé i gi t ve (Ages@mesal.r ukt u S
1998 Macdonalda Hubert 2002 Ulvcrona a Ulvcrona 2011, Vincentet d. 2011). Vliv
stanosvei gind)y v2ce projevuj kdymchlgit eset bldcq es h ¥ b my
vpr TmRr d®V kg gréd B kjeen t omu u p o nflesdumis I98Lst ouc 2 ch

DI e nRkt ersitcam oa g iNdproreo?2b u ol ed heevha. VI z k o
ukazuj 2, ge bonitnhN bohanoBoussnowdi a vevgtp Bdal chu
| et n2 hollrab, e1954,Macdonald a Hubert 2002 Rozd2 |1 n® pomhDry |
v letokruhu ad ® | ¢ e byly n@leznymezistromyr o s tclojakew ® d | ingard@ o Ss k ®
vi gdae i naod | i gondocghr af i ¢ k1 ¢Dh Filippo leta dl.i2009.ckar o mN
environment,§| keleh®d mrkl oeafstromovew jarfabilituse stromy
mohou | den g tkonstrkk® (Prezsch et al. 2016. By | o pr ok 8 z88 n o, g
charakteristd$®d&®adBjtl§g laktguroaz | iviye ng2enet i ckT ch
eviroment 8§l n2ch faktordbhage®r Ksaumi dS298a1) ¢

333 VIiv g2Skgaletagkvambsti dSe

Meziney T znamnhDjogkomakk® znaky, pozorovatel nd
Letokruhy jsou obvykle definov8ny a jako rol
kambiem (Gryc a Holan 2004). V na@gRr whltawsd $?2
bNDhem gwdeola| n2ho obdob?2. Nej | ®pe jsou | etc
pohl edu morfologick®ho a fyziologick®ho |e
(Punches 2004). Na zal 8tku vegernr®@]| wnstrgnuuv ®fmd o b
m§ dwowu funkci. Z makroskopick®ho pohl edu se

druh® polovinhD vegetaln2ho obdob?2 je dTsl ed
(Lebourgeois 2000). Zat 2In®toa ammEsibn’aved®e Vo pd e 2t
mechanickou funkci a makroskopicky se proje
pevnovang etal(2001Sattl er et al . 2015) . Tak jako |
dobrTm indi k&8t or eng|mecchha mitléksdasg $d af yeitlokr uh
pod?2]| |l etn2ho dSeva v |l etokruhu jsou charakt
se utlBds®i guj2c?2 se g2Sky letokrkhgk bm®dpedn o
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mnoha s Pad @taat 1997 (Tomczaket al.2 01 3) . NDkter ® pr 8ce

zvygovsgn2 ¢g2Sky letokruhu do 20. roku str omi
(Kretschmanretal.1 9 9 3 ) . N§slednhD je vykazovgn trvall
t @S konstmopoulos2 0 ®)d.a NepS2znivhD se na ¢g2Sku
vliiv imis2z (Wi mmer 1991). Naopak | esnick8 o
zvyguj ? g2Sku | etoletrab2@0 7A)Zob®é 4199 @hujséld2ang?
zvygujeent podé& |l pletn2ho dSeva v |l etokruhu a
|l etokruhu l ze vyug?2t k hodnocen? fyzi k8l n?2

|l etokruhu koreluje s pod2l| em Ife$ kiafollrubu sé Se v a
pod2nl2 hloe dSewvPaSezdew@djme mechani ck® vlastnost.i
l etn2ho dSeva v letokruhu, kde se zvyguj2cz2n
mechani ck® vl ast no,PeltolactchlS2607 hindériolsn@@bnTiorbensbrd 9 1

et al.2016).

334 Verti k8t nzomat 8l n2 wvariabilita

PSi hodnocen? variability wuvnitS stromu
ng§sleduje urlitT tvreerntdp lo §Voaar&kraebdam iatt$hz ¢ §lveé 56 s tn
s t Slkere (Zobel avan Buitenen 1989Z ei d| er a )Gleedritvikkadtilda® 1 5

vI astdrSesvtaz j ehl i | natTch dSevi nPobyygtaal. 1990,z 0r 0V ¢
Repola 2006 Mu oz ).2/&08 abi | i tvahon vzloanstt8nl onskim#ne BylaD r u
potvrzenamnoha autoryRaiskilaet al.2006 Jeloneket al. 2009 Kask 2015 . Pro jehli]

stromy byl ovlagnostidoSjeevnajskriffedeeknor unD stromu a r os
vzd§I| e rdasNicholis é@nd Brown 193, Repola 2006l v k oev al. 2013). Mezi

faktory, k t @rS® sp2vaj?2 k vepai K8l pSedevagPBnktigd S&ai
dSeva a r gzudvelnniTl np dvad? (Zblekavan Buiten&nni®g®deidler a

G divka 2015 . PS2juvemnoeBédwa | e cidinoav8mna hlj akm? cjhe
hori zont 8l n?2 variability,Zobel ej\a® Bustenen 1989 h | i | |
Kretschmann et all99, Macdonald a Hubert 2002 uv e diSkem&j deme pSedev
vcentr §kmerrealkd® sitn D stromT t ak®zp@ahohwodkwnildmerme
obvykledef i novg&n jako urlitl pol et |l et okruhT. \
j ako | uv e Kietschrhannet $ile 1088, Gfyc et al. 2011). Vykaz u j e odl i gnc«
strukturmpn®avtadtgosi zd SddBanvweeaen gadBuiersn2a s e
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1989). Dal g2 mi p S2lasnardeettagr omnt §vop3mi smDru
letokruhuast 2 moiuv i s e jl2ect2n 2 ph@oliiEns é98laP o ¢ gtalj 1997). Pro

jehl i lpdanty , §ge Isoeu gVSKroTuk tlsept2ovkirsuthe dn® vl ast nos
PSedpolkl, §d@i®& zvylgatekedesEk ga iSkl@ae tmdS pwanhNa ut 2 m
sn2géstednl ctSe@aisdlnorstad )Gedi vka 2015

335 St antol¥y i g

Fakt orem,l rl@eldev st stromu | exvas Bujtanervi gt N.
(1989) u v § dsitj &n o jakogetleld zn e j hulrSleich éakto]] kter T se vz
kvl ast nos,t epr pdeSoedved Kdalitk zeminya p o d n e tsés o ukhtrenrnin
oznaluje jakot &anmavVvindtkm.¢c b¥ ot glakei 2icnhdisk §t or
oznaluje viIiiv t eaMaloomyl99@)Bo Rt ta pWdyrakhbhzuje ¢
stromu za Mmde&k naclhbpygldl e isSd mMNDMajsyPm p K
d S e vAmmakwa{lensah 2017).

Rozd2ly v rychl osti r Tuptow ed Tis kb eno®& d2 rhITm
d Sevzhledem kzn§m®mu vztahu me z i rychl €&somBDr Tst
pS2mT &| i nk $tromuge ref Tmt vl hkosti pTdy jseodpd m z f
proto (v z§8Vyjeawl 0y thiowsyap tMsirerbengin Myto faktory, jsou
navz&pemit® a nmejrzarkeemnl v I i v (MacdoratveaHubett u d Se
2002. Vzhledem komu,ge f akt or vy, kt er ® ,sproT z2d Tnddh uadlug @

li g2, se faktor stanovigthRDoméoem®tmtSe k¢GAbD
Buijtenen 1989).

Rozd2ly mezi | o lgeogmiftiacnkil nsi o uzvnilBneaj micranasj 2 v
vl astnosti dSeva.oaNek?2|lvwdtme nin ptS& padiTqtsieopr o

dSeva.zaplS2jddosbopnost?2 vlIhkostinjchégplkatydg ar
d ®| poukferou strom produkujeelt n 2 ZoBeé a wan Ruijtenen 9B9, Moore et al.
2009.

Obecnh prloany? ,p MNyset 20svtaenc®h nsa vy sokou nadmo Ssk
produkuijnid gdgSe vhas s¢ o tracheidyp e ma fd Se k p a b gdblastechc r o st
sn2zkou nuadvmogsksokuo. Tent oh®renhddipet ¢ Fsouimls ma mn o
1991 Macdmald aHubert 2002  Na chudlch a bonith slabg2ch
jehlilnatTch dS eZobelmvanBujtenenul@3® t endenci (
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336 Soci 81 n2jednoesyz B8 p et

Al kol iobnovaj rebo &k | §d8&n2 novl ch sapedirsiadatrTdne T s a
met odou pRNstov8§n2 borovice |l esn?2, oDfedom o0 p
jit® m2ry kvvwaslvilttoysa tdoneavgdy € h p oetalda99).PSAge g & a @
regeneraceobosoVl cbmal Tpproasdegbjsd mu spenkmt n®
produkcivysodoB &wvad i $ ou dESVvndzbmltyegenerace bo
vsoul asn® dobhD nejv2ce vyug?2vg(Lizinewi@RHAHdDIi n8vi
Vysok8a ke¢Sdéva vznikaj2c?2 poBeEnazereudeovhhmvou
pol tem (>e000H e dinachgktar)n a obnoven® plogseok®&og
konkurenl| n?2 p ol doniPsntkoyw §mr o KTetr ® zrjimPwnjaz sgirrlon
vyr Tstpog poost em vykazuj? n Rtez 1© ®ovey 6K mr2e T md 22rd Tsotuy
hust ot oMin odhSRe vsat u d, i ej ep osttvrroznuyj 2vyr Tstaj 2c2 po !
vykazuj?2 pozkvalvint ¢Hermah®é2eek ¢ a8 Age sB@Imetn dl 9 9 4
al. 2000 Auty a Achim 2008 Agestamet al. (1999 uv 8d 2 ni gg2 hordlosott 'y ot
borovic vychov8vanbobjge otdom su i me molsst aRl doobun 0 v
Vnagich podm2nk8chnegd adoPpaj® pavrd chtdbwwj 2neb
p I m v T s Zobet anvanBuijtenen (1989) mvedi studii kde pracovalsrozestupy
borovice | ems do23,00x 30Bmx O ,B7y5l o z jriogsttionuoc,2 mj er oz e s
pNstovanlch borovic deovcah § z2a tk?emcson 2sgueknd vdimtiDosstt ¢
zvigila. D§8le byl ppad2zhanevmiinzihdgesSeva u
borovic.St ej nTch visledkT jako Zobel a van Buiij't
(1975) u s mr\klut mzestug pviyl s@ahzoe.n T ¢ h Et rioing v aleidte N
produkodBew®aoovnsg8ndzempovenl miJedat msiizk &t or T
kvalityranSRenvavihku u borovic, | ze aBoykkajovat
1993) Borovicevy sazofiam®k ivt hp e olz e may Bt go2b vyekdaedr k m
tl ust g?2 vRDtve, ck®ev®asnngstf P dbevaan®nlevigc st r c
rozestupech nebo pSi r(dobetawvhn Baijtemen 1989nT ch por ost

337 PNDstepat Sen?

HI avn2 Yl inkyapBseshzbm2cwl bRro smpatSevrni®hlou
povagovs8no za adT8slIne2dcheok rv[lsitwu rU bakovucedal g3
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druhT jehl vl naem pRNDstebn2ch z§8sallaFongdIwIpmul uj e

Zobel a van Buijtened 9 8 9 ) ve VvDtgi2nr ypcSelpoasdtTi sreT sztwul gset
negatividna z ko wmais ® n o(€aronedal20¥4pAv g a k aXan Beijlenen
(1989) poukazuj e, ge interakce mezi t empem

nelzejivgdy pSedv2dat ,ohjpcomT ®d el domnokenp odES udr
dSevamTge bit zalogeno na stanoven?2 vlivu pl
stromu je zapojeno mnoho dalg? faktorT.

PDsteparSen? ovliwtRwjstcromycal dialseudn® vl
proSez§vegn2, h nMacdermkietah2010\iviilkviez@014 Motlanenet al.

2019. Vegker§8 vige uveden§ lesnick8 opatSen2z |j
(1963 a)pou k azujset,e bjn&k eqelxp Bsetnev 8T g8 vel mi 1 0:
podm2nek, ukeez®&®DuBdw el dolheloas wan Buikenan (1989) v § d 2
veli kost Kkoruny jako zdroj r Tskttuesrel Sé §lae @& d e §
vd ® lbauen Nlko @S add| n® st Nny.

Virazmpve mNor movgn2 dSevapBetovapkeohjpSir

zpTsobem wgbazwm@InS® rpoontyo srgays.tgcucch?z rvozest upech
h o rhgdhotyv | a s tnre ¢@dirci2 kteS ostou sme n ¢ Pozestupy Jiang et al. 2007,
Lizini ewi ¢ z 2014) . Var i aliicé izht lae dv Is&ksat npesn et | kFe:
studoal§maye vNDtginhN pS2 pavdyTs okky§l ap rprmddng 2 & oas t
(Pretzschet al. 2016). Zzh | edi ska | emahntk®ko® mmanage i vyug?2\
rostouc?2 geneticky mpravehédmad ekv gl i m& jv§adn
stromy pRstovan® za tNDchto podm?2 Carkonebakd ou m?2
2014) Dopad phNstebwa&lciht o pchd Slea s jv@mad ddbils kut uj 2 ¢
t ®mat em. PoroziemRAAZTm wilpiat $epPNs na rotviamwtt nost i
pRstebn2 regim na konkr ®t n2 v(Zobdl sevdmBoijtenek v a | i t
1989.

338 ProSez8v§8n?2

Sn govs8&n2m p @drdstujevd tersaamTE t w2 z § k H akdeo 2s2nmiegt eond C
konkuren c e me z i ij setdrnoomyi ,iv vpresiy a k p o ndeocsht 8ant e k str
kdosagen?2 vysok® pr ddjuekal 2005 UlvBrondaSJverangd 20HLmot y
Vincentetal.2011)J ak uvs§8oh K4d969 b)pohost ot aig¢rmaz 8 8 end n
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kvalitu rostl ®ho dféevRuj RorgshupsstrdmTup k
vl astnosti dSeparobBust mfgesbiom®byi vhDnapal§
vi sadbomug Se(z28)v §m 2 m. Tyto metodwgwp vpeodrooustkie ak o
viznamnl vl iv (Zdbel a van Buijtenend19OvPar 0 Sez §vE&n2 ov |
vli astnost. dSeva t2m, ognaa m§ oulsitv aiRdg E dip s b k @ sn
vliastnost mi (Lizini ewikclze 2d0olcdh)8 z 2U zjreyhclhil lema nr
s n 2 guesnt?2o thyeltdlgetalk (2007) Tento st adTgleedkw odwayngujv?
zastoupen? Jetakruniz hRy diSlelvar st sem opmuo SepzTSwsre2n
vedekgi r g2 m a kdr8ant gh 2 mr a b bh @ DManK insiHymgnen2014) mi (

Karenlampi a Riekkinen I(e@O04)TytgakemBaugdm] 2
d Se Naproti tomyrychl T rozvoj pkoSen§v&d2 vepmdporuj e
obecnhN umogRuje vyprodukovartelvadli @ NDmrka s tkv®m
obdob2. Na druhou st raedu kw ikwe m nrly athhlc @ ar2vd
a vysok®mu pod2 | u®jagatni yvmB hov IdiSeRwj, étdk eal it

1995). D&8le plat2, ge zvigen2m tempa rTstu
produkce t| darR0®Zp ot Seda W& lkéntaylsonda§2004a

zjistili, §g& \edlek@d p/tecd@m HBEUE f2eddi nc T mM§ negart
na kvalitu dSeva a z8roveR zvygNejgeati ivnizk ovl

sil n®ho npr pPd Macd@gldet ali (2000, kpeok §z aslb2\hyaypst

kmenT,irlg¢ Tl ir oges kempyJomv T YE sk ed az BIgweadtrdnd,2Na r e m
kter® maj?2 tendenci produkovat v Sama(l95gak]!| n2h
prokgzal ztatheido2h%n ed®Itkoymu byl o u neproSezanl

3.39 Vy v D8&nvo v

Pogadovanim % inkem vyvRtvovgn2 je zlepgi
odumSel Tah| v Dkerke8B$ i edk em v yrvoldt uvkocves nt? e zj seu kp® h
0 Vvysok®nhz2kzvka Im tpid d2 | e n(Erkagetial. 2046®h o V yl et a d \a & r®

zan8sl edek posunut? korunn?2 recese, pSil emg
vliivem ¢ (Ma®on&ldetralllnOyl 0) . IBryd ., 0 &@¢ iwguyvNDtvoveEg&§nz wur
me z i juveniln2zm a vyzr§8lTm dSejyemenal h2 mosd

(Macdonald a Hubert 2002fobel a van Buijtenen (1989 u vg8ed 2y v Dt vov 8n?2
ngsl edehn2zVviet@ldha6W®eV gen2 huedt80hna5aDfew a z
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a zvigen? d®l ky tracheid ol e ng&mod d@mvacEfle
montereys®(Pinus radiata b y | nal ezen 2 ag 3 r @églapaa apl i
Buijtenen1989) Zv 1 ge n 2 hust%poyww D6eea2oul8ougl asky

(Gartneret al. 2010). Gartneret al. (2010) potvrzj e u dougl asky tisolis
|l etn2ho dSeva i pr TmRr n ®@muzZobela Spragué®) zjistf t r ac b
uPinusradiatas i ce zvi gen?2l ehursa od®l kKiSewla§kean se VI i
Zobel a van Buijtenen (1989 oukazuj e na t o, ge proSez8§vegn?
avgak pvadukaodj i? dSevn? hmoty bMacdonddd aa Vv y ne
Hubert (2002z j i st i | s mérjweine rlTesstru2 up Si odstraniDn?
m2rn®m vybyDobvay§gi Dno, geevevtylvddu y2lna® Ibaatz&K miE h T
sn2gz2, avgak ve vrchol ov® | §st(FieldikgnB6h.e se |
Macdonald eal. (2010 zjisti | , ge vyvDtvov8&n2 sniguje sb2ha

3310Juveniln2z a zral® dSevo

Juvenil n?z dSaep dTlee gjieTdmp2gnt ah i lzidtryoj vl ast n

jehlilnatTch dSevin. @e&lai knakviljiuaBwh agheh 8§ , j jeen
nut defovat,jak veld pod2 | 2?jdegwekmeninauj 2 m§ ( Brimidise t t a
2003).

Toumoy Ruseepar aci [uvod &ivlan 2 vhyod 2nd§de @mimalizuje
negativd vliv na finSin2pr oduk t y . P o &v¢alvk mairvie nji é ndihohawt ov § r
odbornT ch (pacdohaldla &ubéric2B0OBembeneket al.2015.Poj em juveni |
dSevo mTge Iplrtot pge§ dMjoho? ,| es e28ovdrhug s pyeed &8ST |
dSevo pouze iffokeldalSpragueB®rloumue N2 Vo2t dorS2 - cwent r §
kol emlach®em §hP2ikosti kor aobn6 s tJaurvieSeijel a@@m @ mT
kvalitr2 vpor ovn@mpzmsglisi m dSevem. Posthgafgbdoy uvenil
vyzr 8l ®hol idkScesvta. j Wveeni Il n2ho dSeva je d&§na
aveli kost.i r o Honglaskp @npk8 Ztepll ® byl a b P r okkrélac& mezi
vel i kos trédmulvoerluinkyo sstt2 | (Bareeti a Jemirfidis®008).S e v a
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Obr §868khemazdlcrka®zen2 z-ny juveni |l(JozshoMiddl&eid®P4 v k me n i S

Vel i kost q{Sewvami se2hodn2 podle druhu dSev
podm2nkami enypiroemnSede §l dJulletndrdingt idSke® on 3 2k a
dSeva, nigg2?2m pod2lem |l etn2ho dSeva, vygg?2m
zastoupen?2tne nkeoluu b wnydl nou st Sengiur,okkrnSt kiTume
vysokI m Yahzmvin&kaethi br imit Dédhsloedla&mor T | sou
a prugnostn2 charakteristiky juwedi |ljre? hhtoonu$S
dSevi| Whm| € r aMatddr@ld a Hubert 2002)

Z-nu juvenném2ho@hdgadé&va snadn® Tumlvid 2 a
rozd2l nou vel i kdoSe(Muzet al.005) Rikkakaisikn 2(h20004) uv §d*
juveniln2 dSesae okvaBemmekie stejn®mu z8§vDru
Saarmann (1998) 2ral aSle v28 letokruzéimu REI9E60IU v §@l & |
juveniln?2 dSevo e defnkamnw@so otgo w ok kmier ® e f
vbl 2zkosti JuSemhd IknAemdeS.evo je n&sDesevEdmioguaj ¥

g2 Sk ami | et o kirgu hol[d p okvt2edra j & | e(i989vdw §\eySzvrkBrl L mug e
tvorba juveniln2ho dSeva se za¥tlawnihyenadosade
tvorbu uweni l n2ho dSeva maj ? environmenetet&l n? p o
2015).Jehl il nat ® dSetvewnSe np@yilowdeni® maz @st upy st
rychlT n8§rTstreddevehNDhmoad®m vhRDku, toj2je dT
vysokl pod2l juveniln2ho dSeva po prTSezu km
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3311Hnoj en?2

Hnojmphde Dblt aplikovustnroi I medozmpletwdgeon ne
intenzityr Tst u (Mdlanenetual. 2015) Ef ekt aplikace hnojen?
z8visvgpBeda typu aplikace NkdohpBnapNeykRcceea |
zSejmhekd pSi d8§veE&n2 hnojiv na m2sta s omezen]
(Macdonald a Hubert 2002) Zv T gen2 rychl oswvyigg?hsddiovjlen sap
vigkl m pSstrofigBedgstedi2013) Vd Ts uapdki kace hnojiv a t
rTstu byla prok§an§eaijlgpghdhearb&a keedpov2daj?c
pod2lu | etn2ho dSevahustoty®mg k kdich@mpevnsq &6 s h 2 § ¢
charakeristikd S e(Jaakkolaet al. 2006) Zobel a van Buijtenen (198gjistib e zpr ost Se dn
poapli kovgn?2 duRifuktaetd thg dm | h w0A80ma §,39QgIEv a z
Po 6 | etech od aplikace hodpbvel pBergstedtt ot a
(2013 uds8v§ dhbfsetk hnojiv jig po prvn2amto&ce

Macdonald a Hubert 2002) =zjistili Naprotiaznl ¥
tomuM® r | 0@ nezj i stil vI owvu hddopve ac’e. Zabm & Wans t
Buijtenen (1989 po aplikaci hnojiv zj% shteizlp rsoms?t Seend2n

aplikaci hnojiva%apsen8 géeri ed®l| Bylsowbsniz § thihnog
rychl ejgrioj¥lvaeky lu mbasdthrgobmi8dne gt o del g2 %l i n
zjigtnn u sAplikaceghhogivinT gre2rto nef8 sadh3 |l etdhounkval it
n8duk mlBut | ougSky | et okr ingu,Tsktear ejteeromejneé n gy
het erogenimTag enyaotfietr § 18d 2u v PIrtngpgavt8inn 2 v I i v, ne
hustota nebo@v nost n2 c & & e@z&d leiretds20073 vy

4 Metodikaa mat er i §|

41 OdbRDr zkugebn2ho materi 8l u

Vi zkum palotby?$headlla ] i kj§ed® py piborgueéel e ¢Pmas
sylvestrisL . ) na YWzem2? Vesk@®mm@pbubkakiyty pokrlva
(lokalita 17 Doksy), z § p Hodatita 2ihPlasy) v chodn2 c hi Qhwojodda | i t a
jign2ch i(Halk&rkeyc)h 9).oraébulkal zobrazujez 8§ kn2adi nf or mac e
stanowiaptlii kepBsai efostdpech Na kagd® | okatai t D b
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porosty, ni ch¢g prvn?

porostp Se dsh @alva P @ nmPpaast{porog 2).

Hol oszp fidobnbvyj e v podm2nk8&ch LR reald.i
veli kosti pSevs&§gnhn 0,2 ha ag 1,5 ha. Neg
15 m, provs8§dNDj2 se obvykle dvIboop4e@bhédikycTEa
na ha Vzorn2kyhRoznbobovasl ah porostT rostou
jednovrstv®m stejnolet®m porostu.

V. druh®m pS2padhD je aplikovg&n pS2rodhn
kompl exn2 lesn2 strukturmid padilyo Diat ppedibr o kel
n8hl ® uvolnhNDn2 krytu obecnlD odm2tnuto. Doba
l et (pol 8§teln2 hustdt#yOven sileglbw® ki 82 g hg b2

000j edi nc)T.
vrstiby @husat e tp@odtd
byl

hor n?

jedince.Zkagd®ho porostu

@ Vepbpsn?v kxy
0

mat eri 81 pr o kngdcnr?a nxlkcakn® kay Ifny zkir i tv®eroireomid kpTr o
zastoupen? charakterdostjie¢hkcbhhvijiedilntd pr oegps
nepravidelnost?2 a vad.
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Tabulkal: Z8kl adn? charakteristika |lokalityle®sméhostu (-
hospod8Ssk®ho pl 8nu)

Lokalta P NSt o o GPS VI gk Dbhr  SOU0OT
ostu WGS84 m cm
postup Wessd)  (m)  em) ey
Lokalita ¢ 1 on S OAB.O3N, 5 14 0K
1 18 14A41"' 2
50A33"' 5¢
hol os 14Ad0" 1 18,1 187 0K
_ - 49A55"' 35,
Lokzallta clonn ) 13A14" 2 11 12 4Q
49A55" 1
hol os 13A14" 4 12 13 4Q
. 50A3' 18
Lok:?hta cl on . 16A8' 59 10 12 21
50A3' 21
hol os 16A8"' 52 21 22 21
. 48A50"' 1
Lokalita c | on 14 A5 G76"D 11 10 oK
4 — 15b - ,
hol os 48A50 1 12 11 OK
14A56" 3
*viletn2 pr TmRDr
** soubor Il esn2ch typT podlenwghttal200®ho typol og
PLOipS2rodn2 1l esn2?2 obl ast

GPS(Global Positioning System)Gl ob§1 n2 pol ohovl syst®m

42 PSprakagebn2ch vzorkT

Pro zjigthRn2 variabilitybylovzjzsdtnmadtiavyT ok Kk
odebr&§no nhRkolik welhegdy Odoeemgsavit vvMil$tn2 ho
st Sedowjlodés®dgm wi gky kmenebylao dwerba ol ovvel 2v13S
stromuvp S2 padh, ¢grellhdétpovd&p ¢ 8BsdBajul @ n@r BraNrs.e k ¢ 2

odb0Dru 0dS2 znatl eil erkotporwlvedens? l etokruhovl
denzitomet r.iScekklcceh byl Sen2 | eesynacm §pbezxai Tpod
p8sov® pile, z2skan® fogny uskl adnhDny a po

dahog?pr acov 8n?2 bylkat est§S eudnoovgsR ufj ®@g npao s o u z e n 2 r
pr Trmknenekt er 8§ byl a n&sl ednBnptohlgksugehn? vinabb
sl dpgb vdkwdabn2ch tNDles na mezkhugreibmk® tdll feysz
fyzi k8§l nfiDlman®u gk 20 x @DBuxt Btla nmhSevd Nhesasypec
zjigthNDn2 mechanickleidr®l 2s2Boxt 30dBwtlakd)p mDhas
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a20x20x300mnr(§ zovs§& hougevnat ohgbu)(okr. 8pZekvungoeshbtn 2d Selvl a
urlenffzpk&l n2 a me dHaavikil ¢ kn@ tkzokmeolSgek yst abi | i z o
rovnovsg§gnou vplohdkn@&entk ep2 otow vzduchu 20 AC (
vl hkosti vzduchu 65 % (N 5 AC). Vegker® vzor

neobsabhj 2 nepravidelnostidSeVTetovich vad a tlako

1500

£

\/\/uu

Obr §8ekSch®ma vb motbiyl(Seesk ¥ g tetal. ADB)r
Testovgn2 macfhwaaiivl&d scthredis t 2

Normalizovanlymestymefhpyni bii® vIastnos
pevnostv ohyby
¢ at mekdl prugnosti

T
T
T dynami ckT modul prugnost.i
1 pevnost vlaku,

T

rS8zovs8§ hastugevnat

Nor mal i zovanTyaz kpousnt€8p & efdyozyiPkc®l n2 vl astnos:
T hustotad Se v a,
T sesychg8n?z.

Hust ota dSeva byl a csktoaun onveetnoad oiu , d eknt zeirt§o nsel t
horizont 8l n2 hohustdryend8ewvwa.z|l Bgempr oveden?2 | et o
zkotoul|l T vySeahiuglynp®@skryTlsNDhem | etokruhT o t|
Vzorky byly vyS2 pnetlkammbDu.emVodr dySemyl y um? s
QTRS01X (QMS Data Analygr and Scanner , USA Tennessee)

krent genov®mu papr sku. Doba expozice z§8§Sen
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pSiblignND dvou minut&m. 118t enfAz iat an arpefhtt2geh2d v
zdenzitometrick®ho mNSenzen@&yllbgdhu ou gietnad u prh

vhorizont 88§l nzZm smBRDru kmene.

Letokruhovs8 anallza

Kotoule byly vybrougeny a naskenovs8§ny na
800 DPI. ®émdauanhkmBSv programu pro obrazovou
(Laboratoylmag ng, Czech Republic) byly zmhRSeny hod

43 Statistick® vyhodnocen?

Pro vyhodnocen? statistick®ho vikmamw® ed
testy ANOVAT teshia Buneanofyve sk y mn o h orno8venasignh @h o y p ¢
stanoveny reldradinda mold=0,85mn otsytlia Upougita prc
statisti tlk®n andaitdrydyy.p Dst e b n 2v eorpta tk&BelnktAenip o |
horindntp@knehiavzds§l end)s$tatdacdstd$&k® anallzy byl
pougit?2 programu STATISTICA 12 (Statsoft |Inc

5 Synt®za visledkT

Tato kapitola pSedstavuje synt ®z uobdvolbs?l.edk T
Visledky pré&ce |bys gpipueddr hdaviSayy avin WOS nebo
Separ 8ty |1 8nkT za stkapdoie).n2 obdob? jsou uved

Viiv phRDstebn2ch opatSen2 na vlastnosti dSeva

Vegker ® zkouman® | okalitcel gsmau nyg pltizck @2
republiky ¢ 8 padol es k § Sepeachloeg kkag8 i maskovcovs8 plogina
p8nakRol abd3pko hlavn2zm ukazatelem viIiastnost?
Mnogstv2 hmot yednace wsem&e vklite |@stowd SevaSsk®m pr Tn
povaguje za toikeardamnyl diSredviak 8§ a to d2ky skut el
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jak fyzik@éomBanitckk®d ivl ast ndatsit odSeowaB.2 VvV &b e "
0 b n o vpno?sct huwpgle cvhe z j i § S o \sa robrazeny valh.2. ast ec h j

Tabulka2: VI i v phRsStea@®nbncht opatdSeva

Lokalita 1 Lokalita 2 Lokalita 3 Lokalita 4

pr T m(@rcnt) 0,541 0,500 0,521 0,535

median(g.cn®) 0,534 0,499 0,520 0,531
Porost 1

var (%) 7,9 9,0 11,3 12,9

sd (g.cm®) 0,043 0,045 0,059 0,069

pr T m(@rcnt) 0,529 0,490 0,525 0,528

median(g.cn®) 0,528 0,478 0,525 0,522
Porost 2

var (%) 10,9 13,1 13,6 16,5

sd(g.cnt®) 0,058 0,064 0,071 0,087

Jepat,rnd@eoazmpiTsob obnovwyyghgehptk laugtty,j eavgak zj i g
hodnoty nejsoun®ieanzeet rt§e¢ cny) locadnsgpli ®olat obgev
produkuje dSevBull iviyagvy@n Th uosctboatrnT | | §nek zal
dopadu pRstebn2ch opat SpB62| haehustotu dSeva

Tak jako u hustoty Hhgeabediermny slespgzh§mar
dSevcal omzPAsobu obn&vyAvlgeaska it azbde zji gtnRn® r
di ametr8&8lnhD odRicgn®gae wmbdlazebmedyndi P& tkuwayl iptr
Publi kace zabl vsatjeethrr2opat Bepadem pBspBhEBazedS
2.
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Tabulka3: VI i v popes Setah 2selsych§n2 dSeva

Lokalital Lokalita2 Lokalita3 Lokalita 4

pr Tmh 51 4,2 5,6 5,3

bro ( median 51 4,2 5,5 5,5
var 1,5 0,9 1,6 15

sd 30,0 22,5 28,5 28,3

pr Tmh 7,7 8,3 8,3 8,7

Porost 1 bt ( median 7,8 8,3 8,5 8,8
var 1,8 2,1 1,9 1,9

sd 22,8 25,0 22,8 21,8

pr Tmh 13,7 13,3 15,3 14,7

by (%) median 13,9 13,5 15,2 14,8
var 2,8 2,3 2,9 2,9

sd 20,1 17,3 19,1 19,8

pr Tmn 5,3 4,5 5,7 4,7

br  ( median 5,3 4,3 5,4 4,7
var 1,0 1,4 2,1 1,3

sd 18,9 30,3 37,2 27,0

pr Tmh 8,8 8,6 8,3 8,7

Poros2 bt ( median 9,0 9,0 8,6 8,8
var 1,8 2,0 2,3 2,0

sd 20,9 23,7 27,2 235

pr Tmh 15,1 13,4 15,6 16,2

by (%) median 15,2 13,6 15,6 14,3
var 2,3 3,2 4,0 30,8

sd 15,3 23,9 25,9 18,9

Zhl edi ska wypywgiktonsd$aekan2 ¥l ely a ve stay
prugnostn? vaaoptevadsat nwWiSebylmame chani ckl ch vl a
zkoung n avngsted Sewvohyby t | aku a r §zovou pougewvsansd s

charakteristik byl stanoven(tamd4.nami ckT a stat
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Tabulka 4:

PrTmRrn® hodnoty smechanickTlch

Lokalita 1 Lokalita 2 Lokalita 3 Lokalita4

pr TmBhDr ( 49 43 49 36
median (MPa) 49 44 49 35
Porost 1 var (%) 11,7 16,5 12,5 22,8
Pevnost v tlaku (Wa) sd (MPa) 5,8 7,1 6,6 8,2
pr T maRa) 46 46 49 34
Median (MPa) 45 45 48 33
Porost 2 var (%) 22,0 18,2 20,6 23,7
Sd (MPa) 10,2 8,3 10,0 8,1
pr T n{kaRa) 76 73 81 81
median(MPa) 74 73 83 86
Porost 1 var (%) 12,9 13,5 17,3 23,0
Pevnost v ohybuM Pa) sd(MPa) 9,8 9,9 13,9 18,7
pr T n{kaRa) 77 71 78 77
median(MPa) 76 70 76 75
Porost2 var (%) 15,6 17,4 25,3 21,9
sd(MPa) 12,1 12,3 19,7 16,7
pr T n{laRa) 9814 9490 10381 9133
median(MPa) 9570 9278 10170 9516
Statickl mo d Porost 1 var (%) 21,7 23,1 22,5 25,2
(MPa) sd(MPa) 2133 2192 2331 2297
pr T n{kaRa) 9999 9062 10379 8610
median(MPa) 10261 8926 10341 8450
Porost 2 var (%) 24,5 26,0 27,7 26,1
sd(MPa) 2453 2352 2871 2244
pr T n{kaRa) 11471 10563 12615 13832
median(MPa) 11187 10399 12548 12893
Dynami ck Ul mpdu Porostl var (%) 26,4 28,9 20,1 43,8
(MPa) sd(MPa) 3021 3057 2540 6053
pr T n{ldRa) 12535 11563 14034 10375
median(MPa) 12187 11202 13938 9466
Porost 2 var (%) 27,3 25,9 15,5 49,2
sd(MPa) 3425 2995 2179 517
pr T n{dkrcin 4.4 4,0 3,3 3,6
median(JL c?n 4,5 4,0 3,2 3,5
R§zovE hougév Porost 1 var (%) 28,5 34,5 41,4 49,6
sd(J L &)m 1,3 1,4 1,4 1,8
pr TmOrx n 3,9 3,3 3,3 3,5
median(J L dm 3,8 3,1 2,9 3,3
Porost 2 var (%) 38,7 432 58,6 474
sd(d L &)m 1,5 1,4 1,9 1,7
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Abstract

Schonfelder O., Zeidler A., Bortavka V., Bilek L. (2017): Influence of site conditions and silvicultural practice
on the wood density of Scots pine (Pinus sylvestris L.) — a case study from the Doksy locality, Czech Republic.
J. For. Sci., 63: 457-462.

After spruce, the Scots pine (Pinus sylvestris Linnaeus) is the second most important commercial coniferous tree
species in the Czech Republic. However, we are finding out that awareness of the variability of properties, and pos-
sibilities to affect them, are noticeably small for this type of tree species in our conditions. The goal of this study is
to primarily evaluate the importance of site conditions, silvicultural measures and other factors for the density of
Scots pine wood in the Doksy locality in the Czech Republic. The Doksy locality is represented by three forest stands
with different silvicultural history. Samples were taken from each stand, the basal and central parts of which were
subsequently processed for test samples with dimensions of 20 x 20 x 30 mm. Wood density at 12% moisture content
was ascertained in the test samples. The highest density value of 0.541 g-cm™ was reached in a stand that is regener-
ated using the shelterwood method with long regeneration period, and the lowest density value of 0.488 g-cm ™~ was
recorded in a stand that was regenerated using the clear-cutting method. From a forestry perspective, it can be further
stated that the wood density of Scots pine is also affected by the site conditions and position of samples in the trunk.

Keywords: shelterwood regeneration; clearcut; forest site; softwoods; physical properties; variability

After Norway spruce (Picea abies (Linnaeus) H.
Karsten), the Scots pine (Pinus sylvestris Linnaeus)
is the second most important commercial conifer-
ous tree species in the Czech Republic. With the
increasing biotic and abiotic damage to spruce for-
ests, the importance of the pine will be increasing;
however, we are finding out that we know very little
about the properties of this tree species in the con-
ditions of Central Europe. In terms of forest man-
agement, the pine currently covers 16.6% of the to-

tal area, whilst its natural representation in the tree
species composition of the forest was 3.4%. The
recommended representation of the pine in forest
stands is in fact higher than the current state (Min-
istry of Agriculture of the Czech Republic 2016).
Forest owners and managers who want to acquire
maximum profits from their forests need to under-
stand not only the essence of growth and regenera-
tion of forest stands, but also they must have the in-
formation about the quality of their wood (Jozsa,
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MIDDLETON 1994). The quality of wood is a subjec-
tive concept to a certain extent, and it must always
be understood in the relevant context (MAcDON-
ALD et al. 2010). We usually understand it from the
perspective of properties that are beneficial for the
final use of wood.

Wood is a heterogeneous material and exhibits
high variability of properties. The variability of pine
properties can be observed between individual
localities and trees, and even within a single tree
(Tomczax et al. 2007; Kask 2015). Through the
tree genotype, wood properties are largely influ-
enced by altitude, climatic factors, by the surround-
ing environment and by silvicultural measures
(Tsoumis 1991; PELTOLA et al. 2007; JELONEK et
al. 2008, 2012; ToMmczAK et al. 2013; ROSZYK et al.
2016). The variability of wood properties within a
trunk is crucial for the final processing of wood.

The main indicator of wood quality is density,
which largely affects other physical, and of course
strength characteristics of wood (KOLLMANN
1951; AuUTy et al. 2014). It generally applies that the
strength of wood increases with increasing density
(KimMBERLEY et al. 2015). Wood density decreases
with the increasing height of the tree, and it in-
creases in the horizontal direction from the pith
to the periphery of the trunk (PozGaj et al. 1997).
One of the causes of variability of wood properties
in the horizontal direction is juvenile wood. Juvenile
wood is generally defined as the wood zone in the
middle of the trunk which takes up approximately 5
to 20 tree rings. In this zone, rapid and progressive
changes occur in the structure of the wood, and it
therefore has different properties compared to ma-
ture wood (KRETSCHMANN et al. 1993). Another de-
termining criterion that influences properties in the
horizontal direction is the width of the tree ring. In
pine wood, it is assumed that with increasing ring
width, the proportion of late wood decreases, and
consequently its density also decreases (Kask 2015).

The aim of this study was to assess the impact of
silvicultural measures and site conditions on the
wood density value of Scots pine from the Doksy

Table 1. Average values of sample trees from selected
stands

Doksy Forest  Silvicultural DBH Tree
region  site type* practice (mm)  height (m)
Stand 1 0K shelterwood 169 13.0
Stand 2 0K clear-cutting 187 18.1
Stand 3 2K clear-cutting 204 21.6

*group of forest site types according to the Czech typological
system (VIEWEGH et al. 2003)
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region in the Czech Republic. The variability of
density in the horizontal and vertical position of
the trunk was also analysed. The influence of the
tree ring width on wood density was also evaluated.

METHODS

The research was conducted in the Doksy study lo-
cality, of which the natural occurrence of Scots pine
in the Czech Republic is typical. Extraction took
place in three forest stands that are characteristic of
the Doksy region and represent different silvicultural
practices or site conditions (Table 1). Forest stands
are owned by the Municipal Forests of the town of
Doksy and are located in the Natural Forest Region
PLO 18 (Severoceské piskovcova plosina and Cesky
rdj), where average precipitation is 550 mm, the aver-
age temperature is between 7 and 8°C, according to
the data from the nearest meteorological station, and
the altitude reaches up to 450 m a.s.l. Seven sample
trees were selected from each stand, from which test
material was made. An important criterion for the
selection of sample trees was the representation of
characteristic individuals of the relevant stand, their
vitality and absence of growth irregularities and de-
fects. Stand 1 is characterized by the advanced under-
storey of pine that grows in the shade of parent trees.
Sampled trees represent these individuals growing
under the canopy of parent stand tended by regen-
eration fellings. Stands 2 and 3 were established on a
clear-cut area, i.e. sampled trees have grown without
the shelter of parent trees in a single-layered even-
aged stand since the very beginning.

A total of 21 sample trees were felled in winter
to assess wood density from the Doksy locality. To
assess the vertical variability of wood density, two
logs were cut out from individual sample trees in
the direction from the base to the crown. A basal log
was always cut out from the breast-height diameter
area (in the middle of the section), and the central
log was cut out at 1/3 of the height of the trunk only
if the trunk had a diameter greater than 15 cm. The
length of each section was 150 cm. In stand 1 the
trunk did not have the required dimensions, and
therefore the central log was not cut. A disc was cut
out from each log so that a tree ring analysis could
be carried out. In order to assess the variability in
the horizontal plane of the trunk, a central plank
was cut out from each log whose width allowed for
test materials to be produced. The timber prepared
in this way was interleaved and stored in a covered
space with free air flow. When the wood moisture
content dropped below 15%, the individual planks

J. FOR. SCI,, 63, 2017 (10): 457-462



were cut lengthwise in the direction from the pith
toward the cambium making laths of 20 x 20 mm
in cross-section (Fig. 1). The material prepared in
this way served as a basis for the preparation of test
specimens. After final modifications, the test speci-
mens had dimensions of 20 x 20 x 30 mm for physi-
cal tests. The examined physical property was the
basic variable, i.e. density at 12% moisture content.
The test specimens were stabilized in a condition-
ing chamber at 12% equilibrium moisture content
in the environment with an air temperature of 20 +
2°C and relative humidity of 65 + 5%. A total of
1,636 specimens were tested for density. The qual-
ity of all the samples complied with the standard
CSN 49 0101 and they were free of irregular growth
defects and compression wood.

The standard CSN 49 0108 was used to evalu-
ate density. Density was evaluated at 12% moisture
content (p,,) according to Eq. 1:

ml‘y 3
p, =—=(gem ™ 1
2=y (gem*) (1)
where:
m,, — mass of the specimens at 12% moisture content (g),

V.

1 — volume of the specimens at 12% moisture content

(cm?3).

We used an A3 Epson GT-15000 scanner (Epson,
Japan) and resolution of 800 dpi to scan the disk
for tree ring width analysis. The NIS-Elements AR
Image Analysis Software (Version 4.11, 2014) was
employed to measure the width of tree rings.

To assess the statistical significance of individ-
ual impacts, the multifactor ANOVA tests (Fisher
F-test) and Duncan’s multiple comparison tests
were used. The level of significance o = 0.05% was
used for all statistical analyses. The evaluated fac-
tors were vertical position (along the height of the
trunk), horizontal position (distance from the pith),
and silvicultural measures and site conditions. Sta-
tistical analyses were carried out using the STATIS-
TICA program (Version 13, 2016).

Bark

Bl <

20

Fig. 1. Tree sampling and the test sample description
(dimensions in mm)

J. FOR. SCL, 63, 2017 (10): 457462

Table 2. Descriptive statistics — comparison of density in
individual stands

Stand 1 Stand 2 Stand 3
S 0.541 0.529 0.488
(g-cm™)
Median
(g-cm™3) 0.534 0.528 0.477
Coefficient
of variation (%) 7.9 109 171
Sfindani L 0.0428 0.0581 0.0836
deviation (g-cm™3)
Number 342 556 738
of specimens

RESULTS AND DISCUSSION

A difference in density on different sites (forest
type groups OK and 2K) was observed between
stands 2 and 3, which were regenerated on a clear-
cut area. The descriptive statistics of individual
stands are shown in Table 2. Table 2 shows that the
average value of pine wood density at 12% mois-
ture content reaches 0.529 g-cm™ for stand 2, and
0.488 g-cm~2 for stand 3. An analysis of variance of
the examined stands revealed that the wood density
of Scots pine differs significantly, P < 0.05 (Fig. 2).
Stand 2 shows higher density values than those in-
dicated by many authors (LExA et al. 1952; PoZGAJ
et al. 1997; WAGENFUHR 2002; FELLNER 2007).
Conversely, the wood density of stand 3 is compa-
rable with literature (NOvAK 1970; SIMUNKOVA,
KucCEerOVA 2000), but the variability of density is
high. JELONEK et al. (2005), ToMcZAK and JELONEK
(2013), and HAuTAMAKI et al. (2014) reported dif-

0.56

047

1 2 3
Forest stand

Fig. 2. Impact of site and silvicultural practice on wood
density
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Fig. 3. Impact of the horizontal (a), vertical (b) position on the wood density of individual stands

ferent results of pine density in various sites. This
phenomenon was confirmed by Tsoumis (1991),
who stated that site conditions may significantly af-
fect density.

The monitored differences in density depending
on silvicultural measures were observed between
stand 1 and stand 2. These stands are found in the
same site conditions (forest type group 0K), and
it is therefore possible to monitor differences in
properties caused by different regeneration meth-
ods used. A statistically significant difference (P <
0.05) in density values was confirmed between the
investigated stands. Higher average density values
of 0.541 g-cm~ were obtained in stand 1, which
is regenerated using the shelterwood method,
and conversely, lower values of 0.529 g-cm™ were
shown in stand 3, which was regenerated using the
clear-cutting method. Low values of wood density
for planted pines were also reported for example by
ERrikSsON et al. (2006) and MEDERSKI et al. (2015).

The density variability in the horizontal direction
is shown in Fig. 3a and Table 3 with the average
density values in individual sections. The density
variability in the horizontal direction for stands
2 and 3 demonstrated a clear trend of increasing
the value in the direction from the pith to the bark,
similarly to what was stated by NicHoLLs and
BrownN (1973), FrRITTS et al. (1991), and IvkovI¢E
et al. (2013). A statistically significant difference

Table 3. Mean density variability within a trunk

(P < 0.05) was demonstrated between these stands
in individual positions. Sample trees from stand 1
grew in the shade. For this reason they show low
annual increments at the early stages of growth.
After the regeneration felling in 2008, there was a
sudden significant increase in the thickness of the
tree ring of the understorey individuals. This trend
was described by ERIKSSON et al. (2006).

In order to assess the variability of wood prop-
erties, it is necessary to take into consideration in
which part of the trunk the wood is located. It is
evident from Fig. 3b and Table 3 that wood density
in the basal part of the tree shows higher density
values than those in the middle part. A statistically
significant difference (P < 0.05) was found between
individual sections. No significant difference in
density (P = 0.066) was found between stands 1 and
2 at the base part. Stand 3 indicates a lower density
value in all sections than the other stands. Higher
density values in the basal part of the trunk were
described for example by Tsoumis (1991), PoZGAj
et al. (1997), REroLA (2006), and RiEsco MuNoOz
et al. (2008).

The tree ring analysis is shown in Fig. 4. It is evi-
dent from the image that stands 2 and 3 have the
widest tree rings in the part closest to the pith.
With increasing distance from the pith, the width
of the tree rings shows a decreasing tendency un-
til it essentially stabilizes (TomMczAK et al. 2007).

Density variability (g-cm3)

vertical horizontal
basal section middle section 1%t position 27 position 3 position
Stand 1 0.541 - 0.535 0.548 0.528
Stand 2 0.551 0.495 0.497 0.542 0.602
Stand 3 0.511 0.458 0.435 0.495 0.569
460 J. FOR. SCI,, 63, 2017 (10): 457-462
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Fig. 4. Tree ring analysis of the basal section

Stand 1 indicates a completely opposite trend. This
trend largely copies the horizontal course of densi-
ty, wherein the density decreases with the increas-
ing width of the tree rings, similarly to what was
stated by MORLING (2002) or Ivkovic€ et al. (2013),
as mentioned earlier.

Table 4 shows a comparison of our results with
those of the authors who investigated the density
of Scots pine wood in the region of Central Europe.
In most cases, the investigated pine wood density
from the Doksy region shows higher density values
when compared to these authors.

CONCLUSIONS

The aim of this study was to primarily evaluate the
impact of silvicultural measures and site conditions
on the wood density of Scots pine from the Doksy
region in the Czech Republic. In most cases, the in-
vestigated pine wood density from the Doksy region
reaches higher density values when compared to the
results of other authors (LExA et al. 1952; NOVAK
1970; WAGENFUHR 2002), who investigated the den-
sity of Scots pine in neighbouring territories. Given
the fact that wood density significantly affects the
mechanical properties of wood, it can be presumed
that pine, which grows on natural pine sites in the
study locality, achieves high wood qualities for final
use. Forest site was proven to be a significant factor
that affected wood density. Silvicultural practice was
also proven to have an impact on wood density; the
shelterwood method with long regeneration period

indicates a more even distribution of density along
the radius of the trunk. With regard to the final pro-
cessing of wood, it is necessary to take into consider-
ation which part of the tree the wood comes from —
wood with greater density is found more in the basal
part of the tree than in the middle part. Pine wood
plays an important role in the wood processing in-
dustry in the Czech Republic, and it will be increas-
ing in the Czech Republic the more it is planted.
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