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ABSTRACT

Although the ongoing global climate change elicits a shift in tree species composition along the vertical gradient, very extensive areas of pure
Norway spruce [Picea abies (L.) Karst.] stands still occur out of their ecological optimum in the Czech Republic and Central Europe. Adaptive
measures should be applied in these stands to promote productivity and stability. All measurements were performed in the 2018-2021 period
on three permanent research plots located in the North-East part of Bohemia (Czech Republic). Based on the results, the most favourable
way to increase solar radiation use efficiency expressed by canopy production index (CPI) and leaf area efficiency (LAE) is in-time heavy pre-
commercial thinning application. The highest CPI and LAE values were observed in the Norway spruce stand after heavy pre-commercial
thinning application (CPI = 2.00 and LAE = 1.59). In contrast, CPI = 1.26 and LAE = 0.99 were observed after the mild one, and CPI = 0.73 and
LAE = 0.60 were reported in the control treatment with no silvicultural intervention. Overall, the presented results indicate a positive effect of
heavy pre-commercial thinning on CPI and LAE in pure young Norway spruce stands. However, more effort should be devoted to studying the
impact of different pre-commercial thinning intensities on solar radiation use efficacy across a broader gradient of site conditions, and future

work should also be extended to other tree species.

For more information see Summary at the end of the article.
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uvoD

Globalni klimatickd zména (GKZ) zptisobuje nartist etnosti extrém-
nich klimatickych udalosti (RAHMSTORF, Coumou 2011). Probihajici
GKZ je tedy velkou vyzvou pro vSechna odvétvi, nevyjimaje lesnic-
ko-drevarsky sektor. Lesni ekosystémy jsou na jednu stranu vysta-
veny a ohrozeny GKZ, ktera ovliviiuje rist dfevin napii¢ druhovym
spektrem (SALOMON et al. 2022), ale na druhou stranu ji mohou tlu-
mit (mitigovat) sekvestraci uhliku do biomasy a rovnéz pusobi jako
vhodné adaptacni opatfeni prostfednictvim regulace vodniho rezimu,
kvality ovzdusi a dokonce snizenim klimatickych extrémi (VACEK et
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al. 2023). V posledni dobé je v podminkach CR zejména smrk ztepily
[Picea abies (L.) Karst.] silné suzovan abiotickymi faktory nasledovany-
mi poskozenim sekunddrnimi biotickymi skadci (Ips typographus L.;
HLAsNY et al. 2021), které zptisobuji zvySeny podil nahodilé tézby
(SIMUNEK et al. 2020). Proto nové poznatky o vlivu réiznych hospo-
daiskych opatfeni v lesnich ekosystémech, které mohou ovlivnit jejich
ekologickou stabilitu, hraji zasadni roli v tlumeni GKZ (NAUDTS et al.
2016), ktera stale vice ovliviiuje schopnost lesii poskytovat ekosysté-
mové sluzby jako je produkce biomasy, sekvestrace uhliku, regulace
kvality ovzdusi a vodniho rezimu (BELLASSEN, LUYSSAERT 2014; Bot-

TERO et al. 2021).
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V kontextu GKZ je zcela zasadni dostupnost zdroji pro lesni dreviny,
ktera vyraznou mérou ovliviiuje produkci listovi (VOsE, ALLEN 1988).
Ta ma vyznamny vliv na intercepci slune¢niho zafeni pottebného pro
proces fotosyntetické asimilace jakozto hlavniho produkéniho proce-
su rostlin. Fotosyntetickd asimilace za¢ina absorpci fotosynteticky ak-
tivniho zafeni (FAR; vlnové délky 380-720 nm; LARCHER 2003; TA1z,
ZEIGER 2010) rostlinnymi pigmenty, kde dochazi k pfeméné energie
FAR na energii chemickych vazeb organickych litek (OLascoaca
et al. 2016), ktera se na konci tohoto fyziologického procesu proje-
vuje sekvestraci uhliku a rdstem rostlin (LANDSBERG, SANDs 2011).
V mnoha produkénich studiich byl prokdzan linedrni vztah mezi ab-
sorbovanym FAR (AFAR) a rtistem rostlin, a to jak v lesnich porostech
riizného drevinného slozeni (napt. JArRvis, LEVERENZ 1983; GRACE at
al. 1987; CANNELL et al. 1988; DALLATEA, JOKELLA 1991; CERNY et
al. 2020a), tak u zemédélskych plodin (napf. STOCKLE, KINIRY 1990;
SHI et al. 2022). Skute¢na produkce rostlinnych spolecenstev daného
stanovisté vSak neni uréena pouze mnozstvim AFAR, ale i efektivitou
premény svételné energie na biomasu v ramci procesu fotosyntetické
asimilace. Ta je zavisla jak na stanovi$tnich podminkach (dostupnost
vody a pudnich Zivin, CENDRERO-MATEO et al. 2015; KUMARATHUN-
GE et al. 2020), tak i na struktufe porostu (index listové plochy — LAI,
kvalita asimilaéniho aparitu, hustota porostu), druhové diverzité
a formé smiSeni, které Ize plné usmérnovat péstebnimi zasahy (LE-
DERMANN et al. 2022).

Efektivita je obecné definovana jako pomér mezi libovolnou métrenou
proménnou produkce biomasy a méfenim zasoby ¢i vyuZiti zdroje
(GsPALTL et al. 2013). Pfeména svételné energie na biomasu neni
ovSem zavisla pouze na mnozstvi asimilaéniho aparitu (LAI), ale
také na jeho kvalité, tj. na poméru slunného a stinného typu listovi
ve vertikalnim profilu koruny (URBAN et al. 2007; RAJSNEROVA et al.
2015). Uvedené typy listovi se vzajemné li$i svymi morfologickymi,
anatomickymi i fyziologickymi vlastnostmi. Stinny typ listovi je v po-
rovnani se slunnym obvykle tenci, ovSem s vétsi plochou povrchu,
ma niz$i pocet stomat (priaduchi) na jednotku listové plochy, vétsi
chloroplasty s nepravidelné orientovanymi grany (shluky tylakoidt),
maji jinou stavbu mezofylu, kterd se mj. promita do zmény vodivosti
CO,, maji vyssi obsah chlorofylu a karotenoidi a nizsi obsah dusiku
(S1ms, PEARCY 1994; LICHTENTHALER et al. 2007). Vzhledem k témto
rozdiliim ma stinny typ listovi niz§i mitochondrialni respiraci a niz-
$§i kompenza¢ni i satura¢ni bod fotosyntentické asimilace. To po-
tvrzuje skute¢nost, Ze fotosynteticka aktivita slunného typu listovi
je statisticky vyznamné vy$$i nez u stinného, coz ma zna¢ny vliv na
mnozstvi sekvestrovaného uhliku jednotlivymi stromy, resp. celymi
lesnimi porosty (URBAN et al. 2007). Z tohoto divodu slunné druhy
drevin, i prestoze maji niz§i LAI, ale vyrazné vys$s$i pomér slunného
typu listovi, dosahuji podobné efektivity produkce jako plné olisténé
stin snadejici dfeviny (O "HARA et al. 1999; URBAN et al. 2007).

Pomér slunného a stinného typu listovi ve vertikdlnim profilu koru-
nové vrstvy porostu lze usmériiovat péstebnimi zasahy. Bylo zji$téno,
Ze duleZitou informaci je nejen jejich intenzita, ale také typ vychovné-
ho zasahu; zvlasté rozdil mezi uroviiovym a podurovitovym zasahem
(POKORNY et al. 2008; CERNY et al. 2018). Uroviiovym zdsahem do-
chézi ve vertikdlnim profilu koruny ke zvy$eni podilu slunného typu
listovi (s vy3si fotosyntetickou aktivitou), naopak poduroviiovym za-
sahem k tomuto stimulu tvorby slunného typu listovi nedochdzi. Pés-
tebni zdsah ma tedy zcela zdsadni vliv jak na kvantitu, tak predevsim
na kvalitu listovi, a tim i na efektivitu vyuziti FAR porostnim zapo-
jem. Nejvyssi efektivitu porostiit vychovavanych drovilovymi zdsahy
potvrdili napt. POKORNY et al. (2008) a CERNY et al. (2018) ve smrko-
vych ty¢kovinach a ty¢ovinach v horskych a sttednich polohach. Po-
KORNY (2015) uvadi, ze relativni svételny pozitek 1-2 % (tj. ozafenost
pod korunovou vrstvou z celkové ozafenosti nad porostem) je limi-
tujici svételnou dotaci pro rist listovi a jakékoliv rostlinné vegetace.
Tato hodnota ozafenosti pod porostnim zapojem, resp. metodicky
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reciprokd hodnota LAI muzZe slouzit napf. jako ukazatel uspé$nosti
ptirozené obnovy lesnich porostti (napf. BEDNAR et al. 2022). Z fyzio-
logického hlediska tyto nizké (mezni) hodnoty ozafenosti na bazi ko-
run vétsiny druhti dfevin ziejmé nemohou udrzet kladnou uhlikovou
bilanci asimila¢niho aparatu, ktery opadava, a novy se v takto nizkych
radia¢nich podminkach dile viibec nevytvaii. Tato skute¢nost ma
v péstovani lest také vyznam v ¢isténi kmene dané dfeviny ve vazbé
na hustotu lesniho porostu (ALBRECHTOVA et al. 2017).

Obecné je znamo, Ze svétlo je nejtésnéji vztazeno k produkei bioma-
sy rostlin (MonTEITH 1972; CERNY et al. 2020a). Efektivita vyuziti
svétla jakoZto pfimo méfeného zdroje je v sou¢asné dobé nejcastéji
oznacovana jako dlouhodobé Radiation Use Efficiency (RUE; g MJ™;
napt. CERNY et al. 2020a), ¢i kratkodoba (okamzitd) Light Use Effi-
ciency (LUE; g MJ'; napt. GAN et al. 2021). Pro vyjadreni efektivity
vyuziti slune¢ni radiace se ovéem muzeme v odborné literatute setkat
s listovou plochou ¢i plochou béle jako zastupujici proménné zdroje
svétla ¢i vody (SHINOZAKI et al. 1964) pfipadné s terminy: Efektivita
priristu objemu kmene (VIE), ktera je definovand jako pomér mezi
prirtistem biomasy kmene a AFAR (GROOT, SAUCIER 2008), Efektivita
listové plochy (LAE) definovana jako pomér mezi piirtistem kruho-
vé vycetni zékladny a listovou plochou (napt. CERNY et al. 2018) ¢i
Index produktivity porostniho zapoje (CPI), ktery byl uveden jako
ekvivalent VIE (TayLor 1993; NorBY 1996). ProtoZze mnozstvi do-
padajiciho FAR a efektivita jeho vyuziti jsou hlavnimi fidicimi sloz-
kami procesu fotosyntetické asimilace (GSPALTL et al. 2013), pii niZ
je vazan atmosféricky CO, do biomasy vegetace (MONTEITH 1977),
je nesmirné dtlezité presné stanoveni zachytné plochy (LAI), resp.
mnozstvi fotosynteticky aktivniho listovi (OLASCOAGA et al. 2016).
Listovi je s ohledem nejen na porostni vychovu dynamickou a varia-
bilni slozkou struktury lesa (FRAZER et al. 2000; BEQUET et al. 2011),
v niz se vyskytuje nejvice drobnych ¢asovych a prostorovych zmén
v celé biosfére (ASNER et al. 2003). Proto se mnozstvi neseného listovi
stava zakladni popisnou proménnou vegeta¢nich podminek v $iroké
gkale fyziologickych, klimatologickych, hydrologickych a biochemic-
kych studii (WULDER et al. 1998; ZHENG, MOSKAL 2009). VSeobecné
je v téchto studiich mnozstvi asimila¢niho aparatu neseného konkrét-
ni porostni strukturou kvantifikovidno parametrem LAI (ASNER et al.
2003; FOURNIER et al. 2003), ktery je definovan jako projekéni plocha
listovi normalizovand horizontélni plochou povrchu (MONTEITH,
UNSwWORTH 2013).

Navzdory probihajici GKZ, kterd je charakterizovand zvy$ovanim
primérnych teplot vzduchu a zménou distribuce srazek béhem vege-
ta¢niho obdobi (SEIDL et al. 2014), je smrk ztepily ve stfedni Evropé
stale ekologicky a ekonomicky vyznamnou dfevinou, a to i ptes vy-
sokou citlivost k piisusku (ALBRECHT et al. 2012). V CR je dfevinou
s nejvyssim zastoupenim (49 %), pticemz se rozsahlé vyméry mladych
smrkovych monokultur vyskytuji za hranici vhodnosti jejich pésto-
vani (MZE 2022).

Z téchto duvodu je cilem predlozené studie stanoveni sezénni maxi-
malni hodnoty porostniho indexu listové plochy (LAI_ ), pfirtstu
celkové nadzemni biomasy susiny a kruhové vycetni zakladny studo-
vanych porosttl, na jejichz zakladé je porovnan vliv rizné intenzity
péstebniho zdsahu na efektivitu vyuziti slune¢niho zafeni porostnim
zépojem hodnoceného prostrednictvim CPI a LAE.

V predlozeném ¢lanku bude ovéfovana nize uvedend hypotéza:

HI1: Nejvyssi efektivitu vyuziti slune¢niho zareni (CPI, LAE) bude
dosahovat smrkovy porost po nejsilnéjsim vychovném zasahu (plo-
cha C) vzhledem ke sniZeni konkurence v prostoru korunového zépoje
a zvySeni ozafenosti korun ponechanych stromu.
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MATERIAL A METODIKA

Stanovistni podminky a studované porosty

Veskera méfeni byla provedena v mladych 15letych (2021) nesmi-
$enych smrkovych porostech na lokalité Kfivina (50°12'55.376" N;
16°06'50.669" E; obr. 1 vlevo), kterd se nachdzi na rovinatém terénu
v nadmotské vy$ce 402 m n. m. Tyto polohy odpovidaji lokalitdm za
hranici vhodnosti péstovani smrku ztepilého v podminkach CR a dle
klimatickych scénaft (napf. HANEWINKEL et al. 2013) 1ze pfedpokld-
dat, Ze bude v téchto polohdch smrk velmi vyraznou mérou stresovan
nepfiznivymi klimatickymi faktory. Studované porosty byly v roce
2006 uméle obnoveny po mechanické ptipravé pudy (diskovou fré-
zou) vyspélym krytokofennym sadebnim materidlem smrku. Vychozi
hustota vSech sledovanych porostii byla 3 500 stromt na hektar.

Pudnim typem je kambizem modalni, priimérné teploty vzduchu
a ro¢ni thrn srazek (za obdobi 2018-2020) jsou 10,4 °C a 606,3 mm.
Klimatické charakteristiky byly ve sledovaném obdobi kontinualné
méfeny meteostanici, ktera je umisténa na dostate¢né velké volné
plose (FLECK et al. 2020) ve vzdalenosti 500 m od studovanych ploch.
Typologicky je studovana lokalita klasifikovana jako hlinita dubova
bucina $tavelova (Querceto-Fagetum illimerosum trophicum; VIEWEGH
et al. 2003).

V roce 2018 byly zalozeny 3 vyzkumné plochy o vyméte 40 x 65 m,
na nichz byly v8echny stromy pfitomné na plose vzestupné ocislovany
a inventarizovany (vycetni tloustka kmene v prsni vysce: DBH, vys-
ka stromu: H). Vychozi porostni hustota (3 500 stromii/ha) sledova-

Obr. 1.

nych ploch byla v zimé 2019/2020 sniZena vychovnym zasahem riz-
né intenzity na porostni hustotu: (i) 1 800 jedinci/ha (mirny zasah;
plocha A), (ii) 1 300 stromi/ha (silny zdsah; plocha C) a (iii) kon-
trolni variantu, kterd byla ponechdna samovolnému vyvoji (tj. vy-
chozich 3 500 jedinct/ha; plocha B; obr. 1 vpravo). Vychovny zasah
byl realizovan na zédkladé negativniho vybéru s jadrem péstebni péce
v poddrovni porostu (KORPEE et al. 1991). Béhem vychovného zdsa-
hu byl kladen diiraz na ponechani spadného okraje porosti z divvodu
jejich stability a bezprosttedné po provedeném zdsahu bylo prove-
deno vyklizeni veskerych téZebnich zbytkd. Na vyzkumnych plo-
chéach byla kazdoro¢né provedena inventarizace porostii (2018, 2019,
2020, 2021). V ramci inventarizace byly podle publikace CERNY et al.
(2020b) méfeny DBH ve dvou na sebe kolmych smérech priameérkou
s presnosti 0,1 cm a H vSech stromt pomoci vy$koméru Vertex IV
(Haglof, Svédsko) s piesnosti 0,1 m.

Stanoveni LAI

Hodnota LAI byla stanovena pied provedenim vychovného zdsahu
(30/07/2019), ktery byl realizovan v zimnim obdobi 2019/2020, i po
ném v pribéhu ndsledujiciho vegetaéniho obdobi (18/07/2020), kdy
LAI ve smrkovych porostech kulminuje a dosahuje své sezénni ma-
ximélni hodnoty (LAI _; POKORNY et al. 2008; KINANE et al. 2021).
LAI byl v kazdém studovaném porostu méfen piistrojem LaiPen LP
110 (PSI, CR) v dudlnim modu 1,3 m nad zemi v ramci pravidelné
sité 18 méficich bodu (spon 10 x 10 m) pod porostnim zépojem. Je-
den pfistroj, ktery méfi zafeni dopadajici nad porost, byl umistén na

Lokalizace studovanych smrkovych vyzkumnych ploch (vlevo) a pohled do interiéru porosti po vychovném zdsahu provedeném v zimé
2019/2020 (vpravo). KR: Kfivina, A: smrkovy porost s mirnym zdsahem (1 800 stromii/ha), B: kontrolni plocha bez vychovného zisahu
(3 500 stromii/ha), C: smrkovy porost se silnym vychovnym zdsahem (1 300 stromti/ha)

Fig. 1.

Localisation of the studied Norway spruce research plots (left) and view into the inner part of the studied spruce stands after pre-commercial
thinning applied in winter 2019/2020 (right). KR: K¥ivina, A: Norway spruce stand with mild pre-commercial thinning (1,800 trees/ha), B: control
plot with no silvicultural intervention (3,500 trees/ha), and C: Norway spruce stand with heavy pre-commercial thinning (1,300 trees/ha)
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dostatecné velké volné plose v tésné blizkosti sledovanych porostil
(FLECK et al. 2020) a druhy byl pouzit pro soubézné méfeni pod po-
rostnim zdpojem pti stejné orientaci thlu zabéru ¢idla (tj. kolmo na
sever). Méfeni probihalo vzdy za vhodnych synoptickych podminek
(tj. pti bezvétii a homogenn{ obla¢nosti; CERNY et al. 2019). Detailni
metodicky postup, kalibrace pouzité dvojice pristroji a vypocet LAI
podle Lambert-Beerova zakona je uvedena v CERNY, POKORNY (2021).
Pro tcely predlozené studie byl pro kazdy porost vypocitan porostni
LAI__pfed a po provedeni vychovného zdsahu.

Vypocet CPIa LAE

Parametr CPI byl vypocitan podle TAYLORA (1993) a NORBYHO (1996)
jako pomér mezi ro¢ni produkei celkové nadzemni biomasy susiny
a maximalni sezénni hodnotou porostniho LAI:

CPI=TAB, LAI ' 6)

kde CPI je Index produktivity porostniho zépoje, TAB, _je pfirtist cel-
kové nadzemni biomasy susiny a LAI___pfedstavuje maximalni sezon-
ni hodnotu indexu listové plochy.

Hodnoty LAE byly vypocitiny jako pomér mezi roénim pfiristem
kruhové vycetni zakladny porostu v prsni vysce (tj. 1,3 m nad zemi)
a maximalni sezénni hodnotou porostniho LAI (CERNY et al. 2018):

2

kde LAE je Efektivita vyuziti listové plochy, BA, _pfedstavuje prirtist
kruhové vycetni zdkladny porostu a LAI___pfedstavuje maximadlni se-
z6nni hodnotu indexu listové plochy.

LAE=BA_LAI -
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Pro vypocet ro¢niho prirtstu kruhové vycetni zékladny porostu a cel-
kové nadzemni biomasy susiny, které jsou nezbytné pro vypocet CPI
a LAE, byla vyuzita data z pravidelné kazdoro¢ni inventarizace studo-
vanych porostt z let 2018-2021 a alometrické vztahy pro smrk ztepily
v podminkéach Ceské republiky (VEJPUSTKOVA et al. 2017). S rostouci
hodnotou parametr CPI a LAE se zvySuje efektivita vyuziti slune¢ni-
ho zafeni porostnim zapojem.

Veskera data, ktera byla pouzita v predlozené studii, byla analyzovana
v softwaru SigmaPlot® verze 13 (Systat Software Inc., CA, USA).

VYSLEDKY

Pfed provedenim vychovného zasahu v roce 2019 byly zaznamenany
vyrovnané hodnoty CPI (0,47-0,66) i LAE (0,40-0,58) na v8ech stu-
dovanych péstebnich variantach (obr. 2A, 2C). Prvni rok po prove-
deni vychovného zasahu s riiznou intenzitou byl zji§tén nejvyraznéjsi
nartist obou sledovanych parametri na varianté C se silnym zasahem
(CPI = 2,00; LAE = 1,59). Mirny zasah (varianta A) mél rovnéz pozi-
tivni vliv na efektivitu vyuziti slune¢niho zareni porostnim zapojem,
kdy byly rok po zasahu sledovany hodnoty CPI = 1,26 a LAE = 0,99.
bez provedeni vychovného zasahu (CPI = 0,73; LAE = 0,60; obr. 2B,
2D).

Vychovny zdsah mél pfiznivy vliv na efektivitu vyuziti slune¢niho
zéfeni hodnocenou prostfednictvim parametrit CPI a LAE (obr. 3),
kdy porost s mirnym zasahem (varianta A) dosahoval 4 x vys$siho
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Obr. 2.

Hodnoty CPI studovanych porosttl smrku ztepilého pred (A) a po vychovném zasahu (B) a LAE sledovanych porostt pied (C) a po (D) vy-
chovném zésahu. CPI: Index produktivity porostniho zdpoje; LAE: Efektivita vyuziti listové plochy; A: vyzkumna plocha s mirnym zdsahem
(1 800 stromii/ha), B: kontrolni plocha bez vychovného zésahu (3 500 stromii/ha), C: plocha se silnym vychovnym zdsahem (1 300 stromii/ha)

Fig. 2.

CPI and LAE values observed in the studied pure Norway spruce stands before (A, C) and after (B, D) pre-commercial thinning application,
respectively. CPI: Canopy production index; LAE: Leaf area effectivity; A: research plot with mild pre-commercial thinning (1,800 trees/ha),
B: control plot with no silvicultural intervention (3,500 trees/ha), and C: research plot with heavy pre-commercial thinning (1,300 trees/ha)
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narustu efektivity v porovnani s porostem ponechanym bez vychovné-
ho zasahu (varianta B). Nejvy$si nartist obou sledovanych parametri
po provedeni porostni vychovy byl ov§em zaznamendan ve smrkovém
porostu se silnym vychovnym zdsahem (varianta C), kde CPI i LAE
dosahovaly vice nez 5nasobné zvy$eni v porovnani s porostem bez
vychovy (varianta B). V pfipadé porovnani porostl s uplatnénou po-
rostni vychovou byl na varianté se silnym zasahem (C) vy$$i nartist
hodnot CPI o0 34 % a LAE o 27 % nez na plose s mirnym zasahem (A).

DISKUSE

Porostni vychova je jednim z hospodaiskych opatieni, které hraje za-
sadni roli pfi usmérnovani ristu jedinct v porostu (MAKINEN et al.
2005). Kromé regulace tloustkového a vyskového pfirtistu odstratio-
vanim jedincti z porostu mohou byt ¢asnéjéi a intenzivnéjsi vychovné
zasahy G¢innym opatfenim pro zvySeni mechanické stability stromi
(resp. celych porostd; DUSEK et al. 2023), sekvestrace atmosférické-
ho uhliku ¢i zlep$eni vodni bilance porostu v rdmci ménicich se kli-
matickych podminek (NUUTINEN et al. 2006; HEIKKILA et al. 2007).
METSLAID et al. (2007) zjistili, Ze naruSenim porostniho zapoje do-
chazi nejen ke zvySenim ozafenosti korun ponechanych stromt, ale
predev$im k morfologickym zménam listovi v podobé zvétseni jeho
tloustky a $itky jako reakce na zvysSeny svételny pozitek. To zname-
nd, Ze v ramci vertikdlniho profilu koruny dochdzi k nértstu podilu
slunného typu listovi, ktery je obecné charakteristicky (i) nizkou hod-
notou SLA (cm?/g), tedy vy$sim obsahem vyprodukovanych asimilati
(biomasy; g) na jednotku plochy listovi (cm?), nebo naopak vysokou
hodnotou inverzni veliciny LMA (g/cm?); (ii) zménou plochy listt;
(iii) vyssi hustotou stomat (priduch); (iv) zvétSenim tloustky pokoz-
ky, kutikuly i mezofylu atd. (LARCHER 2003; CATER, SIMONCIC 2010;
JARCUSKA 2011), a tim i k vy$8i efektivité vyuzZiti FAR zelenymi ple-
tivy v procesu fotosyntetické asimilace, kterd vede k vyssi sekvestra-
ci uhliku a objemové produkci ponechanych stromti (WALLENTIN,
NiLsoN 2011). Tomu odpovidaji i vysledky predlozené studie, kde

250 -

160

Relative difference (%)

50

Relativni rozdil /

byla zaznamenana nejvyssi efektivita vyuziti slune¢niho zafeni (CPI
a LAE) v mladém smrkovém porostu s nejsilnéjsim vychovnym za-
sahem (varianta C; obr. 2B, 2D). Tuto skute¢nost podepiraji i zavéry
studii, které na stejné lokalité prokazaly ve stejném porostu (varianta
C) nejen nejvyssi prirast kruhovych ploch jednotlivych pfitomnych
strom v porostu, piiznivou hodnotu $tihlostniho kvocientu (stabilitu;
PETERKOVA, CERNY 2022), ale i nejvyséi pocet nové piirtistajicich xy-
1émovych a floémovych bunék (G1aati et al. 2023), coz potvrzuje tes-
tovanou hypotézu H1. Z pohledu vodni bilance porostu by v kontextu
probihajici GKZ naopak mohla nejintenzivnéji vychovavana varianta
(C) predstavovat zvy$ené riziko vzhledem k vy$si evaporaci (fyzikalni-
mu vyparu) z povrchu pudy kvili vyssi otevienosti porostniho zapoje.
To ovSem vyvraci DUSEK et al. (2021), ktery se ve své studii zahrnujici
i studovanou lokalitu Kfivina vénoval vlivu otevienosti porostniho
zépoje na pidni vlhkost ve svrchnich horizontech mineralni ptdy
a nenalezl mezi diferencovanymi pfistupy péstebniho managementu
zadné statisticky prukazné rozdily.

Vliv na efektivitu vyuziti slune¢niho zéfeni, a tim i ttumeni GKZ ma
téZ umisténi péstebniho zasahu ve vertikalnim profilu koruny. Poxor-
NY et al. (2008) sledovali rozdilny vliv podiroviové a Groviiové pro-
birky v horskych smrkovych 22-29letych porostech. Studie prokézala
pozitivni vliv iroviiového zasahu na CPI, ktery se pohyboval v rozme-
z1 0,08 az 0,12 (kg/m?) s klesajicim trendem v pribéhu nartstajiciho
véku, coz odpovida studii HACUROVE et al. (2020), kterd zaznamenala
vy$$i pocet nové vzniklych bunék xylému a floému v mlad$im (35le-
tém) nez ve star$im (106letém) smrkovém porostu. Stejné vysledky
prokézal i CERNY et al. (2018), ktery sledoval nejvy$si hodnoty CPI
i LAE v 36letém smrkovém porostu s provedenym droviiovym zasa-
hem. To je zptsobeno signifikantné odlisnym tvarem koruny smrku
ztepilého v porostech s Groviiovymi zdsahy, které jsou hloubéji za-
vétvené (MissoN et al. 2003; MAKINEN, IsoMAKI 2004), coZ se vyraz-
nou mérou podili na priniku svétla porostnim zapojem skrz vertikal-
ni svételné Sachty. Tato zvySend ozarenost listovi podporuje proces fo-
tosyntetické asimilace v niZich vrstvach koruny, a tim zvy3uje i efekti-
vitu vyuziti slune¢niho zéfent celého korunového zépoje. Uroviiovym

== CPI
1 LAE

A

8 c

Pestebni varianta/Silvicultural treatment

Obr. 3.

Relativni rozdily (%) vlivu péstebniho managementu na hodnoty CPI a LAE. CPI: Index produktivity porostniho zapoje; LAE: Efektivita vy-
uziti listové plochy; A: vyzkumna plocha s mirnym zasahem (1 800 stromti/ha), B: kontrolni plocha bez vychovného zasahu (3 500 stromti/ha),

C: plocha se silnym vychovnym zasahem (1 300 stromti/ha)
Fig. 3.

The effect of various silvicultural management on CPI and LAE values (expressed as relative differences in %). CPI: Canopy production index;
LAE: Leaf area effectivity; A: research plot with mild pre-commercial thinning (1,800 trees/ha), B: control plot with no silvicultural intervention
(3,500 trees/ha), and C: research plot with the heavy pre-commercial thinning (1,300 trees/ha)
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zasahem tedy dochazi ve vertikalnim profilu koruny, v diisledku zvy-
$eni ozafenosti listovi v niz$ich patrech korunové vrstvy, ke zvyseni
podilu slunného typu listovi (METSLAID et al. 2007), coZ ma znaény
vliv na mnozstvi sekvestrovaného uhliku ponechanymi stromy (Ma-
REK et al. 1999; URBAN et al. 2007). Z predchozich studii je véeobecné
ztejmé, ze se LAE jedince zvysuje s rostouci dimenzi stromu (GSPALTL
et al. 2013) jako vysledek vys$si ozafenosti koruny, a tim i vy$si ab-
sorpce FAR v ramci fotosyntetické asimilace (BINKLEY et al. 2010).
jejiho hodnoceni na urovni celého lesniho porostu vzhledem k distri-
buci tloustkovych tfid (GspaLTL et al. 2013), coZ podporuje i vysledky
predlozené studie, kde na varianté s nejsilnéjsim vychovnym zdsahem
(C) prevladaji jedinci s $irokymi a hlubokymi korunami.

Ackoliv prezentované vysledky celkové naznacuji pozitivni vliv sil-
ného zasahu na CPI i LAE v mladych smrkovych monokulturach, je
s ohledem na lokélnost pfedloZené studie nutné ovéfeni vlivu riizné
intenzity péstebniho zdsahu na efektivitu vyuziti slune¢niho zafeni na
$irsi Skdle stanovistnich podminek a pfipadné i v porostech dalsich
hlavnich hospodéiskych dfevin CR.

ZAVER
e Nejvyssi efektivita vyuziti slune¢niho zafeni hodnocena pomoci
CPI a LAE byla zaznamendna v porostu se silnym vychovnym

zasahem, kde doslo v zimé 2019/2020 k redukeci poctu jedincli
z puvodnich 3 500 stromti/ha na 1 300 stromi/ha.

¢ Silny vychovny zasah 5x zvysil efektivitu vyuziti slune¢niho zafeni
(CPI, LAE) v porovnani s kontrolni variantou bez porostni vy-
chovy.

e Smrkovy porost se silnym vychovnym zasahem mél po uplatnéni
péstebni vychovy vy$si nartist hodnot CPI o 34 % a LAE 0 27 % nez
porost vychovavany mirnym zasahem (tj. redukce z 3 500 stromti/ha
na 1 800 stromui/ha).

e Z pohledu mitigace probihajici GKZ se ve smrkovych porostech
ci vysledkii je nezbytné dalsi sledovani vlivu intenzity péstebniho
zasahu na $ir$i $kale stanovistnich podminek.

Podékovani:
Prezentovany vyzkum byl financovan institucionalni podporou MZE-

RO0123 a projekty Nérodni agentury zemédélskych véd CR (NAZV)
¢. QK21020307 a QK22020008.

LITERATURA

ALBRECHT A., HANEWINKEL M., BAUHUSs J., KounLE U. 2012. How
does silviculture affect storm damage in forests of south-western
Germany? Results from empirical modeling based on long-term
observations. European Journal of Forest Research, 131: 229-247.
DOI: 10.1007/s10342-010-0432-x

ALBRECHTOVA ], KupkovA L., CampBeLL PK.E. 2017. Metody
hodnoceni fyziologického stavu smrkovych porosti. Pfipadové
studie sledovani vyvoje stavu smrkovych porosti v Kru$nych
horach vletech 1998-2013. Praha, CGS: 401 s. Geographica, sv. 10.

AsNErR G.P, Scurrock J.M.O., Hicke J.A. 2003. Global synthesis
of leaf area index observations: implications for ecological and
remote sensing studies. Global Ecology and Biogeography, 12:
191-205. DOI: 10.1046/j.1466-822X.2003.00026.x

m ZLV, 68, 2023 (3): 149-158

BEDNAR P, Soucek J., Krejza J., CERNY J. 2022. Growth and
morphological patterns of Norway spruce (Picea abies (L.) Karst.)
juveniles in response to light intensities. Forests, 13: 1804. DOI:
10.3390/f13111804

BELLASSEN V., LUYSSAERT S. 2014. Carbon sequestration: Managing
forests in wuncertain times. Nature, 506: 153-155. DOI:
10.1038/506153a

BEQUET R., CampiorLr M., KINT V., VANTEENKISTE D., Muys B.,
CEULEMANS R. 2011. Leaf area index development in temperate
oak and beech forests is driven by stand characteristics and
weather conditions. Trees, 25: 935-946. DOI: 10.1007/s00468-
011-0568-4

BINKLEY D., STAPE J.L., BAUERLE W.L., Ryan M.G. 2010. Explaining
growth of individual trees: light interception and efficiency of
light use by Eucalyptus at four sites in Brazil. Forest Ecology and
Management, 259: 1704-1713. DOI: 10.1016/j.foreco.2009.05.037

BoTTERO A., FORRESTER D.I., CAILLERET M., KOHNLE U., GESSLER A.,
MicHEL D., Bose A.K.,, Baunus J., BuamanN H., CunTZz M.,
GILLEROT L., HANWINKEL M., LEVESQUE M., RYDER J., SAINTE-
MARIE J., SCHWARZ J., YOUSEFPOUR R., ZAMORA-PEREIRA ].C.,
RIGLING A. 2021. Growth resistance and resilience of mixed silver
fir and Norway spruce forests in central Europe: Contrasting
responses to mild and severe droughts. Global Change Biology,
27:4403-4419. DOI: 10.1111/gcb.15737

CANNELL M.G.R., SHEPPARD L.J., MILNE R. 1988. Light use efficiency
and woody biomass production of poplar and willow. Forestry,
61 (2): 124-130. DOI: 10.1093/forestry/61.2.125

CENDRERO-MATEO M., CARMO-SILVA A.E., PORCAR-CASTELL A.,
HaMERLYNCK E.P, PApuGA S.A., MORAN M.S. 2015. Dynamic
response of plant chlorophyll fluorescence to light, water and
nutrient availability. Functional Plant Biology, 42 (8): 746-757.
DOI: 10.1071/FP15002

CATER M., SIMONCIG P. 2010. Root distribution of under-planted
European beech (Fagus sylvatica L.) below the canopy of a mature
Norway spruce stand as a function of light. European Journal of
Forest Research, 129 (4): 531-539. DOI: 10.1007/s10342-009-
0352-9

CERNY J., KrEjZA J., POKORNY R., BEDNAR P. 2018. LaiPen LP 100
- a new device for estimating forest ecosystem leaf area index
compared to the etalon: A methodologic case study. Journal of
Forest Science, 64 (11): 455-468. DOI: 10.17221/112/2018-JFS

CERNY J., POKORNY R., HANINEC P, BEDNAR P. 2019. Leaf area
index estimation using three distinct methods in pure deciduous
stands. Journal of Visualized Experiments, 150: e59757. DOI:
10.3791/59757

CERNY J., POKORNY R., VEJpPUSTKOVA M., SRAMEK V., BEDNAR P.
2020a. Air temperature is the main driving factor of radiation
use efficiency and carbon storage of mature Norway spruce
stands under global climate change. International Journal of
Biometeorology, 64: 1599-1611. DOI: 10.1007/s00484-020-
01941-w

CERNY J., HANINEC P,, POKORNY R. 2020b. Leaf area index estimated
by direct, semi-direct, and indirect methods in European beech
and sycamore maple stands. Journal of Forestry Research, 31:
827-836. DOI: 10.1007/s11676-018-0809-0

CERNY J., POkORNY R. 2021. Field measurement of effective leaf
area index using optical device in vegetation canopy. Journal of
Visualized Experiments, 173: €62802. DOI: 10.3791/62802

DALLATEA E, JokeLLA E.J. 1991. Needlefall, canopy light interception,
and productivity of young intensively managed slash and loblolly

https://doi.org/10.59269/71LV/2023/3/700


https://doi.org/10.59269/ZLV/2023/3/700

VYCHOVNY ZASAH V MLADYCH SMRKOVYCH POROSTECH JAKO NASTROJ MITIGACE GLOBALNI KLIMATICKE ZMENY?

pine stand. Forest Science, 37 (5): 1298-1313. DOI: 10.1093/
forestscience/37.5.1298

Dugek D., Novik J., CerNY J., KacALEK D. 2021. Vliv prvnich
vychovnych zdsaht v mlazinach na obsah vody ve svrchni vrstvé
mineralni pady. Zpravy lesnického vyzkumu, 66 (4): 270-276.

Dusek D., Novak J., CERNY J. 2023. The mechanical stability of pure
Norway spruce stands along an altitudinal gradient in the Czech
Republic. Forests, 14: 1558. DOI: 10.3390/f14081558

FLEck S., Raspe S., CATER M., ScHLEPPI P, UKONMAANAHO L.,
GREVE M., HERTEL CH., WEIs W., RumPF S., THIMONIER A.,
CuiaNucct E, BECKSCHAFER P. 2020. Manual on methods and
criteria for harmonized sampling, assessment, monitoring and
analysis of the effects of air pollution on forests. Part XVII. Canopy
leaf area. Version 2020-1. Eberswalde, Thiinen Institute of Forest
Ecosystems: 37 p. Dostupné na/Available on: https://www.icp-
forests.org/pdf/manual/2020/ICP_Manual_partl7_2020_LAI_
version_2020-1.pdf

FOURNIER R.A., MAILLY D., WALTER J.M., Soupant K. 2003. Indirect
measurement of forest canopy structure from in situ optical
sensors. In: Wulder M., Franklin S. (eds.): Methods for remote
sensing of forests: Concepts and case studies. Dordrecht, Kluwer:
77-114.

Frazer G.W,, Trorymow J.A., LerrzMAN K.P. 2000. Canopy
openness and leaf area in chronosequences of coastal temperate
rainforests. Canadian Journal of Forest Research, 30 (2): 239-256.
DOI: 10.1139/x99-201

GAN R,, ZHANG L., YANG Y., WANG E., WOODGATE W., ZHANG Y,
Haverp V,, Kong D., FiscHer T., CHiEw E, Yu Q. 2021.
Estimating ecosystem maximum light use efficiency based on the
water use efficiency principle. Environmental Research Letters, 16:
104032. DOI: 10.1088/1748-9326/ac263b

GiagLl K., VAvrEik H., Tsavagkas D., CERNY ], LEUGNER J.,
HacurovA J., Gryc V. 2023. Effect of different stand densities
on xylem and phloem formation in Norway spruce plantations.
IAWA Journal, DOI: 10.1163/22941932-bjal10140

Grace J.C, Jarvis PG, NorMaN J.M. 1987. Modelling the
interception of solar energy in intensively managed stands. New
Zealand Journal of Forest Science, 17: 193-209.

GROOT A., SAUCIER J-P. 2008. Volume increment efficiency of
Picea mariana in northern Ontario, Canada. Forest Ecology
and Management, 255 (5-6): 1647-1653. DOI: 10.1016/j.
foreco.2007.11.024

GSPALTL M., BAUERLE W.,, BINKLEY D., STERBA H. 2013. Leaf area
and light use efficiency patterns of Norway spruce under different
thinning regimes and age classes. Forest Ecology and Management,
288: 49-59. DOI: 10.1016/j.foreco.2011.11.044

HACUROVA J., HacURA J., Gryc V., CERNY J., VAvREiK H. 2020.
Xylogenesis and phloemogenesis of Norway spruce in different
ages stands at middle altitudinal zone. Wood Research, 65 (6):
937-950. DOI: 10.37763/wr.1336-4561/65.6.937950

HANEWINKEL M., CULLMANN D.A., SCHELHAAS M-]., NABUURS G-J.,
ZIMMERMANN N.E. 2013. Climate change may cause severe loss
in the economic value of European forest land. Nature Climate
Change, 3: 203-207. DOI: 10.1038/nclimate1687

HEIkkILA J., SIREN M., AgALA J.O. 2007. Management alternatives
of energy wood thinning stands. Biomass and Bioenergy, 31 (5):
255-266. DOI: 10.1016/j.biombioe.2007.01.013

HrAsny T., KONIG L., KRONEKE P, LINDNER M., MONTAGNE-HUCK C.,
MULLER J., QIN H., RAFrA K.E, SCHELHAAS M-]., SvOBODA M.,

https://doi.org/10.59269/Z1LV/2023/3/700

Viirt H., SEIDL R. 2021. Bark beetle outbreaks in Europe: State of
knowledge and ways forward for management. Current Forestry
Reports, 7: 138-165. DOI: 10.1007/s40725-021-00142-x

JarRCUSKA B. 2011. Morphological plasticity of leaves in natural
regeneration of Fagus sylvatica L.: Effects of direct and diffuse
light, ontogeny and shoot type. Polish Journal of Ecology, 59 (2):
339-353.

Jarvis PG., LEVERENZ ].W. 1983. Productivity of temperate, deciduous
and evergreen forests. In: Lange O.L. et al. (eds.): Physiological
plant ecology IV. New York, Springer: 233-280.

KinanNe S.M., MonTEs C.R., ALBaUGH T.J.,, Misura D.R. 2021. A
model to estimate leaf area index in loblolly pine plantations using
Landsat 5 and 7 images. Remote Sensing, 13: 1140. DOI: 10.3390/
rs13061140

Korper S., PENAZ ], SANIGA M., TEsaR V. 1991. Pestovanie lesa.
Bratislava, Priroda: 472 s.

KUuMARATHUNGE D.P, DrRAKE J.E., TJoELKER M.G., LOopez R,
PrrauTscH S., VARHAMMAR A., MEepiyN B.E. 2020. The
temperature optima for tree seedling photosynthesis and growth
depend on water inputs. Global Change Biology, 26 (4): 2544
2560. DOI: 10.1111/gcb.14975

LANDSBERG ].J., SANDs PJ. 2011. Physiological ecology of forest
production. Amsterdam, Academic Press: 331 s.

LARCHER W. 2003. Physiological plant ecology. Ecophysiology and
stress physiology of functional groups. Berlin, Springer: 513 s.
ISBN: 978-3-540-43516-7

LEDERMANN T., BRAUN M., KINDERMANN G., JANDL R., LUDVIG A.,
SCHADAUER K., SCHWARZBAUER P, WEiss P. 2022. Effects of
silvicultural adaptation measures on carbon stock of Austrian
forests. Forests, 13 (4): 565. DOI: 10.3390/f13040565

LicHTENTHALER H.K., AC A., MAREK M.V.,, KALINA ]., URBAN O.
2007. Differences in pigment composition, photosynthetic rates
and chlorophyll fluorescence images of sun and shade leaves of
four tree species. Plant Physiology and Biochemistry, 45 (8): 577-
588. DOI: 10.1016/j.plaphy.2007.04.006

MAKINEN H., IsoMAk1 A. 2004. Thinning intensity and long-term
changes in increment and stem form of Norway spruce trees. Forest
Ecology and Management, 201 (2-3): 295-309. DOI: 10.1016/j.
foreco.2004.07.017

MAxINEN H., IsomAk1 A., Honcisto T. 2005. Effect of half-
systematic and systematic thinning on the increment of Scots
pine and Norway spruce in Finland. Forestry, 79 (1): 103-121.
DOI: 10.1093/forestry/cpi061

MAaREK M.V, SprTOVA M., UrRBAN O., SPUNDA L., KALINA J. 1999.
Response of sun versus shade foliage photosynthesis to radiation
in Norway spruce. Phyton (Austria), 39 (4): 131-138.

METSLAID M., JOGISTE K., NIKINMAA E., MoseR WK., PORCAR-
CASTELL A. 2007. Tree variables related to growth response and
acclimation of advance regeneration of Norway spruce and other
coniferous species after release. Forest Ecology and Management,
250 (1-2): 56-63. DOI: 10.1016/j.foreco.2007.03.009

MissoN L., VINckE C., DEVILLEZ F. 2003. Frequency responses of radial
growth series after different thinning intensities in Norway spruce
(Picea abies (L.) Karst.) stands. Forest Ecology and Management,
177 (1-3): 51-63. DOI: 10.1016/S0378-1127(02)00324-9

MonteITH J.L. 1972. Solar radiation and productivity in tropical
ecosystems. Journal of Applied Ecology, 9 (3): 747-766. DOL:

10.2307/2401901
ZLV, 68, 2023 (3): 149-158 ﬂ


https://www.icp-forests.org/pdf/manual/2020/ICP_Manual_part17_2020_LAI_
https://www.icp-forests.org/pdf/manual/2020/ICP_Manual_part17_2020_LAI_
https://www.icp-forests.org/pdf/manual/2020/ICP_Manual_part17_2020_LAI_
https://doi.org/10.59269/ZLV/2023/3/700

CERNY J.

MonTeITH J.L. 1977. Climate and the efficiency of crop production
in Britain. Philosophical Transactions of the Royal Society B, 281
(980): 277-294. DOI: 10.1098/rstb.1977.0140

MonrTerTH J.L., UNsworTH M.H. 2013. Principles of environmental
physics: Plants, animals, and the atmosphere. 4" edition.
Amsterdam, Elsevier: 401 s.

MZE. 2022. Zprava o stavu lesa a lesniho hospodarstvi v Ceské
republice v roce 2021. Praha, Ministerstvo zemédélstvi Ceské
republiky: 47 s.

NaubpTs K., CHEN Y., MCGRATH M.]., RYDER J., VALADE A., OTTO J,,
LuyssAERT S. 2016. Europe s forest management did not mitigate
climate warming. Science, 351: 597-600. DOI: 10.1126/science.
aad7270

NorsY R.J. 1996. Forest canopy productivity index. Nature, 381: 564.
DOI: 10.1038/381564a0

NuuTINeEN T., MATALA J., HIRVELA H., HARKONEN K., PELTOLA H.,
VAISANEN H., KELLOMAKI S. 2006. Regionally optimized forest
management under changing climate. Climatic Change, 79 (3-4):
315-333. DOI: 10.1007/510584-006-9098-2

O’Hara K.L.,, Lasape E., LatHO O., NOROKORPI Y., SAKSA T. 1999.
Leaf area and tree increment dynamics on a fertile mixed conifer
site in southern Finland. Annals of Forest Science, 56 (3): 237-
247. DOI: 10.1051/forest:19990306

OLASCOAGA B., MACARTUR A., ATHERTON J., PORCAR-CASTELL A.
2016. A comparison of methods to estimate photosynthetic
light absorption in leaves with contrasting morphology. Tree
Physiology, 36 (3): 368-379. DOL: 10.1093/treephys/tpv133

PETERKOVA A., CERNY J. 2022. Dynamika ptirtistu kruhové vycetni
zakladny mladych smrkovych porostii a jejich stabilita v zavislosti
na intenzité vychovného zasahu. In: Belko M. et al. (eds.):
Pestovanie lesa v strednej Eurdpe. Zbornik vedeckych prac na
tému. Zvolen, Nérodné lesnicke centrum: 99-106. Proceedings
of Central European silviculture. [Vol. 11] — ISBN 978-80-8093-
338-8

PokornY R., TomASkovAa I, HavrAnkovA K. 2008. Temporal
variation and efficiency of leaf area index in young mountain
Norway spruce stand. European Journal of Forest Research, 127
(5): 359-367. DOI: 10.1007/s10342-008-0212-2

PokoRNY R. 2015. Stanoveni indexu listové plochy v nesmiSenych
porostech lesnich drevin. Uherské Hradisté, L. V. Print: 38 s.

RAHMSTORE S., Coumou D. 2011. Increase of extreme events in a
warming world. Proceedings of the National Academy of Sciences,
108: 17905-17909. DOI: 10.1073/pnas.1101766108

RajsNerovA P, Kiem K., Horus P, NovoTrNA K., VECEROVA K,
KozACIikOvA M., Rivas-URBACH A., SARDANS J., MAREK M.V,
PENUELAS J., URBAN O. 2015. Morphological, biochemical, and
physiological traits of upper and lower canopy leaves of European
beech tend to converge with increasing altitude. Tree Physiology,
35 (1): 47-60. DOI: 10.1093/treephys/tpul04

SaLomMON R.L., PETERS R.L., ZWEIFEL R., SAss-KrLaasseN U.G.W,,
STeGeHUIs A.l, SmirjaNnic M., Povatos R., BaBst E,
CieNciALA E., FonTI P, LERINK B.J.W,, LINDNER M., MARTINEZ-
VILALTA ]., MENCUCCINI M., NAABURS G-]., VAN DER MAATEN E.,
VON ARX G., BAR A., AKHMETZYANOV L., BALANZATEGUI A.,
BELLAN M., BENDIX J., BERVEILLER D., BLAZENEC M. et al. 2022.
The 2018 European heatwave led to stem dehydration but not to
consistent growth reductions in forests. Nature Communications,
13:28. DOI: 10.1038/s41467-021-27579-9

m ZLV, 68, 2023 (3): 149-158

SEIDL R, SCHELHAAS M-J., RAMMER W,, VERKERK P.J. 2014. Increasing
forest disturbances in Europe and their impact on carbon storage.
Nature Climate Change, 4: 806-810. DOI: 10.1038/nclimate2318

Su1 D., HuanG Q,, Liu Z, Liv T,, Su Z., Guo S., Ba1 E, Sun S,
LN X, L1 T, YANG X. 2022. Radiation use efficiency and biomass
production of maize under optimal growth conditions in Northeast
China. Science and the Total Environment, 836: 155574. DOL:
10.1016/j.scitotenv.2022.155574

SuiNozaxkl K., Yopa K., Hozumri K., Kira T. 1964. A quantitative
analysis of plant form - The pipe theory model. II. Further evidence
of the theory and its application in forest ecology. Japanese Journal
of Ecology, 14 (3): 133-139. DOI: 10.18960/seitai.14.3_97

Sims D.A., PEARCY R.W. 1994. Scaling sun and shade photosynthetic
acclimation of Alocasia macrorrhiza to whole-plant performance.
I. Carbon balance and allocation at different daily photon flux
densities. Plant, Cell and Environment, 17 (8): 881-887. DOI:
10.1111/j.1365-3040.1994.tb00317.x

StockLE C.O., KINIRY J.R. 1990. Variability in crop radiation-efficiency
associated with vapour-pressure deficit. Field Crops Research, 25
(3-4):171-181. DOI: 10.1016/0378-4290(90)90001-R

SIMONEK V., VACEK Z., VACEK S. 2020. Solar cycles in salvage logging:
National data from the Czech Republic confirm significant
correlation. Forests, 11: 973. DOI: 10.3390/f11090973

Ta1z L., ZEIGER E. 2010. Plant physiology. 5th ed. Sunderland, Sinauer
Associates Inc.: 782 s.

TayLoR C.S. 1993. Kenaf: an emerging new crop industry. In: Janick J.,
Simon J.E. (eds.): New crops. New York, Willey Press: 402-407.

UrBaN O., KoSvancovA M., MAREK M.V, LICHTENTHALER H.K.
2007. Induction of photosynthesis and importance of limitations
during the induction phase in sun and shade leaves of five
ecologically contrasting tree species from temperate zone. Tree
Physiology, 27: 1207-1215. DOI: 10.1093/treephys/27.8.1207

VACEK Z., VACEK S., CUKOR J. 2023. European forests under global
climate change: Review of tree growth processes, crises and
management strategies. Journal of Environmental Management,
332:117353. DOI: 10.1016/jenvman.2023.117353

VEJPUSTKOVA M., CtHAK T., SRAMEK V. 2017. Kvantifikace nadzemn{
biomasy smrku ztepilého (Picea abies (L.) KARST.). Recenzovana
metodika. Strnady, VULHM: 28 s. Lesnicky prtivodce 3/2017.

VIEWEGH J., KUSBACH A., MIKESKA M. 2003. Czech forest ecosystem
classification. Journal of Forest Science, 49 (2): 74-82.

Vose J.M., ALLEN H.L. 1988. Leaf-area, stemwood growth, and
nutrition relationships in loblolly-pine. Forest Science, 34 (3):
547-563. DOLI: 10.1093/forestscience/34.3.547

WALLENTIN C., NirssoNn U. 2011. Initial effect of thinning on
stand gross stem-volume production in a 33-year-old Norway
spruce (Picea abies L. Karst.) stand in Southern Sweden.
Scandinavian Journal of Forest Research, 26 (S11): 21-35. DOI:
10.1080/02827581.2011.564395

WuLDER M.A,, LE DRew E.F, FRANKLIN S.E., LAVIGNE M.B. 1998.
Aerial image texture information in the estimation of the northern
deciduous and mixed wood forest leaf area index (LAI). Remote
Sensing and Environment, 64: 64-76. DOI: 10.1016/S0034-
4257(97)00169-7

ZHENG G., MOSKAL M. 2009. Retrieving leaf area index (LAI) using
remote sensing: theories, methods and sensors. Sensors, 9 (4):
2719-2745. DOI: 10.3390/590402719

https://doi.org/10.59269/71LV/2023/3/700


https://doi.org/10.59269/ZLV/2023/3/700

VYCHOVNY ZASAH V MLADYCH SMRKOVYCH POROSTECH JAKO NASTROJ MITIGACE GLOBALNI KLIMATICKE ZMENY?

PRE-COMMERCIAL THINNING IN YOUNG NORWAY SPRUCE STANDS AS A TOOL MITIGATING GLOBAL
CLIMATE CHANGE?

Although Norway spruce (Picea abies L. Karst) stands significantly suffer from the ongoing global climate change (GCC) that is characterised
by the increase of mean annual air temperatures and changes in the distribution of the precipitation amount during the growing season (SEIDL
et al. 2014), the tree species is still economically and ecologically important in Central European region (ALBRECHT et al. 2012; MZE 2022).

The availability of resources for autotrophic terrestrial plants, including forest tree species, significantly influences foliage production. It affects
the interception of photosynthetically active radiation (PAR) needed for the photosynthetic uptake process, representing the primary production
process of plants. However, the actual production of the plant communities at specific sites is not determined by the amount of absorbed PAR
(APAR) but also by the efficiency of light energy conversion into biomass within the photosynthetic assimilation process. It depends on both
site conditions (water and soil nutrient availability; CENDRERO-MATEO et al. 2015; KUMARATHUNGE et al. 2020) and stands structure (leaf area
index — LAI, foliage quality, stand density), which can be controlled by silvicultural treatments (LEDERMANN et al. 2022).

The paper aims to determine seasonal maximum LAI values (LAI ) at the stand level, increment of the total above-ground dry mass and stand
basal area of the studied stands, and compare the effect of differently intensive pre-commercial thinning on solar radiation use efficiency by the
stand canopy as assessed through (i) Canopy Production Index (CPI) calculated as the total above-ground dry biomass increment and LAI__
values, and (ii) Leaf Area Effectivity (LAE) calculated as stand basal area increment and LAI__ .

In the presented article, hypothesis H1 has been tested:

H1: The highest solar radiation use efficacy (CPI, LAE) will be found in the Norway spruce stand after heavy pre-commercial thinning (plot C)
due to reducing competition in the canopy and the increased canopy irradiation of not felled trees.

All measurements were performed in young 15-year-old (2021) pure Norway spruce stands at the Ktivina site (50°12' 55.376" N; 16°06'50.669"
E; Fig. 1 left) at an altitude of 402 m above sea level where severe stress of Norway spruce elicited by adverse climatic factors is expected. Three
spruce stands (each with an area of 2,600 m?) with various forest tending management were studied. The initial stand density (3,500 tree/ha)
of the studied research plots was reduced by pre-commercial thinning with various intensities in winter 2019/2020 to stand densities of
(1)1,800 trees/ha (mild pre-commercial thinning; plot A), (ii) 1,300 trees/ha (heavy pre-commercial thinning; plot C), and (iii) plot B was let
with no silvicultural interventions as a control variant (i.e. 3,500 trees/ha; Fig. 1 right). All harvest residuals were removed after pre-commercial
thinning application. Regular forest inventories were performed annually (2018, 2019, 2020, and 2021), measuring DBHs and heights of all trees
in the research plot. Subsequently, above-ground dry biomass was calculated according to allometric relationships for Norway spruce growing
in the Czech Republic (VEJPUSTKOVA et al. 2017).

LAI values were measured before (30/07/2029) and after (18/07/2020) pre-commercial thinning applications using a LaiPen LP 110 device (PSI,
CR) in dual mode 1.3 m above the ground surface in a regular grid containing 18 measurement points (spacing of 10 m x 10 m) below the
canopy in each studied spruce stand. Thus, one device measuring incident radiation above the canopy was placed in the sufficiently extensive
clearing (open area) near the studied spruce stands (FLECK et al. 2020). The second instrument was used for simultaneous measurements below
the canopy at the identical field of view for both sensors (i.e. perpendicularly to the north). All measurements were conducted under suitable
synoptic conditions (i.e. windless and uniform cloudiness; CERNY et al. 2019). For more details about the methodological approach, inter-
calibration of the used the LaiPen LP 110 device pair, and LAI calculation based on Beer-Lambert law see CERNY, POKORNY (2021).

The pre-commercial thinning has favourably affected the solar radiation use efficiency evaluated through CPI, and LAE parameters (Fig. 2
and 3), where the spruce stand with mild pre-commercial thinning (plot A) achieved a 4-fold higher increase in efficiency than stand with no
silvicultural intervention (plot B). However, the highest increase of both analysed parameters was recorded in the spruce stand after heavy pre-
commercial thinning (plot C) with a more than 5-fold increase of CPI and LAE than in plot B (with no silvicultural intervention). If comparing
spruce stands with applied pre-commercial thinning with various intensities, there was a 34% and 27% higher increase in CPI and LAE,
respectively, in the stand with heavy pre-commercial thinning (plot C) than in moderately thinned one (plot A), which confirms the tested
hypothesis H1. Overall, the presented results indicate a positive effect of heavy pre-commercial thinning on CPI and LAE in pure young
Norway spruce stands. However, more effort should be devoted to studying the impact of different pre-commercial thinning intensities on solar
radiation use efficacy across a broader gradient of site conditions, and future work should also be extended to other tree species.

Based on the four-year measurement campaign and data analysis, it can preliminarily be concluded:

o The highest solar radiation use efficiency assessed through CPI and LAE was found in the Norway spruce stand with heavy pre-commercial
thinning applied, reducing the initial stand density of 3,500 trees/ha to 1,300 trees/ha in winter 2019/2020.

e The heavy pre-commercial thinning increased the solar radiation use efficiency (CPI, LAE) 5 times compared to the control plot (B) with
no silvicultural intervention.
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¢ The Norway spruce stand with applied heavy pre-commercial thinning increased CPI and LAE values by 34% and 27%, respectively, to the
moderately thinned one (i.e. reducing stand density from 3,500 trees/ha to 1,800 trees/ha).

e From the viewpoint of mitigation of ongoing GCC, the heavy pre-commercial thinning application seems to be most appropriate in
pure Norway spruce stands. However, further analysis of the effect of various silvicultural treatment intensities in a broader range of site
conditions is necessary.
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