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Péstovani lesa

Mézewv prace

Skody zvEFl a optimalizace managementu jehlifnatych porostl v Ceské vysofing

Mazewv anglicky

Game Damage and Management Optimization of Coniferous Forest Stands in the Ceska Vysofina

Clle préce

Disertalnl préce se bude zabywat detallnim zhodnocenim struktury, dynamiky a managementem
jehliEnatych porosti v oblast Ceské wysofing we vztahu ke Skoddm reEfi OE cile dizertaénl préce jsou:

* Zhodnoceni biotickych a ablotickych podminek prostiedi na zajmowych lokalitdch s akcentem na trvalé
vyzkumne a nové zalodend experimentalni phochy.

* Zhodnoceni parametrl pfirozengho zmilazenl whramch porostd 2ejména s dominantnim zastoupenim
smrku zteplliého a jedle bélokoré.

« Zaznamenani dendrometrickych wlastnost matefského porostu, wietné produkEniho potencialy,
struktury a diverzity.

# Whodnocen! radidiniho ristu zkoumanmych difewin » zévisbosti na klimatickych faktorech a Skodach 2wEF.
= Z|I5téni a zhodnocend pofkozen! pfirceené obnowvy a dosphvajicich jehlifnatych porostl 2vEF a ndsbedné
myysliwecks doporuleni.

# Mavrhnutl a ndsledné doporuleni pFirodé blizkych postupl péstovdnd lesa v zawislost na lokalitach

5 ohbedem na cchranu lesa a probhajicl aménu klimatu

Metodika

Z2ajmowve reml

Zajmowve dzeml bude zahrnovat Ceskou wysodinu, 2ejména pak oblasti Ceské tabule, Poberounske soustavy,
Ceskomoravske soustavy a Sudet. Wzkum bude zaméfen na jehlifnaté porosty 5 akcentem na smrk ztepily
a jedll bélokorou. Pro shodnoceni struktury a vywoje plirozeng obnowy a matefského porostu budow wwyudity
diouhodobé sledované trvalé wyzkumné plochy, které budou dopln&né o nowé zalodend experimentalnd

plochy.

Sbér dat
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Pro stanosen! prostorove struktury stromového patra, pfirczend obnovy a korunovych projekcl bude po-
ufito technologie Fleld-Map (IFER). U-stromd bude méfena witetnl taustka, vwwika, nasazeni koruny, Efka
koruny a poSkozeni zvEF ohryzem a lougdndm (débka a obwod pofkozent; bnlloba). Ddle budou u domi-
nantnich stromd odebramy wyerty pro dendeochronologické-analyzy. U pfirozené obnowy budow z)i5tova-
ny kvantitativnl a kvalitatind parametry, wietné okusu &R, vilvu ekologickych faktorl a interakce ezl
stromowym patrem. U jedincd pfrozené obnovy bude améfena pozice, wika, Sifka koruny, vyika nasazend
2elené koruny & urfena dfevina a Ekody okusem (bez poskozand, bodni okus, termindini okus; stary, nowy,
opakovany).

Zpracovani dat

Pro wypodet prostorového rozmistEni jedincd plfirozend obnovy a stromového patra bude poudlt program
PointPro (&2U). Druhovd diverzita, strukturdind diferenclace, vertikdind diverzita a celkowd diverzita bude
wypoftena v programu Slbyla Triquetra (TUZVO). Dendrochronobogickeé analyzy, vietné detrendace £l urfe-
nl wyznammych let, budou provedeny pomod softwaru R (Team R Core). Modelowan! zvislost radidiniho
riistu dfevin we vztahu ke klimatickym faktonlm probEhne ¥ softwaru DendroClim (Laboratory of Tree-Ring
Research). Wicerozmérné analyzy budow provedeny v programu CANOCO (Microcomputer Power) pro zhod-
noceni vztahu mezi ristowymi parametry obnowy a strormowého patra, diverzitouw, produkcl a Ekodami 2wEFL
Atatisticke testovadni (AMOVA, t-test, neparametricks testy, korelace atd.] prob£hnow v programu Statistika
(statsoft).

Harmonogram Feleni

I. Etapa (2021)] - pracovan] metodiky, vybér vyzkummych ploch, sumarizace podkladovych databdz,

Il Etapa (2022 — rpracovani literdrnl retere, zalofeni nowch experimentdinich ploch, sbér dat » terénu,
plispfvek na mezindrodni konferancl,

I Etapa [2023) - publikace Eldnku, 2pracovand dat, sbér dat vterénu, pflspdvek na mezindrodni konferend,

IV, Etapa (2024) - statistickd analyry, komplementace prace, publikace wEdeckych Elanki, pflspévek na me-
zinarodnl konferenci,

. Etapa (2025) — obhapoba dizertaéni prace.
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Doporufeny rozsah prace
110 normostran

KliEowd shova
struktura a dynamika lesa, pfirodé blizké hospodafend, pfirozend obnova, okus, ohryz, loupani
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Abstract

The impact of wildlife damage on the structure, regeneration, and stability of coniferests
stands represents a major problem under the conditions of the Czech Republic. With ongoing
climate change, this issue is becoming increasingly pronounced and requires targeted
optimization of forest management. This dissertation aims not only to assesstehe of

wildlife damage in the coniferous forestslofe s k 8 v jusadsd to prapose appropriate
management strategies for these stdndsluding the ue of introduced tree species and
mixed-species compositiofsas part of climate change adaptation, with comparisons to
selected foreign regions. In terms of browsing damage, the most afteetesbecies in
dominant coniferous stands were silver #bi{es albaMill.) and sycamore mapleAger
pseudoplatanug.), with damage rates exceeding 75%. Edge zones of stands exhibited 40%
higher damage levels compared to interior areas. Bark stripping most heavily affected Norway
spruce Picea abiedL.] Karst.), with up to 89% of individuals damaged in some localities.
Moreover, such damage increasingly affects thinner trees (most commonly thoseohwvith d
between P6 cm). The resultinfungi decay in damagetleesreduces the production potential

of spruce standsy 50' 71% and accelerates the spread of bark beetle outbreaks. In response to
climate change and the largeale dsturbancef spruce stands, attention was given to the
potential of introduced coniferous species. The study focused on comparing possible
replacements fdlorway spruceinder Czech conditions. Sitka spruBécga sitchensiBong.)

showed high production potential but proved highly sensitive to precipitation deficits. In
contrast, Serbian sprucé®itea omorika[ Pan | i [ ] Pur k. )oodeguality bi t e d
(mechanical properties) and resistance to climatic extremes, making it a promising candidate
for forest regeneration in the context of climate change. Additionally, coniferous monocultures
were compared with mixed stands as a potential climddptation strategy. Mixed stands of
Scots pine Rinus sylvestrisL.) and Norway spruce produced 29.8% higher yields than
monocultures. These findings offer potential solutions for stabilizing current forest stands under
changing environmental conditiongarticularly when combined with clo$e-nature
management approaches. At the same time, the controlled use of selected introduced tree
species in forestry practice appears promising. However, the most critical factor remains the
harmonization of silviculiral and game management and the reduction of ungulate populations

to ecologically sustainable levels.

Keywords: Forest structure and dynamicspseto-naturemanagement, natural regeneration,

browsing, bark stripping
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1.bvod

lesy jsou z8&kladn2m prvkem pS2rodn2ch ekosy:

gl obBl nfmati ck® zmDny nezastupitel nou rol i |

stabilizaci kli matuKmaomdngjvtet@a®@mnm@®pbdape d
vgak pln2 celou Sadu d@&ISE? ¢ R). mi2@dsdki® ode ik P ic &
vmi nul osti vIivoj porostT nega®i vindt o¥0.i vaitDml e

kdy prob2hala ekologick8§ kaygamitja2 Segéndovpa
di ferencovanou p®] i o tyto | esn? ekosyst ®my
stability, biodiverzity a | ej?Vsawtl arsengpusltal nm
nej vltg2 hrozby pat S22 kupfersofamidet al.k2813;2CokBrretal., a ¢ k o
2019a; Vacek et al., 2023).

Lesnicki obecnhD pPvrhoveduNdackes je spojen s trv
|l 2m@ou mygleny nejen funkceaprodiuklo(ddetnal8é nk
et al ., 2007) . Pokud je zde absence autochto
alespoR lesy pS2rodhn bl2zk® ve kterTch je |
vhodnTm pS2rodhn bl 2zkTm managnmeantiem Dnlai rkd ha,t
dosagen? c2] ov®hxdsyt g ek ¢ =mwuRgiofedatsmamee/motl n ® mu
spont&§nn2mu vIivoji (Gt mat®t 02000vi Yaceki eijt ¢
pozngn2 spont8&nn2ch jednotlivich vivojovich
vl esn?2ch,npeonrachsrtaedciht el n® ( Papai k, Canham, 2006
Zz8vis2 sprs8§vng volba pS2rodbNohbtpopkiFhodpTpeb
poznatky o samotn® struktuSe a vivoji pS2ro
znejv2céchTvegrtek pro spr&8§vn® hospodaSen?

opakuj2c?2ese diwsvojuirblatrecstRuiRaend pS2rodhN bl 2 :
|l esT. N8slednl vznik pSirozen® obnovy je d§gn
je znalnhD z8visl§& na pS2znivich stanovigtn2c
tento trend HhmBPodBEBRnPeaRNDHE zk®mu zpTsobu

cel ®m Yz em? Evropy (\6rzSmagir zkineatd neysnaha budgvat 2 01 2 )
zejm®na bohathD strukturovan® a pyqsStlra® alSe seyt,
2017; Vacek et al., 2019).

Hned por Tz ndrcthr opogenn2ch vliivech je nejv2ce p¢
gkodami zvnS2 . Nen2 tedy novinkou, ge se e
(Vacek et al., 2014)sep Zwadkijge,z m2zonudpmn8Rnazg kodbdeyv |z
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obdob?2, Zi mm2hmyabdob?. Vzni k|l ® ¢ kak dwtalitv e | mi
pogkozenlch jedincT (Vacek, 2017; Cukor et a

bi otopem, kterl je nejen zdrohoemienhengre di g
stolet?2 je snaha myslivcT a | esn2kT sn2git ¢
spS§rkatou zvRS2. Soul asnl®asvtios| reeallkiyvaskjaza tload n kt|

polemizuj2 o stawméchknBmASsku$te§In€ theSdy ima pT
porostech zvRnNS$S2 (Cislerovg, 2001).
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2.C2]l e pr 8ce

HI avn2m cel & mmpsez8anellgi ¢ k oyhly s(odk)e 10 Gif optinalizad
managementu jehllié¢ésnla®T vlyoshgl®rdwednt $nav k|l i mati c
svyugipSzmodthzpTEFopbiospoD&ISennmbybwm& ikt er ® dr ut
introdukSeanme @mdktoe nrc§ ylzauds t u pl wjMBIcSZeywi 8 mc i

Se gmemad b[ivi@niextupr ob2 haj 2 c?2 W irmarciic kS gzmi®a ypr ob |
Z8) mov® Yze mAkitdeSzed®?i eyn oa @mp Ir ® v myavk@®aylyr ani | n2 m
lokalitam,aby byl o mogn® | ®pe por ozumbht odl i gnos:
jehlilnatTch porostT v rTznTchZ&d o wmek® idmgd \c h
rTstu a produkhoédhocemgyt emecBadBek®ktvelralscthn c
introdukewanl olatal ctha kdeS ebvyilnd o m® ¢ d mij Sickyu o g n §
nghradadrau pShpeanci ddofns 8 ce2dckhu  dkrl ui i@t K rcekt & 2 mim |
d2 | % biio:

T Kompl exmSen2 na anallzu dostupnlich dom§c?
sakcentem nay k o d y, kimatiokBkz mRAn a management jehl il
vietnhD introdukovanlTch dSevin.

f Charaktesstikaj e d no tslt ianmib&h S v T caltrvab bvhlask dmnT ch pl o
srozg2Sen2m o zahraniln2 lokality

f Porovng&8§n2 monokulturn2ch ao hslne2dgeemn Tncah pjreohd
potencdedvesarsaciukhufhé diverzitu a kI i meé
vkontextu adaptace na klimatickou zmDnu

f Porovngn2 rTstov(tctéaplaot k! ismaStgieckk Ir edaxktcrz® mn
dom8c¥eygr @nnitcrho d u k o vaknd ncthe xdtSue vaidnapt al n2 ch

f Zhodnocen?2vypootaenniccihg d artk o rau fij Ta ksomrnk8smrka dy z a
ztepil sezamNSeme ond plolt rezk¢ 2 §lov® vI astnosnmai dSev

hustot, mo dul pevnost. a prugnost.i
T PSehled soul asnl cihk qpid z n2addrRATS esne?2 ann anlal zoah r y z
loupgh ¥j ehl i I natT tbhsk®r ospabhice.
f Sohledem na soulasn® stavy zvhDSe, doporu
minimalizaégk od zvNS2 na mladlch jehlilnatTch |
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T Navr hnout |l esnick® managementov® strateg
funkci jehlilnatlTch porostT v podm2nk§c
introdukovanTchpdBesti.a sm2genlch
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3. Rozbor problematiky

31. Struktura |l esn2ch porostT

Struktura lesn2ch porostT velmi vipaostecmald oVl
rovnRg jejich vari abi | ietzsoh199T dewion Jalliffep F998). 0 z e n 0 L
Samotn8 struktura | esn?2ch ekosyst®mT e vel
charakteristik zahrnuj 2 c? pss 0990 Bankiiny 1088). | i dr
Struktura | esn2ch porostT je d8na jeho pTvod

viznamni m prhokkemgdnthhapv Bl 0ussBpoovSes d § n@skladly genet i
(Vaceket al, 2010).

AnalTza struktesyi plo® opposicapeng?2 s§ aku jeho
schopnosti autoregulacehzl edi ska pSirozen® obnovy a n§sl
managmentu (sceket al, 2007). Struktura porostujessou| asn® dobD vel mi |
za pomoci obecnichnap8&kilthervi§s tziskk.l adnn@auy tod j
porostu. Funk| n?2 struktura porost@mge Hesnhnti
ekosyst ®mu . Jako pS2klad mTglearten b zppadstiu k ckeo |
(Mcelhinnyetal,2005) . VIisl edA®hiofobea@ackechz charakter
ze)j m@ko |l mgi ck®ho hlediska, jelikogpojostou uka

Tyto informace mohou m2t znal n® dTsledky pro

311VNDkovs8g8 struktura | esn2ch porostT
Kviznamn® variabilithR vRDkov® strdbkminpantdnzm!
viskytem st 2 n ootsibketal]2018). VpS@h PdEm | ese vhRkovDh
porostu poletnhN nejv2ce pSevagapal phedhnp82pa
tento jev signali zdjda8s)popul aci na Ystupu. (P
VDkovsg8 struktura porostT ssvblbaVvggsijeukt er st
ve vhDkovIich t S2d§ c(Hacek et al\20DR).&v IpSKE patdidp nstdklo v ¢
porostynd®ftvalvu 20 | e je,tolllet Pdddsty seltakkho z< iagu iR T

stejnovhRk®, |i rponosPhiu®napgd&sttojganae | Vv v2
naulnl slovn2k, 1995).
VRkovg§ struktura porostu viznamnhD ovlivRuje

na produk|n2 a reproduk|médIipmBopmao st id® kuomT
cykl T. Takt®g je nutno zm2ni tt,akiy® pdd seo uvddkto vk
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vivoj porostu (Waglkkv@&ta ht legp@d@POa’rk)®®Y z 8V i s
vivojovich st §ach{K?t &tal,2010) di st ur banc 2
3.12Druhov8 struktura | esn2ch porostT
Druhov§ struktura porostu je popisov§na p§S?
vy | a ciSejighdrahbvou diverzitu (Melhynnyetal,2005) . Sl ogen2? druho:
ovlivnhDno biotopem, takt®g cyklem ¢givin a
diverzita senhl eéndahovou vyrovnanost, rTznor odost
jako druhov® slogen2 biocen-zy (KIimo, 1994)
porost dle druhT dSevin vpraenedSagmgtic® zasntod wn
druhT dSevin je vyj&§dSeno jako plognl pod2]|
et al, 2007).Zabi oticklTch faktorT vel mi ovlivRuje d
teplota, topografie, vlIhkost a (2010;Pdgoep Tdn ?2
al., 2009; Vacek et al2015b).Vedleabi ot i ckT ch faktor T druhovou
vegetaln?2 pokr yd0QeJl bB22l0chkd ve8t edDir.ahov® sl ogen
je velmi viznamnou slogkou souhrnnich spr§v
skladbas e |n&seonu?low s ml 0 pauanap Snroo(keaus, Zeman, 2008)
faktor, kterT m8& znalnlT vigkodwp HdvDBdvoAmmErl adh
al.,, 2014a2014b).

3133Prostorovs8 struktura |l esn2ch porost
Vsoul|l asnosti je prostordwRy|esmddS§e§rnxha dmr ahn
visledkem aplikace hospod&§Ssklich zpTsobT up

Oproti pTvodn2?2 dSevinn® skladbhRN a struktuSe
bNl okor ®, buku | esn2ho a |istn8] Ttat,d98%kov DD v«
Vacek et a. 2012a) . Prostorovs struktur a | esn2ch

uspoSs8§ds&n2m vgecheke sy tcadhinudt @ 00DI50gekl ako z §|
UuspoSg&dgn? prostorov® struktukie per psHESW zZoOZ @
vertmka&|! mér isznl(rt&lsmdamkl naulnl slovn2k, 1995
U hori zont $dskeduje sustat potostyzrayk menNDn2 a z8poj . Tal
faktory blvaj2 ovlivnRny zej m®na autoriegul ac

z p T svanikyporostu(Poleno eta)2007).Pr o zj i gt Dn2 horizont 81 n?2
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j sou nejv2ce poug2vs8§ny distribuln2vigdemg® T
vzdS8I| en o spoiosty (@atki BEvang, 1964).

Verti k8l n2 uspoS8§dgn? struktury porostu | e
druhT, vDkem a vzt ahe(@oleagebal. 200/ est ek 8ha2ssanao
vel mi variabil n?z, ovlivRuj2 ji zej m®na zvol e
(PrTgaYs@0@odsnlich vizkumech | e pporroossttour ozvj® grSoc
pomoc?2 prostorov® statistiky (Ripley, 1977,

31 4. Genetick8 struktura | esn2ch por os
Genetick8 struktura | esn2ch porost T TTjT&@ n8str
ekosyst ®mov§ str ukharaktema jgdendyfiamkpge@mraeét lail vellc
genotypT dSevin. Genetick§ struktura je ovli
zmBDny a (Pawep 199).Rr i nci pem trvale udrgatzbhDn®h:«
nageneti ckou strukt wremwetj e k @ didogneue ¥ jzeviy B Wtk E® v
autochtonn2ch popul ac? B8ag ymopiSiprIovzoedin@izaehb ndoSveyv,
pomoci ¢l echt DAMPrylLanganet, 20i4).d Sevi n ( G

Jako pozi kowlnizvmpBRstaenet i ck ®ylsd sruzkdiurmhIlie sw)
aplikaci pS2rodn?2cwhl ef eddd acpht ak mrAkcihn apcrzo. c eBE[l e
urychlit pomoc?2 ¢glechthPNDnPTleginteclh sSSelvg nt { Pa
je biodiverzita | esjn2kd beikolsogpit ®mE[, r axmnnBa8i t
biodiverzita je zalogena naar d®omajnaikt ogitvollie
rostl Vnagem. p82 pzaeedj MBBozraanitost dendrofty. Z tohoto hlediska je

v 1 z n arozménitost vnitrodruhdy . Jej2 defviBei scpekerspal el a
(M2 chal992e.t al

32. Vivojov® cykly pSirozenich lesn2ch
Z2sk8n2 znalost?2 a pochopen2? spont8&nn2 vIvoj
pSi pozmadag@nertl eashrek o s Y §Coldret al. 2017).P Sstudiup r Tbh N h u
spont §nn2ch pS2rodn2ch cykl T je vpugheBBbuU:
vl e s pdrostéch (Pretzsch, 2008)] voj ov® cykly pSirozenlich po
porostT po nhRjak® disturbanc,i .pdSDessp BBlumEe o0 o0F
optmgag po st adi una rno8Szsplaeddan @ b o v Betbuntgntp1998)n 2 (
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PSi cmeVkooj®i | esn2ch posreosltpspgpSujede? hmal i ynp
vivojovli cyklus lesn2ch porospg2r oldyr2oc hec ylkd sy?
narugen2 | lovRDkem. PSi tRchto pS2rodn2ch p
nezmbDnDny. Soul §st2 tDNDclt ombmPrao doro2rohs t pr d ¢ ess
rozpadu. Mir uh®m pS2padh se | edswubanod Vieqlka eetn.a ale.l
Pobudouc?2 pozn&§n2 | esn?2ctsponeBnptt®@mewsiTcl sodk
l esy neovl iifator @1 mi dskl mEt n2 m proeniéleketk em pr
al., 2010).

R 4 A
X L
3 h < AL,
A |
24 1
o ¥
{ 'i. A-1ee s
R A LA Hr
ALK Lo ldba st

stadium rozpadu
T stadium optima - =

T4ze ohnovy stadium doristani f4ze obnovy stadium dorustani
|

Obr.1:( A) Vel kT vI]B®M™Mabi T v tcykug(Rokero et. al., 2011)

321Vel kT vivojovl cykl us

Vtom pS2padh se @seedknugn do§ resy?lo Islusk feteysp inak cel ® p
porostu. Vr §mci nal asov§gn?2 sSe8 djue ddre&s ed i Krea t2g 2( Kios epke
tohoto vivojowl®hpodewk|S8wsseama velklch ploch
vel kopl ognT mi di stur bancemi a rozpadem por os
holiny (Barnes et al.1998). ®t omt o procesu vzni k8 pr8vdn2unf §z
ApS2 pr alesdi®haot o f §ze cyklu se tak® ViR doy fréazdl v
zal?naj? objevovat p Sorbus2aucyparid n Betula ge®duldR&re v i ny |
Larix deciduaMill ., Pinus sylvestrig., Salix capred.. (Vaceketal2 009) . Tyt o dSev
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https://cs.wikipedia.org/w/index.php?title=Albrecht_Wilhelm_Roth&action=edit&redlink=1

typi ch®hawvakterem, jsou zejmPaupaodmNDnDoyi bh®
fruktifikac2. VytvgS2 tak ide®I1993). podm2nky p
Dal g2m typickim znakem pionTrsklch dSevin je

dSevin na stanovi gt se zal 2aadjef Sbdye kdv ana x
dSewianyY naj 2 nal ®t at rpazdbtagBimdpsSie c $ lo @ nid@\lihite, | @y as ¢
2013). PSi t®to f8zi speodkloisthaix odvS& vd $e vpiinoyn T a

zej m®n a FRagus s$heatici.nApies albaMill ., Picea abied.. (Chapman et al., 2006).

Vt ®t o f8§zi vivogknoey ppdbdht Ppr o e(Maiazkiemscsy u os
et al., 2013).

Dal g2tohdto¥ 422 0j ov®ho cA&VDr glen &ht & dk iLvim@ tx ase I D |
kli maxov® dSewiamy@nudn apiTGtoibup 2smd @inf§i cske® vpyotr
mi kr okl i ma ( Rozdglud oic|h, 8nzitk@pu.kt i fi kace kIl i maxo
zal 2n8 se objevovat  2p07)yvn2 obnova (Poleno et

322Mal T vivojovl cyklus
Tentocykluppr obk h § manteeea ®j e typickl svIim porpstuiabenz m
del g2 dob86§dobebayey20qPo.l emMDi ettomtla procesu
gener ac? dSeviKn ima, st1®®aéyi gtVizni k tohoto cy!
pl ochkh ¢t o velkesti do 0,3 hgVacek et a.2 00 7 ) . L2m v2ce se |
mal opl ogn®ho vizwu@Ewjadti * mt a2 aezsérazRuje dru
standqwWiemt2ik, 1995) .uv@Weéden ®p ogkrpeahd iz Il @jgednot | i v
procesud povz2dg i | asov®mu t r v §206). Veoebl| ®ahsa i persouchet sr
tento proces vzgcnIim jevem. Na nhDkterTch st
znovu objev2 vel kopl ogn]2000)0vdmganca mmd mo Stakkt OV re
YaspRNch tohoto cyklu je vhod@M® grid .km?z stll®rb27)j.ed
Mal T vivojovsie coypkDtuss K se&s88 i % tN& ddlairid ssoptifa 2
(zralosti)arozpadu kter ® se d8l e .Pt en2 mnad qrefdstoat rj 2e,v @k
d o ¢ h &utotegulaci obnovy porostujaesglékcisp Sevaguj 2c2m Wir@kayT m
2007). Objevuj? se pSi tomto procesu nov?2 je
zaznamen8&m zvigenl viskyt d®ewva Sgi e@lkdye( Ddn i
pSevaguj e ta ojuey Szkdoev Tn erjTvsyWir gg2k az, § s200b0a7 ) p. o rVal sstl ue d

porostusdi f erencovanimi tl ougSkami a vyrovnanost
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Posl edn2jest §d§ d me®iz ptacdmt o pwdd[csd seud kduo cohd&uzre2 r § n
knahromadiDn?2 mrkviv@bho®hB8epakhesu z8soby g¢givic
2007). Domimanme$pomddad @t Mastupuje viraznl nS§tr
lesa(Vacek et al.2007).

33. PS2ro0dhN bl2zk® hospodaSen?

PS2rodnRD bl2zk® hospodaSen2? je hlavn2m prost
ekosy «tt @mew,l astNDji vyug2vsg§ diferencovanou VI g
podm?2 mék eldiem na p S2Scowdrd 2006).2 zk ® f or my
Jedn%melzT je vytvg§&§Sen2 optim8ln2 struktury
zpTsobem, dl e podm2rmdl dpimd m2ac hprpam@Br] h2s a pI
hospodBolSeHuth, 2017)Vyu g2 veE&no je takt®§ spont&nn?2c
napS2klad pSirozen® obn ¢Betyinger ét a.2008).¥s eglubs aac® ¢
dobhN vegker® zpTsoby plS@sm2dni bp ?rzdksethyvalehaojs2p osd
udr gitel h@mpbdaBeas#,20P06) enPdNetf v 2z@eTd0B€[ hosp
Vyug?svaBul aprSdstpSestavbhD monokul tporostydvélte | esr
di ferep6dva&km&2 mal opl ogn®ho pDihis®@bdrdltSom §ma
bl 2 z k &Schwarz, 2006).

Vytvg§Seny a podporovs8ny jsou v2ce% elov® zp
f unkslyms2ta@®myyamot n® mognostiohledemcmaek ankd n®mT
(Vacek et al. 2018).PS2ro0odRD bl 2zk® pRNstov§gn? | esn2ch
zpNstebn2ch zpdspbd§SKalhdh zpTsobT je v2ce ||
1999: B2lodl)et Pali.ncipem vyug2vsgn2 pS2rodh bl
od velkoplogn®ho hospodaSen2 ksobsukulpo apwodad®R
(Hannah, 19887t Dcht o dTvodT jpogkebgnhhé&hplSensthS8hdn
porosty odol nhDj g2 a szZzabpbmbBbicg?2 pSTriodni bt &
obhospod&3Stve&m2 2000) .

3.3.1.0bnovn?2 sel e

Zhl edi ska pShos¢gbdd$enk®mohou bit zap mPkhav §r
mal opll @M@ cs e ktal, 200@)oRrenm2 pravidla pro pSiroz
stanovil vi18. stolet2 viznamnl 1l esn2k Hartig, kt

obnovy porostT. Dal g2 m obdob?2 19. stolet? nfr

25



sel e, kter® jsoul gpoud@tvo§ ny!| odnon § s-Edyerogae naz|
vel kopl ocKa®t sre,] et . al . 2018) . Obvykl ® | I enl
pS2pravng, d§le f8ze semen K8,y gpirjoasl vil¥t@® onv8asce2k

um2 st NDny naakke ajjepm8 ostakrdajovou cl onnou sel

porostu vytvg§S2 pruhovou | skupinovitou cl o

novl porost vzni k8 pod ochranou tRgen®ho por
- PSi t®to seli je c2lem podpoSit nejv2ce k
pro jejich fruktifikaci (TT ml 2018) .

Obr.22SepS2pravng ,2068entor et al

- Vit ®t o f8zi porostu by mDly zTstat zej m®n
porostu (TTml, 2018).

Obr.3:Selsemenng8 (KO8t or et al.

- I ntenzita z8sahu se odv?2j?2 od dSeviny a
pSirozen® obmsezvayk. mePnSIn 2t @tnoi ¢fu§jzei n2018D, 4 a g

.. ..&

4 ‘o‘

-~

Obr.4Seluvol Rovac?2 ,20I8ant or et al .
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-V t ®tseu fz8azjii gt DM acw§BFeosdt el i oraln2ch a

(TTml, 2018).
Y 090+ 0¢e,"
IR
e @ %00 0%,
W AT LD L L

Obr.5:Seld o ml t n § et@K2@I18)Y o r

Mal opl ogn® sel| e blipvS&jr2o dthDa kbtl ® ¢z k@S ehdonsiptoedma S e n 2
clonng8 se| je provs&§dhDna pS2pravnou f8z2 2z Kk
vRDtr T v p8sech i pruz?2ch. G2Ska tRchto opr
o b nov o paast@kaotor et al,2018). Obnova cl onnT mi selemi | e
na pS2pravungr dleas@& pSeéjstup@eaNn2 a pr§ce se sv
vypl 8c2 jak z pohl edu (%d pid@.n ®Dt12 obnovy, tak

1. zahajeni obnovy 2. po 5-ti letech

D E shér obnovy

3. po 10-ti letech

< == 24 1R
pfipravné semenné uvolfiovaci domytna

faze faze faze faze

Obr.66Jednotl i v® f8ze obnoy2018). cl onn® sel e

Clommed skupnBbdg t ake® ZKpTtdymroswEnhevi ypi ekl
jednor §zovikmnkmi€d enrb2orii  n av Itagk®@nuphioovget ®ho t var
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G Skatl 2kunepSesiatduae vigkuaopho§8¥as@Paoi poc |
mikroklima.Dle postupus t “aexpozicp or ost n2ho okraje se zde zp
tepl ot n2 r e glhkost.Vdokdaplitdvaip Bd n osb npoovidicte2 mMr uh T d S
s odlignTmi n8rokyl 8hay gWvMBthlad ,a Jromd @st vI296 1) .

PougktuPi nov® cl onne® m@lae [Ri vihdasnt®avbhD jehl i
porost TmjvimSgehn2dSevin jako jedle a buk. Pozd

zajist2 obnova jen na url|lit®jpmrdondt rs2e]| ®imdge [
et al. 2018).Takt ®g je pSi obnovhD porostT mogn® p
hospodaSen?2 | i(Schwerg, 206&. kombi nace

Obr.77Kotl 2kovs§8 obnovn2 sel, kdy prvn2 f8ze je
dal g2 obnovn?2 k2018l 2 ky ( Kantor et e

332PSirozen§ obnova
Apli kace pSirozen® amjffabuyj gdegizobkavkteptpw

hospodaSen2 s porosty (Saniga, KrgOovil, 20
Sst&dei na | esn2m stanovi gt vyznaluj?2 velkIm
(Coll et a Le Moguedec, 2007). Mezi hlavnz zn
jej2ho vzniku oproti umRI ® obnovhR (Gmel kov §,
PSirozenou obnovu |l esn2ch porostT dRl2me dl e
NapS2klad u smrku vyug2v8&me obou zpTsobT ob
porostT vegetativn2m zpTsobem, | edin 8e fseek toi vtna

vobl astech vysoklchhewadmad3ns kalrce§ | wl vdks kwt u pi

DTvodem | e, ge mognosti obnovy generativn2m
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semen j sowt DeThrteoz n®b | a s(Bchwatz, 199 dedianano g no st 2
vegetativn2ho zpTsobu obnovy | e @acekp2008oci ko
Obnova porostT za pomoci pSirozen® obnovy | e
pomoc?2 autoreprodukce pJvodpShooman®lss k Pasa p
prob2h8 tato obnova porostu samowpoaldnilDnn optr2o s
|l esn2ho hospod§pgBstemrceky hRdWB®ddwjl §dat s m2 g
kter® jsou pSevg&§gnhD stabiln2 a ddabnRjigodnT
zpTsebslwpi nopna ® edimdot | i val c2h |p o r3o sdtr u hal waoSleby
al. 2001).
Generativn?2 zpTsob obnovy je | asto dojprovsgze
tento zpTsob obnovy definovg&n jako pSirozen
shorn2zm oVacek RPOOB)MY k| 2| en2 prvn2ch maetme$hssd &ho
porostu a jejich budouc?2n?plBegpavrdeB¥ n8d munatia
| aptSeedchg§zgp D2 aplTaayi,ckse kterou je spjata ¥Yumy
doch8z2 ke sn2gen?2 zakmenhDn2 ke zB8pbgen2 PSV DN
vihkostiv porostu (Vaceketal2 020) . Proti vysych&8n2 semen pS
byl a semena zakryta tenkboabowosstEllui snif n20@2n?2
pror Tst pSirspov@jouhrovynwtenzitu svnDtl a, pTdn?2
s t a n oMadsentarsen; 1997Agestametal2 003 ; Jar |l ugka, 2009).
Pokud se jedn8§8 o pSimsmeemodnTlomin,oviunvwazam2omii g
dSevi namipo Sj8aj &tuesidayp &V st upujae weegsandaven Do | ej i c
(Mansourian, 2005). PS2kladem nevhorin®g2»&Sh r o
vegetaln2zch stupn2ch, neg je jeho pSirozenl
kalamity a jinlTch abioticklch2DL3).i oVi dKlsd
di stur banc? t ®) doch§z?2 k samotn®mu vzniku
mi krostanovelkt oPbcahacppdinga7). Pot® jsou tyto
pSi
pS2v
|l de§ln2 pp8mdphikl pdoYwuspNgn® pSirozen® obnovy
d jej2m samotnim zapoHrea 2 ¥as gdBgmisvaaroz n &t

-

ozenDhDj g2 mi a | asto i pTvodn?2 mi sm2genl

NDtivnNjg2 a rovnhNDg odpov2daj?2,2p18vodn2 mu c

pSe
pSirozen® obnovy je zapot Seb?j @dern ommment az &
pS2znivich stan@arggn22W1addmUreadins se tedy
ovliivnhDn mnoha faktory a jejich kombinacemi

indi vidu8l n?2 bi ometrick® vlIagatnaytia Kagd ®®hsoo
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minbhb®podaSen2, zdravotn2?2 stav a ze,jl98®na si |
PSirozen§ obnova je tak® povagovsgna za indi
2010). Z8vNhDrem |l ze S2ct, ¢§ge mSivrko[z ery§ aark rkoyv d
ekosyst®mT (Dobrowol skg, 1998).

3321 Vihody pSirozen® obnovy

Apli kace pSirozen® obnovy na vhodn®m stanovi
pS2rodnN bl2zk®ho hospodaSen2, kter® je post.
Kr §Oovi.lak2a0®Sedn2 v hotzezum2pnSitr,o zges®slza bjreand®y §
alochtonn2 | udrgiteln® autochtonn?2 popul a
uchovg§n2 pTvodn2ch vhodnlch vlastnost2 mate
efektivn2z vyKqgriPeOadelkeha?ilPdt)fSedT®Hst 2 pSirozer
je dobr® pSizpTsopedm?2 mk&mosfTahovogtrdm vga
obnovy nemTpékdes i kadwt ,209.] eno et al

Dal g2 viznamnou pSednost?2 pSirozen® obnovy |
vichovhn porostT aplikovat pSz2aster,20l.2 krit®ri a
U husthD zml afenlpah r adfarenciae 3 autoregulae Tyto faktory
vbudoucnuvedouk T r azn®mu sn2 gen?2 n § keiniagdr 9921 BlenoT ¢c h o v L
etal,2009) .ugRo8gDmap 8V NB8Z eNjsGuzalzmawmgmrBotfEe m men g2
gkomMgg u umi(Ponoetbah20@yJak zpohl edu meng2ho pol tt
dr ulvT bKIr u p wvahledemS2 1 i gk vel Kk®mM mnogstv2 jedin
zanedbat e2003RVacdehiad 4l2004) . Jako jeden ze z8sadn?2c
prTbNh regenerd|etohbpitm@epddRemly2 xkT ch | es?2.
2010).

3322.Nevihody pSirozen® obnovy

PsphNgnou pSiralwRi?dge otbmyvprob2haj2c2 pSiroze
nepSerugovanil sljed 2udcXiedetedhtd a5V Wel mi dTI
pS2prava pTdy u nhRkterTch dSevi nnahNa malhlwh? c
znal n® vrstvy hrabanky. a3za ovi®s loe dheakh r n sp d D e
parazitickI mi hojuéjaiméh nesrakyetchi§msr ¥ &t o dTvod
by se mhRlo pSi pS2pravhN pTdy pro pSirozenou
mi ner 81 n?2 pTdy, pSémasain2 abgdldmdre?oh§ok nB u nzuesmi
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(Vacek1990)P S2 prava pTdy je nezbytn§8 u pSirozen®
dobSe kIl 2] 2 | effolemataj@d0f)er §l n2 pTdDh

Mezi dal g2 nevIiph®2dyadIlx emamack wnlotuwr vpzdsSev ionb n o
mat e Ss k ®h olenpebat, >3 ® %) (PJe nutno zm2nit, ¢ge | i mi
mogn® pSirozen® obnovy je pS2m§ z8§vislost na
druhT dSevin m§ nepraeey200b)e| n® semenn® roky (N

Jako viznamn§ hrozba pSirozen® obnovy, je pr
Madsen, 2008). Pokud se zvitkSeVvyskyfujnamn®d »ov
diverzitu |l esn2ho podrostu a pS2padnou regen

objevuje u dSevin potravnh atr 200 Daciet?ach pr o

2010). U jednotlivich dSevin je atraktivita
pokud jsou pm®@niNt mtveaksrddksan? st rdarkuhiw.n2 dr uhy
pSedevg2m jedli, douglasku, jeS$Sg&8b, modS2n,

mTgeme zaSadit pottg2003)MmMr kVea WwHtkgi(nMd pS2padT
zZvyguj e, pokudamet Nn®j pShrpodmRerb®a@y MB&E&Ni §uj
a,2009). Viwmppgk diSemwddNS2 | es tzzej am@imlanhigc hi k o §

tyto dSeviny majvhpotidinekeaedel BS2bdadem mohou
smr k, buknpferghen8&bl. 20K 3). VIiznamnl faktor ovliv
PpSirozen® edalynsipg tkjaet @ta, 9961/ mdr, M96; Vaceket al 2014a,

2014k Cukor et al., 2019a

333.vibnNrnl 1les

Me z i nejviznamnnj g2 zpTsobsep&d?odvd bbbt 1k k @&h
hospodaS$Sentd ,veWh kE | es vI bDwv g akodestDrkwal § et vt caki
(Vacek et al., 2018). Les vibnRDrnlT pSedstavuj

1992).Vt omt 0 hospod8&§Ssk®m zpTsobu je maxi m§l| n?
racionalizaceetSuehbDenl 2p&l)ypicledenmoménm char
prob2h8 soubhRgnhN neust§l §8 obnoM®78)vI ZB&Vadn

rysy vIibRrn®ho |l esa jsou trvalost produkce a
Tento pS2rodnN bl2zklT zpTsob hospodaSen2 |z
jednotlivich c21 otNghNj e &idiyx drit ealre Ir pedmdect vmTkt n 2
Yamy sl nou tRDgbu. Vybr 8ni j sountjeediaheichn&r gt

| asovich wWsekT. VI sDkwsleint n2@to o ejory? hoe skarotm
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vi Tst 8§n2 st Sedmezerar §pi0dwstt 0 geniibnyl®946)/T b Dr n

|l es dokonale zapl Ruje nadzemn2 i podzemn2 |
vibRrn®ho | esa je typickIl t2m, ge na ploge g
Myglena je jak zremavodstBuisytabhphanrirgyazuj éitd J? c
z§8§sad negativn2ho a zdravotn2ho vIibRru. T2m
existencdesa (Kantor, 2001).

Ve vibRrn®m | ese nejsou obnovov§gni ani c21l en

Tento efekip Dst ovE&§n2 vytvg§S2 prostor pro rTst vel.

objemovi a hodnotovl pS2rTst (Geb2k, Pol §k,
vibnRNrnich les2ch je eliminov8na vzorow§ | i ¢
snaha o co nejvbDtg? diverzitu (Remeg, 2008).
prostor porostu je vyprtniDngInre) ema hD2rli zvoqnd il r
(Kogulil, 2010takchdrbddktndrilseés cktB svim nepr a
uspoSs§id&kh2me smRDru vertik§8Tomt2am riephawvii ded n &
uspoS8§dsgn2 tvoS2 jedinci rozd2lnich tlougtnRhk
Jako nejvhodnDj g2 edafick® Kate gwvi@iggselomr o e X |
(PrTga, 1999) . Exi stence vIibRrn®ho | esa je
st2nlomi $ eamijakoj e nap ®dklead Dal g2m | imituj2c2m

rTstov® podm2nky a ¥hrn s20809%)k. nDaedl ¢120 0ddo bmam (]
ve vibRrn®m | ese zajppPdNja lkemdz tmrdg ke Sairkidrn 2v
vibnRDrnT je tedy vislednl m podalicknz2e m( Yd kg an,®
2007).

34. VIiv klimatick® zmBDny na rTst | esn?
341.Dopady na | esn? ekosyst ®my

ZmNDna klimatu pSedstavuje z§sadn? riziko pr
EvrophD i ve svDtND. Ol ek8vs§8 se, ge kombinace
a extr®mT Vv rozl ogen? sr&8gek, | a$ 2O g2lceh no
di sturbanc?2, jJjako jsou vhDtrn® a hmyzov® kal s
ekonomi ck @VackK et ble 2003y Tyt o zmBDny negativnhD ovl
dSevin, zvi g2 mortalitu stmosT, al 2smm@ g&ojjdeg i
dl ouhodob® udr gi telnost. |l esn2ho hospodaSe
(Ainsworth L o n g , 2005; Vacek et al ., 2023) . V dTs
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dynami ka sukcesn2ch procesT a doch8z2 Kk nar

porostT (Spathelf et al., 2014).
Mezi hlavn2 abiotick® faktory, kter® ovlivR
zvigenl viskyt sucha, extr®mn2ch teplot a vI

zpTsobuje zhorgenT pS2jem givipS2oMetdn2 zfedm
mNl kokoSen2c2ch dr uhRT ggako200e5 ;s nHIk§ s(nGo | edtb | aulm

stresorem jsou I narJTstaj?2c?2 vDtrn® epizody,
pSehoustlou strukturouTpbre$viarTygujzda omuzi R
naruguj 2 r Tst a vitalitu, ale mohou rovnDhg
zranitelnost | esa vV[Ilzinamind mi cakblinot i ic &kl ime || Tim

vkontextu opakuj?2c2ch se period dlouhodob®ho
2023 Obr. 8.

FLOOD SNOW DAMAGE

BARK BEETLE WILDFIRE

DROUGHT

Obr.8:Mapa hlavn2ch negativn2ch abiotin®@kTch (7

pogkoesmnddhem bi afir oivkdeecho (® )pdtakgermyl] ovl i vRuUj

stromT v souvislosti s glob8&8l n2 zmBDnou kIl i ma
(Vacek et al., 2023)
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Biotick® faktory reaguj?2 na zmBRDny klimatu v
n8§chylnhDjg?2 k napaden? patogeny a hmyz2mi gk

~

gradac2ch ITkogrouta smrkov®ho v poosglReudnez ch
rychlejg2 vivoj v2ce generac?2 gkTdcT rolnhD a
zvyguje i riziko g2Sen? chorob jako je tract
rodu Armillaria neboHeterobasidionVacek et al.2023) ZynDk!l i matu se nav?,

tak® pobssméemletaln2ch stupRT a zmBDnou are§l
(Hanewinkelet al., 2013; Obr.9%7at 2 mco nNRkter® druhy, nap$S. d
mohou expandovat do vygg2ch nadmoSskich vige
smrk) ustupuj?2 z nigg2ch a sugg2ch stanovigs
optmaseth posouvaj?2 smDrem k vygg?m pol oh8m, c
pS2stupT v obnpend? al dsrivaceke@inme2d)sot T

2070-2100

1950-2000

—-—— [
0 250 500 1,000 1500 2,000 o 250 500 1,000 1500 2,000

km km

Obr.9:Potenci 8l n2 are8&8l hlavn2ch druhT dSevin
(19502 000) a b) podl e sc ®nngSren G 1oBt, e pRILORY/ SENCGH A(MS(
Hanewinkelet al., 2013).

342.Adaptal n? lepat23e rh2oswod§Sst v?2

Touto problematikouse ap S2 kv raa@p® zabTvg jig Sada autorT
2003;:Boge Oa2 Oelt4 )a,l .kdy je hlavn2m t®matem studi e
kKl i mat i c\kr®s mam n§praplematiy bty®ltao vyt voSena Sada ada

kteom®%l edRuj2 nestabilitu klimaticklch podm2n
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vl es*keshhiagjovg8n2 potencion8l n2ch ri ziukopgamo gkoze
commission 2014).

Existuj? kr8tkodob8 a adpowhddceidy ddhsmiiarlon 2h oc
nejdTlegitnNj g2 pr&vhN kr §tdheabeon gp cotpaazt Semav. i dPe
ng§r Tsty vysoklch teplot a stS$S2dgn2 deficitu
kr§tkodobTm opatSen2m mTge blt takt®§ vyugi't
aaplikaek | i mati ckTch promhRnnTch do rTstovich mo
Je tudebit i dl outhordipdedgvdh pahtpS§einkkiace zej m®na z
vibnRDrT a ostatn2ch vit@®osndbich vgsdghT2 Zamem
genovich z8kladen pro transf er DVH edrn®mBoa @siiv
obnovna d&bgcemdr posbtmli mal i zace JlakzgmnSeows 0s
bioticklTch |initekTabyebyDhDa zy({@Btekonse, Stewad, b i | i t
2003).

Vkontextuk | i mati ck®| emhélgowm& | esn2ch porostT zna
al, 2014),k t e rl Ta gstojovujejakosn 2 gen?2 ci tl i vosti np2055ucho |
C2lem tRchto adaptaln2ch opatSen2 by mhRlo bl
jakzpohl edu | asov®ho, tak prostorov®ho mRS2t k.
dSevinyvyugpSethbriavnl cjej dS8bj nojgé&p bS2,za |

2009) Zj ednou mognost2 je tak® vyugithledskhodnT c
produk| n2ho (sekvehslterdaicsek au hrle?zkius)t,e ntcak viTl & k
(Vacek et al., 2023)

343 Regi on8l n2 projevy zmBDny Kkl imatu a

Soulasn® studie pSitom naznaluj?2 zmROlY, v r T
Pretzschetal 2014), jin® naopak zvIigen2 mortality
etal,2010) a jin® visledky studii naz,maBuj 2 po
VI s | endkkyt etudiitc@@aznal uj2 zvyguj2c2 se negativnd?
zmDmna r Tst a produkci vlietnhD vi20@6] Aiabgtall esnzc

2011) . Z ey bok® a pedk se ukazuje @ | mi negativn2 efekt such:
jejich distribul,2@mMm2pr e%dgreombyé &n lptr oadtu kecli. | es a
sto |l et byl PstporedviiggH,?2 ,k ke oste projevil defic

n2zk§ depokztiecre§ dusmtikkuwval a rbfs e §rheRdS 2iké ragdesny mec
(Spiecker et a).1996; Jump et gl2006; Pretzsch et ak014). So hl edem na rozg?2 S
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jsoumi ni m8l n2 teploty dTlegit® ve vygg2ch zemLQ
viznamnhr Tstmia ug2Sen2 | e s,2008)hProth & dwcihrt o( C wlkvad li
mohou m2t klimatick® zmRDny doprov8zen® otepl
na jejich g2yFe@gre2m snmalimeonsskk T ch vigkg&m a, zemhDp
2002).

NapS2kbatlasn® dobhD visledky studii naznal uj 2
mort al ita v]etnhD odol nosti str o@impetlal2006;k | 1 mat
Pefuel, 2008;Pibvesanleta 008) . NRkter® studie takt ®g

schopnostibukum Dkt erTch regi on@d® 5(¢ CPa|fR088YIeiIr et ad
et al, 2009 Foest et al., 2024. Oproti tomu erpadS2edInad csmrlk vI
cojge ve st SDedrbnGhygropt) nadmaot®iefiopSi vbgkB8Ehar
viskytu (Ell eéobhetg, dT€6d).dksgachkziniDmatniegkvil r azn
zej m®n a ajedlesamaokou ot i ostatn2zm d,2®wWisSns§mwchEnizk s
2006) .takk 3st ov® simulace prg&§vnhND u smrkovich p
vhi gg2ch nadmoSsklch vigkEgdgehop\Slietoren®podm2 z
Ni cm®nhD z®%ruodasRosgt i doch8z2 7kelLY8ygoe8iKkZ epR
dosahuje sv®ho @ptlilnaa .( HISsesdreyw getm gledl e je z
produkl nD velmi wialomkdackkdSesi ®my. Je za$:
nejproduktivnhDj g2 a ekologicky viznamn® dSev
al.. 1982).

Pokud s2mezamdiSl ast st Sedn? Evtakodys Tastddk. e s k o u
kvantifikacadopadk | i mat i ckT ch zmRn na r Tsdi sat rpirboud| unk2c
are8lech dSevin je pomhRrnhk m8§l o a20lla)jTytch v I s
visledkgakasonui cd®l egSeetd@e v g2 m pro st.Potbpepgi ck®
nutn® se zamRSit na region§8ln2 studiye,gikden |
napS2klad r Tst ov ®h oFabbkg o shi untusl kSt ©2 u0 B8#LE Mah A . (

jednotlivich st ahkeoexviagkelcnhi ap Sreesqi®olnkielceht e thk yd o
vzd8l enhDjg2ch obdob2. Z8roveR soulasnil zvige
hmyz2m gkTdcTm a d8vg jim prostor(Vageketaluskut e
2023).

35. Gkody zvNnS:2

Gkody zvhRS2 na lesn2ch por oskiteenh® jzo Tpobeat 2 2

vsoul| asnost i Stavarg§ 2081; \zacel, g0l Mle z { nejviznamnhj g2
36



pat S2 okus, Kffner etzal., 2008t \vacer &tral2, 2014; Brabec et al., 2024).

Hospoda®$ém?d gij2c2 sps&§rkatou zvhRS2 je pSito
stavech (Sl oup, 2007). V soulasnosti stavy z
mini m§l n2 stanoven® polty zvhRSe dle vIimhDr ho
Zej m®na | esn2soudapn®s Sliobde navzdory tlakT gk

probl ematick® sndwalcesa a takt®g i pSi obnov
(Ol esen, Madsen, 2008) . Pogkozen? jpdradgt?T hz
|l esn2ch porostech (Cukor et al ., 20zZ&9a&a3to Nap
pozoovath oubovou i nfekci, kter8 je n8sledkem poc¢g

ohryzem sp8rkatou zM¥$H2 (Schweingruber et al
Gahpcr o mogn® odstranhDn2 tNchto gkod je pochoj
na dan®m stanovigti vydkynteu jljlek dadSidie ¢ il et APis\
prost Sed2mrnegvtzv2ahzuvBSe, kter® se na dan®m
Samotn8 %Jivnost stanovigthD je definov8na | e
jakTchkoliv nadbytelnTceh gkod na porostech (
PTsoben? spS§gjiigk ptaBtzwlRSmedHd okusem dok§ge el
ze stanovigthD, a to nejen20@6)Y el N®H, nAkkert A&®
s p§r k adtoSk oznvcleS edosa mendpR/UE p Nst e lporGsteahleasiatakbezr e v

%l i notbhhannT cnha onpnacthSae nled kzael iptfBscthovat | i stnat G
(NoppMayretal,2011).Ji g bdob2 19. stolet?2 se |l esn2ci siI
jildups8nzem| i onknesd o vytlouk8&n2m (Kessl, 1957).

351Loup8n?
Loup8§n2k mkeThrTy dSevin pgraocm?2mg iz djem@®rfamn wbdob?2,
a zvhDS odtidh&ed porkwelikT€sh kusech. Toto pogk

u jehl i | n&ukdretta,2dddeQvai,n 2(019b) . Loup8n2zm jsou :
f8&8zi mlazin ag po sl ab® kmenoviny. Jedn8 se
m®nN atraktivn2 pro zvRhRS a je VvTIi nz tak® v
PSi tomto pogkozen2 kmene zvhRS pomoc? spodn?

kmene nebo tak® dokonceMdyrz, kdBEkhovIiRd thdkbdhhd
kmene totoprowmB®Rkxce dSevokaznimMichhoublami j el
k r v av3dgretine Sanginolentyrk t § rel pTvodcem | erven® hnil ob
2007) . Os | aben®ap ;dageknaezlemI® sstrtédrigoennyiouu a vi t al it
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vDtrech | im2soDhdesegeewv® hnil othVs Isadnkaumyjgieda®t c
stability (Mrkva, 1995).

Loupg&n2 zpTsobuje zejm®na zvDS vysok§ a muf

preference loupg&8&n2 koSenovich n&§8§bnhT, zat?2 m
vobl asti oddenkov® | 8sti kmene (Mrkva, 1995)
3.5.2.0hryz

Ohryzjepodobhc har akteru | oupan? doddkhy2 mijerangkez vV §re
je provg8didmnzmnN&Bdeb2, kdy | Tkem a borkou ne,
veget al nUhahot &l ipddby k o z end b dvozbh?l emle@dgnk okz e n 2 hr oz
napad®@etokheaunbaimi (Rozman et al., 2015). Tot ¢
nejv2ce u zvhDSe vysok®, mulfaptadrhi® sitlopy PSi
Sez8§c2ch tQ®tlrkezazvBBenenhbej t0¢® prokguk o(z@&wmar cu, jle
PSedifvod, prol zvNRS provs§d?2 tato pomnblmzen?
mognlich dTvodT a z§&r dwi{@Reakeenasttese spreakdNEod gt
rekreace | i vysok®ho | oveck®ho n8tl aku. Dal g
potravy a nedost Mkeakl996)i ner 8l n2ch | 8t ek (

3.5.3.0kus
Okus zvNDS2 na DS@YdMIE&M u vpSF¢k cnzegrvz t er mi n §l
pupen d8vs§8§ dan®mu jedinci schopnost vigkov®

fenotypovou kvalitu Gv e st k,al99@.tBolani2. okus nem§ tak z8sad
vigkovl pS2ra3@®nmo.paRSvEpS2biogniho okdpslun ®mLg e
zast avenPuchpebal. POPH. tasotgoa k ovan® pogkozen?2 jedinc
tvorbu vidlic, deformaekmenea ¢§ v o r b u (Mokean19%, 2

Okusem trp2 vDtgina c2lovich dSevin, nej | asH
druhy vporostu Ammer, 1996; Motta, 1996/acek, 201Y. Zpou g2 vani pPBsd &k rt n
p®| i, zvhNS nejv2ce pebfetopel thstzepti@ekdSgedh
et al, 2014).

Nejv2ce jsou okusem zasabhé@kousedter®| kdyo al 39«
PogkozenSsereggusemuje na pupendEmgelCetvede@OtL & h
sp8§rkat® zvhRDSe porosty.JoekdnsSe rs et alk® nmpmpk @z wjaj
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nadzemnxdch ol&d@tl995 . N8sl edkem tNDchto pogkozer
doba zajigtRn2 s n&§rTstem finan| n®Ih prost Se

3540chrana proti gkod&m zvnDS$?2

Probl emati kzeelgkmidn av#®dtS2visadbou rychl eji rost
bTt modS2n opadavl |i douglaska ti sawdlmist §, |
| asto od vysazen? odrostBartiogoetV&&Imi,elt2a@bb)z
vyug2vsgno ochrannlch rTeppae20@8nt P agkroo tdial gk o dn®ny n
opat Sen?2 se nabBart aghD&Zt®adlpboz®eE®) hodou t Nch
opat Sen?2 jsou znal stiéealejeloBesk i nachrimidacekdtal2 i nv e
20009).

Met ody oc h patgyk dmov Me&ofzd NI it na dvhRD skupiny.
opat sketner,T ch je pSedpoklad, ¢ge maj?2 pozitivn
fungovpBmde xmer i ment §ldos2ocud awlezls k,Bda pdu @pravdu

f unkTlynt2o. f unkcebespro®m v@rizn oi plucdais gdHVIEat2® kame M
Tyto zpTsoby nelze uhl2dat a doK&zZzatNo,z dPaetgs:
2011).

DruhTm zpTsobem je dodrzgdS&n2v nhoornnotvbasnclhc,h ts:
zvNDSn2ch pol 2] elpSepkaheodbd@ire lprphzddim2n & Si kr mo \
vietnD pSedkl §d8§8n2 midiregrogi&réconl ¢ h z Damgfgred m®
mo g morachoub Tt zpTsoby zvygovegn2 ¥givnosgaki vIisa
dub cer Quercus cerrid..) | i j 2 r dw(lesculusdippocastanum)a kagt anovn?
s et ®Jagtaned sativill) . Tyto zpAesjoblt gj2s opr atvodddpliond o b n
S e g etnt® problematily, ale vgak bez bligg2ho wurl]en?z

neznapwerm8utt yt o zpTsobwmohogwel ir&plodnD ugkodit,
zl epgit alespoR vztah les versus zvRS (FinNo
Jako vel mi Yslppldgonelk i ntegrovan® dze hplikavaty | e s 1
pSednostn?2 vyugit?2 po chroossptond2ate nldiut wiob Promd®h & n
skutel nost byl a i mnohokr §t potvrzena | ako
porostech Reimoser, Gossow, 1996)

Ochrana mladlch porostT | i ndi vidu8l n?2 ocC

n8kl adnhDj g2 oproti chemick® ochranh, pSesto
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Dal g2m zpTsobem ochrany porostT mohou blTt ge
sp§rkatou zvRS mhDn2 t akl@S étuusdi2ogt us npi ojpulj | 2a cpeo t srpe
zvhNSe na vegetaci.

Jako druhTm efektem gelem na sp&rkatou zvnS
vyhnout | okalit8m, kde by se stala snadnou p
stahuez Nc ht o delk@? ndrean@ipple, Bescht2007).Tent o %l i nek pr
nen2 potravnhD pod2088hNnT (Schmitz et al
NRDkteS2 kritici hodnotz22zop&é¢zjmhkovapSeuvbdthV |
Slovensk®ho oclezK®@2 wl astneaint d esmé e hz 01z amé
75% meng2 gkody na porostech a ag polovina
porostech dokonce nezaznamenala (Schr°nder|,
PS2kl adem mohoul dd$,n2kttiSeSal ps®ivomepd®Ee bu chr §ni
dSevi nykopdied zvhNS2 za pomocivl iphkgd 2d B&EbmMm2 o
jedle, buk,dubap S2 padhN smrkem( BonXNbgkpP¥pBB8padpPO@d) ost
kul tur je ve 3.enatnhodej m@rea |lgo|lvysazsemZB| T chr 8§
jedince kvalitn2 a vellaiouzyiel m@ @FiimMdchPetch!
ti pu je pougit?2 plapobdovb®hpoayaect &l TIJedms$? ki
trubicesoky velikost2 20 ag 3poddcapddewnTloi man Rjrgd s
viivTm kddm&Aitsse o umBDlou individu8ln2 mechan
vihonu dSevich kedkmn®f,198B.i nNo, Patol] ka

Il ndi vimede®lami ck8 ochrana ovazov8n2m konkr ®t n?2
se |lasto vyug?2vs8owl goceehloid nlatsl cahg p2ormastTot o op
viokal vy8ohT m vIskyt €darvus glapluk) ® d ZDmPbdama), i

mu f | (@wvis2gmelini musimgnVzem2 ch jako Slovensko | i Po
o hr o ¢ a kugrem(Bison bonasys losem(Alcesalcegi ( Fi n No, Paball ¢k2a 19
ohrogen® |l okality takovichto porostT mohou
ohrogen® porosty ve vhDku do 60 Ilet, a to u
Toto opatSen2 prob2h§ zpTsobem ovazovgn2 spc
pomoci Vv8zac2ho d(rF8itnuNod o Pveltgk8yg ,h 1 5200 1clm .

Zr aRov 8ny?2l ok vipyodpdwdkdonce 19. stolet2. Jedn§ s
zej m®na smrkovlich porostT, u ktebdah?2 by0. tstn
Princip t®taracdmBngy? jbeorwkeg gabmadoy2 NBEsaRdwi m
efektemjevyt ®k §n2 mitygsaypBocaenBn®s,stktkeme® ep sloruvi sl
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pryskySice. Tento efekt dSevin neptomBo zvHhDS
opat Sen2 mNDl o ¥l idredst ned Y% nd% kpoa dhorbuub 83 b or k
DSeviny |l ze tak® chr&nit pomoc?2 chemicklch r
|li pSid&n2m nhRjak®ho abraziva proti ¢gkod§m z

gkod8&8m okwewmleim, | ohp§yz2m. Jejich %l innost po n
oget Sen?2 opakKekantOmapk®kovhtedi ska chemick§
mgsmysl|l pSi funkln2 ochranh v2ce jak 5 let. .

to Yl i MEWs$2 prEdriNg, Petr &g, 2011).

Obr.10: RTzn® met ody zpTsoby ochrany jedle bRl ok
A) mechanick8 individu8l n?2 ochrana, B) chemi
povrchov® z(MNMRe8§2023) kTr vy

36Z8) mov® jehlilnat® dSeviny
361Jedl e bAbiepdtbaMilly (
Morfologie

Letorosty jsou ged®, chlupat® s nepryskySilr

t mavozelen® na | 2ci a na rubu stS$S2bSitn b2l
vykrojenl tvar (Brickell, 2008).

KoSenovl syst®m je kulovl ag srdcovitl s
vypougtnRnTmi v2ce |i m®nktsae®nh a&chkz®zeajid nda hh)
humusovou vrstvou a miner 8l n2 pTdou, kde | e
20 ¢cm dlouh® s vyln2vaj2c2mi podpTrnimi gupi

(Kobl2gek, 2006). pedgdar®bd vmagj22 hSweltelno u Nb ar
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pruhy prTduchT. ZneligthDn2 a zdrav?2 stromu |j
Doba ¢givotnosti jeHamernpakd8 29g071pR. |l et ( Musi l
Epi kot yl je zakonlen termin8ln2zm pupenem. G
podpTrni mi |l i steny vyln2zvaj?2c?2mi nad semenn{(
dl ouh® 0,6 c¢cm girok®. Semen8|l ek jedlrece je ty
dor Tst § v Brigkell42008)/ d5 ub®m (i vota roce semens§
okolo 10 cm. Jedle bRDlokor8 se t2mto st8v§8 n
Semen§l ek teprwyet wEssSeh é|mnzr oW®eh can pa8twen |rtowr
prvn2 prav® pSesleny (Kobl2gek, 2006).

Semena | sbd mm)] k€SZhrann§, leskle hnhRd§, pry
semenu pSirostl ®, nahnhRdlI ® |i nafialovhRl ® (M
ng§bNhy. D2ky mohutn®mu koSenov®muhltsryTsnt &mMiu sjie
2003).

Charakteristika
Kmen je t®mNRS vl odeghi k.a nedlhe5BjnevysdiSse vi na

hl adkou bRl ogedou ag ve st&§S2 rozpukanou bor

2006) . Semenn® gupiny na podzim dSevnat?2 a \
ZzTst 8vaj?2 pouze tvrdg§ vSetena. nKeBty psamiul?’
modr T ch ¢gigtic2ch (Brickel, 2008).

Ploch® jehlice, stSednhD ag tmavhD zelenh | esk
Zprvu se jedn8 o zel en®, postupem | asu pur p
vDtv2ch po Amesjl ® kodunRterT cel kovhD zahrnuj e
st8§lezelenlTch jehlilnatTch stromT rozg2Senlc

Afri ky, Asi e a Severnz Ameri ky. PodpTrn® | i
objevuj2omsuwe jnar ap Seell ®t a.d oZs arhaugiec hn ed M igre hjoe
Nej v Dt g@L Rs tdrocsnayh4s rtédMusil, 2608).

Odum2r8§n2 jedl?2 je charakterizovan® postupnl

odlupovsg&§n2m kTry bez pS2tomnost. kTrovce jeg
hnil obdM8j 8#r\Aplads8I3e)dn2 ch | et ech sevkpntexty evuj e
sn2gen®honenmosgtnuost obnovy porostT kvTlIli zv]1l g

(Mikulenka et al., 2018; Brabec et,&024)
Dal g2 modgnost?2 mTge bibukavich ypoi c&E®T spiS8é s

mi nul osti . Visledkem soul asn®ho meng2ho zast
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st S2kddsyn2za jednu generaci jedle (400 ag 500

let)i( Kor peO, 1995). Dal g2m dTJvodem sn2gen2 sch
bNl okor® je nadpoletn?2 stav sp§ra,200% Daci DSe v
2011) jako faktor poklesadjpdleviuwygd?70zNeége
vi chodtn®edan2 Evroph. Nejl epg? vz8cn® porosty
obl asti Lesk® repubtekjddie vi(eBe&j®nTr,e pu®d8 8)c.e 2 a& eVl
faktorT jako napS2klad tzv. odum2r 8n2 jedle
citlivosti na |istotu givotn2ho prostSed2. P
m2 ry znejuiv@tddn 2n(@EMGELR009).d

Rozg2Sen?
Podle aktu8ln2 YrovnhD poxhg§mazn® pvakenegkpol
dl ouhodob®m mg2ptollematipkay & gk d ®dPcsEYE 2 £k h, 200
rozg2Sen2? zasahuje i do horOKBIh WbllLask® j i
jedle bDlokor8 z hlediska zastoupen? a rozg
nNDkterTch oblastech ji (IBleedolz neatl iatl .z,a 200h2rdo)g e
Tmileop My e apsvafgMiEal mz @ o
202). Vi hledovl plg&n c2lov®ho stavu hospodaSe
bNl okor 8 zauj2m8 hlavnBD horsk8 stanMusil,gtnD st
2003).

Rozd2|l mezi pSirozen

Ekol ogick® n8roky

Jedle vygaduje hum-zn2 ag vl hkM® asdt®a nroovsitgltih ys
zast2nDhDn2 dosphRNIT jedinec vgak vygaduje sl
(Brickell, 2008). Prodlougen?2 vegetaln2ho ob
a podzimn2zch teplot v pozilteidwnrf2c hv I3i0v | rea erchs tr
prTmRrn8 teplota v dubnu m8 viliv na rTst kor
Z hlediska pSirozen® obnovy se jev?2 jako pe
dSevin potom bS2zy. Semenn® rokiyp detvy DSyatdnj?
20009) . Semena jedle bhRDlokor® mahaéd mékkomTdke 2
na minimum (Chmela$S, 1990a) .

Distribuce svjnehlai |gnSeetvimiamiz nDr2 | epg2 mineg p S
dSeami nDTvodem je |lepg2 pSenos ultrafial ov®ho

Bellefleur, 1988). VIivoj dSeviny je pS2mo z
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vel mi dobSe sng§g2. Ke zrychlen2 vigkov®ho pS
ve 30 ag 40 |l etech. Objemovl pS2rTst je opti
na vlI&8hu a Sad?2 se mezi dSevi nlgkostsJediej v Dt ¢ 2
dl oulBovab g 3emd 50WNYgrel pSetrvs§vE na stanovigt
Hamern2k, 2007).

DSeviny v zapojen®m porostu zal2naj?2 plodit
do vel mi vysok®ho vDku. Formy nadlogn2ho hu
pSirozen® zmMhmeen2k(MRODI) .

PrTmRrng teplota v obdob?2 misA@el bedAaobyi me
jedli je 130 dn2 v roce bez mrazu s p,y TmDrn
Ving, 1965). V severn2 | 8sti are8§8lu vIiskytu
VyhT bg§ se vgak stanovigt2m po®mElSénTimeza dak
nej vt g2 intecadd8Pc2 asri8@gedkgsjivejé@ nadzemn?2 | ¢
pod ochranou maaskeSpk®pozgn? mBOMBRzZY NéMasi mn
sr8gek je kritickal edTtlaek® ts®e zp-rmon 2r Trsd z d,®ldd ne?
2009).

Jedlesenevyskytuje v oblasti C(e®both T, 1 BHF)N.i cR®th o
probl ®m s vysokou preferenc? |jedlRgvPolskk o dSe
Dobrowolskawet al. (2008) nebo Amme(1 9 9 6 ) v Bavorsklch Al pSgct
zastoupen? jedleBlvedivgechdipdhe382A)hevyskytu
pahorkatin8ch | Yaval ech. Z hlediska nadmoSs
sp2ge sestupuje ag do oblast?2 pahorkatin | al

300 m (bradn2] ek, 2009) .

Vyugit?2

DSevo je mhRkk®, pevn®, prugn®uapldehiy@®ng?2I&al e
virobu hudebn2ch n8strojT |i lod2. Je m&§lo o
je n8chyln8 na napaden2 hmyzem. Poug2vsg8 se |
pap2r, umhDl eck®d3epvacb? §82. | Banva dSevo | e

pryskySil niec hd Skehvel®8h & Tse o dSevinu s ,23%zr 8§81 T m
Wittchen, 2010)Dal g2 m produktem u JattbedBPevitm&®m$r
pryskySiln® paunbtky ap@Beev20 ag 40 |l et. Pry
vdut i nk §ctdmlagdaudorkbbo uTyt o nahromadhln® puchl Se p
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propichovg&ny ¢geleznou ostrouTRDgrrhyd kyoSs 2ea s a z
aktu8l mPnulabet volpdolb?2 hjadma ((Rovlletke,n ,2 0 1e5)v.e n)

3.6.2.Bor o v i cRnuslsyvestrid..) (

Morfologie
G gkpysahuj 2 k onxlee rsywi@h od rruhsBthw S 2rjorkw  dar .uzhr®shl 00 ¢
Letorosty jsou zelenogluthD zbarven®, l ys®,

vDt ginou nepryskySilnat®. Jehlice jsou uspos$S
D®l ka jehlic je okol Mudl,2@e08), vytrvs8vaj2c?2 ag
Pochvy jehlic jsou bhRDlav® 0,8 ¢cm dl ouh®, po.
pol et dRl ogn2ch peteshkm, rkterigmvpegt@orvost e
Chmel aS ( 1d®wWragu ukvi§2d|2i vost semen pSiblignn 3
pravidel nDt kajg¥h elvmy@déomsi t Gimgky jsou viraznh
d®l ky c3m. Symetrick® i asymetrick®, gedohnhDdH?a
vykl d Kotb®2 gek, 2006) .

Nakl 2]l enT pyl zTst28vSemen anhjsaul bidldanvasmt adgl ol ueh
skS2dl emKbbb2 genkZ,6 k2 @@§) .sam| 2ch ¢gigtic (prim
vpozdn2m | ® D pSechoz?2ho r pkw,dluaolvmiéempup e
n8sl eduj 2 c2dm. n¢yrmpRgttdji2 kwruny. Vyvrcholen? v
ag 25 rokemkal €€8KO Gdlyetsami | 2ch @bgoibé pezdak
| ®t a. Jejich velikost jre8mid&dwjskopclt klSet &RdIst
spravidelnimi S2dkTmi pSeslenyajkéemenastob$Sd

(Musil, 2003).J edn & tssd ewel enT jehlilnan vigky pSibli
pS2legitostnD i vygg2. VRDtven2? je pSeslenit
kul ovit §. Kmen je |asto zakSivenl Sil nhDj g3z

(Chmel aS, 1990a).

Charakteristika

Jej 2 borka je ve st §S2Borkeejéemiol l§astwo rJistmd gre
gedohHKréhttg 1995 Bor ovi ce maj 2 mal ® svazel ky | ehl
obvykle vytrvg8vaj2 na st rvomiktdewd cagageiypSid ercon
| iT86 ) ehl i c, kter® jsou svhDtle ag tmavhD zeler
g e d 0 z e Briekell, 2008). (
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Jedng§ se vDtginou o nein®ngl n®SisovMNtginddmi ¢ @ ® 1
jednodomich stglezelenlch jehlilnatlTeb2shro
severn2? polokoule od pol 8rn2ho kruhu ag po

jihovichwadmP2 psk i Z2006) .

KoSenovl syst®m je mohutnl, v Dthgibcedam.BNe zach
p2s|litich pTd&ch tvoS2 i chTdovit® koSeny. Z
| asto pryskySilnat®ho povlaku. Savmusil2e03)gi gky

Borovice jsounhapsdenh8&bylon®i €&emi , arzeedt v8 m p
Semena nejsou u vgech druhT okS2d| eBoravice Sam]| 2
jsouzcelod ol n® v T(Brickellp0G8x T m

Rozg2 Sen?

Ar e § | rozg2Sen2 je od Atlanti ku, |Pacifikehg§z2
Vsoulasn® druhov® skladbhR m§8 borovpSer been®
druhov® skladbhD se jednal o pouze @ %a4 sBvEeWa
pol §8rn2 kruh a na jihu je rozg2Sena ag. po Py
Borovice | esn? je ze vgech evropsklch druh-
GpanhDlsko, vichodn2nmgsimDrvgmdapul @ge®hi kiobemz 13
Borovice |lesm&jyBt P2omoai € &| ehe dwnigs ksgeh amma s v
h os p ood@& S eukKremer, 1995).

Ekol ogick® n8roky

Lzesesn2 vgak setkat i na j2lu, stejnhD tak na |
PSednostnh r ostsel anbad nz28rsnafd istul cthhl cklytpo g e kprTTdt§
vody z mnohenv Dt g2 hl oubky (EHmMelsa &R aitd D@IGielvd miyl nT r
dSevin8&m. DobSe sng§g¢g2 pjSeknmolurk oslliuvn ep rne?pmu szt §nSoeun :
j 2 rhiusstt Twh pasecsti@mamh @Bovovice roste na nejr

hornin cog dokazuje jej?2 Brickelk?208.nen8r ol nost

Vyugit?2

KromhD hospod&8Ssk® funkce dok&§8ge t akR® (Mursiitl ,
2003).DSevo booogyPoé& a@wtl grgit® w (okna, dveSe), a
jsou podlahy, pSekligky a dihy. Jeetpé&mt ismu
(Josten, Wittchen, 2010Bor ovi ce je j&§8§drovs§ dSevina. DS
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pryskySilnich kangl kdlejepevy®nal vieé méssep B0 Dst
odol n® vTl|li povBn § alowiltarp®ankewn!?i kiaTargn pad BoHwce .
jevhnagem |l esn2m hospod8§Sstv2 nej v.Detmoovic®d| g2 m
nactsg§ 23 n® jakpdmekt @Wmeél aS, 1990a) .

3.6.3.Smr k z Pieep abledL.] Karst.)

Morfologie

PozvolnT vigkovl pS2rTst je pozdDRjil8nahyr az0en
|l etech a konl|l 2 ve 10D1 |l @&Rleadn? Sremensgt kT, mlatj é

prim8rn2ch jehlic. PSesl eny s(eb Szaadln?2nl agjk?, tGrhon
1995).Jehlice 1,0 ag 2,5 cm dlouh®, |tyShrann®,
strang8§ch se sl@mbDdE&bFIng gndle 8 adCyedy)zel enlT | ehl

strom, dvd rgTksyt aaj¢? c?0 kn30i gOvmD Kojunae@u avigdel nND kuge
vpr TmDru 6 m girfe@mef&«remenchd®9®96§ .kl 2| i vost
mali® 2nm dl ouh8, tmaviD ag | eiSho&ealNgE2 . ndgi $ &m
(Musil, 2003.

Smrk je povaglow&ml makd$emosl m syst ®mpmdihNedos !
protosnadn@ odl ®h§ boSivim viDtrdpmetNEmhkr skl dbhg? og:
vystavenT ch |jaesdn orh oy &stntiXrku® ofruemmo W& @i, | e mg
vznikg 3 e d n o sw Ir ajnkk@®uny.tK@enje gt 2 hl' T ag v&lcovitl,
vyvinutT mi ko @Musi200B)Mil add ®bDey or osty jsou | erv
nebo | ysa®omiranib ®t emHNid®On @B brak ay, hnhDdavDhD | erv
|l ehce odluplivg, jen b bddaprrilcshk §svtarj @ nejBou rpd z8It ke
t mav®, vejcovit® Keemgr,dOBsachi zagpi at Oe®) s§ou
pSisedl ®, vzpS2men®, zledrem2® |n&gsdtoi |lkarvemywr., Gimr
sytnD zelen®, i20emdlNguh & n(BIrRGa kledhly, j 8608 pr ot ag

shl adkT mi okraji. Smrk zaGrgByptodi §v&jol ema 6
roku ( Kobl 2 ¢Seakm| 22 090069)t.i ce 12 sbBucmvdiouk® psyop
|l erven®, um2stNDn® mezi Mpsé BU03).cemi jednoletTch
Charakteristika

Pat $2 me z i mrazue n@oefig®Wh| d Selvinyny2m JgkTdcTm

vmonokulGiugkSygcrh@vaj2 ve stejn® vegetodt@lPers®z - |
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| i | emVv&@d® wdo bar vy nlaacsheo,v G dnye bdoo zhrnaljd?® vV 8.
stupni m8 s mr k do nfiumnknctin2a pnoerjovs2t coet1980% en opur 0 S p
RodPiceaz auj 2 m§ VvVid@edmelyT 3j0ednodomich st &l ezel e
poch8zeje?sc]? cchhlzadn®ho a m2r (Madil,R00p8su sever n?

Vejlit® ag podl ouhl essouws |cchoovliotv@&) spaonsit|a?v e @ ®g tn
postrann2ch vihonech. Smrk jeoweldwigékahDI|l kwdt
jsou vzpS2men®, pozdRhRji pSevisl®. Vejliitn gl

3 cm se objevuj?2 na | a@®rckelh2008).T honech pSedegl
ZdTvodu 1 mi snhD erkaolkgn ocik ®ikmdla®@h a yst ol et 2 do
t ®mNS vgech severn2chKp®ho&e cal na aDHSEM V.aea
st&§8le ovlivRuj?2 nepS2znivhD celkovl fyziolo
monokul tur8ch na nevhodnlTch ekologicklch st a

zej m®na snzgenou odol nost? vTlIi patadagenn?2m
jednotlivich stromT se tak® promaviugcé&l mevsn¥
kter® se |asto vyskytuj2 v nagich horsklch p
m& smrk ztepilT pSicrho zlegns@& ed NG 2vembe svh emam ®
uspoSg8dan® evRpr st ajjiehljednotlivhD okolo vThcg
dSevina, kter§8 pSirozenhD roste vDRDtginou na Kk

ag silnhPDnal pktged éHegindh ©SI av2k, 1988).

Rozg2Sen?

Soulasn® zastesp@EhdLBmMkuzat2 mco mEbizeld2en® z
% (MZe, 2022). Smrisez a pomoc i l esnick® kultiwvdboe rozg
expanze byl a podpgehdreyncah | Banum®@&nTas tdiz kypSi zpTso
stanovigS a snadn® regenerjachioo ndnDhMSeaz r egi
druhovhD a struktur8&8lnhn pestSejg2ch porostT,
extr®mTm a bioCeéelckdwmD |jiemihej dm egithNj g2 hosrg

st Sedn? a severn?2 Evropy a vVv({Kemedd®%.u oporou

Ekol ogi ck® n8roky

Schopnost sn8§getwv Dk @Bl 200NVe se®mDndpsi mu mTge
podobnhnD jako jedle po cel &8 desetilet?2, ani g
kr8tce po uvol nimAokudlethong®sebe@Ed8hR vpTdy, co
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st NDgobnoaut i st m&Ste8arm k |bd ptdov agoveEn za pol ostinnl
t ol e rza8Snsct@ramker, 1995).

Vyugit?2

DSejv® znal nhna@Badcern & %e v o keubamilma r By e me | t ® m|
b2l ®, ljeltenr2v ednSoegviout ® a ost Se ohranil|len®. Vel
j e vel mi m8l o odol n® VvTI|i povRtrnostn?2m po
mNDkkost 2, prugnost ? a m8l o sesychsg. Smr kov @

vyBgs&nasest Segn2 konstionkeej®stuavekbntepi ®ky, v
surovinou pro vl rDiSkew os eaiayk ug ek avled fkuBn ynno g st v 2
k a n §Josteh, Wittchen, 2010pal g2 m a v el mismrkuarsit §zp® Seu§ v ¢ k m
jsouv 8 nol nld. sNa opn ant §g2 cleswmE hols 8% edl agteShiaemBT a g
vpoltu 6 tihaBpopkasI&nanid 3] amBuivekawvdazZenice
TNDgba tNchto stromkT T Rwrek2 h®0vu& )12 roce givo

3.6.4Mod S22 n olmaxdeciddaMil.)

Charakteristika

Pr TmRrejeveetir ®mn2 m pS2padhN i ag 2 m, pSilemg
KoSenovl syst®m tRtavidSeoihyl gei s®hodgekoB3enu
koSéBysvikKedh@04 o dSevinu mimoS8§dnNh odol no
poug2vsgn jako porostn2 (eBernd aSMda2BPBOEI®2 p S
kugelovitmepkaviudal T diedmSessleeny opadavou |
smRDkkT mi jehl i cemachwyyrlFasaaljkiucstech @E&r S§evanél kK
postram@dowecd tlisthwplSemhRestyeamkvBopSe zIl epg
(Slavzk, 1997).

Plodem jsou mali@cmi gbyvBs®el®gkosVYDt v ky | sou
starg?2 vhRDyg®gkeymspbhete po opaduGjghiyi ddzt 8k
vobdob?2 podzi mu (z§S2, S2jen) . Obdob?2 kvDtu
barvy a san{lMusgllut @Habnaerrvny? k , 2007) .

Rozg?2Sen?
ModS2n je stSedoevropskT m dorbuhaesm i a Ajl @hoa tkiag

mas?2vu. Jako dal g?2 pdabamk atmem§eEh aglesss kd® 2j hsoo
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republice vo bl ast i N2 zk®ho Jesen?2ku. ( @& gariety, Ha mi
pTvodn?2 hpa mood SSPunduet silo® | @3 es NAizkl®®Ho a | §st el n
350750 mn.mD8I1 e | eAlop $okBll &8 gtkkaorsi2 hr anice | esa cel
extr®mn2ch stanovi gt 2 o).V kapathdi tattans®a ktyr Ri@&y I( 610
oblastse jedn§& zej m®na o (600300 k o.hnh Olslastooul sskEe vi n u
nachgz®Roisuvpahor keei n®EDEO m n. m. (SI8&vik, 2
Vrodu Larix se nachg§8z? Zhrswhud asa4a®ddobD. s¥ | edns§

podhorskich a horsklch oblast?2. ModSgi tdeh
pionTrskich dSevin. Jeho schopmjenpotvrzsjejeho ml az o
nens8§rolnost. Jedn§8 se o ryze svDtlomilnou dS

dobSe se pSizpTsobuje teplotnzm extr®mTm (Pa

Vyugit?2

DSevo modS$S2nu jvd raeinhima § Gy elma th Vgyrzynsakl yugiec es. ¢
viznamnou t vewamlkiowmstch jpalkd m2nk §chemit alkg inaik o
vodmstaeh Vym§ i®mEbyt k§Sst vz, airrcthettaek®riulSeext ear it
Jedn8 se o0 ncegnvint@ 2dnSevwyou gsi t 2 m pSi virobND rust
obkladynebod | a ¢ma nul ost i byl pSednhD vyug2vsgn krom
t ak®Wl rkobhD ben§t s(kS®lhSv itkkjo pB@MABIT )p.v \j =k wSilcne  t e k
Vyt ®k § Sdarka® tz®t o dSeviny. BRgnl Ilizinovli zpT
jelikog epitelov® buRKy pryskySilnTch kangl |
pryskySice u modS2nu z2 sK&¢RT426o moc2 dendr o

3.6.5.Do0u gl as k aPseudossuga menzie§iMirp. | Franco)

Jedn§8 se o st8lezelesbujabBhibbknhat Fsogiyeaiemn kKobe
Hamer n2 kP, Tv20dn®)m ar e §| e m RhdfikuSlearekyn?2j cAmeaobh e g
tomto pTvodn2m are8lu dosahuje mnohdly|l atynd®0
pr TmDryexjty®mn®ch pS2padech ag 5 m. TRchto ex

sv®m asvg8bunanim oce&nskim klimatem. Dougl ¢
skugel ovi t(oul 8vaijku,n o2u0
KoSenovl syst®mayme2mukoSéndm,s kterl je obkl

koSeny. Douglaska je odolng§ vTI| iChlepkay996). Tm, b
Kobjeven? dwogigbbasky 792 anglickim | ®aSem Ar

50



obepl ouv § naglickondatilouPy varddosgivasky do Evropy pS
David Douglay SI1 8vi k, 2021) .

VLech8ch byl a dougl askkdo le?prd/iruu p@ sg wlvd@wian ya g1 &
je rychle rostouc?2 pommBbmold $voDeramickPn®dodsewn
prosperujevo bl ast ech m2r n®d | zaismre2cho tacsthdoc Hp?o.7 kv z jo &
t DgkT m GinWrmh& ms tva nhokviing tpl¥ osst Sed2 m jsou pro dou

(Musi |, Ha nemenl2ikgt Pn0® 3pr.ost Sed2 dougl aska ne
porostysd el g2 veget8 hh?2pdpdomd slow!l de VEOGRE m.lve 300
3. a 4. | esn? fChlepkag®9%pn| n2 m st upni

Produk| n?2 potenci 8§l dougl asky jRodre§ am,kIv yesto
20133. DS e v n 2 hmota je vel mi kvalitn?z, netr p?2 p
vhn8&byt k§Sstv2. Jednv8l rsaez nobl o dShdtyt cadoodi&skehi&@2i nu s
% vygg2 neg u smrku, nehl edDD( $lag Bipko,u @B vr at n

3.6.6.Smrk sitka (Picea sitchensi8ong.)

V. prTbRhu 19. a 20. stolet? doch8zelo v evr
rostouc2ch dSevin (Poleno et al. 2007) . Smr
experiment8l n2ch plantg§8g2 v Evrop/D,sowl| etsm s
pat $2 mezi nejviznamnhj g2 nepTvodn?2 vjleghel i | n:
z m2 @dbuglask tisolist® (Pseudotsuga menzie$Mirb.] Franco) an § s | snmikn ditka

(Podr §z,20K3a, 26116; Neghaytl y en0 1 7) . nSotwadn & svniy ku si t ka
st Sedn2 EvropDhD, |jsou sWi&ynski2s0p®8;e RdPdrkims@lie
eds, 2019).

Jedn8 se o0 nej vPitday/i e 8§82 Hdtchp p@ dmGid& Smhv isgk y 0
vextr ®mech avg | %20l rofu g SIkeyh 0620 sma.h uKk @ earfyjedviiu v ge c h
smrkT stejnhD plognl kruhovi tVMmla8 drrNkydyyt v fgESeés a
kugel ovi t(oMuskorunuame$ine kzeml00Bdzsah smrku s
pSiblignn o0, 8 milion20A@Ekt aNVT LeBa&a®esrtepbbi o
introdukovanlTch smrkovich druhT, vl]letnhD smrk
por mKthT adRéfcthino di | 2005) Peotsmriaditk4 e vhodnhDj g2 oce§t
s vysokImi siBggrRammmjl1aom@rnimi zimami (tep
vigkg8ch do 900 m n. m. , zat2mco smrk ztepi
dostat kem p T,d987, Moo 20%1; MukiliHm ense 1 2007;Karjon2017).
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https://cs.wikipedia.org/w/index.php?title=August_Gustav_Heinrich_von_Bongard&action=edit&redlink=1

Na Slovensku je zastoupen? smrku sitka mini
nen2t @mpbst ovsn jako hospod§Ssk§& dSevina. Poi

Slovenska pokrTvaj? i ntrodukovan® smrkov® d
2021). Oproti tomu v Anglii pat $2 zdewrr ke sndd&a
polovinu jehlilnatlTch lesT a je zde200%jvizn.

Manso et al.2022). Tent o druh poch8z8%evernrzidIpAchaer hby pob:q
pod®l severn2ho Pacifiku od i IP80Eckehwaldeg ky ag
2009; Praciaketal2 013) . Do Evropy byl niymtéer gdlsk auv &n vve
neg gestns8cti z,2001; d1bore 8011 ltea et §|. FOE3t Rrakkak, 2014).

V z8padn2 EvrophD je hojnhD vyug?2v§gn, a to i [
( Bu g20@a0Ogwu et al2012; Durrantetgl2 016 ) . V t NDcht o podm2nk8§
vygg2 eoroveddkesmr k =zt ep2001l] BergiRet sv2805;| Thompson a |
Harrington 2005).

Sitka se dag2WyShoavgu | &00mu vydatn® sr 8§gkov® ¥h
vel mi ci t(ChlepHa, 1996). mr a z

Prvn2 motorov® | etadl o mlyédoalogeyorletatheWright flyer§ v Nz
DSevo je vel mi pevn® a | ehk®. Jedn8 se o0
hudelnng?s t(rSlj8Tvi k, 2021) .

3.6.7.Smrk omorika (Picea omorika[P a n ] Purk.)

DSevina BBV &Eamk®h oahmod Bosng & Brisskdae ho ar e§l em
nadmoSsk® vIigky 300 ag 1500 m. Omor jejedie, ust up
smrk ztepil a buk.Vhodd m st anovi gjted ms kperloe tnolvh@® wdkpe ni t ®
vI hk(SIt 8 vADkle to2e0l mi sv Dt omillrm& nd BevinBa oky ne
vzdugnou vl hkosomorkpMadoid30mgd 60rav TviTdgtkma g Sky . Kor u
viraznn gt2hle kugelovit§. (PMesillenyHamemun%xk,§
Smrk omowyiulgatmEnust sp2ge jako oKkreasadnle ¢prSels
vel mi odolnlT VvTIli ithoilswebm 2a&,eshdondl8mm.intruajz2Tom® n{ f
mall rTst aKmah®tdhmeozdruhu je tenkg§g, hnnDd
pl 8t ech. Letorosty jsou g@gedohnIBih®omorikpjekr yt ®
charakteristickl velmi %%zkou, kugel ovitou ko
dor Tst 8i3WI grky vig i mel nD mTge dos&hnoutgag 50
(DBH) mTge bilt ad9®®B) .cmRTGYi dak oviigley v D up & ;[
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15, 20 a 30 let dosdhmpemsi8rmmavkgbekemp$Rbmi ¢
1981). NRkter® zdroje uvB2dhihve?20Iletgahi@ e mv,QKu 810
2002) . NejintenzivnDj g2 rTst neassnir8kve8m nzetzeip i 2 (
vykazuj e s mr k omorika na kyselTch stanovi g
dynami ku96#£) | §stejnl trend byl zaznamen8n i
obl astech Lesk® r189%ubl i ky (Vacek et al.

Na rozd?| od smrku ztepil ®hro smrk omorika gp
s listnatT mi dSevi nami na ¢givnlich stanovi g
kzaost&8vsgn2 v tlougSkov®m r Tstu, moesk i i

omorika Sidg2 z8poj neg smrk ztepilTl. V Les
smrku omoriky v MasarykovhD lese KStiny (Les]

vigkou 30 m Vv e 2002) Padle GaBkatlalg2021) dsatijp a r ekul ti vov

visypce v Sokolovsk® p§nenil gidbinkav ploetorsz ut 148u d
20,7 cm.

3.6.8.Bor ovi c(Pinuk mgrad.8.Arnold)

Borovice lerng8 je jehlilnatl strom poch8zej?
Pyrenejsk®ho poloostrova, Bal k8&8nu a Mal ® Asi
nadmoSskT chi2wlo@®k §c h k&dkO rost e na kwsnemhaVvichh
pTd§gHtoh ubl| 2.k,Jelj9268)chopnost pSizpTsobit se ne

je vijimelng, cog ji pSedurluje k vyugit2 na
(Vacek et al., 2023b)

Jedn§8 se o typickou svDRDtlomilnou dSevinu, Kkt
jegthND vygg?2 intenzitu osviRDtlen2 pro optim8Iln
a dobSe sng§g2 i chud®, sucb® ¢(iMusski dl,e tHhavmetr®r
2003) RovnRNg jej?2 odolnost vTli suchu, vDtru a

a ochrann® visadby v prTmyslovhR zat2genlch
v 1 sy p(Wa8ek &t al., 2023b)

DSevina dorTst§& za ide8l n¢iclhe tpro2dipESreask g2 Ky k y
zejm®na v pSirozen®m are§lu viskytu. Jehlice
a del gz neg u borovice | esnz., DSevo borovi
opracovateln® a cenhNn® zejvm®maNv JeeeaBstinz2c
plotov]c®l vivk T Bagant, 2016)
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Z produkln2ho hlediska vgak borovice | erns
stanovigt?2ch s vygg? bonitou, kde jej?2 rTst
odol nost?2z wvTIi mrazu, VvDt(dacehdal.gor3pdcTast molmibw

vyug2vs8&§na v mDstsk® zeleni, k zal esRovg&n2 vy

pro visadby v8&noln2ch stromkT, kde nachg8z?2 u

zelenl m(jSéBvii kK2 m2021)

Cel kovihD | ze Dborovici | ernou povagovat za pe
zmDny, zej m®na Vv oblastech, kde doch§z? k |
ztepil ®ho v dTsl edku sucha | pTdnz2ontdxeugr adac

konkr ®t n2ch stanovigtn2zch podm?2né/acekaetat?2 | ov ®
2023b)
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4.  Metodika
4.1. Charakteristka z 8] mov ®h o Y.z e m?
Z8) mov® Yazem2 Lesk® vysoliny se prim8rnhD nac
na Sokolovsku, d&8le pak ve avma¢enkauh.Pwsyh§ah
pot Seby komplexn2ho zhodnocen?2 a ¢girg2ho sro
l okal ity v Anglii a na Slovensku. Takto ro
ekologicklTch, klimaticklich a leskltchkmhthcllsp
.11 j ez &jnngozvolrenhd n ¥z esmAaSr v &t ec 18
pSehled z8&8kIl ad

podm2nK&clObr
1 je uveden

vl zkumnT €WP), p VToacbh.

parametr T.
5°W
=z
o Y/
0 Wi
0
I/ = R,
/ \\\~
f7 (T
4 'l
II’
United
- !
Kingdom 4
II/
/ i |
/ ; s
Z I’ l’ :
) / { !
S~ / i
Bl Belgiu / '; E‘
P T 1
e gl { Germany f Poland |
TR |
r” T J"l\~_ ,’" 5’
/ 2 SO Gt I =
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l/ France ’/ ll T _L Zz
! ! T ————— o
7 / / { Czechia i 2
/ 4 H
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13 ! i |
/ / ! |
z | / Switzerland 4/ " | f
00 60120 240 360 480 / ustria; :
JLNRE ' | Hungary
A I
5°E 10°E 15°E 20°E
ch vizkumnlch ploch vletn
mapa byl a

Obr.11:Um2 st Dn2 trvall
dendrochronol ogick® anall zy;

pro
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Tab.1:Z 8§ k | @arakteristika trval cvhl zkumnl ch ploch z8) mov®
Nad. |
lon Teplota Sr §F )
Z e mf Reference TVP GPS v G Expo L Lesn2 t Doevi VFik
© (uc  (mm)
(m)
| es k 8 Brabecet 5000 (C 330G Quercek@getum  Picea ahie:
. . NE 3 81 663 . ) . . 62
republika  al. (2023a) 14U5:. 340 acidophilum P. sitchensi
Quercek@getum ) )
. ) ) Picea ahie:
| es k § Brabeet 485N 430 acidophilum, Querc .
. ) S 09 7,5 600 . . . Pinus 87-117
republika  al. (2023b) 1 4% 480 Abietum variohumid )
. . sylvestris
acidophilum
Quercek@getum  Picea abie:
| esk § Zeidleret 5 QL@ 405 acidophiluy@uerceto P. pungens
) ) NE 07 7.3 607 i ) 50
republika al. (2024) 1287 444 Fagetum lapidosu P. mariana,
acidophilum P. omorika
AbietedFagetum
| esk§ Cukoret 26 5 GG 456 N, E, acidophilum, ) )
) . 2-18 8,1 770 ) ~ Piceaabie 7-26
republika al. (2024) 35 142 600 S AbietoFagetum oli¢
mesotrophicum
Piceefeagetum
| esk§ Cukoret 36 5 GH 7506 N, E, acidophilum, ) )
) . 314 6,6 760 ) ) Picea abie 7-26
republika al. (2024) 45 1321h 850 w Piceefeagetum olig:
mesotrophicum
Brabecet 46- 48U03¢ AbietedFagetum Picea ahie:
Slowensko . 440 S 5 84 688 ) ) ) ) 59
al. (2023a) 47 19UO0!¢ acidophilum P. sitchensi
) Brabecet 48 54 A1 ¢ ) Picea ahie:
Anglie . 230 E 4 84 2061  Quercetum acidoph ) ) 52
al. (2023a) 49 2A55 P. sitchensi
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750800 m (5 ploch; 50.5841400 N, 13.3640814 E
N, 13.0382681 E), kde byly trval® vizkumn® p
850 m. PrTmBDrn8 roln2 teplota s¢ekzdee pwhpyrbTung
760 mm (20002023).

V. oblastech LS Rumbur k i LS KI 88gterec nad
pSedevg?2m j(€dvesrelaphukn o0 p sk In e Capreolisecapnebluk a prase

di voSusscrgfal . ) . Dal g2 druhy jelenovitlch jsou
nevyskytuje.

Z hlediska stanovigtn2ch pomRrT pSevl §dal r
typol ogick®ho z hlediska ikeg sje¢ &n § edAbietar b dru | |
Fagetum acidophilujp5Si s v D g2 | e d Abeto Bagdium loligomezot(ophikurBK

ikysel 8 s mrRceeto$agbtun acidophilya6Sis vNDg2 s mr Piceet§ bul i n
Fagetum OligemezotrophikumVieweghetal. 2008. Zkouman® porosty byl
visadbou, jednak poch8zej2 z pSirozen® obnov

412t Sedn¥% Lech

Vt ®t 0 obl ast iBrsebgoe,dnk. ,0 Brtiuadtitia, J., Vacek,
V. (202d). Potential of mixed Picea abies (L.) Karst. and Pinus sylvestris L. forests in lowland
areas of Central Bohemia. Journal of Forest Science, 69(11),48. Z 8] mov ® Yz e m?
spravovs8no stlL&tsny2 ni epsckdan inkéepre P i Kly | esn2 ho z 8§

|l esn2ho obvodu ¥Ff2] any. Lesn? bl ok m8 rozl ol
NadmoSsk§ vigka se pohybuj e ooahT4m Or edloi ®&Ff8eOm nmv
l esn2m vegetal nZzm stupni ( Remeg, Kozel 2006)
souborl e s n2 8HKii ktyyseT 8§ d ua4Pivk8y sbeull § njae d (Vieweghetlab u b r av
2003) . Dominuj 2c2zmi pTdn2 mi typy jsou kambi
viraznou acidifix®x?; (PodrR03kkiT, eRe mdg

PrTmDrng teplota obl asti | in2 7,5 AC, rol n?2

m®&nhN neg 400 mm) a d®l ka vegetal n2085.Dlebdob?2
|l esn2ho hospod&§Ssk®ho pl §nu | Bllnel Rordstpjson 2 et §
sm2 gen® ss ndrokmi naabegiolv@icee | ¢edi es bipkskps ® a

ti soldsni® kT management zde od roku 1993 hos
hospodadehikac2 vIibRDrnTch yrliasti® Tp odddywy dsemr
borovice pSi mokr ®m snhRhu pod holoselnim r
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rekonstruovsgny, ale ponech8ny samovol n®mu v

vel kTmi rozd2ly ve vigce a tlougSce stromT.

Kt ®t o obl asti StéekygrkMhabech Pat S¥acek® Z.,

I ., Cukor, J. We at heSrialklo,v 8A. ,Z.GaapPl@Qoovd Jo.v,8, S|
climate responses of Picea sitchensis [Bong.] Carr. versus Picea abies [L.] Karst. in the British

Isles and Central europe. Central European Forestry Journal, 69(3);1¥8%1 Studie
analyzuje rTstov® dynami ky a klii matodk®ovani
smrku sitka a domBedabekmrKastvéekpe!l ®ad Lernl
Dl e K°ppenovy klimatick® klasifikace {(K°%°pper
m2rn® oce&§nsk® klima. PSevl §dapdrcéan nt2ynp etmy p
QuerceteFagetum acidophilunPr TmRr nT rol n2 Yhrn sr&8gek je 6
| 2t 8 158 dn?z. Tsad we ITOVWI sheo chrac hé8xpo vi c i s pr T
AC.t ® o | okal iTYAL (5s0eU Qj Oedd2n5a0l o A A BIB® Evivgce ¢
zde se jednalo a zkoumanplo@sheketepln U snmarckh §zted |
vDku 6poredtn® z8&smwibou TARFAGE®0006220N) 14051
snadmoSskou vigkou 340 m. ZkoumanoupdBestitndu
z8sobod&ha4d56 m

4.1.3.Sokolovsko

Vit ®t o obl asti byl proveden vI1 zxAnm onna2 nt rsvlao ugy ?
testovg&n2 rTstov®ho a produloimicBehpdSemtcngl ¢
jednalo o studiiiz ei d I er |, A. Bor Tvka, V., Brabec, P.

Cukor, J., Vacek, S. (2024). The possibility of using-mative spruces for Norway Spruce

wood replacemeftA case study from the Czech Republic. Forests, 15(2fi 256 s ni ¢ k ®

arboretumAnt on2n v severovlichodn? | 8§8sti Leska ( (
charakterizova®k r aj i nou po tNRgbN uhl2, se rozkl 8d§ n
vi gkou Madek etrmal., 2018) PTdot vor nl mi substr 8ty ur
pedogeneze jsou cypSigov® j2ly a vulkanick®
kter® urluj2 fyzik8ln2 vlastDiomitt retgf2080).a z §k

V soulasn® dobhD doch§gz?2 k diferenciaci pTd
kamb i z \fatek e t . al ., 2021) . Kl i-@éaitd erkgyv ys plaldiS§ma
kl asifikace ACfbiA s tepl I mi, @eec2007)Rr TIMBOr yn §a
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roln2 teplota je 7,3 AC s prTITmbDrnTm %hrnem s

sr8gek se vyskytuje v |ervenci (105 mm) a mi
220227 dn?2. UheBSokoddV Bntom2provozhyloxe | et ec
vyt nRDI2n®» milionu tun uhl2 a 10L8smick®nuemeatl

vediv | etech 1969 abgetsA®t7TdniknzabSpgeamati cky byl
220 druhT stromT a keST (v| egVarddetval,20d8)ne g 30
Aby se omezily fakt orkyalitodvSmav Rymctoy?l yrzfleyte c sy
studovan® druhy smrkT um2stPDny na stejn®m m
hl edi ska pTdn2ch parametrT a klimaticklch f a
ngsl ddwjSic druhy smr ku: ssmmrkk zlteerpniTl Ta, ssmmrrkk poi
por dytl ® pSiblignnNn 50 | et

4.1.4.Anglie

PSedmNRtem studie smrkut a gofktavobiasti$ake Districnat e pi | G
severoz8§padh AnglieJegaldl ¢ roBpadcaP.oXasdk, dags ii d eA
Vacek, S., Gtefanl2k, | ., Cukor, J., Weather
(2023). Growthclimate responses of Picea sitchensis [Bong.] Carr. versus Picea abies [L.]

Karst. in the British Isles and Central europe. Central European Forestry Journal, 69(38), 167

178 DIl e K°ppenovy klimati1e&®) kdbhalsasti kad&jemyg K8 p
Cthim2rn® oce§nsk® klima. PSevl §tdyap 6 Quérgatox y p e m
acidophilum.Pr TmRrnT roln2 Yhrn sr8gek |j@47d0861 mm.
Dzem2 | e c hvarcahkotdenr2i setxipcokz® ci s pr Ttm®tr o oluo k all ir
se jednalo o TVRI8 (54 A166430N)vhAITMSEKkW vIigce 230 m.
dSevinu smrk ztepilTl. Na t®to TVPresetmsMrk8§zao
527n¥/ha.Dr uh§ plTVR496 4AYLIGED 420 N)sA ABmMOSORWuU vIgkou
Zkoumanou dSevinou zde pygltosmmnk sh&akbhoueb Bk

4.1.5.Slovensko

PSedmpo ehmetdndi e smrku sitka a osrhrekpordsynSeapminl @h
Slovensku nedalstedermbBetca Pvol &macek, Z., Vace
J ., Weat heral |, AL, Gal |l o, J . ,a). Growghelimite M. ,
responses of Picea sitchensis [Bong.] Carr. versus Picea abies [L.] Karst. in the British Isles

and Central europe. Central European Forestry Journal, 69(3)i18F). Zde pSev | §d§ t
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| ®tvd hskfomt i nent §I(DfH), m dkllei nketpepre novy Kkl i mati ck@
1936) PSevl §daj2c2m typespop Dbdy n} AbietdFggptermk a mb i z
acidophilum.Pr TmRr nT roln2z Yhrn sr8gek je 688 mm.
Z8&j mov ® eVzreamwdhi§@gr2 expozici s pr TanardnnoouS srko | n?
vikgu440 m. Porostn2? z$hao braku gitkhea 468ifnai ul smrku5 0 6 m
ztepiVi®t ® | okalitda@sd3igédialNpaToRH@E 8 U & 8 Kj1

19U05)0Wt2@tEb z §j mov ® wdbd parsstyi e sset §1%2c hB8xZ ell e t .

42. SbNr dat

421.Stromov® patro

VpS2padh studie smhs?2 smr ku a borovice pro
obd®l n2kovlich ploch8ch o r ozmBDF\eR hbylI5y Tr 0520d
do pRNti wvariant podIliE0®WBOUBOAW®h &) s | (% BOR2 7 5( iN)
25 78%SMBO75 %), (i%BOp 50 “WBMBO50 %), (%) 25
BOa 75 %SMBO35 %) a (v)92,5100% SM (SM 100 %), viz Vacek et al. (2021b).

U dal g2ch studi?2 byla zvolena velikosti ploch
15 m aB4 @ om4j0a k qZeidlergt 8,2024)latd a B@beget al, 202%).

Za pomoci échnologie FieldMagg | FER, L e s byzazmmuwEmyean® pol oh
jednotlivithesh? oDB[HoedyStkocum a jejich korunov
smRDrech. Hraniln2 stromy, u nichg v2ce neg p
DBH bylamND Sagm suvnTi m mNSidlem Mantax Blue (Hagl?@
vigka jednotnaisvalcel®@®s ung mby & a midiSEknanvBrtacsmre r ov |
(Hagl°f, Gv®dsko) s pSesnost?2 0,1 m.

4.2.2.Dendrochronologie

Pro anallzu radilkgoaebos8mysze dmiku sitka a ¢
Presslerovanebozez Ha gl °© f |, Gv®dsko) ve vigce 1Z3 m v
kagv®byl o n&8hodnh (funkce RNG wma&E¥%ceVRB)vIivyh
Yur o v Ro v i 8shtnr idtleKraftovy klasifikace (Kraft1884) Po d %r c®a Rp ont® al e
stromybyly kv TlIIi sn2gen® r §gmée 9 Vv, RQ115).eCelkemibyloo p o me r
odebr Shendrsd®dc hr omodd rolgT ckd cdhhmr kovich stromT (°
smr ku z azgho dyl@lh4o8) v z or k T (Baabea ét g 2083).8 n o
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VpS2padhN |1 8nku o borovici vLHeEegianlamly d¢IGIP
49A58' 29" ' Nbyl pastupgr® 'd @ Br ' E)e ndr o cvhzrooakol gli ek au
analolbzdwBEnkagd®ho druhu stromu byl %o dne§bhrosdnnod
30 vzorkT smrku ztepil. ®pechndgOtytzorkyfbban®e®vs
pouze z horn2ho stromov®ho patr #Brakecetelgi st r a
202%).Rol n2 pS2r Tstwoy olue tpaSikipbeddieycthy | f Sensnn p s Md ¢ O
binokul 8rn2ho mikroskopgapadidsgknplus ngd OImpPBp €€ m
(Rinntech, NDmecko) a zaznamen8ny v softwaru

MNRSen2 z meteorologicklch stanic byla vyugi-
faktor T naz jandd V8l cn¥ep &rSesatd M st udi e o smrku si
vBritsklich ocdtrwyred bddiama Arbleside (100 m n. m.; WGS84
54A25' 48 AN, 7PWRyYAngld.emefievWwr olrwmgi ck§ stanice S
WGS84 48A38' 8 ANIVPhSldvenskilass afinEi)c epr@nd Sej ov ( 4 ¢
WGS84 49A54' 24 ATPnaKdsteléckuCékembEy)l ypirpop ugr o an al
tepl oty odddhdFB290elk5 .v Vzd8l enost mezi TWPhylnor ol oc¢
v r o zIim® k?(Brabec et a).2023).Vp S2padhN stubdbioeowvi smNbkesh?
klimatick§8 odpaltaneSelviz@ad?%a stanice Lesk®ho hy
(LHMD) , met eorologick® stanice OndSé30alyv (49A
(Brabec et a).2023%).

Vivoj teploty a sr8dgekvbyédmatbigehchamiddag?c
teplothD, teplothD ve vegetaln2zm obdob2, rol n?2
obdob?2, cel kovl mNs2| n2 Yhrn sr8gek a extr®

sucha nebo hiakomackS§vikplbgtn2z m

423.PSirozeng§ obnova a gkody zvnDS?
Na ovRSen2 m2ry |l oupg&n2 a oWPyzul mpBe d6ali:
(lo0om) v obdob2 srpen ag z8§S2 2023. Meze zji g

vi | evtinggce (pSepolteno na vi|letn2 tlougSku),
pSesnost? na 1 mm u vgech jedincT o vigce na
deseti metrovou vIigkomRrnou | at2 (Hagl©°f, GV ¢

zvdS2 (ohryz a |l oup8&8n2) byloy7hodredmdan))e.tmatledB
poug2vsgna Bstavem pro vizkum | esin®nhm enkosstyns?t
podm2nek. Loupg&n2 a ohryz zpTsobenl zvNDS2 by
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pTsoben® r&ny s pSesnost?2 na 1 mm. V pS2pad

sebou) byl zaznamen8n soul et V. nejgirg?2ch
pogkozen?2, um2stBPDn?2 r8ny na kmeni od®z b a
12 mDs2cT) | i(Obsl?)aHo®& npocekn?z epno2gk ozen2 probDhI

S ohledem na zaznamen8vs8n?2 starg?2ho pogkozer

| 8stel n®ho zacelen?2 starg2ch ran.

Obr.12:St ar g2 pogkozen2? mlad®ho jedince smrku
vRDt g2 hopToobamsen2 termingln2 | 8§sti kmene a
| oup &n2 mi(fote: pan Gukan))

PSi hodnocen2? gkod zpTsobenTch okusem byl

posuzovgni podle n8sleduj2c2ch parametrT: vI
kvalita a typ a stav okusu. PHIstselvd 2y klowa lpiStea
100 cm, a to na z8kladhR stanovenlch krit®ri?
pogkozen2, bol n2 okus, termin8l n?2 okus a Kk

pogkozen2 nov®, star® nebo opakovan®.

4240dbnDr vzorkT a stanoven? vlastnost?

Zhl edi ska managementu jehlilnatTch porostT

zekol ogi ck®ho a ekonomick®ho hl eNdaTVRPkylyod ak ® d
kagd®ho druhu pok8ceny |tySi vzorky stromT a
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vBezy pro pS2pravu testovac2ch vzorkT (vzork
zem2) . Pro z2sk8n2 wvzorkT pro jwpdnSetdéerétv® t es
al.(2022) zej m®na pro vyhodnocen? rozlogen2 vl as"
z8kl adn2ch fyzikg8ln2ch a mechanicklch viastn

I 300 mm (tangenci 8l n2 T radi &l n2 ofiledanna §1 n2)
vybran® vliastnosti kvality dSeva.

Zkugebn?2 wvzorky byly po urlitou dobu vystave
65 N 5 % v klimatizovan®m prostSed?2 za %l el e

(LSN 49 010Bo d638&8gen2? rovnov8§gn® vl hkosti

fyzi k8l n2ch a mechanicklch vliastnost 2.

U fyzik8lIln2ch viastnost?2 byl alLSélstdOv ®ridB8hudf
Mechani ck® vlIastnost.i byISW ¢ 8 p rOelalebndiiedv/Pn) y r
prugnoSsN i49 0116Pr ol 9t8e2s)t ewidst(2MOMRY d Ul umom ul u ©pr
( MOE) byl pougit univerz8Iln2z zkugebn?2 stroj

4.3. Anal Hat a

4.3.1.Dendrochronologick ® anal T zy

S®rie pS2r Tst kT,slmrtkauk rze tefpd & oexblkoyuleys | jeekdartot | i v N
datovsg8§ny za Y%l elem odstranhn2 chyb zpTsobenl
testT v apli ka06D7PASTy({&ns®bee byly n8sl ednl
podl e Yamaguchi ho (1991). Pokud byl odhal en
|l etokruh o ¢g2Sce 0,01 mm. Jednotliv® kSivky
programu ARSTAN (Tre®ing Laboratory, USAab y | a v yptrvfonDem& s®ri e | «
Pro odstraniDn2z vDkov®ho trendu byl pougit ne
parametrem 0,67 n (GrissiMayer et al. 1992).

Autokorelace prvn2ho S8du (AR1) byla vypolte
Core Team, 2019) . Autokorelace prvn2ho S8§du
respektive spojitost me z i radi 8§81 n2ark op S2rrTus t
fyziologick® schopnoslt9i76s)t.r oAmua |tTl zuaminte gval tiivvyn 2
provedena podle Schweingrubera (1996) a Des
identifikov8n pointer rok j ask8h |l e x4t0r ®¥n Pr TanIB
pS2r Tstku z pSedchoz2ch |tyS let. VIiskyt n
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virazn®mu sn2gen? pS2rTstku alespoR u 20 %
klimatickT mi charakteristi kami Yhpenl 810e h ® v ml
j ednotmRiseicethecah) a radi §8ln2m rTstem hyl p oL
Waikul, 2004).

432.Struktura a diverzita porostT

Zgl adn?2 struktur a, diverzita a produk| n2z ch
pomoc? softwaru SIBYLA Trigquetra (verze 10.
explicitn?mi daty na Yarovni jednot lvisviTucpm 2s t |
data byly pougity vgechny shrom8¢gdhNDn® dendr c
druh stromu, souSadnice, vI gknaas avzle ne?t nz2e Itel no&
avhDkFabri ka, nurskIl 2005) .

G2Ska koruny byla odvozena z namRSen® ploch)

horizont&8l n2ho uspoS§dg§n2 stromT na trvalTlec
PointPro (verze 2.2, 2010; Zahradn?2 krkaaPug, L
Evanse (1954). Objem stromT byl stanoven pod
a Pajt2zkem (1991). Z namhRSenlTch wukazatel T h
z8poje koruny ,J(Cx D)o kas troenl, a tSit vangEDI;iReirelke1933).u st ot
Rel ati vn?2 SDI byl stanoven jako pomDr aktu!
maxi m8l n2 hodnot D. |l ndex hustoty porostu pSe

pr TmRrn®m kvadratick®m pr TmBDru s198y&jghopor os
maxi m8l n2 hodnota bybhobdvabglf8dkz ( Mmabal u

Propr TmRrnou &%idepniImbMdmay vigku byly vypolte
Bi omasa stromT byla odvozena podle Petr8ge
Ledermanna a Neumanna (2005), pSilemg bioma
Drexhage a Colina (2001). Obsatvik T ve stromech byl stanoven
(1994) s jednotkovI mi obwsg@ihreyn. prvkT 10 mglkg

Strukturn?2 diverzita porostu byla hodnocena
Evanse (1954), vert i kpgdieindexs (Pretzsght2006)ya indexuno c 2
verti k8l n2 diverzity (Jaehne, Dohtéeobgs&bv®9
vi gk(oRv¢® dnekofdl 086y ® @lachre rDehnechiustic1697).
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Cel kovl index diverzity porostu byl stanover
Jaehne a Dohrenbusche (1997) a zahrnoval d
prostorov®ho rozlogen2 a diferenciuade skoowmf,
maxi m8I| n?2 a mini m8l n?2 pod?2| dr uhT, maxi m8I n
mini m8§l n2 vzd8l enost mezi stromy, minim8I| n?2
pr TmRr Kkoruny. Podrobn® infor mawpe Swirv|l ko | d tu

al. (2006) a Vacek et al. (2028)ejich interpretace je Vab. 2

Tab.2PSehl ed i

n d e x Tajefch interpretacet y

porostu

Krit®riuKvanti fi lzkratka Reference Interpretace
Dr uhov 8§ Bohatost D (Mi) Margalef (1958) mi ni mgln2 D = 0, vygg
di it - -
verziia Heterogenita HE ( Si Shannon (1948) mi ni mg§l nz HE = 0, vyg
heterogenita
Vyrovnanost E (Pii) Pielou (1975) rozsah 01 ; mi ni mg§l n2 E =
Hor i zontIndexagregace R (C&Ei) ClarkaEvans(1954) pr TmRr n8 hodnota R =
struktura regularita R > 1
Verti k8llI ndex dr 1A(Pri) Pretzsch (1992) rozsah®l; vyv8gen8§8 vert.i
struktura profilu vibnRrnl les A > 0,9
Verti kgl 1S (J&Di) Jaehne a n2zk§ S < 0,i8,5st8gdn
diverzita Dohrenbusch (1997) 0,50, 7, vel mi ®y@ok§&§ d
StrukturTl oug Sk o\TMd (Fi) _ ,
diferenciace diferenciace rozsah@l; n2zk§ TM < 0,3

F¢ldner (1

Vigkovsg
diferenciace

TMh (Fi)

diferenciace TM > 0,7

Kor unov § K(J&Di) Jaehne a nz Kk & 1, 0, s'n‘llSEdn’\’nyc
diferenciace Dohrenbusch (1997) 1,52, 0, vel mi vysoks§ d
Kompl exnCel kov § |B(J&Di) Jaehne a monot-nn2 struktura B
diverzita diverzita Dohrenbusch (1997) strukturaB=68;velmidi ver zi fi ko
B>9
433.Statistick® analTlzy
Statistick® anallzy byly pr oVIBGDeRalp Altp, CHMoC 2 S ¢
USA.Byly vyhodnoceny r ohzldediys kmae zriT sd Sie v iknvaanii t:

vkont ext u Dpkoad bzyvhS2n.ej pr ve

Bart|

zkoumanT mi

pot ®

HSD testu. TentoT k ey h o
dr uhy

byl'y

a posouzen?

zkouman®

Wikeva estugharmalitpa mo ¢ 2

r

ettova varialn2ho testu. Pokud by
parametry testovs8§ny pomoc2 anall
v2cerozsahovl test byl pougit

rozPogen?2 nebags$ @ilasmagptptlyDpa po

charakteristiky
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V2cen8sobng sWalvinissi?2t Kstuskhyl a provedena pol
Siegel, Castelll Jr. (1988%1 gni fi kantnhD odlign® varianty j s
pougita hladina viznamnosti U = 0,05).

Vztahy mezi testovanimi vlastnostmi byly ta
modelu.Tl ougSkov® histogramy byly vytW opS®2npja dvd |
statistick® anallzy dat u gkod zvRS2 byly z8§
ml adl ch smrkovich porostech hodnocenya vgdy
j ednoewoTViPW@&ri abilita dat byla zn8zornBDna smDr
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5. VIisl édBghtleendat i c kT cphu olkirkucdhwTarel ch pr a

Disertal Rdnprgoes8§na do t S2r §manatnickh gdetoik k U §
v Ndecdtubiphub | i k oe ahfyBeobmnich evrop#kiytah | as
studiebyly pu b | i k ¢ @& § wocipRorests Central European Forestry Journddurnal of
ForestScienca Zpr §vy | e s nAuctko®h od ivslezrktvagiemen jako pmg2c e | e
autorvaut or sk®m kol ektivu zm2nBRDnlch publikaln2cg
autor disertaln?2 pr8§ce nach®582dmid$ede e mmt me k
okruhT |jsou sYWzusde wey indPk eal @&k sip @ ISdepatickgnaty arral j e b
a t talokS?mpl exnPPvreel e&mati ckl okruh mRe2¢Pmow@n
klimatu, jej2m ekologickim souvislostem a ho
se vke@me NS2 od okusu pSes ohryz a laduppon2 n
viiv klimaTsek® wzenMatyickl okruh jelerabbPech a
porostechs yugi t 2 m porostn2ch smBRs2 a introdukova
za ustupuj2c?2 smrk ztepilT.

Z2 sk an® zpouzbn a tkkasudiibyly nejenp or o msgev zahr ani | n2mi o
podm2nkami Ljeasskkd® jrseqgaulbd ide zahrani | 2 byl r oz
prezenti@warmplr Pabl i kace, ze kterlTch je tato d
prol 2naj 2 dlediskamanageMdnta gaddptReez n 2 ¢ h  eakklimatickoa ® mT
zmDnpuo ushnn § $t r oj T TpcSp TFHddds o @ a & e rbdivarzitpRrdwn y

z tNRDchto dTvodT | eedgmet tirkdazcl2l e Erelec ks | bad) etn B2
okruhT.

N2 ge j e uvteSke nt epnBaethilcekdd mdi o tpiruchtl Tgkeosvivein T ¢ h pr a

.Jedl e bDlokor8 v mDn2c2m se klimatu: ekol ogi
Bl edT, M. Brab¥caR ¥&cels, ,Z., Cukor, J., LernT, J
(2024). Silver fir Abies albaMill.): review of ecological insightsforest Management
Strategies, and Climate Changeb6s i mpact on E
.Dopady zvNhDSe na |l esn? ekosyst®my a jejich ma
Cukor, J., Vacek, ZBrabec, P..Ve | e Sa, S. , Gev]| 2k, R. , Vacek,
V., Havr 8§nek, F. (2024) . Gkody ohryzem a | ¢
posunu do mladg2ch porost T T. Reports of For e
69(4).
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Brabec,PR. , Cukor, J., Vacek, Z., Vacek, S., Skot
damage to forest stands in the context of climate cliangiew of current knowledge in the
Czech Republic. Central European Forestry Journal, 70(4)2207

.Adaptace |l esT na klimatickou zmDnu: sm2gen®
Brabec,P. , Brichta, J., Vacek, Z., Vacek, S., Gi
Picea abieqL.) Karst. andPinus sylvestrid.. forests in lowland areas of Central Bohemia.
Journal of Forest Science, 69(11), 4&%.

Brabec,P.Vacek, Z., Vacek, S., Gtefanl2k, I ., Cu
Sitkovg, z. , P ut adlimate§esporkes d¢ficen BizHensigBonG.f Canvt h
versusPicea abiegL.] Karst. in the British Isles and Central europe. Central European Forestry
Journal, 69(3), 167178.

Zeidl er, ABrabe®Br, TVlikoamc z\a.k,, K., BedSich, J., \

(2024). The possibility of using namative spruces for Norway Spruce wood replacetent

case study from the Czech Republic. Forests, 15(2), 255.
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51. Jedl|l e DbADiésabaMill8) ( Ekol ogi ck® poznat k
hospodaSen2 a dopady zmRny kIl imatu

Bl edT, M., Vacek, S., Brabec, P., Vacek, Z.,
(2024). Silver fir Abies albaMill.): review of ecological insights, Forest Management
Strategies, and Climate Changeo6:998i mpact on E

Abstrakt

Jedleb Nl ok ok @y s i domi nantn? jehlilnan stSedoe\
viraznim %t lumem kv Tli prTmyslov®mu zneli gtr
Jej2 pod2l v |lesklch |l es2ch kIl esM pzoshiedtndrcil

dek&hds8ce vgak |jej? popul ace | 8§8sFaddaddp toibvnnolviu

|l esnickTm prakti k?§&m. Jedle hraje kl?2]ovou r
ekosyst®mT, zejm®na na vIhkTch stanepoostgt 2 ch
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Abstract: The silver fir (Abies alba Mill.) is among the most valuable conifers in Europe for ecological and
economic reasons. In the course of history, primarily in the 20th century, its share in stands has been declining
due to ill-suited management practices, especially clear-cut management, air pollution, and wildlife-induced
damage. Based on recent knowledge of fir ecology and population dynamics, small-scale shelterwood and
selection management have been introduced in fir stands, which have also stabilized them. Fir is an essential
species for maintaining high stability and biodiversity, especially on planosols and in waterlogged habitats.
Due to its shade tolerance and environmental flexibility, particularly at higher altitudes, it can coexist very well
with many tree species in mixtures, which can increase the productive potential of stands. It can form stands
of heterogeneous structure, ranging from single to multi-layer to selection. For its successful natural
regeneration, it is essential to reduce cloven-hoofed game and thus prevent bud browsing damage. On the
other hand, fir is a species relatively resistant to bark stripping and the spread of secondary rot compared to
Norway spruce (Picea abies [L.] Karst.). During global climate change, fir is expected to shift to higher elevations
with sufficient precipitation, while in the southern part of its natural range or at lower elevations, outside
water-influenced habitats, it is likely to decline. This paper essentially reviews the description and distribution
of the species, its ecological requirements, threats and diseases, habitat and stand conditions, and close-to-
nature forest management practices with emphasis on ongoing climate change.

Keywords: forest management; silver fir ecology; climate change impact; biodiversity; threats and
diseases; regeneration practices

1. Introduction

From the ecological and economic perspectives, silver fir is one of the most significant coniferous
tree species in Europe [1-6] as well as in Czechia [7-10]. Originally, fir was the most abundant
coniferous tree species in Czechia; its share in the natural species composition is reported to be 19.8%
[11]. In contrast to other major tree species, fir never formed unmixed stands, i.e., pure fir stands, on
zonal sites [12,13]. According to Malka [14], significant changes are evident in the representation of
fir throughout history —year 1200: 20%, 1600: 30%, 1800: 23%, and 1900: 10%. The increase in fir
representation, up to 30%, was likely supported by more widespread grazing under deciduous trees
and raking of their litter, thus improving the conditions for the germination of fir seeds [13,15-17]. In
1950, the proportion of fir in Czechia was approximately 3%, in 1970, 2.1%, and in 1998, it had
declined to 0.9%. Currently, fir grows on 32,272 ha, i.e., 1.2% of the forest area of Czechia [11] and its
share in forest regeneration is gradually increasing [approximately 1500 ha annually; 11]. A similar
trend is also visible in other European countries.

Fir is a climax species [18] that cannot thrive at lower elevations and in warm regions (especially
in the Mediterranean), as it is limited by lower precipitation [19], but it can be compensated by higher
soil water content and sufficient air humidity [20]. However, fir does not grow on permanently
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waterlogged sites [21]. In Northern Europe and in mountainous areas, silver fir is limited by low
temperatures and late frosts that extend into the early part of the growing season [22,23].

Being an indicator of various types of air pollution [24], the distribution of fir was strongly
affected by the air pollution calamity in the second half of the 20th century [8,25-27]. Synergism of
air pollution with the occurrence of silver fir woolly aphid (Dreyfusia normannianae), balsam woolly
aphid (Dreyfusia piceae), and poor management practices have also been reported [4,5,9,28]. A
decrease in silver fir abundance is also hastened by game-induced damage through bud browsing,
bark stripping, browsing, and fraying [8,29-34].

Current fir dieback is mainly attributed to climate change [5,9,27,35,36]. In particular, warm
summers and recurrent drought have a significant negative impact on the health of silver fir [2,20,36-
38].

This literature review of 341 studies aims to assess the role, opportunities, and risks of silver fir
in European forestry. The secondary objectives focus on a detailed review of (i) species description
and distribution, (ii) ecological requirements, (iii) threats and diseases, (iv) habitat and stand
conditions, (v) seed production and nursery management, and (vi) close-to-nature forest
management with an emphasis on the ongoing climate change.

2. Description and Distribution

The silver fir is characterized by a solid, cylindrical trunk and a conical to cylindrical, very
regular crown (Figure 1). In old trees, the lateral branches overgrow the terminal and form a flattened
“stork’s nest” at the top of the crown. Fir grows 30-60 m tall and 1-2 m in trunk diameter. The root
system is formed by a tap or even heart-shaped root with deep-reaching lateral roots, which provide
stability. The bark contains resin canals, is smooth, whitish-grey, becoming longitudinally fissured,
and darker grey. The wood is yellowish-white, with sharply defined annual rings, without resin
canals. The annual shoots are smooth and brown with distinct dark hairs. The buds are ovate, brown,
and without resin. The needles grow in two rows, covering the shoot on fruiting branches. They are
18-30 mm long, about 2 mm wide, flat, dark green above, glossy with two pale bands of stomata
below, usually slightly notched at the tip, and rounded to pointed on fruiting branches. Male strobili
are 2 cm long and 0.6 cm wide, greenish-yellow, primarily on the margins of the mid to lower part of
the crown, at the base of the previous season’s branch twigs. Female strobili are 2.5-4.5 cm long and
1-1.5 cm wide, greenish-yellow to red, borne on uppermost branches on the previous season’s branch
twigs. Fir cones are 10-18 x 3-5 cm, erect. Initially, the cones are greenish to bluish in color, brown
when ripe, each scale with an exserted bract, usually turned down and pressed to the scales. The seed
is 7-10 mm long, triangular, glossy brown, and the wing is broad and asymmetrical. Flowering in
April-May, the cones ripen during September in the first year. Fir has a lifespan of 300-600 years
[3,18,39-42].
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Figure 1. Tree habitus, branch with cones, needle, and scales with the seed of silver fir (Abjes alba Mill.).

Silver fir grows primarily in Central and Southern Europe. Its distribution range is relatively
small, divided into larger and smaller areas, but its potential range is significantly larger (Figure 2).
In the south, it grows from the Pyrenees through Corsica, Southern Italy, and Macedonia to Bulgaria
and Greece. Its southernmost limit is in the Southern Apennine Peninsula in Calabria, while the
westernmost range closes up in the Eastern Pyrenees, where it also forms the upper boundary of the
forest. Further west, there is a small isolated area in the Normandy hills of northwest France and
another in central France. A more continuous distribution begins in the western foothills of the Alps
in eastern France and the Jura, Vosges, and German Black Forest. The northern boundary of the fir
goes through the Weser Uplands in northwestern Germany, the Thuringian Forest, the foothills of
the Ore Mountains (Krusné hory), and the Giant Mountains (Krkonose), on through the Malopolska
and Lublin Uplands in Poland. It reaches its northern limit near Warsaw and in the Bialowieza Forest.
The eastern boundary continues into the Eastern and Southern Carpathians. Inside the Alpine system
and in the Tatra Mountains, it grows sparsely. However, silver fir also occurs in the lowlands, for
example in France, Poland, and Ukraine [2,3,18,25,40,42-44]. It is the leading co-dominant tree,
primarily in the forest altitudinal zones 4-6 400-1200 m a.s.1.; [45]. In these typical fir habitats, it forms
mixed forests together with European beech (Fagus sylatica 1.) and Norway spruce (Picea abies [L.]
Karst.), characterized by a complicated internal structure, the so-called Hercynian mixtures [46-48].
Montane forests, composed of these three tree species, cover a total area of more than 10 million
hectares in Europe [49].
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Figure 2. Map showing the maximum habitat suitability for silver fir (Abies alba Mill.) in Europe [3].

3. Ecological Requirements and Production

Abies alba prefers a predominantly oceanic temperate cool and humid climate with mild winters,
ideally like the continental climate in Poland. It grows from 135 to 2900 m above sea level [39]. Fir-
beech forests in the central part of its distribution range are considered the optimal habitats for silver
fir, i.e., to the south from Czechia, at altitudes of about 800-1200 m a.s.l., with precipitation of 1000
mm or more [40,50]. At lower altitudes, silver fir occurs in cooler and wetter basins and also on
alluvial plains at the northern boundary of its range [51]. Severe and dry winters and dry, hot
summers are unsuitable for fir. It is sensitive to late frosts [18,40,42,52].

The silver fir is a tree species that could benefit from the anticipated climate change, especially
in terms of dispersal to higher altitudes with sufficient precipitation, except in areas with severe
winters [25,47,53]. However, it has considerable moisture requirements and is one of the species with
the highest air humidity requirements. The minimum precipitation varies between 500-1000 mm, the
optimum is 1000-2500 mm, and the need for precipitation increases from north to south. An exception
is the relatively xerophilous relict intra-alpine ecotype in the canton of Wallis (southwestern
Switzerland), in an area with low annual precipitation of 400-550 mm, of which only about 270 mm
comes during the summer [15,16].

The fir is known for its ability to tolerate shade for several decades [54]. Fir undergrowth can
grow in heavy shade for as long as 120 years, with a height of only 1-2 m. Its light requirements are
influenced by a complex of other climatic factors (heat, precipitation, soil moisture, humidity, and
airflow) and soil factors. The more favorable the habitat conditions, the lower the light requirements
of the fir. In contrast, at cooler, higher elevations or on drier and mineral-poor soils, even at the lower
limit of its range, the light requirements of fir trees are significantly higher [15,16]. Fir grows primarily
on deeper, moderately fertile to rich, moist to waterlogged soils. However, it can adapt and grow on
stony or peaty soils. In some areas, its optimal habitat is limestone (Western Alps, Jura). There is no
equivalent substitute for this tree species on heavier loess soils, especially on planosols at mid and
higher altitudes [16,50]. In mixed forest stands, the addition of fir needles stimulates the formation of
desirable forms of humus and, with regard to the penetration of root systems into deeper soil layers,
especially compared to spruce, fir positively influences soil properties and stand stability [55]. In
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mixtures, silver fir also positively contributes to creating and maintaining a desirable stand
environment, especially considering that it can thrive as a component of the lower layer for a long
time. It helps balance extremes in temperature, humidity, and airflow limitation [53].

Silver fir is a high biomass producing tree species, which is documented by data from numerous
growth charts and field measurements. For example, at a mean height of the main stand of 30 m, the
roundwood volume reaches 580 m? [56]. According to the overview in Table 1, the average volume
of mature fir stands ranges from 237-657 m? ha"! and the stand basal area from 20.6-70.0 m? ha-'.
However, timber processors are not yet able to adequately exploit the high-quality and standard
production of fir timber compared to spruce, and therefore, the produced mass is not sufficiently cost
efficient. An interesting feature of the change in the timber market during the years of the bark beetle
calamity in Czechia (2016-2020) is the fact that the price of fir timber in roundwood assortments has
increased significantly and is currently at the same level as that of spruce [57].

Table 1. Overview of selected available publications related to silver fir (Abies alba Mill.) production
parameters in Europe.

Basal

Aldside Age’ DBH Helght s Vohoie oy Climate

Study Country pnasi] fy] feml [ml] [m? [m*ha’] [trees clas.smcat
ha] ion
ha]
Bosnia
and max. 28.7-
[58] Fiexradi to 1078 165 45.7 274-590 588-732 Dfb
ina
+ 284- 194~
[10] Croatia 876-978 73-76 02 2.6 227-361 Cfa
: 289- 18.0- 434-
9] Czechia 660-710 56-146 407 26.0 533 486-594 336-816 Dfb
. 940-  158- 23.0- 13.0-
[59] Czechia 1100 189 270 15.0 450-560 Dfb
[60] Czechia 640-800 68 29-34 333 Dfb
. 258- 21.2-
[10] Czechia 660-790 63-76 318 236 346-398 Dfb
; 18.0- 17.0-
[61] Czechia 330 45 220 19.0 164-372 714-1042  Cfb
s 108- 154- 228- 20.6-
[8] Czechia 670-730 126 349 76 435 237-598 456-1624  Dfb
max. 35.0- 1175~
[62] Italy 1200 130 45.9 336-356 1215 Cfb/Csb
944 23.0- 18.7-
[10] Italy 1324 66-75 281 25.4 220-289 Csb
[63] Poland 337-889 40-115 >0 1= 355 o) 657 211-1852 CibDd

46.5 315 438
24.6- 249- 27.6-
[64] Poland 550-600 68-78 300 %55 379 362-533 569-752  Dfb

21.0- 273- 34.0-

[65] Poland 300-725 40-150 39.0 310 700 382-715 Cfb/Dfb
[66] Poland 194 60 33.1 222 301 378 Cfb
[8] Poland 520 124 345 352 433 591 464 Dfb

. 100~ 35.0-
[67] Romania 700-950 130 7.6-45.0 5.8-31.6 45.0 299 Dfb
[68] Slovenia 850 11(;82- 334 207 Dfb
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: 750~ 36.0-  28.0-
[69] Ukraine 1045 94-132 48.0 300 324-550 Dfb
Notes: climate classification according to Koppen [70]: Cfa—humid subtropical climate, Cfb—oceanic climate,

Csb—warm-summer Mediterranean climate, Dfb —warm-summer humid continental climate.

Fir is the slowest growing tree species in the first 10-15 years compared to beech and spruce,
although it can tolerate the lack of light for a long time. Therefore, it can only succeed in the
regeneration if it has a time lag of at least 15-20 years over other tree species that are more vigorous
in their youth [71,72]. Another prerequisite for its successful growth is sufficiently differentiated
stands in which fir can maintain a long crown [9,73]. Subsequently, the height increment of fir
accelerates until around year 15, peaks at 30-40(-70) years or much later in unfavorable conditions,
and persists for over 100 years. Volume increment peaks at around 55-65 years, i.e., relatively late
[40]. As a result of climate change, a significant increase in annual volumetric increment of fir trees,
from 7.2 to 11.3 m* ha'y-, has been recorded in Europe from 1980-2010 [49].

Fir's ability to tolerate shading and regenerate under it makes fir suitable for multi-layer, all-
aged stands and for single and group mixed selection forests [4]. In mixed stands, its strengthening
function against windthrow and its beneficial effect on the soil is highly valued [55,74]. This is also
true in the case of the Hercynian mixture, which used to be the most common composition of natural
stands at mid and mountain altitudes in Central Europe. In ravines and on scree, fir mixtures were
formed, e.g., with maples (Acer spp.), in warmer habitats with European hornbeam (Carpinus betulus
L.), and in poorer habitats also with Scots pine (Pinus sylvestris L.). Limes (Tilia spp.), sessile oak
(Quercus petraea [Matt.] Liebl.), rowan (Sorbus aucuparia L.), or hazel (Corylus avellana L.) occur as
subsidiary species. In the Pyrenees, it accompanies the mountain pine (Pinus uncinata Ramon ex DC)
on the uppermost border. In other habitats, fir is usually found only as an admixed or interspersed
tree species [75]. It maintains its presence here primarily due to its ability to survive in the understory
for a long time or its ability to grow on alternately wet and waterlogged soils [9,13,47,76].

In forest stands, fir affects the soil mainly by the quality of litter and its relatively low
decomposition rate [64,77,78]. In particular, fast-decomposing deciduous species decay within a few
months (C/N ratio = 12-25), whereas it takes several years to slow decomposers, mainly conifers (C/N
ratio > 40), including silver fir [79]. Spatial structure also influences soil conditions through litter [80].
The amount of litter is higher under the tree canopy than in the openings [81,82]. Different spatial
structure of stands greatly influences thermal, light, and moisture conditions, and thus affects the
rate of litter decomposition [83-85]. Stand gaps are characterized not only by increased light, heat,
and precipitation but also by faster decomposition of organic litter [86,87] and higher nutrient
concentrations in the soil solution [88]. In addition, soil heterogeneity of stands is enhanced by the
cluster distribution of concentrated roots and, thus, higher water and nutrient consumption [89,90].

Generally, the success of natural regeneration, apart from ground vegetation [91], depends on
the properties of the topsoil horizons [92], which is a condition for seed germination, root
development, relationships with soil microflora, and the availability of water and nutrients [85].
Compared to spruce, fir is characterized by a lower acidification capacity and a higher C/N ratio [93].
Tiestik and Podrazsky [94] reported a lower (54%) accumulation of forest floor humus in fir stands
and significantly higher total nitrogen and calcium contents compared to spruce.

In the natural species composition, fir reached the highest proportion in the ecological series of
gleysols and planosols, up to 70%. The groups of forest habitat types include (Fageto-) Abietum
varichumidum mesotrophicum, Abietum piceosum variohumidum acidophilum, Abietum piceosum
variohumidum oligotrophicum, Abietum quercino-piceosum paludosum mesotrophicum, and Abietum
quercino-piceosum paludosum oligotrophicum [50]. In these habitats, fir formed a full spectrum of mixed
stands, with beech, spruce, oaks, sycamore maple (Acer pseudoplatanus L.), black alder (Alnus glutinosa
[L.] Gaertn.), silver birch (Betula pendula Roth.), European aspen (Populus tremola L.), and Scots pine
[75]. Itis often the main species of montane forest phytocenoses, such as silver fir and European beech
(Abieti-Fagetum), subcontinental silver fir forests (Galio-Abietion), upland fir forests (Querco-
Abietetum), and slope forests of silver fir (Abietetum albae) in Switzerland [95]. It also forms forest
phytocenoses with spruce [Piceetunt subalpinum sphagnetosum; 95].
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As a long-lived species, fir is considered an important ecological and functional stabilizer of
European forests [3]. It stabilizes soil, retains water, and is less susceptible to snow and ice damage
than Norway spruce [7,96,97]. Silver fir is an essential species for maintaining high biodiversity in
forest ecosystems due to its tolerance to shade, ability to survive extended periods in the understory
and respond when light conditions become more favorable, plasticity to environmental conditions,
and ability to coexist with numerous tree species [8,54,98].

Fir is normally the most differentiated tree species in terms of age, height, and diameter, which
makes the natural forest with a higher proportion of fir trees close to a selection forest in its structure
[99-101]. With a higher representation of beech at the expense of spruce, the regeneration and growth
of fir is more continuous, creating a vertical and multi-layered canopy [102]. A higher spruce share
creates a typical horizontal fir and spruce canopy at the optimum stage—as a consequence of the fact
that the lifespan of trees is longer than the duration of their height growth [103]. The optimum stage,
also characterized by stagnation of natural regeneration, usually occupies about 20% of the area of
the natural forest, and its duration is expressed in the same period over the entire development cycle,
i.e., about 80 years [76,103,104].

At the main level of the stand of both selection and cultural forests, we normally see a gradual
rotation of the principal tree species in larger or smaller areas [99,105]. It is clear that especially in
forest altitudinal zones 5 and 6, there is a gradual rotation of generations of fir, spruce, and beech in
their typical stand mix at the main stand level. This is likely due to the shorter lifespan of beech and
its requirements for specific light and soil conditions [46,76,103,106-108].

The interchangeability of tree species in the same stand is also seen in the context of their
different light use [47]. Firs primarily use the short-wavelength blue component of the solar spectrum
400-430 nm; [109] and, according to research, are more sensitive to the lack of this component than
to the overall reduction in light intensity that occurs in shaded conifer stands [75,99,110]. This fact
also explains the better regeneration of firs under spruce than under fir canopy, a historically
observed phenomenon [4,52,111]. Since the spontaneous interchange of these two tree species in the
same stand cannot be explained by different lifespans (both tree species naturally live to the same
age, on the average of 300-400 years, although some firs live up to 500 years), the different use of the
components of the solar radiation spectrum is one of the causes of this phenomenon [99].

The competitive abilities of tree species in the mixture also change depending on the soil
properties [112]. Acidic soils reduce the vigor of beech, and calcareous soil, the vigor of spruce. With
increasing acidity and excessive soil moisture, fir and spruce establish at the beech optimum, while
nitrogen-rich soils reduce conifer vigor [46]. According to Ellenberg [113], Tinner and Lotter [114], fir
is more competitive than beech in locations with lower temperatures and higher summer rainfall.
According to historical records, the abundant summer precipitation is more crucial for fir than low
temperatures. For example, in the Insubrian Alps, palaeobotanical studies documented fir dominance
that lasted for several millennia before vanishing due to human-induced forest fires. Summer
precipitation reached 800 mm, and the average June temperature was 22 °C, 4 °C higher than in
Central Europe [114].

In more complex layered stands, where the growth space is fully utilized, the amount and
biomass production of the understory (lower story) is inversely influenced by the biomass of the main
stand upper stories; [64,115-118]. Changes in the upper story, combined with canopy disturbance,
are quickly reflected in a changed light regime of the understory, and, thus, in an increase in its
biomass. Hence, the reduction of the canopy, whether natural or artificial, affects the structure and
vigor of natural regeneration [71]. In forests of the typical Hercynian mixture of forest altitudinal
zones 5 and 6, the requirements of fir, spruce, and beech for light, nutrients, and water, do not differ
substantially, while light intensity plays the most important role in growth [47,119,120]. Tree species
differ significantly in their ability to survive in the long term under reduced light conditions while
maintaining fully functional and efficient photosynthetic processes [121]. Research indicates that fir,
an extremely shade-tolerant species, has a distinct competitive advantage, especially over spruce
[46,115,120]. This fact is also confirmed by the preserved montane mixed forests of the Romanian
Carpathians by Stancioiu and O'Hara [117]. These studied stands lie at an altitude of 800-1300 m
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as.l, and the age of the main stand is 70-350 years. Their results show that at low light intensity
(Percentage of the Above Canopy Light, PACL < 20-35%; BA > 30 m? ha"'), fir and beech clearly
outgrow spruce, and the latter can even be eliminated from the regeneration as it develops. Under
medium light conditions (PACL = 35-70%; BA =15-35 m* ha"!), the growth abilities of all three species
are equal, while under open conditions (PACL > 80-90%; BA < 15-20 m*ha™'), all of the three species
show the same development, with the spruce tending to outgrow the other two shade-loving species
[117]. Another factor is the reduction in height increment of fir under direct sunlight (PACL > 80—
90%) compared to maximum growth when shaded PACL = 50-80%; [117]. The fact that strong
interventions into the main stand canopy are more favorable for spruce and beech than for fir has
been noted by many authors [99,115,121-124].

Numerous studies confirmed that mixed stands can have higher biomass productivity than
monocultures in suitable habitats [107,125-128]. Silver fir and Norway spruce also grew faster in
mixed stands than in monocultures, and their complementary effect increased with improved
growing conditions, i.e., resource availability or climatic conditions [129-131]. However, an increase
in complementarity and productivity can occur in these species if the interactions affect the
absorption of photosynthetically active compounds by radiation or light use efficiency [126].

Changes in species composition also cause dissimilarities in growth characteristics and ideal
conditions for the initial and subsequent growth of natural regeneration of tree species [71]. In the
last 40-60 years, a significant decline of fir in forest stands and its gradual replacement by spruce or
dynamically spreading beech has been observed, both in the Hercynian and Carpathian regions
[7,8,30,132-137]. Especially in forest altitudinal zones 5 and 6, the predominance of beech
regeneration over fir regeneration has been documented. In the well-preserved Dobro¢ Primeval
Forest in Slovakia, the percentage of fir in the regeneration was around 60% in 1935, followed by a
significant decline. Korpel [76] reported only a 20% share of fir in the late 1970s and 1980s. This
phenomenon has been interpreted as a common substitution of tree species occurring during the
development cycle in virgin forests [76,104]. However, the negative influence of game on fir
regeneration was evident at the time, and as the regeneration continues to decrease in many areas,
this has been assessed as an unnatural and negative development that is unlikely to be reversed
naturally within the evolution of the forest stand [8,30,102,132].

4, Threats and Diseases

One of the most striking aspects of the ecology of the silver fir is its recurring decline, observed
in Europe since the 1500s [111,138-140]. The rapid decline of fir in Central Europe has been associated
primarily with the intensification of human activity in forests and the development of industry [141-
145]. However, data on fir dieback dates from well before the mass industrial expansion of the 20th
century [8,9,13,25,99,146-148]. Fir dieback and its problematic natural regeneration have been
observed from the 1960s to the 1990s. The decline was first interpreted as a marginal effect of the
natural range of fir [149], but in the 1970s and 1980s, fir dieback of varying intensity was observed
across the entire natural range of the species [139,150]. While the exact cause of silver fir dieback has
not yet been established, it is generally believed to be a combination of abiotic, biotic, and
anthropogenic factors [8,96,151,152].

Very sensitive to air pollution [153,154], fir was believed to be in decline due to its subsequent
stress [9,26,27,52,151,155-157]. In particular, SOz pollution was a critical factor in the decline of silver
fir in the 20th century [151]. The worsening situation was reflected in reduced growth and increased
tree mortality [5,151]. There were predictions that silver fir would eventually experience general
dieback due to air pollution [158], but in the interim, SO: concentrations declined significantly. In
Europe, SOz emissions peaked in the early 1980s and from that point until 1995, decreased by 50%
[159,160], which triggered a rapid recovery in fir growth and vigor [26,38,161].

When the air pollution decreased, fir stands regenerate, even in the most affected areas
[7.8,30,148,151]. According to Bosela et al. [26], Bountgen et al. [38], and Mikulenka et al. [9], this was
due to the combination of air pollution reduction and an increase in temperature. Bosela et al. [26]
cited that the most significant factors which positively affect radial growth in the four regions of the
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Western Carpathians are the reduction in air concentrations of SO: and NOs and an increase in
temperature in April, June, and July. Although there are differences between the areas in all four
regions, a rapid acceleration of the increment in the last two to three decades was observed, reaching
values between 150 and 300% compared to previous periods. Similarly, in the forests of the Sudeten
system, there has been a significant regeneration of silver fir since the high annual SO: concentrations
(30-50 pg.m?) subsided [148,162,163].

In recent years, silver fir has increased its dominance in Pyrenean forests, in some mixed forests
in Spain [164,165], and in other European forests [59]. However, some studies suggest a different
response of silver fir along the borders of its natural range [166]. The retreat of silver fir from warmer
and drier areas has been observed in Slovenia, especially in fragmented forests and at the limits of
fir's distribution range [167]. Its dieback is often attributed to climate change [27,35,36,168-171]. The
negative impact of climate warming has been observed in southwestern Europe [2], chiefly in the
Mediterranean region, where the decline of silver fir is related to increased aridity [161]. In particular,
warm summers and recurrent drought have had a significant impact on the health of silver firs [2,36—
38,172]. Also, the narrow genetic variation of silver fir in Europe may have limited its adaptability to
current conditions [139,173-175].

However, pathogens and insect pests can also contribute to the loss of vitality and increase the
susceptibility of fir to subsequent stress. Infestation by bark beetles (Pityographus pityographus Ratz.;
Pityokteines vorontzovi Jac.; Pityokteines spinidens Reitt.) has been observed in southern France, which
could partly explain the high mortality [176,177]. The decline of firs during the period of the
ecological calamity has often been associated with the damage to fir stands by the silver fir woolly
aphid (Dreyfusia normannianae) and balsam woolly aphid Dreyfusia piceae; [178,179]. In the northern
Carpathians (Czechia, Slovakia), Slovenia, and Croatia, silver fir has declined due to the spread of
beech and, to a lesser extent, Norway spruce, and due to the failed regeneration as a result of the
cloven-hoofed game population increase [8,30,102,132,167,180,181]. The retreat of silver fir from
natural fir stands, as well as from artificial regeneration, is aggravated in many locations by game-
induced damage through bud browsing, bark stripping, browsing, and fraying [8,29,30,32-34,182-
184]. Table 2 clearly shows the high attractiveness of silver fir in terms of bud browsing damage (49%)
across Europe. Higher damage in montane forests was also recorded for rowan (57%) and sycamore
(57%) compared to minimal damage in Scots pine (5%) and Norway spruce (12%).

Table 2. Overview of selected available publications related to the proportion of browsing damage
(%) in selected tree species with an emphasis on silver fir (Abies alba Mill.).

Study Country clafslil;?c:tt?on Altitude Fir Beech Spruce Rt;wa Maple Ash Pine
[185] Czechia Dib 450-1033 41 16 14 31 22 42 0
. 1000~ _

[186] Czechia Dfb 1257 8§ 44 0 35 64

[187] Czechia Dfb 725-765 36 12 3 57 100

[59] Czechia Db 940-1100 100 78 48 76 91

[8] Czechia Dfb 520-730 88 30 9

[102] Czechia Dfb 740-920 100 56 18 94

[31] Czechia Dib 420-440 53 23 25 50 34 23
[188] Czechia Dfb 640-810 68 6 2 82 100

[182] Italy Dfe/Dfb - 900-2300 42 14 2
[189] Italy Dfc/Dfb  800-2500 41 15 13 46 46 39 14
[190] Poland Dfb 223-364 19 15 48

[191] Poland Dfb 800-1600 33 1 1 40 39

[192] S“'“Ze“a“ Dfc/Dfb 3803000 6 3 1 62 29 19
Mean 49 25 12 57 57 31 5
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Notes: climate classification according to Koppen [70]: Dfb—warm-summer humid continental climate, Dfc—
subarctic climate.

One of the most serious threats not only to fir stands but to all conifers is the removal of bark
from the tree trunks by cloven-hoofed animals (browsing and bark stripping), which happens at a
very young age. As a result of this damage, not only is the vascular cambium disrupted, but above
all, the quality of the timber is compromised by secondary infestation with fungal pathogens and the
development of stem rot. This is especially true for Norway spruce, whose value as merchantable
timber decreases rapidly due to bark damage and subsequent decay [193-198]. In contrast, there is
minimal knowledge of the effects and consequences of game-induced bark removal on silver fir.
Bazzigher, Schmid [199] and Kohnle, Kandler [200] only report that bark damage in silver fir is less
threatening than in Norway spruce, while also suggesting that fir timber is less susceptible to stem
rot. However, neither the reasons for the increased susceptibility of Norway spruce to decay nor the
mechanisms of resistance of silver fir to the spread of rot and subsequent decay are currently known.
Metzler et al. [201] reported that, unlike silver fir, Norway spruce has resin canals, which may be the
reason for the spread of fungal pathogens after bark damage by game. Game-induced bark damage
to silver fir was partially studied in terms of histological changes by Oven and Torelli [202,203], and
concerning growth and vitality by Pach [204-208], who pointed to a decrease in timber quality,
reduced vitality and growth of fir trees, and the spread of rot. This rot can manifest itself in timber
discoloration, a more advanced level of its development, and even the decomposition of the wood
mass (so-called soft rot), which very negatively affects the mechanical stability of the affected stands
[209]. Timber discoloration as the initial stage of rot can be the result of fungi, bacteria, and wood
reaction to pathogens [194,210-212].

Thus, bark damage is less harmful in silver fir than in Norway spruce, and its timber is also less
susceptible to stem rot [200]. Trees damaged by browsing and bark stripping are generally more
vulnerable to lack of precipitation, while healthy trees are more responsive to temperature [197,213],
which may play a significant role in terms of climate change. Various measures are taken in an
attempt to prevent damage to forest stands by wildlife, notably methods of individual or group
protection and the use of commercial repellents [214-217]. However, these short-term measures do
not address the long-term problem of continuous increase in population density as well as the
distribution range of wild ungulates [218,219]. These changes in the population dynamics of
ungulates are driven by many factors, including changing climatic conditions [220,221].

Silver fir decay results from the spread of rot through injured bark. Heterobasidion abietinum
infects primarily silver fir and causes stem rot, particularly in Southern Europe [222-224], where firs
are often affected by drought during summer. However, in Central Europe, this fungus does not
cause any tangible problems in fir, likely due to more favorable climatic conditions or to the low
abundance of this fungus [223,225]. Phellinus hartigii occurs on silver firs with injured bark in Central
Europe [226,227]; Figure 3.
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