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ANOTACIA

Eiropas dizskabardis ir pret vétru ietekmi noturiga, éncietiga, parnadzu maz
bojata un daudzviet arT komerciali nozimiga koku suga. Latvija atrodas arpus Sis
koku sugas dabiskas izplatibas areala, tacu klimata parmainu prognozes liecina,
ka jau ST gadsimta laika visa mudsu valsts teritorija bls ta augSanai piemérota.
Faktisko dizskabarza izplatibu Latvija noteiks galvenokart mezsaimnieciski [Emumi.
To pienemsanai nepiecieSama pamatojosa informacija, tadél promocijas darba
mérkis ir novértét Eiropas dizskabarza audzéSanas potencialu Latvija klimata
parmainu konteksta. Promocijas darba ietvaros vértétas lielaka dala musu valsts
teritorija esoSo Sis koku sugas mezaudzu.

Konstatéts, ka notikusi sekmiga dizskabarza adaptacija Latvija: mdsu
valsts rietumu dala dizskabarza dabiska atjaunoSanas ir sekmiga gan péc
vienlaidus atjaunosanas cirtes, lldz 50 m no meza malas, gan zem audzes vainagu
klaja ari tados gaismas apstaklos, kas nav pieméroti citam koku sugam. Dizskabarza
gadskartu platumu ietekmé galvenokart ar mitruma deficitu saistiti klimatiskie
raditaji (temperatdra, nokrisni) vasara un rudens sakuma. Nemot véra klimata
izmainu prognozes, Sis koku sugas audZu ierikoSanai butiski izvéléties teritorijas
ar stabilu un pietiekamu augsnes mitruma nodrosinajumu. lzveidotie dizskabarza
augsSanas gaitas vienadojumi un dati no parauglaukumiem mezZaudzés liecina,
ka STs koku sugas otras paaudzes koku atraudziba Latvija ir lielaka neka pirmajai
paaudzei; ta ir ari lielaka neka Zviedrijas dienvidu dala un salidzinama ar citam
saimnieciski nozimigam koku sugam Latvija.

Latvijas rietumu dala iespéjams izveidot razigas dizskabarza audzes,
izmantojot jau esoSajas Sis koku sugas audzés Latvija ievaktu seéklu materialu.
Piemeérotakais seéklu avots ir ST promocijas darba izstrades ietvaros atlasitie
pluskoki. NepiecieSams izveidot séklu plantacijas stabilas séklu bazes
nodrosSinasanai nakotné. Rekomendéjama plasaku proveniencu izméginajumu
ierikoSana, ietverot tajos materialu ari no areala dalam, kur raksturigs augsts
mitruma deficits vasaras perioda, ka ari plasakas eksperimentalas parbaudes,
vértéjot Sis koku sugas proveniencu un atsevisku genotipu piemérotibu Latvijas
austrumu dalas klimatiskajiem apstakliem.



ABSTRACT

European beech is resistant to wind damages, shade-tolerant, in many
countries commercially significant and it rarely affected by cervids. Currently
Latvia is outside of its natural distribution areal. However, according to the
prognosis of climate change, already in this century all territory of our country
will be suitable for beech. Its actual spread in Latvia will primarily be determined
by forest management decisions. Such decisions require scientific information,
therefore aim of the thesis work is assess the growth potential of European beech
in Latvia in context of climate change. Thesis are based on data from majority of
known beech-dominated forest stands in Latvia.

Adaptation of European beech in Latvia has been successful: regeneration
of it is successful in western part of our country both in open area (clearcut) up
to 50 m from edge of mature stand and under canopy, even in light conditions
that are not suitable for regeneration of other tree species. Width of annual
rings for European beech is mainly affected by climatic factors related to water
deficit (temperature, precipitation) during summer and beginning of autumn.
It causes reduction or even briefly stops radial increment until the complete
replenishment of stem water storage. Considering predicted climate change it
is important to plant European beech only in areas with sufficient soil moisture
availability. Growth models of European beech, developed as part of this thesis
work, and data from sample plots in forest stands, indicate that increment of
second generation of this tree species in Latvia is higher than that of first
generation; it is also higher than in southern part of Sweden and comparable to
that of other commercially important tree species in Latvia.

Productive European beech stands can be established in western part of
Latvia, using seed material from local seed sources, specifically — from plus-trees
selected as part of research for this thesis. Simultaneously establishment of seed
orchards to ensure secure seed supply is necessary. Continuous experimental work,
establishing comprehensive provenance trials, including reproductive material
also from the parts of European beech natural distribution range with high
water deficit during summer and testing suitability of provenances and specific
genotypes for eastern Latvia, is sensible.
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1. DARBA VISPARIGS RAKSTUROJUMS

1.1. Temas aktualitate

Eiropas dizskabardis (Fagus sylvatica L.) ir izplatitaka koku suga lapu koku
meZos Centraleiropa. Sobrid ta aredls ziemelos plesas Iidz Vacijas ziemeldalai,
Danijai, Zviedrijas dienviddalai, Polijai. Austrumu robeZa sasniedz Ukrainu,
Moldaviju, Bulgariju. Areala dienvidu dala ietver Balkanu pussalu, Apeninu kalnus,
Siciliju, Spaniju (Leugnerova, 2007). Latvija atrodas arpus diZzskabarza dabiskas
izplatibas areala, un masu valsti T koku suga sastopama izolétas platibas. Tomér
tiek prognozéts, ka jau Iidz 21. gadsimta beigam dazadu sugu izplatibas areali var
batiski maintties klimata parmainu dé| (Hickler et al., 2012). Eiropas teritorija
sagaidama galvenokart sugu parvietoSanas zieme)u virziena (Walther et al., 2002;
Kullman, 2008). Prognozes liecina, ka Eiropas dizskabarza augsSanai piemérotais
areals Iidz gadsimta vidum ietvers ari visu Latvijas un Igaunijas teritoriju (Kramer
et al., 2010). Tomér Sis koku sugas faktisko izplatibu noteiks saimnieciska darbiba.
Dabiski dizskabardis izplatas |éni, jo ta séklas ir salidzinosi smagas. Séklas izplata
putni un pelveidigie grauzéji; pétijumi liecina, ka vidéjais séklu izplatisanas attalums
ir aptuveni 30 m no seklu koka, talaka distanceé izplatas nenozimiga daja no visam
séklam (Dobrovolny, & Tesaf, 2010). Latvijas rietumu dala veikts pétijums liecina, ka
dizskabarza dabiskas izplatiSanas atrums varétu bit 3.4 m gada (Sabule L., 2009).
Séklu razas gadi diZzskabardim ir reti un neregulari, literatdras avotos noraditi dazadi
intervali. Izteikti bagatiga raza sagaidama apméram ik péc Cetriem lidz seSiem
gadiem (Pena et al., 2010), péc citu autoru datiem — ik péc seSiem lidz deviniem
gadiem (Giesecke et al., 2007; Vanders, 1960a). Dizskabardis labi apputeksnéjas
tikai sveSapputes cela, ta puteksni ir salidzinosi smagi un lido nelielu attalumu,
tapéc gados ar mazak bagatigu ziedésanu sveSappute ir apgritinata, ka rezultata
sados gados lielaka dala séklu ir tukSas (Vanders, 1960a). Péc bagatiga séklu
razas gada paauga sastopami pat 350 000 un vairak dizskabarzu séjeni uz hektara,
no kuriem péc gada ir izdzivojusi aptuveni puse (Vanders, 1957). Dizskabarza
izplatiSanos ap séklu avotiem ietekmé ari intensiva jaunaudZu kopSana — ja
nogabala ka mérka suga nav noteikts dizskabardis, tad, veicot jaunaudzes
kopsanu, tiks atstati tikai atseviski eksemplari, nevis saglabati visi dzivotspéjigie
dizskabarzi.

Pétijumi Eiropa liecina, ka dizskabardis ir pret vétru ietekmi noturiga,
éncietiga, parnadZu maz bojata un daudzviet ari komerciali nozimiga koku suga.
Nemot véra Sis 1pasibas, ka ari sagaidamo klimata izmainu pozitivo ietekmi uz
dizskabardi vairakuma Baltijas jlras regiona (Hanewinkel et al., 2013), jau Sobrid
atseviskas valstis tiek veicinata ta plasaka izmantosana. Ir batiski detalizéti
raksturot dizskabarZa atjaunosanos un augSanu ietekméjoSos faktorus Latvija,
radot pamatu Sis koku sugas plasakai pielietoSanai mezsaimnieciba. Dizskabarza
koksne tiek uzskatita par vértigu, ta ir dekorativa, un tiek izmantota iekstelpu



apdaré, durvim, mébelém, parketam, ka ar1 finiera un papira raZoSana
(von Waihlisch, 2008; Born, 2011). Koksnes kvalitate ir atkariga no stumbra
Tpasibam, audzes kopéjas kvalitates, augsnes 1pasibam un atbilstoSas audzes
apsaimniekosanas (Poljanec, & Kadunc, 2013).

Péc literatlras datiem var secinat, ka dizskabarza stadijumi Latvijas teritorija
iertkoti jau ap 18. gadsimta vidu, izmantojot tos muizu un pilsétu parkos un
apstadijumos (Freibe, 1805). Pirmas zinamas mezaudzes ierikotas 18. gadsimta
beigas (Vanders, 1960b). Lai gan dizskabardis Latvija ir introducéta suga, tomér
jau 20. gadsimta vidd K. Vanders uzskatijis, ka dizSkabardis ir pilnigi naturaliz&jies
Kurzemé (Vanders, 1957). Par to liecina dizskabarza sastopamiba pat tris stavos
un dazados vecumos staditajas meZaudzés, ka ari parkos. Dizskabardis Latvija
atjaunojas dabiski gan zem koku vainagu klaja, gan apkartéjas teritorijas (Bolte
et al., 2007; Laivins, 2010). Par veiksmigu sugas adaptésanos liecina ari tas, ka
Sis sugas audzés koksnes kraja neatpaliek no vietéjam koku sugam (Dreimanis,
2006). Pagaidam Latvijas centrala un austrumu dala tiek uzskatitas par
nepiemérotam dizskabarZza audzésanai, jo Sajas teritorijas raksturiga izteikti
zema temperatlira ziema, kas var bat limitéjoSais faktors dizskabardim (Bolte
et al., 2007). Tomér, nemot véra jau lidz Sim novéroto un ari prognozéto videjas
temperatlras pieaugumu, ko daléji izraisa temperatliras palielinasanas ziemas
perioda (Lizuma et al., 2007), augSanas apstakli $aja teritorija kllst piemérotaki
dizskabardim, un ir lietderigi iertkot eksperimentalos stadijumus un atlasit Siem
apstakliem piemérotakas gimenes.

LidzSingjos pétijumos Dr.habil. Maris Laivin$ veicis dizskabarzu kartésanu
Latvijas teritorija, aprakstijis augu sabiedribas diZzskabarza audzés un ierikojis
divus pastavigos parauglaukumus otras paaudzes audzés (sakotnéji no Vacijas
ievesto pirmas paaudzes koku pécnacéji). Tajos noteikti taksacijas raditaji,
atmirusas koksnes apjoms, vainagu veselibas stavoklis un projekcija (Laivins,
2010). Plasaku taksacijas raditaju raksturoSanu, atkartoti parmérot pastavigos
parauglaukumus, nodrosSinajis prof. A. Dreimanis (Dreimanis, 2005, 2006). Tomér
nav pietiekamas informacijas par augstuma pieauguma dinamiku. Ir analizéta
gadskartu platumu korelacija ar meteorologiskajiem apstakliem ilgtermina saméra
nelielai paraugkopai, konstatéjot vasaras sausuma negativo ietekmi uz radialo
pieaugumu (Sabulel., 2009), bet nav analizétas paaudzu atskirtbas reakcija
uz meteorologiskajiem apstakliem, ka ari meteorologisko apstaklu ietekme uz
radialo pieaugumu sezonas ietvaros.

1.2. Promocijas darba mérkis

Novértét Eiropas dizskabarza audzésanas potencialu Latvija klimata
parmainu konteksta.
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1.3. Promocijas darba pétnieciskie uzdevumi

1. Raksturot diZzskabarza dabisko atjaunoSanos ietekméjosos faktorus
izcirtuma un zem audzes vainagu klaja, un otras paaudzes koku genétisko
daudzveidibu.

2. Raksturot diZzskabarza otras paaudzes stadijumu saglabasanos un augsanu
relativi skarbos apstaklos Latvijas centralaja dala.

3. Noveértéet dizskabarza augsSanas gaitu.

4. Raksturot meteorologisko faktoru ietekmi uz dazadu dimensiju diZzskabarzu
caurmera pieaugumu.

1.4. Promocijas darba tézes

1. Dizskabarza dabiska atjaunoSanas Latvija ir sekmiga gan zem vecas audzes
vainagu klaja, gan izcirtumos.

2. Otras dizskabarza paaudzes augSanas gaita un jutiba pret klimatiskajiem
faktoriem ir atSkirigas salidzinajuma ar pirmo paaudzi.

1.5. Zinatniska novitate

Pirmo reizi salidzinata dazadu paaudZu dizskabarzu reakcija uz klimatiskajiem
faktoriem audzés, kas atrodas uz ziemelaustrumiem no Sis koku sugas izplatibas
areadla robezas. Pirmo reizi Baltija novértéta dizskabarza saglabasanas zem
audzes vainagu klaja vairakas desmitgades péc stadisanas, genétiska daudzveidiba
divam Sis koku sugas paaudzém, ka ari raksturots augstuma pieaugums.

1.6. Zinatniska darba aprobacija

Pétijuma rezultati prezentéti 7 konferencés:

1. Oskars Krisans, Roberts Matisons, Liga Purina, Endijs Baders, Aris Jansons
(2017) Climatic signals in tree-rings: native vs. introduced tree species case
study in Latvia. International meeting “Non-native tree species for European
forests — experiences, risks and opportunities”, February 6—8, 2017, Prague,
Czech Republic.

2. Liga Purina, Andis Adamovics, Juris Katrevics, Zaiga Katrevica, Baiba Dzerina
(2016) Growth of Fagus sylvatica in young mixed stand: case study in central
Latvia. Annual 22" International Scientific Conference “Research for Rural
Development 2016”, May 18-20, 2016, Jelgava.
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. Roberts Matisons, Liga Purina, Linda Robalte, Aris Jansons (2016) Climatic
factors affecting radial growth of Fagus sylvatica in Latvia. 4" International
Conference of Dendrochronologists and Dendroecologists from the Baltic
Sea Region “BaltDendro 2016”, August 22-25, 2016, Annas Tree School,
Latvia.

. Oskars Krians, Liga Purina, Davis Mesters, Rolands Kapostin$, Aris Jansons,
Juris Rieksts-Riekstins (2016) Intra annual changes of intensity of
radial growth of European beech (Fagus sylvatica L.) in western Latvia.
4™ International Conference of Dendrochronologists and Dendroecologists
from the Baltic Sea Region “BaltDendro 2016”, August 22-25, 2016, Annas
Tree School, Latvia.

. Liga Purina, llze Pupure, Baiba DZerina, Aris Jansons (2016) Regeneration
of Fagus sylvatica at the edge of its northern distribution limits. 4t
International Conference of Dendrochronologists and Dendroecologists
from the Baltic Sea Region “BaltDendro 2016”, August 22-25, 2016, Annas
Tree School, Latvia.

. Liga Purina, Roberts Matisons, Aris Jansons (2015) Regeneration and climate-
growth sensitivity of European beech in Latvia. International scientific
conference “Knowledge Based Forest Sector”, November 4-6, 2015, Riga,
Latvia. Poster presentation.

. Aris Jansons, Roberts Matisons, Janis Jansons, Liga Purina, Endijs Baders
(2015) High-frequency variation of tree-ring width of several tree species
in Latvia. International scientific conference on dendrochronology “Climate
and human history in the Mediterranean basin”, October 18-23, 2015,
Antalya, Turkey.
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2. MATERIALS UN METODES

Petijjumam dati ievakti dizskabarza lielakajas audzés Latvija: Talsu, Madonas,
Térvetes, Aizputes un Priekules novada (2.1. att.).

@ - atjaunosanos ietekméjosie faktori / factors affecting regeneration
- otras paaudzes genétiska daudzveidiba / genetic diversity of second generation
i- otras paaudzes saglabasanas un augsana / survival and growth of second generation
i - augstuma pieauguma veidosanas / formation of cumulative primary growth
X - caurméra pieaugumu ietekméjosie meteorologiskie faktori / meteorologic factors
affecting secondary growth

2.1. att. DiZzskabarza izplatiba Latvija (pelékie punkti, dati: Latvijas dendrofloras
atlants) un dazadiem pétijuma uzdevumiem izvéléto objektu izvietojums

Pétijuma analizéti vairaku paaudZu koki. Ar pirmo paaudzi saprot audzes,
kuras staditas, izmantojot Vacijas ziemelu dala ievaktas séklas, audZzu vecums
aptuveni 100-140 gadi. Otro paaudzi veido pirmas paaudzes pécnacéji, izaugusi
no vietéja seklu materiala.

2.1. Gaismas apstak|u ietekme uz dizskabarza dabisko atjaunosanos

Lai izzinatu gaismas apstak|u ietekmi uz diZzskabarza dabisko atjaunosanos
zem vainagu klaja, Talsu novada iertkoti 11 transekti diZzskabarza tiraudzé, Eiropas
balteglu audzé ar bérzu, ozolu, eglu un dizskabarzu piemistrojumu, ka ari lapu
koku mistraudzeé. MeZa tips — véris, audZzu vecums aptuveni 120 gadi. Transekti
iertkoti cauri dizskabarZza paaugas grupam, tie sadaliti 2 x 2 m kvadratos bez
atstarpém starp tiem. Katra posma atseviski uzskaitita dizskabarza un citu
koku sugu paauga, uzmerits tas augstums. Katra kvadrata centra veikta vainagu
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klaja fotografésana, lai varétu aprékinat gaismas raditajus. Fotografijas uznemtas
ar Nikon Coolpix E8400 kameru, aprikotu ar platlenka (fish-eye) objektivu (DSLR
4.9 mm-203) (Regent Instruments Inc.,, Quebec, Canada), kamera novietota
1.4 m augstuma virs zemes. Eiropas baltegles audzé ierikotajos transektos
papildus ievakti sadi dati: katra transekta 4 m posma noteikts talaka pie
paaugas grupas piederosa dizskabarza attalums no transekta abas ta pusés
(lai iegltu prieksstatu par paaugas grupas aiznemto platibu un formu), katra 4 m
posma abas transekta pusés uzskaitits tuvakais pirma stava koks, kas ietekmé
paaugas grupas gaismas apstak|us, noteikta ari ta suga un caurmérs. Visos
virzienos 30 m attaluma no transekta uzskaititi visi pirma un otra stava
dizskabarzi, uzmerits to augstums, caurmérs un attalums no transekta, ka arl
noteikta piederiba tuvakajam parauglaukuma 4 m posmam.

Gaismas apstakli transekta posmos aprékinati, izmantojot WinScanopy
2006a programmu (Regent Instruments Inc., Quebec, Canada). DiZskabarza
tiraudzé un lapu koku mistraudzé aprékinata tiesa, izkliedéta un kopéja gaisma
(mol m2diena?), Eiropas balteglu audzé noteikti $adi parametri: vainagu klaja
izrobojums, vainagu klaja atvérums, tieSas gaismas Tpatsvars un kopé€jas gaismas
Tpatsvars, kas ir relativas vértibas un tiek izteiktas procentos.

Dizskabarza dabiskas atjaunoSanas novértéSanai izcirtumos ierikoti
parauglaukumi Aizputes novada, netalu no Kazdangas. Izvélétas 3 jaunaudzes
péc vienlaidus atjaunosanas cirtes, kuram blakus atrodas audzes ar vairakiem
pieauguSiem diZskabarziem, kas kalpo ka séklu avots dabiskai atjaunosanai.
Tajas ierikoti kopa 79 parauglaukumi, katrs 25 m? platiba. Parauglaukumiem
noteikts attalums Iidz tuvakajai audzei, kura atrodami pieaugusi diZskabarii,
tajos uzmeériti visi diZskabarZi un citu sugu koki, nosakot katram caurméru un
augstumu, ka art noteiktas lakstaugu sugas un to individualais un kopéjais
projektivais segums, ka ari Ellenberga vértibas lakstaugu sugam.

2.2. Otras paaudzes genétiska daudzveidiba

Priekules un Talsu novada analizéta pirmas un otras paaudzes diZskabarzu
genétiskd daudzveidiba. Sim nolikam divas audzés véra meZa tipa ievakt
koksnes paraugi no pirmas paaudzes kokiem (vecums 112-118 gadi) un audZu
centra 20 x 20 metru platiba ievakti lapu paraugi no visiem otras paaudzes
dizskabarziem. Kopuma analizé ieklauti 45 pirmas paaudzes un 106 otras
paaudzes koki no audzes Priekules novada un attiecigi 63 un 101 koks no
audzes Talsu novada. Paraugu genétiska analize veikta LVMI Silava Molekularas
genétikas laboratorija.
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2.3. DizskabarZa otras paaudzes stadijumu saglabasanas un augsana Latvijas
centralaja dala

Relativi skarbos apstaklos Latvijas centralaja dala Madonas novada
novértéta otras paaudzes dizskabarZa stadijuma saglabasanas zem vainagu klaja.
Stadijums iertkots 1983.gada 90 gadus veca priezu audzé ar bérza un egles
piemistrojumu. Augsne normala mitruma, augliga, malaina, ar skabu reakciju.
MeZa tips damaksnis. Audzes platiba 3.5ha. Séklu materidls nemts no
diZskabar?a audzém Talsu novada Skédé, stadi izaudzéti MeZa pétisanas stacijas
kokaudzétava Madonas novada. StadiSana veikta rindas, ar vidéjo attalumu
starp stadiem 0.83 m, attalums starp rindam varié no 3.5 m Ilidz 8.5 m. lestaditi
aptuveni 5000 stadi. Lidz 33 gadu vecumam saglabajusies 3975 dizskabarzi.
Katram no tiem noteikta telpiska atrasanas vieta (koordinatu tikla), uzmérits
caurmeérs, augstums un maksimalais vainaga radiuss, kas noteikts péc garaka
zara.

Otras paaudzes stadijumu saglabasanas novértéta ari Térvetes novada,
12 gadus péc dizskabarzu — eglu mistraudzes ierikoSanas izcirtuma. Stadijums
izvietots lidzena, augliga, malaina normala mitruma mineralaugsné, meza tips
veéris. Stadits rindu mistrojuma. Izmantoti 2-gadigi egles stadi no kokaudzétavas un
diZskabar?a meZeni no paaugas Talsu novada Skédé. Pirms stadidanas sagatavota
augsne. Attalums starp stadiem 2.5 m, attalums starp rindam varié no 2 lidz 3 m.
Audzé uzmeéritas visas egles un dizskabarzi, nosakot tiem augstumu un caurmeéru.
Dizskabarziem noteikts art lielakais vainaga radiuss, eglém uzmeérits pédéjo 3 gadu
augstuma pieaugums. Abu sugu kokiem veikti urbumi ar Preslera pieauguma
svarpstu péc iespéjas tuvak saknu kaklam. legltie koksnes paraugi izzavéti
l[dz gaissausam stavoklim, laboratorija noslipéti, manuali uzmérits gadskartu
platums, lietojot LINTAB 5 (RinnTECH) mérijumu sistému ar precizitati 0.01 mm.

2.4. Augsanas gaita

Talsu novada 10 diZzskabarZa audzés nozagéti divi valdaudzes koki katra
audze, lai ievaktu datus par augstuma pieauguma veidosanos. Visas audzes
atradas 5 km radiusa, lidzigos apstakl|os, augliga, normala mitruma mineralaugsné.
AudZu vecums aptuveni no 70 Iidz 140 gadiem. Paraugkoki izvéléti no valdaudzes,
veseligi, ar vienu stumbru, bez batiskiem redzamiem bojajumiem, péc iespéjas
izvairoties no konkurences efekta (Brunner, Nigh, 2000). No stumbra izzageti
paraugi 0.2 m un 1.3 m augstuma, un talak ik péc 2 metriem. Paraugi tika Zaveti,
slipéti, un gadskartas saskaititas ar mikroskopa palidzibu. Katra augstuma tika
noteikts koka vecums.
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2.5. Meteorologisko faktoru ietekme uz dazadu dimensiju dizskabarzu
caurmeéra pieaugumu

Meteorologisko faktoru ietekme uz dazadu dimensiju diZskabarzu
caurmeéra pieaugumu pétita Talsu novada. Divi atSkirigu paaudzu koki aprikoti
ar dendrometriem caurméra pieauguma veidoSanas dinamikas novértésanai
sezonas ietvaros. Koki izveéléti dizskabarzu — priezu mistraudzé, malaina
normala mitruma mineralaugsné, meza tips damaksnis. Abi koki atradas 8 m
attaluma viens no otra. Pirmas paaudzes kokam augstums 34 m, krisaugstuma
caurmérs 55cm, vecums 127 gadi. Otras paaudzes kokam augstums 12.6 m,
krGsaugstuma caurmérs 16 cm, vecums 43 gadi. Stumbra caurméra izmainu
monitorésana veikta krGSaugstuma, fikséta ik péc 10 minGtém ar dendrometru
DRL26C (EMS Brno, Czech Republic). Informacija par meteorologiskajiem datiem
audzé ieguti no blakus novietotas mobilas meteostacijas (Vantage Pro2, Davis
Instruments, USA). Augsnes Udens potencials mérits ar tensiometriem (T8, UMS
GmbH, Germany).

Lai novértétu gadskartu platumu ietekméjoSos faktorus ilgaka laika
posma, pétijums veikts trijas dizskabarza audzés Talsu novada, izvéloties
45 dazadu Krafta klasu kokus katra audzé, un viena audzé Priekules novada
(9 koki). Visas audzes atrodas salidzinosi lidzena reljefa, normala mitruma augliga,
malaina mineralaugsné. DizskabarZos ar Preslera pieauguma svarpstu veikti katra
divi urbumi krGsaugstuma no pretéjam pusém. Gadskartu platums mérits manuali,
izmantojot Lintab 5 sistéemu (Rinntech, Heidelberg, Germany) ar precizitati
0.01 mm. Nomérito gadskartu sériju kvalitati (datéjumus) parbaudija, veicot
vizualu un statistisku SkérsdatéSanu ar COFECHA programmu (Grissino-Mayer,
2001), t. i., parbaudija sériju mainibas savstarpéjo saskanibu.

3. REZULTATI UN DISKUSIA

3.1. Dizskabarza dabisko atjaunoSanos ietekméjosie faktori izcirtuma un
zem audzes vainagu klaja, un otras paaudzes genétiska daudzveidiba

Vainagu klajs aiztur lielako dalu saules gaismas, un pamezu un paaugu

sasniedz mazak neka 20% no kopéjas gaismas (3.1. att.). Dizskabarza paaugas koku
augstums vidéji ciesi korelé ar gaismas apstakliem zem vainagu klaja.
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3.1. att. Gaismas apstaklus raksturojoSo parametru vidéjas vértibas
(+ 95% ticamibas intervals)

Abas dizskabarza tiraudzés visi aprékinatie gaismas parametri bija
savstarpéji batiski saistiti, un tiem bija lidziga izkliede (variacijas koeficients
~40%). lzkliedéta un kopéja gaisma bija galvenie limitéjosie faktori lielakajai
dalai paaugas sugu (iznemot egli). Viszemakais izkliedétas gaismas slieksnis, ka
ari kopéjas gaismas vértiba novérota diZzskabardim un osim (attiecigi 0.37 un
0.66 mol m2diena) (3.1.tab.). No konstatétajam paaugas un pameza sugam
visaugstakais izkliedétas gaismas slieksnis bija balteglei un piladzim (attiecigi 0.75
un 1.05 mol m?2diena). Parauglaukumos zem pieaugusas audzes uzskaititas
dizskabarza paaugas koku skaits variéja no 2500 lidz 13 000 uz hektara, kas
parsniedz Latvijas normativajos aktos noradito minimali nepiecieSamo koku
skaitu jaunaudzé (1500 uz ha).

3.1. tabula
Aprékinatas un uzmeritas gaismas parametru vértibas

Gaisma (mol m? diena)

Koku suga Aprékinata

Izkliedeta

Faktiska (uzmeérita)
Izkliedéta

Kopéja Kopéja

Dizskabardis

0.37 (2.48%)

0.19 (0.42%)

0.28 (1.9%)

0.66 (1.45%)

Egle

0.68 (4.61%)

1.45 (3.19%)

Baltegle

0.79 (5.32%)

2.42 (5.31%)

0.70 (4.74%)

1.89 (4.15%)
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Izcirtumos iertkotajos parauglaukumos konstatéto augu sugu Ellenberga
vértibas neatskiras batiski atkariba no attaluma lidz meza sienai. Var uzskatit,
ka visa izcirtuma augSanas apstakli bija saméra vienmeérigi, un diZskabaria
atjaunoSanos ietekméja citi faktori. Sakariba starp diZzskabarzu skaitu un augstumu
netika konstatéta (p =0.92). Analizéjot citu vértéto pazimju (novérojumu vieta,
parauglaukumu attalums lidz meZa sienai, citu kokaugu skaits un to augstums,
augu sugu skaits, lakstaugu un siinu projektivais segums) iespéjamo saikni ar
dizskabarzu skaitu un augstumu, konstatéts, ka dazadas novérojumu vietas
biltiski neatskiras dizskabarzu skaits (p = 0.30), turpreti to augstuma atskiribas
bija batiskas (p < 0.001).

Vidéjais dizskabarzu jaunaudzes biezums bija 2520 +720 koki ha* (robezas
no 400 Ilidz 11200). Pirsona korelacijas analizé konstatéts, ka dizskabarzu
biezumam pastav bitiska (p < 0.05) negativa korelacija ar citu kokaugu skaitu
(r=-0.32), ar stnu projektivo segumu (r=-0.31) un ar parauglaukumu attalumu
lldz meZza sienai (r = -0.38) (3.2. att.).
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B Dizskabarzu biezums / density of beech

B Dizskabarzu vid. augstums / Average height of beech

3.2. att. Dizskabarza biezumu un augstumu ietekméjosie faktori

Veicot daudzfaktoru linearas regresijas analizi (vispirms visam pazimém, un
tad atkartojot péc nebdutisko pazimju — vieta, sugu skaits, sinu segums, lakstaugu
segums — pakapeniskas izslégSanas), konstatéts, ka dizskabarzu skaitu buatiski
(p < 0.05) ietekméja citu kokaugu skaits un to augstums, ka ari attalums lidz meza
malai; modelim R? = 0.34.
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Vidéjais dizskabarZzu augstums bija 201 £25.8 cm. Pirsona korelacijas
analizé konstatéts, ka dizskabarzu augstumam pastav btiska (p < 0.01) negativa
korelacija ar citu kokaugu skaitu (r=-0.42) un bitiska pozitiva — ar citu kokaugu
augstumu (r=0.57). Veicot daudzfaktoru linearas regresijas analizi, konstatéts,
ka bitiska ietekme ir tikai vietai (paréjam analizétajam pazimém p > 0.23). Talaka
analize veikta katrai novérojumu vietai atseviSki un konstatéts, ka tikai viena
no objektiem daudzfaktoru linearas regresijas modelis ir batisks. Atkartojot analizi
Sim objektam (vietai) péc pakapeniskas nebdtisko pazimju izslégsanas, konstatéts,
ka modelim R?=0.57, un dizskabarzu augstumu batiski (p < 0.05) ietekméja citu
sugu koku klatbtne (biezums) un to augstums.

Dizskabardis sekmigi atjaunojas (vismaz 1500 koki uz ha) izcirtumos péc
vienlaidus atjaunoSanas cirtes, ja pietiekami netalu (Iidz 50 m) atrodas séklu
avots.

Veicot genétiskas analizes, Talsu novada dizskabarZu audzes parauglaukuma
53% no analizétajiem otras paaudzes kokiem tika identificéts vismaz viens no
vecaku kokiem, bet Priekules novada audzé — 42%. Visbiezak vecaku kokiem
tika konstatéts pa vienam pécnacéjam — Talsu novada 8 gadijumos, Priekules
novada 10 gadijumos (3.3.att.). Katra parauglaukuma identificéts viens koks
ar salidzinoSi daudziem pécnacéjiem — Talsu novada ar 13, Priekules novada ar
11 pécnacejiem.
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3.3. att. Koku skaita sadalijums pa gimeném dizskabarza dabiskaja atjaunosana
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Genétiskas daudzveidibas raditaji liecina, ka Priekules novada audzé vecaku
paaudze ir savstarpéji radniecigaka neka Talsu novada audzé (3.2. tab.).

3.2. tabula
Genétiskas daudzveidibas raditaju vidéjas vértibas (tstandartkliida)
Prirelzlésles Priekules | Talsu nov. Talsu
Populacija vecaku nov. otra vecaku nov. otra
h paaudze koki paaudze
koki

Aléu skaits 4.4+0.26 | 4.9+0.37 | 9.6 +1.01 | 8.6 +0.88
Aléelu ar Tpatsvaru 2 5% skaits 3.6+0.22 | 3.5+0.22 | 4.4+0.36 | 4.81+0.41
Efektivo alé]u skaits 3.01£0.19 | 2.6 +0.19 | 4.2+0.45 | 4.3+0.42
Senona daudzveidibas indekss 1.2 +#0.06 | 1.1 £0.06 | 1.6 +0.11 | 1.6 +£0.10
Sagaidama heterozigotate 0.6 £+0.03 | 0.6 £0.03 | 0.7 £0.03 | 0.7 £0.03

Tas varétu bt izskaidrojams ar séklu izcelsmi mezaudzu iertkoSanai. Tomér
daudzveidibas raditaji batiski neatskiras starp paaudzém neviena no audzém,
genéetiska daudzveidiba nakamaja paaudzé nesamazinas.

3.2. DizskabarZa otras paaudzes stadijumu saglabasanas un augsana
Latvijas centralaja dala

Mistrota dizskabarzu — eglu audze Térvetes novada 12 gadus péc iestadisSanas
dizskabarzu saglabasanas bija apmierinoSa un lidziga ka eglém (attiecigi 73%
un 78%). Dizskabardim augstums un caurmeérs bija statistiski batiski lielaks neka
eglei (augstums attiecigi 7.4 £0.30 m un 3.1+0.30 m, caurmérs 8.9 £0.68 cm
un 3.0 £0.41 cm). lkgadéjais radialais pieaugums dizskabardim bija ievérojami
lielaks neka eglei (3.4. att.), atSkiribas starp koku sugam bija statistiski bUtiskas
un pieaugosas lidz ar vecumu.
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3.4. att. Dizskabarza un egles vidéjais gadskartu platums
(£95% ticamibas intervals)

Audzé novérota izteikta konkurence starp abu sugu kokiem. Maksimalais
dizskabarza vainaga radiuss bija vidéji 2.4 £0.16 m, kas ir lidzvértigs ar attalumu
starp rindam un starp stadvietam rindas. DiZzskabarzu augSanu batiski ietekméjis
fotosintezéjosas virsmas laukums, kas raksturots ar vainaga maksimalo radiusu.
Vainaga maksimalajam radiusam konstatéta cieSa un buUtiska korelacija gan
ar koka augstumu, gan ar caurméru krisaugstuma (attiecigi r=0.71 un r=0.87).
Pirmajos augSanas gados dizskabardis izmanto telpu daudz efektivak neka egle,
izveidojot plasu vainagu un izmantojot visus pieejamos gaismas resursus.

Aptuveni 80% dizskabarzu bija saglabajusSies 33 gadus péc iestadisanas
zem audzes vainagu klaja Madonas novada, Kalsnavas apkartné. Platiba
konstatéta ari atjaunoSanas ar atvasém. Dizskabarzu augstums variéja no 0.30
[ldz 13 m, caurmeérs krasaugstuma — no 0.2 lidz 14.9 cm. Koku sadalijumam
péc dimensijam ir apvérsta J forma (3.5. att.), kas ir tipiski éncietigdm sugam
un apliecina dizskabaria paaugas normalu aug$anu. Sada veida koku sugas
pielagojas ilgstosi saglabaties paauga, lidz kada traucéjuma rezultata vainagu
klaja izveidosies atvérums un radisies iespéja straujakai augSanai (Wagner et
al., 2010).
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3.5. att. Dizskabarzu sadalijums pa caurméra pakapem

So dizskabar?u aug$anas laika (1983. Iidz 2016. gadam) ziemas bijusi ari
loti auksti periodi ar gaisa temperatiiru -30°C un zemaku, tomér klimatiskie
apstakli Latvijas centralaja dala izradijusies pieméroti dizskabarzu atjaunos$anai
zem audzes vainagu klaja (gaisa temperatira Saja gadijuma nebija limitéjosais
faktors) (Fang & Lechowicz, 2006; Kramer et al., 2010). Tik augsta saglabasanas
Latvijas centralaja dala varétu bat saistita ne tikai ar koku atraSanos zem audzes
vainagu klaja, bet art ar séklu izcelsmi — Sie ir otras paaudzes dizskabarZi no
Latvijas rietumu dala augoSu koku séklam, kuriem jaspéj adaptéties tikai
nedaudz skarbakiem apstakliem neka to vecaku kokiem (Yakovlev et al., 2011).

3.3. Dizskabarza augsanas gaita

Paraugkoku augstuma pieauguma dinamiku ilgstosa laika posma visprecizak
raksturot bija iespéjams ar Chapman-Richards un Sloboda modeliem. So
vienadojumu koeficienti bls izmantojami LVMI Silava izveidotaja augsSanas
gaitas modelésanas rika. legltie dati liecina, ka dizskabarzi Latvijas rietumu
dala ir atraudzigaki neka Zviedrijas dienvidu dala, tatad augSanas apstakli Seit
ir sugai pieméroti. Otras paaudzes koki ir veiksmigi adaptéjusSies vietéjiem
apstakliem un uzrada lielaku atraudzibu, apsteidzot pirmas paaudzes kokus
(3.6. att.).
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3.6. att. Nelinears augsanas gaitas modelis (melnas linijas, Dienvidzviedrija,
Carbonier, 1971), salidzinats ar mérijumu datiem Latvijas rietumu dala
(pelékas linijas, katra linija attélo vienu koku)

3.4. Meteorologisko faktoru ietekme uz dazadu dimensiju
dizskabarzu caurméra pieaugumu

Analizéjot meteorologisko faktoru ietekmi uz stumbra caurméra pieaugumu
sezonas ietvaros, konstatéta dizskabarza jutiba pret ddens deficitu (3.7. att.).
Dizskabarza radialais pieaugums pozitivi koreléja ar nokriSniem. Ja kadu laika
posmu nokriSnu nebija vispar, $aja laika gadskarta neauga. Péc periodiem ar
nozimigiem nokriSniem notika stumbra Gdens rezervju atjaunoSanas un tai
sekojoSa gadskartas augSana. Limitéjosais faktors vegetacijas sezona bija
pieejamais Gdens, bet ne gaisa temperatdra.

Otras paaudzes kokam novérots btiski lielaks relativais radialais pieaugums
neka pirmas paaudzes kokam vegetacijas sezonas ietvaros (attiecigi 0.93% un
0.38% no caurmeéra). Visstraujakais radialais pieaugums novérots no vegetacijas
perioda sakuma l1dz jalija sakumam.
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3.7. att. Stumbra apkartméra (P) izmainas pirmas paaudzes dizskabardim jinija
un nokriSnu daudzums saja perioda

Novértéjot meteorologisko faktoru ietekmi uz stumbra caurméra
pieaugumu ilgaka laika posma, Latvijas rietumu dala pétitajiem dizskabarziem
netika konstatétas ekstrémi Sauras gadskartas (nomakta augSana), liecinot par
augsanas apstaklu piemérotibu Sai koku sugai. Analizéjot radiala pieauguma
saistibu ar meteorologiskajiem apstakliem, konstatéts, ka pirmas paaudzes koki
ir jutigaki neka otras paaudzes koki (3.8. att.).

Pirmas paaudzes valdaudzes koki bija Tpasi jutigi uz nokriSnu apjomu junija,
kas saistits ar Gdens deficitu vasara. Sis paaudzes nomaktie koki galvenokart bija
jutigi pret temperatlru ziemas perioda. Savukart otras paaudzes kokus mazak
ietekméja ziemas perioda temperatira, tas liecina par adaptaciju Latvijas
apstakliem.
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3.8. att. Statistiski batiskie Pirsona korelacijas koeficienti (r) starp dazadas
paaudzes valdaudzé esosu dizskabarzu gadskartu vidéjo platumu un
klimatiskajiem (meteorologiskajiem) faktoriem: ménesa vidéja
temperatira (T), nokrisni (P), standartizéts nokriSnu-iztvaikosanas
indekss (SPEI) laika intervalam no 1972. lidz 2015. gadam

Ménesu nosaukumi ar lielajiem burtiem — Pirsona korelacijas koeficienti gada pirms
gadskartas veidoSanas

Atraudzigakajiem otras paaudzes kokiem novérota cie$dka pieauguma
saistiba ar mitruma apstakliem vasaras perioda, par ko liecinaja gan ikgadéja, gan
vienas augsanas sezonas pieauguma veidosanas dinamika.

25



SECINAJUMI

. Notikusi sekmiga dizskabarza adaptacija Latvija: ta otrajai paaudzei nav
konstatéta zemaka genétiska daudzveidiba, bet ir konstatéts lielaks
augstuma pieaugums neka pirmajai paaudzei. Otras paaudzes koki labi
saglabajas (> 80%) zem citu koku sugu vainagu klaja ari Latvijas centralaja
dala.

. Latvijas rietumu dala dizskabarza dabiska atjaunosanas ir sekmiga gan péc
vienlaidus atjaunosSanas cirtes, Iidz 50 m no meza malas, gan zem audzes
vainagu klaja arT tados gaismas apstaklos, kas nav pieméroti citam koku
sugam. Dizskabarza paaugas koku augstums videji ciesi, statistiski butiski,
korelé ar gaismas apstakliem zem vainagu klaja.

. lzveidotie dizskabarza augSanas gaitas vienadojumi un dati no paraug-
laukumiem mezaudzés liecina, ka $is koku sugas otras paaudzes koku
atraudziba Latvija ir lielaka neka Zviedrijas dienvidu dala un — atseviskos
stadijumos jaunaudzes vecuma — arl salidzinajuma ar egli, noradot uz
iespéjam izveidot augstrazigas dizskabarza mezaudzes.

. Latvijas rietumu dala pétitajiem dizskabarziem gadskartas nebija Sauras,
liecinot par augsSanas apstaklu piemérotibu Sai koku sugai. Koku jutiba
pret klimatiskajiem apstakliem (ipasi — ziemas perioda temperatiru) bija
atSkiriga pirmajai un otrajai paaudzei, noradot uz dabiskas un cilvéku
veiktas izlases pozitivo ietekmi.

. Mitruma deficits nosaka dizskabarza radiala pieauguma samazinasanos
vai pat Tslaicigu apstasanos, lidz pilntba atjaunojas koka stumbra Gdens
uzkrajums. Gadskartu platumu ietekmé galvenokart ar mitruma deficitu
saistiti klimatiskie raditaji (temperatira, nokrisni) vasara un rudens sakuma.
Nemot véra klimata izmainu prognozes, diZskabarza audzu iertkoSanai
bltiski izveléties teritorijas ar stabilu un pietiekamu augsnes mitruma
nodrosinajumu.
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REKOMENDACIJAS

Latvijas rietumu dala iespéjams izveidot razigas dizskabarza audzes.
Stadamo materialu to ierikoSanai rekomendéjams ievakt Latvija esoSajas audzés.
Piemeérotakais séklu avots ir ST promocijas darba izstrades ietvaros atlasitie
pluskoki.

Rekomendéjams izveidot séklu plantacijas stabilas séklu bazes
nodrosSinasanai. Tapat rekomendéjama plasaku provenienéu izméginajumu
iertkosana, ietverot tajos materialu art no areala dalam, kur raksturigs augstaks
mitruma deficits vasaras perioda neka Latvija Sobrid.

Kontrolétos apstaklos (salcietibas testi) un eksperimentalajos stadijumos
rekomendéjams turpinat parbaudit dizskabarza adaptaciju Latvijas austrumu
dalas klimatiskajiem apstakjiem.
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1. GENERAL DESRIPTION

1.1. Topicality of the theme

European beech (Fagus sylvatica L.) is the most common deciduous tree
species in the central Europe. Eastern border of its distribution areal reaches
Ukraine, Moldavia, Bulgaria. The southern border goes through Balkan Peninsula,
Apennine Mountains, Sicily and Spain (Leugnerova, 2007). Currently the northern
border of natural distribution range reaches northern part of Germany, Denmark,
Poland and southern part of Sweden. Latvia is outside of the distribution areal of
European beech, and we have only isolated stands of this tree species. However
due to climate change, notable shifts of distribution areal of tree species are
predicted even during this century (Hickler et al., 2012). In Europe increase of
the areas northwards due to warmer climate in this region and more frequent
and severe droughts in south are expected (Walther et al., 2002; Kullman, 2008).
According to the prognosis, in the middle of 21 century, climate in all territory
of Latvia and Estonia will be suitable for European beech (Kramer et al., 2010).
However, the actual expansion of beech will depend from human intervention,
planting this tree species. Natural dispersal of beech is slow due to heavy seeds —
most of them end up in a distance of up to 30 m around the seed tree. Only very
tiny fraction of seed amount reaches further, transported by birds and small rodents
(Dobrovolny, & Tesaf, 2010). Study in western part of Latvia indicates that speed of
beech natural distributing is 3.4 m per year (Sabule L., 2009). Rich seed years (mast
years) for European beech are rare and irregular: intervals between them range
from six to nine years (Giesecke et al., 2007; Pena et al., 2010; Vanders, 1960a). Part
of the reason for this characteristics is necessity of very rich blooming to ensure
high proportion of pollinated (viable) seeds, since beech pollen are heavy and
typically fly only short distances (Vanders, 1960a). After rich seed year there are
350 000 and more seedlings per hectare in next spring, but only half of them
survives to the next year (Vanders, 1957). Spread of European beech around seed
sources (existing stands) is affected also by management of young stands — it can
only occur, if beech is recognized as target species and retained in precommercial
thinning.

Studies have shown, that European beech is resistant to wind damages,
shade-tolerant, in many countries commercially significant and it rarely affected
by cervids. Due to these properties and also predicted climate changes, that
in most part of Baltic See region will have positive influence on this tree species
(Hanewinkel et al., 2013), in some countries wider use of beech in forest
regeneration is already promoted. Timber of beech is valuable, ornamental, it
has been used for production of furniture, doors, parquet, also veneer and paper
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(von Wihlisch, 2008; Born, 2011). The quality of timber depends from stem quality
that, in turn, is affected by genetics, damages by abiotic factors and management
regime (Poljanec, & Kadunc, 2013). Therefore it is important to assess factors
affecting regeneration and growth of European beech in Latvia, creating
information basis and sound recommendation for tree breeding and wider use of
this tree species in practical forestry for high-quality timber production.

Literature survey suggests, that European beech have been planted in Latvia
territory already in the middle of 18" century, mostly in parks of manors and
cities (Freibe, 1805). The first known forest stands were established at the
end of 18" century (Vanders, 1960b). European beech is introduced species in
Latvia; however already in the middle of 20" century, according to K. Vander’s,
has been fully naturalized in western part of Latvia, Kurland (Vanders, 1957). This
opinion is supported by the multi-layer beech stand structures, forming via
successful natural regeneration in the initially planted areas. Natural regeneration
of European beech under canopy has been observed also in the areas adjacent
to mature stands of this tree species (Bolte et al., 2007; Laivins, 2010). Yield in
beech stands is not inferior to that observed by most of native tree species in
Latvia (Dreimanis, 2006), suggesting a successful adaptation of beech. The central
and eastern part of Latvia currently is considered inappropriate for beech because
of the infrequent extremely low air temperature in winters, that this tree species
cannot tolerate (Bolte et al., 2007). Nevertheless, taking into account ongoing
and predicted increase of average temperature that is partly due to the increase
of temperature during winter (Lizuma et al., 2007), the growing conditions in this
area are gradually becoming become more suitable for European beech, and it is
worthwhile to establish experimental plantations and select families (genotypes)
that are most adapted for the local conditions.

Selection of such material might be possible, as suggested by the location
of current stands or individual trees, mapped by Dr.habil. Maris Laivins. He also
has established two long-term sample plots in second generation beech stands
(progenies of the first generation with the origin from Germany). In those
sample plots tree and stand parameters, dead wood amount and projective
cover of crowns has been measured and health condition of crowns has been
described (Laivins, 2010). Larger set of sample plots for characterization of
dynamic of tree and stand development were repeatedly measured by prof.
Andrejs Dreimanis (Dreimanis, 2005, 2006). It revealed mostly information on
diameter increment and yield, but information on height growth of beech is
still missing. Influence of meteorological conditions on the tree-ring width have
been analysed, using limited group of samples, and negative impact of summer
drought to radial increment indicated (Sabulel.,, 2009). However, differences
in reaction to meteorological conditions between generations of beech has
not been analysed and radial increment dynamic during vegetation season,
revealing insides and potential causes for the determined impacts, has not been
studied.
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1.2. Aim of the thesis

To assess the growth potential of European beech in Latvia in context of
climate change.

1.3. Research tasks of the thesis

1. To characterize factors affecting natural regeneration of European beech
after clearcut and under the canopy and to describe genetic diversity of
its second generation.

2. To characterize survival and growth of European beech second generation
in relatively harsh climatic conditions in central part of Latvia.

3. To assess the growth dynamics of European beech.

4, To characterize influence of meteorological factors on radial increment of

different dimension European beech.

1.4. The thesis

1. Natural regeneration of European beech in Latvia is successful both under
the canopy and after clearcut.
2. Growth and sensitivity to meteorological factors of second generation

European beech differs from that of first generation.

1.5. Scientific novelty

Differences in reaction to climatic factors of two generations of European
beech in its stands northeast form its natural distribution range had been compared
for the first time. For the first time in Baltic countries survival of European beech
under canopy several decades after planting, genetic diversity of two generations,
and height growth had been characterized.

1.6. Approbation of research results

The research results have been summarized in eight publications and have
been presented in seven scientific conferences.
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2. MATERIAL AND METHODS

Data for the research were collected in the biggest European beech stands
in Latvia: in Talsi, Madona, Tervete, Aizpute and Priekule districts (Fig. 2.1.).

@ - atjaunosanos ietekméjosie faktori / factors affecting regeneration
- otras paaudzes genétiska daudzveidiba / genetic diversity of second generation
i- otras paaudzes saglabasanas un augsana / survival and growth of second generation
i - augstuma pieauguma veidosanas / formation of cumulative primary growth
X - caurméra pieaugumu ietekméjosie meteorologiskie faktori / meteorologic factors
affecting secondary growth

Fig. 2.1. Distribution of beech in Latvia (with grey dots, data: Latvijas
dendrofloras atlants) and sites selected for specific of research tasks

Trees from two generations were analyzed. First generation in Latvia are
represented by stands, established from seed sources, collected in northern part
of Germany, age of these stands range from approximately 100 to 140 years.
The second generation consists of progenies of these introductions, mostly
established via natural regeneration, the age of from approximately 60 to
80 years.

2.1. Influence of light conditions on natural regeneration of European beech

In Talsi district 11 transects were established in pure beech stand, in silver
fir stand with birch, oak, spruce and beech admixture, and in mixed stand of
different deciduous trees. The aim was to characterize influence of light conditions
to natural regeneration of beech under canopy. Forest type — Oxalydosa (loamy
soil). Age of stands — approximately 120 years. Transects were made through
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beech regeneration groups, those were splited in 2 x2 m square sample plots
without any spaces between. In each sample plot regeneration of all tree species
were counted and height of each undergrowth tree was measured. In the center
of each sample plot canopy image was taken by a digital camera (Nikon Coolpix
E8400) equipped with a fish-eye lens (DSLR 4.9 mm-203) (Regent Instruments Inc.,
Quebec, Canada), placed at 1.4 m height. In silver fir stand additional data
were collected: in every 4 meters of transect distance to the furthest (from
the transects central line) undergrowth beach tree was measured to determine
shape and area of the beech undergrowth group. Also the closest adult tree,
affecting light conditions, was identified and the distance to it, as well as its
parameters (height, diameter, species) measured. All dominant and suppressed
beech trees (potential seed source) in 30 m radius around the transect were
identified, the height, diameter and distance from the transect were measured.

Light conditions in the sample plots were assessed from the images using
the WinScanopy 2006a software (Regent Instruments Inc., Quebec, Canada). Direct,
diffuse and total radiation (mol m day!) was calculated in pure beech stand and
mixed deciduous trees stand. In silver fir stand gap fraction, openness, direct and
total radiation were calculated.

In Aizpute district sample plots in clearcut areas were established to assess
natural regeneration of beech. Three young stands after clearcut next to stands
with adult beech trees (as seed source) were selected. In total 79 sample plots were
established with area 25 m? each. Distance from nearest stand with adult beech
trees for each sample plot was measured. All regeneration of beech and other
species was counted, height and diameter of regeneration was measured, herb
species were identified, individual and total projective cover of herbs was assessed,
Ellenberg’s values of herb species were marked.

2.2. Genetic diversity of the second generation

In Priekule and Talsi district genetic diversity of the first and the second
generation beech trees were analysed. From two beech stands (age
112-118 years) in Oxalidosa forest type (loamy soil) wood samples from the first
generation trees were collected. In the centre of stand from the area 20 x 20 m
leaf samples from all second generation beech trees were collected. In total
45 beech trees from the first generation and 106 beech trees from the second
generation were analysed from stand in Priekule district, and 63 and 101 beech
trees from stand in Talsi district, respectively. Genetic analysis was carried out in
LSFRI Silava Genetic Resource Centre.
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2.3. Survival and growth of European beech second generation
in central part of Latvia

In central part of Latvia, Madona district survival of second generation
European beech under canopy was assessed. Beech were planted in 1983, in
90-years old pine stand with birch and spruce admixture. Hylocomiosa forest type,
fresh, fertile, loamy soil with acidic reaction. The area of stand was 3.5 ha. Seeds
from beech stands in western part of Latvia, Talsi district were used. Seedlings
were raised in a local nursery and planted in rows in the stand after commercial
thinning, average distance between seedlings was 0.8 m, distance between rows
were various — from 3.5 m to 8.5 m. Altogether approximately 5000 seedlings
were planted. After 33 years 3975 beech seedlings remained. Stand was mapped
in winter of 2016: position (in local coordinates), diameter, height and length
of the longest branch (to estimate maximum crown radius) was measured for
every beech tree as well as positions of trees of other species marked.

Survival of second generation beech seedlings were assessed also in
Tervete district twelve years after planting beech-spruce single-row mixture in
clearcut area. The young stand was established in fertile, loamy, fresh mineral-soil,
forest type — Oxalidosa. Two years old spruce seedlings from nursery and beech
wildlings from natural regeneration under canopy in western part of Latvia, Talsi
district were used. The soil was scarified in rows before planting. Distance between
seedlings was 2.5 m, and distance between rows was approximately 2—-3 m. All
spruce and beech trees were counted in the stand, height and diameter for each
tree was measured. For beech trees also the maximum crown radius was
estimated. Increment cores from several trees, both beech and spruce, were taken
with Pressler borer as close to ground as possible. Increment cores in air-dry
condition were polished, then tree-ring width was measured using LINTAB 5
(RinnTECH) system with the precision of 0.01 mm.

2.4. Height increment

Reconstruction of height growth dynamics was based on the sample trees.
For this purpose ten stands were selected in Talsi district. Distance between
the stands were not larger than 5 kilometers; all stands were with similar
soil conditions: fresh fertile mineral soil. Age of the stands approximately 70 to
140 years. Healthy dominant trees with one stem, without serious injuries were
selected. The dominant trees were taken to avoid the effect of competition
(Brunner & Nigh, 2000). Trees were cut and stem disks (cross-cut samples) collected
from the whole stem at 0.2m, 1.3 m and every 2 m above the base heights.
Stem disks were dried, polished and the annual rings were counted under
microscope to detect the age of the trees at each height.
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2.5. Influence of meteorological factors on radial growth
of different dimension beech

To assess influence of meteorological factors on radial growth, sample trees
were selected in European beech — Scots pine mixed stand on fresh mineral soil,
forest type Hylocomiosa in Talsi district. Two trees from different generations
were used for the study, located nearby (distance between the trees 8 m). The
height of first generation tree (dominant tree in the stand) was 34 m, diameter
at breast height 55 cm, age 127 years. The height of second generation tree
(suppressed tree in the stand) was 12.6 m, diameter at breast height 16 cm,
age 43 years. Monitoring of stem diameter variation was carried out with
dendrometer DRL26C (EMS Brno, Czech Republic) at breast height, measurement
interval — ten minutes. Measurements were carried out during the whole
vegetation season. Meteorological data used in research were obtained from
a mobile weather station (Vantage Pro2, Davis Instruments, USA), located
directly in site. Also soil water potential was measured in the site by tensiometers
T8 (UMS GmbH, Germany).

Dendroclimatological analysis — accessing long term influence of the
meteorological parameters on width of annual ring — was carried out, based
on data from three European beech stands. Altogether 45 sample trees from each
stand in Talsi district and 9 sample trees from stand in Priekule district were
selected. All three stands were placed in flat relief, on loamy, fresh mineral soil.
The sample trees from different positions in the canopy layer were cored — two
cores with the Presler borer were taken at the breast height from opposite
directions. Three-ring width of dried, polished cores was measured manually,
using Lintab 5 system (Rinntech, Heidelberg, Germany) with the precision of
0.01 mm. The measured time series of tree-ring width were crossdated and their
quality was verified by a graphical inspection and statistically, using the program
COFECHA (Grissino-Mayer, 2001).

3. RESULTS AND DISCUSSION

3.1. Factors affecting natural regeneration of European beech in clearcut areas
and under canopy, and genetic diversity of second generation

Undergrowth below the canopies of the large trees receives less than

20% from the total radiation (Fig. 3.1.). Height of beech undergrowth had medium
correlation with light conditions under canopy.
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Fig. 3.1. Average values (* 95% confidence interval) for the parameters
characterizing light conditions in sample plots

In both pure European beech stands all calculated radiation parameters
were significantly intercorrelated and had similar variation (variation coefficient
was ~0.40). Diffuse and total radiation were the main limiting factors for most of
undergrowth species except Norway spruce. The lowest estimated threshold for
diffuse radiation was observed for beech (0.37 mol m? day?). Also the observed
threshold value for total radiation for beech (0.66 mol m?day?) was the lowest
among the assessed tree species, except for ash which had the same value
(Tab. 3.1.). In contrast, the highest threshold values of the diffuse radiation were
estimated and observed for silver fir and rowan (ca 0.75 and 1.05 mol m2 day?,
respectively). Density of beech regeneration under the canopy ranged from
2500 to 13 000 seedlings ha®. This number exceeds the minimum density of
regeneration required by legislation in Latvia (1500 seedlings ha).

Table 3.1.
Calculated and measured values of light parameters
Radiation (mol m? per day)
Species Calculated Measured
Diffused Total Diffused Total
Beech 0.37(2.48%) | 0.19(0.42%) | 0.28(1.9%) | 0.66 (1.45%)
Norway spruce - - 0.68 (4.61%) 1.45 (3.19%)
Silver fir 0.79 (5.32%) | 2.42(5.31%) | 0.70(4.74%) | 1.89 (4.15%)
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In open areas (after the clearcut) average density of beech seedlings was
2520 +720 per hectare (ranging from 400 to 11200 seedlings ha). Pearson
correlation analysis showed significant (p < 0.05) negative correlation between
the density of beech seedlings and density of other species in regeneration
(r=-0.32), projective cover of mosses (r=-0.31) and distance to the forest
edge (r=-0.38) (Fig. 3.2.). Distance to forest edge was an indicator only of the
potential abundance of seeds, since relief in the sites was flat and there were
no trends in Ellenberg’s values of herbs depending on distance from forest edge.
European beech regeneration in open area (clearcut) was successful (at least
1500 seedlings ha?), if seed source was close enough (distance not bigger than
50 m).
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Fig. 3.2. Factors affecting density and height of beech

Multiple linear regression (including all traits and then gradually excluding
the non-significant ones) indicated, that density and height of seedlings of other
tree species and distance from the forest edge significantly (p <0.05) affects
density of beech seedlings (R? = 0.34).

Density and mean height of beech seedlings did not correlate significantly
(p =0.92), thus both traits were assessed separately. Density of regeneration was
similar (no significant differences found, p = 0.30) in all clearcut areas, but there
were significant differences of height of beech seedlings (p < 0.001).

Average height of beech seedlings was 201 £25.8 cm and it had significant
(p <0.01) negative correlation with density of seedlings of other tree species
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(r=-0.42) and significant positive correlation with height of seedlings of other
tree species (r=0.57). Multiple linear regression results demonstrated that only
site (specific clearcut) had significant influence on height of beech seedlings (for
other traits p >0.23). Therefore each clearcut was analyzed separately. Only in
one clearcut area multiple regression model was significant and, after gradually
excluding non-significant factors, influence of density of seedlings of other tree
species and height of seedlings of other trees species was confirmed (model
R*=0.57).

Genetic analysis of undegrowth reveal, that in stand in the Talsi district
53% sampled seedlings could be assigned to at least one parent (p < 0.05) from
the same sample plot, while in the stand in Priekule district corresponding
figure was 42%. Mostly one offspring per parent tree was found in the sample
plot (Fig. 3.3.). In both stands dominance of a single parent-tree was noted —
in Talsi district one parent tree had 13 offsprings, in Priekule district —
11 offsprings.
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Fig. 3.3. Distribution of trees in families in natural regeneration of beech

The genetic diversity was not significantly different between stands and
generations. While the origin of the reproductive material, used to establish
these stands is not known, kinship and pairwise relatedness analysis indicated
a higher degree of relatedness between the parental trees sampled from the
Priekule district stand (Tab. 3.2.). There was no reduction of genetic diversity
in the offspring generation.
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Table 3.2.

Mean values of genetic diversity parameters (tstandart error)

Priekule Priekule Talsi Talsi
Population district district district district

parents | offsprings | parents | offsprings
Number of alleles 4.4 +0.26 | 4.9+0.37 | 9.6 +1.01 | 8.6 +0.88
Number of alleles
with frequency > 5% 3.6+0.22 | 3.5+0.22 | 4.4+0.36 | 4.8+0.41
Number of effective alleles 3.0+0.19 | 2.6 £0.19 | 4.2 +0.45 | 4.3 +0.42
Shannon’s Information Index 1.2 +0.06 | 1.1 +0.06 | 1.6 £0.11 | 1.6 £0.10
Expected heterozygosity 0.6 £+0.03 | 0.6 £0.03 | 0.7 £0.03 | 0.7 £0.03

3.2. Survival and growth of European beech second generation stands
in central part of Latvia

Survival of beech and spruce twelve years after planting of mixed stand
was high and similar: 73% and 78%, respectively. The height and diameter at
breast height of beech was significantly larger than that of spruce (height
7.4+0.30m and 3.110.30m, respectively, and diameter 8.9 £0.68 cm and
3.0 £0.41 cm, respectively). Annual radial increment of beech notably and
significantly exceeded annual radial increment of spruce (Fig. 3.4.), differences
between both species were increasing with age. This trend was clearly linked
to increasing competition between species in the stand. The maximum radius
of beech crowns was similar than the distance between rows and between
trees in rows, reaching on average 2.4 +0.16 m. The growth of beech was notably
affected by photosynthesis surface, characterized by maximum radius of
crown — it had strong, significant correlation with height of the tree and with its
diameter at breast height (r=0.71 and r=0.87, respectively). Results indicated,
that during first years after planting beech occupies the space more efficiently
than spruce, by developing large crown and using all the light resources
available.
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Survival of European beech 33 vyears after planting under canopy in
Madona district (eastern Latvia) was high and reached ~80%, yet the minimum
air temperature in the area during this period had been below -30°C (in 1983),
suggested to be limiting for this tree species (Fang & Lechowicz; 2006; Kramer et
al., 2010). Such high survival of beech in central part of Latvia might be related
not only to shelter under canopy, but also to the origin of seeds — those were
second generation beech trees from seeds collected in beech stands in western
part of Latvia. So those beech had to adapt for only slightly harder climate
than the one at the location of the first generation trees (Yakovlev
etal., 2011).

Trees were generally small: height of beech ranged from 0.30 to 13 m,
diameter at breast height — from 0.2 to 14.9 cm: most likely due to insufficient
light to realize its growth potential. In the stand also some self-regeneration
with sprouting had occurred, affecting the mean size of the trees. The diameter
distribution had reverse J shape (Fig. 3.5.), that is typically for shade-tolerant
species in such conditions. Results clearly demonstrate, that this tree species
have adapted to survive under canopy for a long time, until some disturbance
will make a gap in the crown cover and beech will have an opportunity for
faster growth (Wagner et al., 2010).
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3.3. Height increment of European beech

Long-term height increment dynamics of beech in western part of Latvia
was best described, using Chapman-Richards and Sloboda models. Coefficients
of these models, obtained from sample-tree analysis, will be usable for the
growth modelling tool, created in LSFRI Silava. It was found, that European
beech in western part of Latvia is faster growing than in southern part of Sweden
(considered to be within its natural distribution range). Hence the growth
conditions in western Latvia are suitable for this tree species already in current
(and past) climate. Additionally, adaptation had occurred also as the generations
of beech changed: the second generation beech trees had larger height
increment than the first generation beech trees (Fig. 3.6).

41



50 =

40
%: 30
e
g
& 20 =
=
E
g
5 10 .
0 -
| | | ] | | | |
0 20 40 60 80 100 120 140

Krisaugstuma vecums, gadi / Age af the breast height, vears

Fig. 3.6. The non-linear dominant height model (black lines, Southern Sweden,
Carbonnier, 1971) fitted to the observed data (grey lines, each line represents
single tree)

3.4. Influence of meteorological factors on radial growth
of different dimension beech

Intra-seasonal growth assessment demonstrated, that the most intensive
radial growth of European beech occurred from the beginning of vegetation season
to the beginning of July. Radial growth was sensitive to water deficit. In period
without rain development of the tree-ring stopped. After periods with notable
precipitation, stem restored the water storage and afterwards resumed the
increment (Fig. 3.7.). No limitations of growth related to temperature during
vegetation season were found. Overall, the second generation beech tree had
notably higher relative radial increment during the vegetation season than the
first generation beech tree (0.93% and 0.38% from diameter at breast height,
respectively).

Inter-seasonal analysis of radial increment also demonstrated a clear
difference between generations of beech after introduction in Latvia. The first
generation beech trees were more sensitive to meteorological conditions than
the second generation beech trees (Fig. 3.8.).
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The dominant beech trees of the first generation were especially sensitive
to the sum of precipitation in June, characterizing water deficit in summer.
Suppressed trees of the first generation were mostly sensitive to air temperature
during winter period. Trees of the second generation were less affected by air
temperature during winter period, indicating successful adaptation to conditions
in Latvia. Both annual and seasonal growth dynamic suggested that faster growing
trees of the second generation had stronger correlation between the radial
increment and water availability.

Long increment chronologies from beech trees in western part of Latvia
did not contain extremely narrow or missing tree-rings, indicating a suitability
of the growing conditions in Latvia for this tree species.
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CONCLUSIONS

. Adaptation of European beech in Latvia has been successful: genetic
diversity of its second generation in our country is not reduced, but height
increment is larger in comparison to the first generation. Survival of the
second generation beech trees under canopy is very high (>80%) also in
the central part of Latvia.

. Regeneration of European beech is successful in western part of Latvia
both in open area (clearcut) up to 50 m from edge of mature stand and
under canopy, even in light conditions that are not suitable for regeneration
of other tree species. The average height of young European beech trees
under the canopy significantly correlates with light conditions.

. Growth models of European beech, developed as part of this thesis work,
and data from sample plots in forest stands, indicate that increment of
second generation of this tree species in Latvia is higher than that in
southern Sweden and, in several plantations in young age — also higher
than that of Norway spruce, suggesting strong potential to establish
highly productive European beech stands.

. The studied European beech from western part of Latvia do not have
very narrow tree-rings, indicating suitability of current growing conditions
for this tree species. Sensitivity to climatic conditions (especially to air
temperature during winter period) was different for the first and the
second generation of European beech, suggesting a positive effect of
natural and human-made selection on adaptation.

. Width of annual rings for European beech are mainly affected by climatic
factors related to water deficit (temperature, precipitation) during summer
and beginning of autumn. It causes reduction or even briefly stops radial
increment until a complete replenishment of stem water storage.
Considering predicted climate change it is important to plant European
beech only in areas with sufficient soil moisture availability.
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RECOMMENDATIONS

Productive European beech stands can be stablished in western part of
Latvia. For this purpose use of seeds from local seed sources, specifically —
from plus-trees selected as part of research for this thesis, are recommended.
Establishment of seed orchard of European beech to provide secure seed supply
is recommended.

Establishment of comprehensive provenance trials, including reproductive
material also from the parts within distribution range of European beech with
higher water deficit during summer period, than currently in Latvia, is sensible.

Continuous testing of adaptation of European beech to climate in eastern
part of Latvia in controlled conditions (freezing tests) and experimental plantations
is recommended.
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Eiropas dizskabarza (Fagus sylvatica L.) atjauno$anos
ietekméjosie faktori
Liga Purina ', Una Neimane ', Baiba Dzerina ', Aris Jansons '*

Purina, L., Neimane, U., DZerina, B., Jansons, A. (2013). Eiropas diz-
skibarza (Fagus sylvatica L.) atjaunosanos ietekméjosie faktori.
Mezzinatne 27(60): 67-76.

Kopsavilkums. Eiropas dizskabardis ir izteikti éncietiga koku suga, kas salidzinosi
mazak neka egle cie$ no véja un trupes sénu ietekmes. Nemot véra §is ipasibas un klimata
izmainu prognozes, $1 suga potenciali varétu but perspektiva plagakai izmanto$anai Latvija,
ipasi platibas, kur iespéjami un/vai lietderigi izmantot nekailcir§u meZza apsaimniekosanu.
Pétijuma mérkis ir iegait sakotnéjo informaciju par dizskabarza dabisko atjauno$anos Latvijas
ziemelrietumu dala, arpus ta dabiskas izplatibas areala. Pilotprojekta ietvaros Skédes mezu
novada, Eiropas balteglu audzé¢, ar dizskabarzu piemistrojumu, ierikoti divi parauglaukumi,
kur izmérits jauno koku augstums, noveértéti tuvakie séklu koki, ka arl noteikti gaismas
apstakli zem vainagu klaja. Dizskabarzu paaugas grupas, kuras ierikoti parauglaukumi, nav
konstatéta citu koku sugu paauga. Jauno koku skaits uz hektara, kuru augstums ir vismaz
0,2 m, vairakas reizes parsniedz normativajos aktos par meza atjauno$anu prasito skaitu. Tie$a
parauglaukumu tuvuma (30 m radiusa) konstatéti vairaki pirma un otra stava dizskabarzi —
potencialie séklu avoti. Paaugas koku vidéjais augstums vidéji ciesi, statistiski butiski, negativi
korelé ar gaismas apstakliem zem vainagu klaja. Kopuma secinams, ka $adi gaismas apstakli
vainagu klaja atvérumos un pirma stava séklu koku skaits un attalums ir pilnigi pietiekams,
lai dizskabardis spétu sekmigi dabiski atjaunoties ar séklam. Tas norada uz jau eso$o
mikroklimatisko apstaklu piemérotibu §is koku sugas izdzivo$anai un potencialu tas plasakai
izmanto$anai nakotné.

Nozimigakie vardi: dabiska atjaunosanas, izplatibas areals, nekailcirSu meza
apsaimniekosana.

Purina, L.2, Neimane, U.2, Dzerina, B.2, Jansons, A.>* European beech (Fagus
sylvatica L.) regeneration affecting factors.

Abstract. European beech is a shade tolerant tree species that has higher resistance
against root rot and wind damages than Norway spruce and could expand its area in future
as the predicted climatic changes are favorable for its establishment and growth. Therefore
European beech has a considerable potential for use in forest management, especially in areas

' LVMI Silava, Rigas iela 111, Salaspils, LV-2169, Latvija; *e-pasts: aris.jansons@silava.lv
* Latvian State Forest Research Institute “Silava”, 111 Riga str., Salaspils, LV-2169, Latvia,

*e-mail: aris.jansons@silava.lv
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where shelterwood system can or shall be used.

Aim of the study was to assess natural regeneration of Fagus sylvatica outside its
natural distribution range: in north-eastern part of Latvia. Material for the pilot-study has
been gathered in two sample plots, established in silver fir (Abies alba Mill.) stand with beech
admixture. Height of beech seedlings and distance to nearest seed source has been measured
and light conditions under the canopy assessed.

Measured natural regeneration consisted only of beech seedling; no other species
were detected in the sample area, probably due to very limited light availability. Also mean
height of beech seedlings has a strong, statistically significant negative correlation with light
conditions under the canopy.

Density of beech seedlings with height at least 0.2 m several times exceeded the
threshold for successful regeneration stated in the normative acts on forest regeneration
(1500 trees ha™'). Sufficient seed supply was ensured from several adult trees located in the
vicinity (distance below 30 m) of the sample plot.

It can be concluded, that microclimatic conditions under the canopy as in the stands
used for the study are suitable for successful natural regeneration of beech and therefore it
can be expected to spread outside its instruction area in future. It also indicates the need for
detailed study to determine the limitations of wider use of this species already in present
climatic conditions.

Key words: natural regeneration, species distribution areal, selection cuts, shelterwood
management.

Ilypuns, A. 3, Hetimane, Y. 3, Asxepuns, B.3, Suconc, A. ** @akropsl BAnsIOmHue Ha
BOCCTaHOBAeHHe 6yka esponeiickoro (Fagus sylvatica L.).

Pesrome. Byk eBpomeiickuil O4eHb TeHeAIOOMBas IIOPOAA AEPEBbEB, KOTOpas
CPaBHHUTEABHO MEHbIIE YeM €Ab [IOABEPIHYTA BAMSHHUIO BETPA M IHUAEBBIX IPUOOB. YUUTHIBASI
9TH KA4eCTBA AAHHOM ITOPOABI X [IPOrHO3bI H3MeHEeHHI KAUMATA, PACIIMPeHHOe UCIIOAb30BAHIE
Oyka B AaTBUU NOTEHIMAABHO IEPCIIEKTHBHOE, OCOOEHHO Ha IIAOLJAASIX, TA€ BO3MOXHO
U/HAHU 11eAeCOOOPA3HO B BEACHUH ACCHOTO XO3SIFCTBA He MIPMEHSTh CIAOIHbIe PyOKu. Lleas
HCCAEAOBAHHSL — IIOAYYHTb U3HAYAABHYIO MHPOPMALMIO O €CTECTBEHHOM BOCCTAHOBAECHUH
OyKa B ceBepO-3aIIaAHOM YaCTH PeCIyOANKH, BHE APeaAd ero eCTeCTBEHHOIO PacIpoCTpaHe-
Hus. B pamxax mpoekra B AecHoit obaactu Ilxese (Skéde) sanoxemsr Ae mpo6HbIe
[AOIAAM B HACAXKACHHH IIMXTHI eBPOIENCKON, C IIPUMeEChI0 OyKa, IAe M3MePeHa BBICOTA
MOAOABIX AEPEBLEB, OIEHEHbI OAMKAMIIME CeMEeHHbIe AEPEeBbsl M YCAOBHS OCBEIEHHOCTH
[0A IIOKPOBOM KpOH. B rpymmax 6ykoBOro MmOAPOCTa HAa IPOOGHBIX IAOLIAASX He
KOHCTaTHPOBAHO MPHCYTCTBHE [IOAPOCTA APYTUX IHOPOA. KoAndecTBO MOAOABIX AepeBbeB Ha
1 ra, BpICOTA KOTOPBIX AOCTHTaeT MUHUMYM 0,2 M, HECKOABKO Pa3 MPEBOCXOAMT YHCACHHOCTD
TAKOBBIX B HOPMATUBHBIX AKTAX [I0 BOCCTAHOBAGHHIO Aeca. B mpsiMoit 6AM30CTH OT IpOOHBIX

3 ATUA «CuaaBax, ya. Purac 111, Casacnuac, LV-2169, Aarsus; *aA. moura: aris.jansons@silava.lv
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naomaaeit (B papuyce 30 M) BBIBAEHO HECKOABKO GYKOB 1-0ro M 2-0ro SIpycOB, KOTOpbIe
SIBASIIOTCSL TIOTEHIJMAABHBIM HCTOYHUKOM ceMsiH. CpeapHsSs BBICOTA AepeBbeB IOAPOCTA
CTaTHCTHYECKH CYI]eCTBEHHO, CPeAHE TEeCHO M HEeraTUBHO KOPPEAMpYeT C YCAOBUAMHU
OCBeIIeHHUSI TI0A IIOKPOBOM KPOH. B 06111e M HTOTe MOYKHO CAEAATH BBIBOA, ITO ITOAOOHBIE YCAOBHS
B Ipo6eAax [OAOTa KPOH U YHCAO CEMEHHbIX AePEBbEB HA IIEPBOM SIPYCe, @ TAKKE PACCTOSIHIE
BIIOAHE AOCTATOYHBIE, YTOOBI OYK CMOT YCIIELUIHO eCTECTBEHHO BOCCTAHABAUBATHCS CEMEHAMU.
JTO yKa3bIBaeT Ha IIPUTOAHOCTb CYILIECTBYIOIIMX YCAOBUH MHKPOKAMMATA AASL BHDKHBAHHS
AQHHOI1 TOPOABI M HA ITIOTEHIJHAA AASI PACIIPEHHOTO BBIPAIMBAHHS OyKa B OyAyIIeM.

Kawuesvie caoéa: ecTecTBeHHOE BOCCTAHOBAGHHE, apeaA pPacHpOCTPaHEHHOCTH,
BeAEHIE AeCHOTO XO3SIIICTBA 0e3 CIIAOIIHBIX PYOOK.

Ievads Dizskabarzu audzes Rietumlatvija
Eiropas dizskabardis (Fagus sylvatica) uzrada labu razibu. Jau 40 gadu vecuma
ir izplatitaka koku suga lapu koku meZos audzes kraja sasniedz 320 m® ha™' (Mangalis,
Centraleiropa. Ta koksne ir cieta un 2004). Dreimana (2006) pétijuma par
dekorativa, un tiek plasi izmantota gan dizskabarzu audzu razigumu Skédes novada
iekstelpu apdarei, gan durvju, mébelu, minéts,ka 115 gadus vecas, staditas tiraudzes
parketa, papira un finiera razo$ana (Born, koksnes kraja sasniedz 818 m®ha': audzes
2011), ka ari kugu bavnieciba (Fagus vidéjais $kérslaukums ir 50,5 m* ha™', vidéjais
sylvatica.., 2007). Dizskabarza aug$anai valdaudzes koka augstums 34,8 m, vidéjais
piemérotakas ir vidéji mitras, videji skabas valdaudzes koka caurmérs 41,7 cm. No
augsnes (Bolte et al,, 2007). Plasi izplatits sakotnéji iestaditajiem 5000 kokiem ha™'
Central, Rietum- un Dienvideiropa. Ta 115 gadu vecuma valdaudzé saglabajusies
areals ziemelos plesas lidz Vacijas ziemeliem, 352 un starpaudzé — 88 koki.
Danijai, Zviedrijas dienvidu dalai, Polijai; Dizskabarza aug$anas periods ir
izolétas platibas arpus areala sastopamas saméra ilgs — sakas aprill un var turpinaties
Latvija. Austrumu robeza sasniedz Ukrainu, lidz pat oktobrim. Aug$anai nepiecieSama
Moldaviju, Bulgariju. Areala dienvidu dala gaisa temperatira ir virs 13°C (Sabule,
ietver Balkinu pussalu, Apeninu kalnus, 2009a). Pirmajos attistibas gados biezi cie§
Siciliju, Spaniju (Leugnerova, 2007). no pavasara salnam pat tad, ja citi klimatiskie
Latvija Eiropas dizskabardis faktori ir augSanai pieméroti. Seviski labi
introducéts 18. gs. vidii (Mangalis, 2004), aug siltos un pietiekami mitros apstak]os.
bet pirmas kultiras ierikotas 1885.gada AugSanu veicina ne tikai pietiekams baribas
Skédes novada. Ierikotas gan tiraudzes, vielu un mitruma daudzums, bet arl tas,
gan mistraudzes, kopuma 11,1 ha platiba ka dizskabarza nobiras sadalas relativi atri,
(Dreimanis, 2005). Vidzemé un Zemgalé tadéjadi nodrosinot baribas elementu strauju
dizskabarza stadijumiizsalugi 1939./1940.un  apriti (Dreimanis, 200S). Dizskabarza
1955./1956. gada bargajas ziemas (Mangalis, izplatibu limité galvenokart klimatiskie
2004). faktori. Lai dizskabarzi spétu sekmigi augt
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un atjaunoties, nepiecie$amais nokrisnu
daudzums ir ~500 mm gada vai ~250 mm
no maija lidz septembrim, jalija vidéja
gaisa temperatira — zemaka par 19°C, sala
periods — isaks par 141 dienu, janvara vidéja
gaisa temperatara — virs -3°C, vidéja gaisa
temperatira — vismaz 7°C (ne mazak ka
213 dienas gada) vai vidéja gaisa tempera-
tira vismaz 5°C (ne mazak ka 24S dienas
gada) (Bolte, 2007).

Laika perioda no 1960. lidz 1990. ga-
dam tikai Kurzemes rietumu piekrasté janva-
ra vidéja gaisa temperatara parsniedza -3°C
(kas tiek uzskatits par vienu no kritérijiem
§s sugas areala ziemelu robezas noteikdanai),
tadé] paréja Latvijas teritorija dizskabarza
audzé$anai lidz tam nebija piemérota. Tomér
prognozes par gaidamajam klimata izmainam
liecina, ka lidz 21. gadsimta vidum vidéja
gaisa temperatira janvari visa valsts teritorija
varétu paaugstinaties par aptuveni 2,7-3°C
(Jansons, 2010). Tas nozimé, ka dizskabarza
aug$anai atbilsto$a temperatara $aja ménesl
buatu visa Kurzemé, Vidzemes jurmala, Rigas
apkartné un dala Zemgales (aptuvena regiona
robeza — josla Sigulda-Aizkraukle-Nereta).

Skédes mezu novada veiktaja pétijuma
konstatéts, ka aprila nokrisnu daudzums
negativi korelé ar koku radialo pieaugumu,
savukart vasaras meéne$u un septembra
nokri$nu daudzuma korelacija ir pozitiva.
Nav butiska
koku radidlo pieaugumu un vidéjo gaisa
temperatiiru (Sabule, 2009b).

Mezsaimnieciba

noteikta sakariba  starp

arvien vairak
pievér$as jautjjumam par nepiecie$amibu
plasak izmantot nekailcirSu metodi. Lidz
$im Latvija pieejama tikai viena éncietiga
koku suga - parasta egle, kas piemérota
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$adam apsaimniekos$anas veidam. Eiropas
dizskabardis ir izteikti éncietigs visa aug$anas
laika, ka ari mazak neka egle cie$ no véja un
trupes sénu nodaritiem bojajumiem, tadé] $1
suga butu perspektiva platibas, kur pielietota
nekailcir$u metode.

Pétijuma meérkis ir iegut sakotnéjo
par dabisko

atjauno$anos Latvijas ziemelrietumu dal3,

informaciju dizskabarza

arpus ta izplatibas areala.
Materiali un metodes

Meza
stacijas Skédes mezu novada 23.kvartila

Pétijums  veikts pétisanas
14.nogabala, Eiropas balteglu audzé ar
atsevisku bérzu, ozolu, eglu un dizskabarzu
piemistrojumu. Audze ierikota 1897. gada.
Meza tips — véris.

Saja audzé 2012. gada rudeni ierikoti
2 parauglaukumi dizskabarzu paaugas gru-
pas. Katrai grupai apzinata forma un izmérs,
tas garenvirziena novilkts transekts, kas
sadalits 4 m garos posmos. Katra posma
atseviski uzskaitita dizskabarzu paauga: 2 m
plat josla (1 m uz katru pusi no transekta),
ar precizitati lidz 10 cm uzmeérits pilnigi visu
jauno dizskabarzu augstums, un 4 m plata
josla (papildus vél metrs uz katru pusi no ass
linijas) izmérits to jauno dizskabarzu aug-
kas L,3m (lidz 4m
augstumam ar precizitati lidz 10 cm, aug-

stums, parsniedz
stakiem ar precizitati 0,5 m). Katra transekta
posma noteikts talaka pie paaugas grupas
piederosa jauna dizskabarza attilums no
transekta abas ta pusés (lai iegiitu priekssta-
tu par paaugas grupas aizpemto platibu un
formu). Katrdi 4m posma abis transekta
pusés uzskaitits tuvakais pirma stava koks,
kas ietekmé gaismas apstaklus paaugas
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grupai, noteikta ari ta suga un diametrs. Visos
virzienos, 30 m attaluma no transekta, atrasti
visi pirma un otra stava dizskabarzi, izmérits
to augstums, diametrs un attilums no
transekta, ka ari noteikta piederiba tuvakajam

parauglaukuma 4 m posmam.

Lai raksturotu gaismas apstaklus
paaugas grupas, katra transekta posma
viduspunkta ~ uzpemts  vainagu  klajs,

izmantojot fotoaparatu Nikon Coolpix 8400,
ar platlenka (fish-eye) objektivu (FC-E9) un
komplekt&josu aprikojumu (WinSCANOPY
O-Mount). Attélu fiksésanas bridi fotoaparats
novietots 1,3m augstuma, nolimenots un
noorientéts pret ziemeliem. Fotografésana
veikta ne vélak ka stundu péc saules lékta,
lai novérstu tieso saules staru ietekmi. Katra
punkta iegati 3 attéli ar dazadu ekspozicijas
laiku.

Talakai
parametru noteik$anai attéli apstradati ar
WinSCANOPY 2006a Pro datorprogrammu.
Analizei izmantoti attéli ar vidéju ekspozicijas
laiku (0,034 s).

Analizéjot gaismas apstaklus zem

audzes gaismas rezima

vainagu klaja, nemti véra $adi parametri:
vainagu klaja izrobojums (gap fraction),
vainagu klaja atvérums (openness), tiesis
gaismas ipatsvars (direct site factor) unkopéjas
gaismas ipatsvars (total site factor). Visi $ie
raditaji ir relativas vértibas un tiek izteikti
procentos. Vainagu klaja izrobojums ir attéla
redzamo debesulaukumuipatsvars no kopéjas
attéla platibas. Vainagu klaja atvérums ir
vainagu klaja izrobojums, kas transforméts ka
projekcija uz zemes virsmas. Tie$as gaismas
ipatsvars ir attieciba starp vidéjo dienas tie$o
radiaciju zem vainagu klaja un vidéjo dienas
tieSo radiaciju virs vainagu klaja vegetacijas
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perioda. Kopéjas gaismas Ipatsvars ir attieciba
starp kop&jo (tiedo un izkliedéto) vidéjo
dienas radiaciju zem vainagu klaja un kopgjo
vidéjo dienas radiaciju virs vainagu klaja
vegetacijas perioda.

Rezultati

Pirma parauglaukuma transekta ga-
rums ir 48 m, uzskaitito jauno dizskabarzu
vidéjais skaits uz hektara ir 3906 un vidéjais
augstums 1,2 m, no tiem 3593 kokiem ha™!
augstums ir vismaz 0,2 m. Otra parauglauku-
ma transekta garums ir 16 m, uzskaititi vi-
déji 9375 koki ha™ ar vidéjo augstumu 2,1 m,
no tiem 8281 kokiem ha™ augstums ir vismaz
0,2 m.

Abos parauglaukumos, 30 metru ra-
diusa ap transektu, konstatéti pirma un otra
stava dizskabarzi, kas varétu but potencialie
séklu

parauglaukuma (transekta garums 48 m)

avoti paaugas grupam. Pirmaja
uzmériti 7 dizskabarzi (no tiem divi otra
stava), kuru attilums no transekta varié no
1 lidz 17 metriem. Pirma stava dizskabarzu
vidgjais augstums ir 31,2m (varié no 28,4
1idz 33,4 m), vidéjais caurmérs 35,2 cm (varié
no 26,9 lidz 47,9 cm). Otraja parauglaukuma
uzmeériti 4 dizskabarzi 5-25,5 m attiluma no
transekta, no kuriem tikai 1 ir pirma stava
koks, kam augstums 33,4m un caurmeérs
48,5 cm. Pirmaja stava augo$o dizskabarzu
skaits un attalums lidz konkrétajam transekta
posmam nekorelé ar katra posma uzskaitito
paaugas dizskabarzu skaitu, augstumu vai
paaugas grupas platumu. No ta secinams, ka
eso$o pirma stava dizskabarzu, ka séklu avotu
skaits un attalums, ir pietiekams, lai sekmigi
norisétu dizskabarzu dabiska atjaunosanas.

Visos 15 punktos, kuros uzpemti
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fotoattéli, gaismas apstakli ir saméra lidzigi.
Audzes vainagu klaja izrobojums varié no 14-
19,5 %,vidéji 15,5 % (1. att.). Audzes vainagu
klaja atvéruma vértibas ir lidzigas — no 15,1-
20,6 %, vid&ji 16,7 %. Vidéjais tie$as gaismas
ipatsvars ir 15 %, tas varié no 8-20,6 %, bet
kopéjas gaismas Ipatsvars ir vidéji 17,4 %,
varié no 13,2-22,4 %.

Nevienam no minétajiem gaismas
apstaklus raksturojo$iem parametriem nav
butiskas korelacijas ar paaugas koku skaitu
katra konkréta transekta 4 m posma, paaugas
grupas platumu, attalumu no transekta lidz
tuvakajam gaismas apstaklus ietekméjosam
pirma vai otra stava kokam, ka arl ar
attalumu starp tuvakajiem gaismas apstaklus
ietekméjosajiem pirma vai otra stava kokiem
abas transekta pusés. Vieniga pazime, kas
uzrada vidéji cie$u, negativu korelaciju ar

20

gaismas apstaklus raksturojosiem para-
metriem, ir vidéjais paaugas koku augstums.
Vidéja paaugas koku augstuma korelacijas
koeficients ar vainagu klaja izrobojumu
r=-0,48 (p=0,07), ar vainagu klaja
atvérumu r=-0,47 (p =0,07), ar tiesas
gaismas r=-0,60 (p=0,02),
r=-0,62
(p=0,012). Tajos transekta posmos, kur zem
vainagu klaja nonak vairak gaismas, vidéjais
paaugas dizskabarzu augstums ir mazaks.

Ipatsvaru

ar kopéjas gaismas ipatsvaru

Diskusija
Dizskabarzu dabisko
ar séklam ietekmé ne tikai klimats, gaismas

atjauno$anos

apstakli, bet ari citi faktori, pieméram, séklu
izplatiSanas atrums un attilums no séklu
avota (dizskabarzu audzes vai atseviski koki
reproduktiva vecuma). Dizskabarzu séklas ir

15,6 16,7

18

15,0 17,4

Ipatsvars, %

Proportion, %
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Audzes vainagu klaja Audzes vainaguklaja  Tiesas gaismas ipatsvars Kopéjas gaismas Ipatsvars
izrobojums atvérums
Gap fraction Openess Direct site factor Total site factor

1. attéls. Gaismas apstaklus raksturojo$o parametru vidéjas vértibas un ticamibas intervals.
Figure 1. Average values and confidence interval for the parameters characterizing light conditions

in sample plots.
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salidzinosi smagas (ap 250 mg), tadé] ar véju
tas praktiski neizplatas. Séklu izplati$anos
veicina putni un ddensteces (G&tmark
et al, 2005), ki ari pelveidigie grauzéji.
Izpétits, ka pédéjie ozolziles izplata 10-20 m
attaluma, savukart sili — lidz pat 4 km, tomér
parasti dazus simtus metru no séklu avota
(Kollmann, Schill, 1996). Par dzivnieku
ietekmi uz dizskabarzu séklu izplatibu ir
Noskaidrots,
ka ar $im séklam barojas 26 sugu putni un

salidzino$i maz pétjjumu.
17 sugu ziditaji. No putniem galvenais séklu
izplatitajs ir silis, bet to dara ari riekstrozi,
balozi, zilites un zubites (Dobrovolny, Tesaf,
2010). Sili spéj aiznest séklas pat lidz 4 km
talu (Johnson, Adkisson, 1985). Pelveidigie
grauzéjidizskabarzariekstinus parasti parnésa
ne vairak ki 30 metru attiluma (Kunstler,
2004).

Cehija, izpétot dizskabarzu dabisko
atjaunos$anos ap individualiem kokiem eglu
tiraudzés, konstatéts, ka lielakais séjenu
blivums ir tie$i zem koka vainaga, bet
salidzinosi augsts blivums ir ari 15-30 metru
radiusa ap koku. Talakie s&jeni ir atrasti pat
150-250 m attiluma no koka, atkariba no
reljefa. Arl citos pétijumos ieguti lidzigi
rezultati — vidé&jais radiuss, kura ietvaros
séjeni sastopami liela blivuma, varié no 13
lidz 30 metriem, bet maksimalais sé&jenu
izplatianas attalums — lidz pat 250 metriem
(Dobrovolny, Tesat, 2010).

No pétijuma rezultatiem secinams, ka
parauglaukumos séklu avotu apjoms, raziba
un attdlums ir pietiekami, lai nodrosinatu
nepiecieSamo séklu daudzumu dabiskas
atjauno$anas sekmigai norisei.

Dizskabardis sak ziedét un razot

séklas apméram 40-50 gadu vecuma atklatas
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platibas un 60-80 gadu vecuma - blivas
mezaudzés (Mauring, Zvirgzds, 2006), vai
ari gadijumos, kad koku caurmérs parsniedz
20 cm (Leak, Graber, 1993). Dati par bagatigu
séklu razas gadu biezumu dazados pétijumos
ir atskirigi: ik péc trijiem (Leak, Graber,
1993), pieciem (Maurin, Zvirgzds, 2006)
vai ik péc 4-6 gadiem (Pefa ef al., 2010).
Dizskabarza séklu daudzumu samazina
dazadi

Visvairak séklas iznicina peles, strupastes

dzivnieki, kuri tas lieto uztura.
un citi grauzéji, ka ari putni (Giesecke et al,,
2007). No fiziologisko gatavibu sasniegu-
$ajam séklam 40 %, pirms nokrit zeme,
ir kukainu, grauzéju vai putnu bojatas
(Leak, Graber, 1993). Dala no séklam nav
dzivotspéjigas dazadu apputeksné$anas un
attistibas traucéjumu dé] (Graber, Leak,
1992). Sadu neattistito séklu procents
dazados pétijumos svarstas no 13 % (Leak,
Graber, 1993) lidz 27,9 % (Graber, Leak,
1992). K.Vandera (1957) konstatéjis, ka
atseviskos gados tuk$o séklu daudzums
sasniedz pat 30-80 %, un séklu didziba varié
no 70% lidz 90 %. Séklas digst pavasari.
Jauno sg&jenu izdzivo$anu limitéjosie faktori
ir vélas pavasara salnas un mitruma triakums
(Aranda et al, 2002). Giesecke un citi
(2007) apraksta, ka jaunos kokus boja briezu
dzimtas parnadzi, ka arl kukaini, grauzéji,
gliemji un sénes. Tomér, pretéji $ai atzinai,
mausu apsekotajos parauglaukumos jaunajiem
dizskabarziem parnadzu bojajumi netika
noveroti.

Lai dizskabarzu paauga varétu sekmigi
augt un attistities, pirmajos gados jaunajiem
séjeniem ir nepiecie§ama segaudze, kas tos
pasarga no vélajam pavasara salnam, sausuma
un augstas (Huss,

gaisa temperatiras
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2004). Segaudze jaunajiem dizskabarziem
samazina ari lakstaugu un saulmilu koku
Dizskabarzu

audzé viengadigu séjenu skaits var sasniegt

sugu paaugas konkurenci.
pat 300 000 koku ha™', pirmajos tris dzives
gados augsta ir to iznik$ana, koku skaits var
samazinaties vairakas reizes, un ari péc 5 gadu
vecuma sasnieg$anas paauga nav uzskatima
par stabilu, jo koku daudzums joprojam
turpina samazinities (Pefa et al., 2010).
Pétijuma laika ierikotajos paraug-
laukumos  dizskabarzu

paaugas  grupas

netika konstatéta citu koku un kramu
sugu klatbatne. Ta ka pieaugu$o audzi
ap parauglaukumiem veido galvenokart
Eiropas baltegles, ar nelielu bérzu, ozolu un
dizskabarzu piemistrojumu, bija gaidams,
ka paauga tiks atrastas ari $is koku sugas.
Bet, acimredzot, bérzu aug$anai zem audzes
vainagu klaja pietrakst gaismas, savukart
ozolu un balteglu atjauno$anos ierobezo
lielais parnadzu blivums.

Meza atjaunos$anas, meza ieaudzé$anas
un planticiju meZa noteikumi paredz (Meza
2012), ka dizskabardis

meza  atjauno$anai

atjaunosanas...,
izmantojams vai
ieaudzésanai $ados meza tipos: damaksni,
véri, garsa, slapjaja damaksni, slapjaja veri,
slapjaja gar$a, Saurlapju un platlapju areni
un kadreni, ki ari purvainos. MeZzaudzes
koku minimalajam augstumam jasasniedz
0,2m, un koku skaitam uz hektara jabut
vismaz 1500, maksimalais koku skaits uz
hektara netiek ierobezots. Abos ierikotajos
diz-

skabarzu skaits uz hektara vairakas reizes

parauglaukumos uzskaitito paaugas

parsniedza normativajos aktos prasito. Janem
véra, ka netika uzskaititi pilnigi visi paaugas
koki, tatad realais koku skaits uz hektara
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bija pat vél lielaks.
Dizskabardis izteikti
koku suga, kas éncietibu saglaba visa maza

ir éncietiga
garuma. Ja jaunie koki sapem tikai 20 % no
pilna apgaismojuma, to dzinumu garums
nesamazinas, bet samazinas caurmérs, pum-
puru garums un stidu svars (Dreimanis,
2005). Tomeér, neskatoties uz to, vainagu klaja
ir nepiecie$ams atvérums, zem kura sekmigi
varétu veidoties pietiekami bliva paaugas
grupa (Szwagrzyk et al, 2001). Atvérumi
vainagu klaja pieaugusa dizskabarzu tiraudzé
parasti sastada 3-20 %. Vidéjais atvéruma
lielums ir 50 m? kas sakrit ar viena koka
vainaga platibu. Sadi atvérumi parasti rodas,
ejot boji vienam kokam (Nakashizuka,
1987). Augot vidéja vai stipra apénojuma,
jaunie koki ir garaki un ar labaku stumbra
formu neka pilna apgaismojuma apstaklos
(Leonhardt, Wagner, 2006). Cita pétijuma
secinats, ka, palielinoties atvérumam vaina-
gu klaja, pieaug paaugas koku augstuma
izkliede (Madsen, Larsen, 1997).

koku
negativa korelacija ar gaismas apstakliem

Paaugas vidéja  augstuma
zem vainagu klaja varétu but skaidrojama
ar to, ka pietiekamas gaismas apstaklos
jaunie dizskabarzi neizstidz, ka ari, ka labak
apgaismotajos transekta posmos pédéjo dazu
gadu laika ir ieséjusies papildus jaunie kocini
zem jau iepriek§ ieaugu$as paaugas, kas
nenotiek sliktak apgaismotajos posmos, kur
tiem pietrikst gaismas.

Kopuma varam secinat, ka pétijuma
konstatétie gaismas apstakli vainagu klaja
atvérumos un pirma stava séklu koku skaits un
attalums ir pilnigi pietiekami, lai dizskabardis
spétu sekmigi dabiski atjaunoties ar séklam.
Paredzam, ka sakara ar prognozétajam klimata



L. Purina, U. Neimane, B. DZerina, A. Jansons

izmainam nakotné, dizskabardim aug$anas Kurzemes rietumu piekrasté, bet jau aptuveni
apstakli Latvija tuvinasies optimalajiem, un pusé Latvijas teritorijas.
tas varétu sekmigi augt un atjaunoties ne tikai

Pateiciba: pétijums veikts projekta “Meza koku adaptacijas potencials un ta paaug-
stinadanas iespéjas” (Nr.454/2012) ietvaros. Autori izsaka pateicibu Prof. Andrejam
Dreimanim par konsultacijam saistiba ar dizskabarza aug$anu Latvija.
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Abstract

Light requirements of European beech and other species regeneration in the northeasternmost beech stand in
Europe (western part of Latvia) were assessed by the logarithmic regression analysis between the total height of
samplings and light parameters (direct, diffuse and total radiation below crowns). Amongst the accounted ten
regenerating tree species, beech and ash had the lowest requirements for light, which were also lower than the
minimum light parameters observed in the neighbouring mixed stands, suggesting conditions for a successful
spread. Although ash might be competing with beech, lately its regeneration has been strongly limited by the
dieback. Additionally, the minimum requirements of the other accoutred species were higher, suggesting that
beech would outcompete them for light in a longer term. Amongst the studied light parameters, the diffuse and
total radiation below crown appeared to mainly influence the regeneration.

Keywords: Fagus sylvatica; canopy opening; radiation; natural regeneration; sapling growth.

Introduction

A norther shift of the vegetation zones, hence, the species distribution is expected in Europe
due to climate change and the northern limit of European beech (Fagus sylvatica L.) might
occur in The Baltic States even by the end of the 21% century (Kramer et al., 2010).
Consequently, the economic importance of beech could increase there. The spread of the tree
species is determined by the speed of seed dispersion, which, in a modern landscape, is largely
affected by human activity e.g. introduction (Petit et al., 2004), and the success of the
establishment and growth (Bradshaw & Lindbladh, 2005). The establishment of the alien
species is largely affected by the competition with the native ones (Sebert-Cuvillier et al.,
2008).

European beech is a shade tolerant species (Minotta & Pinzauti, 1996), which can dominate in
the understory in different site types (Madsen & Larsen, 1997). For a successful regeneration,
beech requires shelterwood (Ritter et al., 2005), and openings in the canopy are the main source
of light (Wagner et al., 2010; Runkle, 2013). Nevertheless, in such gaps, beech might be
competing with other shade tolerant species, e.g. maples (Acer L.), which might burden beech
regeneration (Galbraith-Kent & Handel, 2008; Wagner et al., 2010). The requirements for light
are important factor shaping the understory and affecting the development of stand (Poulson &
Platt, 1989; Modry et al., 2004) and such information might be useful for the assessment of the

potential of the novel species to spread. Hence, the aim of this study was to assess the




requirements for light of regeneration of European beech and the native species growing in the
northeasternmost beech stand in Europe in Latvia (Bolte et al., 2007).

Material and methods

Study area

The study area is an experimental plantation of alien tree species in the western part of Latvia
(57°15' N, 22°41" E, elevation ca. 90 m a.s.l.). The topography is flat and the soil is loamy
(Oxalidosa forest type). The climate is moderately continental (the mean annual temperature
is +6.2 °C and precipitation is ca. 600 mm). The studied stand is a plantation (ca. 9 ha) of
European beech, established around 1890s (Dreimanis, 2004). At present, the studied stand is
mainly formed by beech, although some alien and local species occur in the undergrowth and
canopy. The density of stand is ca 700 trees ha', mean height is ca. 33 m and the basal area is
ca. 35 m? ha’. Beech regeneration is successful and several generations co-occur within the
same territory and also in the neighbouring stands. Beech saplings are scattered over the
territory of plantation and surrounding it, forming groups in the canopy openings. Soil surface
is frequently disturbed by wild boars; the herbal vegetation is scarce.

Sampling

Within the beech plantation, nine transects, from 34 to 80 m long, were placed to cross the
canopy openings occupied by regeneration of different height (0.05-6 m). Additionally, one
transect was placed in the neighbouring mixed broadleaved stand with scattered beech
individuals in the understorey.

Along each transect, sampling plots (2 x 2 m) were placed, leaving no space between them.
Within each sampling plot, height of all regeneration was measured with the accuracy of 5 cm,
and a canopy image was obtained for the description of the light conditions. The images were
acquired by a digital camera (Nikon Coolpix E8400) equipped with a fish-eye lens (DSLR 4.9
mm-203) (Regent Instruments Inc., Quebec, Canada), placed at 1.4 m height; the interfering
undergrowth trees were bent aside. The automatic adjustment function of camera (focus,
exposition time, aperture etc.) was used. Sampling was done in August 2013.

Data analysis

For the description of light conditions in the plots, the direct, diffuse and total radiation (mean
photon flux density, mol m? day™) for the vegetation period extending from April 20 to
October 25, was calculated from the images using the WinScanopy 2006a software (Regent
Instruments Inc., Quebec, Canada). The colour-based pixel classification was used. “Standard
overcast sky” model was used for the calculation of the diffuse radiation, which was considered

as 48 % of the total radiation.



The relationships of the light parameters was estimated by a Pearson correlation analysis. The
light parameters between stands were compared by a t-test. The minimum values of the light
parameters, necessary for the presence of regeneration, were estimated by the non-linear
regression analysis. Total height of regeneration of each species within a plot, which represents
both height and number of seedlings/samplings, was used as the dependent variable.
Logarithmic model, y = a-In(E)+b, where E — light estimate, and a and b — model parameters,
was fit using the “nls” function in the program R (R Core Team 2013). In case of a negative
parameter “a”, the tested light parameter was considered non-limiting. The analysis was
conducted for the species present in > 12 plots.

Results

In the studied stands, ten species were accounted in the regeneration, but only seven species
were present in more than 12 plots (Table 1). Beech and ash were the most common species,
present in 178 and 46 plots, respectively. The density of beech and ash regeneration ranged
from 0.25 to 13.5 and from 0.25 to 5.5 individuals m and the total height of regeneration
within a plot varied from 2.5 to 1505 and from 2.5 to 159 cm® m™, respectively (Fig. 1). The
tallest understory trees were common hazel, Norway spruce and European beech (Table 1).
All light parameters were significantly (p-value <0.001) intercorrelated, with the weakest
correlation between the direct and diffuse radiation (r = 0.52, n = 205). In both stands, light
parameters had similar variation (variation coefficients was ca. 0.40) (Table 2). The crowns
absorbed the largest part of the radiation and only ca. 10 % reached the understorey. The diffuse
radiation formed ca. 33% of the total radiation below the crowns. Light parameters were
slightly lower in the beech stand compared to the mixed stand, but the differences were
significant only for the direct radiation (p-value = 0.04).

The estimated and the observed threshold (minimum) values of light parameters differed
among the species. The diffuse and total radiation appeared the main limiting factors, as for
most of the species (except Norway spruce), as the parameters “a” were positive (Fig. 1) and/or
threshold valued were not close to zero (more than 1 % of radiation above the crown) (Table
3). The lowest estimated threshold of the diffuse radiation was observed for beech and ash
(0.37 mol m?day?) although the observed values were even lower (Fig. 1, Table 3). In
contrast, the highest threshold values of the diffuse radiation were estimated and observed for
silver fir and rowan (ca 0.75 and 1.05 mol m? day™, respectively) (Table 3). The modelled
threshold value of the total radiation for beech (0.19 mol m? day™) appeared underestimated,
but the observed value (0.66 mol m? day™) was the lowest amongst the species except ash,

which had the same value. The highest threshold value of the total radiation was found for
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silver fir and rowan (ca. 2.20 and 3.20 mol m day%, respectively). The amount of the direct
radiation appeared related to the occurrence of the silver fir, trembling aspen and European
rowan (Fig. 1, Table 3), as the estimated threshold values of the direct and diffuse radiation
were similar. The threshold values of beech and ash (Table 3) were lower than the minimum
values in the plots in the neighbouring mixed stand (Table 2), while this was true in < 80 % of
the plots for other species.

Discussion

The abundance of beech regeneration in the plantation and in the neighbouring stand (Table 1)
suggested the success of its acclimation and preconditions for a wider spread (Bradshaw &
Lindbladh, 2005), surrounding the northeasternmost stand in Europe. Hence, the microclimatic
conditions (e.g. light) increase importance, affecting the dispersion of the species (Poulson &
Platt, 1989; Ritter et al., 2005; Rozenbergar et al., 2007). The comparison of the estimated
threshold values (Table 3) showed, that amongst the light parameters, the amount of the diffuse
and total radiation appeared the main factors affecting regeneration, similarly as observed in
other studies (Emborg, 1998; Rozenbergar et al., 2007). Beech had the lowest threshold values
of light parameters amongst the accounted species (Table 3), suggesting high shade tolerance
(Wagner et al., 2010) also outside its distribution area (Bolte et al., 2007). The threshold values
(ca. 2 % of the radiation above crown) (Table 3) were similar to those observed in Denmark,
suggesting that the studied beech has not been more subjected to the environmental stresses
(Emborg, 1998).

Common ash also had low requirements for light (Table 3), hence it might be competing with
beech under closed canopy conditions (Emborg, 1998; Modry et al., 2004). However, the
competitiveness of ash, at present, is severely diminished by its decline (Kowalski &
Holdenrieder, 2009), thus favouring beech. Although Norway spruce, which can persist in
understory for a long time, is also considered as a competitor of beech for light (Bolte et al.,
2007), our results showed that spruce had a higher observed minimum value of the radiation
parameters (Table 3), suggesting that both species might co-occur, at least in fertile sites
(Madsen & Larsen, 1997; Bolte et al., 2007). Considering the ability of beech to persist in
understorey for a long period, until a disturbance crates canopy opening and releases its growth
(Wagner et al., 2010), and higher requirements for light observed for other species (Table 3),
beech is expected to continue the dispersion into the neighbouring territories. Nevertheless,
higher light parameters observed in the neighbouring stands (Table 2) might have a dual effect.
On one hand, higher radiation might facilitate spread and development of beech, but on other

hand it might increase the competition with other species. Though, the light conditions are one
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of the main factors shaping the regeneration, other factors e.g. browsing, root competition and
the availability of seed source should be taken into account for a more comprehensive
assessment Of the further spread of beech (Rozenbergar et al., 2007).

Conclusions

Successful regeneration and spread of beech was observed at its northeasternmost stand in
Europe; threshold values of radiation parameters for regeneration of beech were similar as
observed within its distribution area; radiation parameters appeared non-limiting for the further
spread of beech into the surrounding stands. Amongst the accounted ten regenerating tree
species, beech and ash had the lowest requirements for light. Amongst the studied light
parameters, the diffuse and total radiation below crown appeared to mainly influence the
regeneration.
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Fig. 1. The total height of regeneration of European beech and other species in relation to the
light parameters (direct, diffuse and total radiation) under the crowns in the studied beech and
neighbouring stands. Lines represent the logarithmic models. Parameters of the fitted

logarithmic models (y=a-In(x)+b) are shown. Note that the axes differ.



Tables

Occurrence N

Regeneration

Regeneration mean

Species density, ind. m?  height, cm
European beech 178 1631 2.3(0.25-13.50) 62.1 (6.7-253.8)
(Fagus sylvatica L.)

European ash 47 325 1.7(0.25-5.50)  25.9(5.1-50.5)
(Fraxinus excelsior

L)

Common hazel 15 23 0.4 (0.25-0.75)  137.8 (27.5-550.0)
(Corylus avellana L.)

Silver fir (Abies alba 16 28 0.4 (0.25-1.75)  11.1(5.0-18.3)
Mill.)

Norway maple (Acer 6 9 1.5(0.25-0.75)  12.1 (5.0-32)
platanoides L.)

Norway spruce 20 23 0.3 (0.25-0.50)  63.8 (17.5-170.0)
(Picea abies Karst.)

Pedunculate oak 3 4 1.3(0.25-0.50)  20.8 (16.2-26.3)
(Quercus robur L.)

Trembling aspen 17 49 0.7 (0.25-1.75)  35.2 (15.0-60.0)
(Populus tremula L.)

European rowan 13 87 1.7 (0.25-3.25)  43.6 (17.5-75.0)
(Sorbus  aucuparia

)

Sweet sherry (Prunus 6 18 3.0(0.50-1.25)  25.4 (15.3-46.7)

avium L.)

Table 1. The number of sampling plots were species were present in understorey (occurrence),

the total number of the measured saplings (N) and the mean density and height of the saplings

in the sampling plots. The numbers in parenthesis show the range of the measurements.



Neighbouring
Beech stand, 190 sampling broadleaved stand, 15

plots sampling plots

Direct  Diffuse Total Direct Diffuse Total
Mean 2.88 1.54 4.41 3.85 191 5.76
Minimum 0.36 0.28 066 073 0.36 1.09
Maximum 7.85 3.64 996 7.10 329 10.39
Standard dev. 1.33 0.62 171 1.76 0.88 2.55
Coefficient of 0.46 0.41 039 046 046 0.44

variation

Table 2. The general statistics of the estimated light parameters: direct, diffuse and total
radiation below the crowns (mol m?day?) in the sampling plots in the beech and the

neighbouring mixed broadleaved stands.



Estimated Observed
Species DF
Direct ~ Diffuse Total Direct  Diffuse Total
European beech NA 0.37 0.19 0.36 0.28 0.66 176
(2.48 (0.42 (117 (1.9%) (1.45
%) %) %) %)
European ash 0.07 0.37 0.57 0.38 0.28 0.66 45
(0.24 (2.52 (1.25 (1.24 (1.9%) (1.45
%) %) %) %) %)
Common hazel  NA 0.49 NA 0.70 0.82 2.58 13
(3.34 (2.28 (5.56 (5.67
%) %) %) %)
Silver fir 1.48 0.79 2.42 1.20 0.70 1.89 14
(4.81 (5.32 (5.31 (39%) (474 (4.15
%) %) %) %) %)
Norway spruce ~ NA NA NA 0.74 0.68 1.45 18
(2.41 (4.61 (3.19
%) %) %)
Trembling aspen  0.55 0.41 1.46 0.84 0.46 1.30 15
.77 (2.81 (3.21 (2.73 (3.12 (2.86
%) %) %) %) %) %)
European rowan 1.18 1.06 2.81 2.30 1.01 331 11
(3.83 (7.18 (6.17 (7.48 (6.84 (7.27
%) %) %) %) %) %)

Table 3. Estimated and observed minimum values of light parameters: direct, diffuse and total

radiation (mol m? day™) necessary for the presence of regeneration. Estimates are based on the

total height of regeneration in the sampling plots. DF — degree of freedom of the estimates. The

numbers in parentheses show the threshold values as the proportion of the light parameters

above the crown.
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«  Beech saplings growing in the central part of Latvia had ca. 80% survival during the recent
three decades.

»  The dimensions of saplings varied greatly likely due to canopy conditions.

+  Some beech self-regeneration was observed.

*  Mainly saplings had narrow crowns.

«  Thedistribution of sapling dimensions had the reverse-J shape, suggesting successful devel-
opment of beech.

The projections of vegetation zones suggest increasing growth potential of European beech (Fagus
sylvatica L.) in Northern Europe. Such changes usually are most apparent in the marginal popula-
tions. In this study, survival of young beech growing in an experimental plantation under canopy
of a mixed coniferous stand in the central part of Latvia was assessed after 33 years since the
establishment. The planting material originated from an older experimental stand in the western
part of Latvia. Although, at present, the studied plantation could be considered as the northeast-
ernmost beech stand in Europe, a good survival was observed — ca. 80% of the seedlings have
survived, despite several cold spells of ca. —30 °C that occurred during the recent three decades.
Additionally, some self-regeneration i.e. branch sprouting was observed. The saplings were rather
low, as their mean height was ca. 4 m. Still, some individuals, which were growing under canopy
openings, reached considerable dimensions; their height and stem diameter exceeded 10 m and
9 cm, respectively. The distribution of sapling dimensions had the reverse-J shape that is typical
for shade tolerant species, indicating normal development of the beech regrowth. The crowns of
saplings were narrow and the stems were spindly, suggesting that trees with a good stem quality
might be bred. Hence, our results suggest that environmental conditions in the central part of
Latvia have been satisfactory for beech, thus encouraging establishment of more extensive trials
within the region.
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1 Introduction

Northward expansion of nemoral tree species is predicted in Northern Europe due to changes in
climate (Hickler et al. 2012). The distribution model of European beech (Fagus sylvatica L.) sug-
gests that conditions for its growth in the Baltic States might be suitable by the end of the 21st
century (Kramer et al. 2010). Nevertheless, already at present, successful growth and regeneration
of beech is observed in the western part of Latvia (Bolte et al. 2007; Jansons et al. 2015), suggest-
ing adaptation of the species. In the central and eastern regions of Latvia, conditions, however, are
considered unsuitable due to cold spells in winter, which the species have not been able to tolerate
(Mangalis 2004; Bolte et al. 2007). Nevertheless, considering the observed warming (by ca. 2 °C
during the last century), particularly due to increase of temperature in the dormant period (Lizuma
et al. 2007), growth potential of beech already might be improved.

Mortality of planting material is a crucial parameter that influences profitability of forest
management (Burton 2011). Regarding the species, which are planted outside their natural distribu-
tion area, increased mortality can be expected due to unfavourable climatic conditions (Fang and
Lechowicz 2006; Burton 2011) or browsing by wildlife (Hansson 1985), while the risks related to
pathogens might be lower (Hansson 1985). The climate-induced mortality of alien (introduced)
species is often caused by weather extremes rather than mean values of weather parameters (Bolte
et al. 2007), hence long term surveys are necessary to evaluate such effects. The aim of this study
was to evaluate survival and growth of beech saplings in an experimental plantation in the central
part of Latvia after 33 years since the establishment. We hypothesised that irrespectively of harsher
climate, beech had a high survival, hence that the meteorological conditions were satisfactory for
the existence of the species.

2 Material and methods
2.1 Study site and sampling

Study site was located in the central part of Latvia (56°42°N, 25°56 E). The climate in study
area was moist continental; the mean (£SD) annual temperature calculated for the period 1983—
2015 was +6.2+0.9 °C. February and July were the coldest and warmest months with the mean
temperature of -4.6+4.2 and +17.8+1.7 °C, respectively. During that period, the bottom-six
six-hour mean temperatures were recorded in January 1987 (-31.1 °C), 2003 (-31.7 °C) and
2006 (-28.7 °C), and in February 1985 (-31.2 °C), 2007 (-29.6 °C) and 2012 (-28.9 °C). The
mean (+SD) annual sum of precipitation was 683+73 mm. The highest monthly precipitation
occurred in summer months (ca. 75 mm per month), but the lowest in spring (ca. 37 mm per
month).

The study site was an experimental plantation of beech, established under the canopy of
Scots pine (Pinus sylvestris L.) stand with Norway spruce (Picea abies (L.) H. Karst.) and silver
birch (Betula pendula Roth.) admixture. The age of the stand was ca. 90 years; it was growing on
moderately dry, fertile loamy soil with acidic reaction (Hylocomiosa type). The area of the planta-
tion was ca. 3.5 ha. Beech was planted in summer of 1983 along the strip roads with the spacing of
0.75-0.95 m (mean 0.83 m) forming curved planting lines. The distance between the lines mainly
ranged from 3.5 to 8.5 m. Seedlings were raised in a local nursery. The seed material was obtained
from a stand located in the western part of Latvia (57°15"N, 22°41°E) (Bolte et al. 2007) where
beech from northeastern Germany was introduced in 1890s. Unfortunately, no information about
the total number of planted seedlings was available.
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In the winter 2016, each beech sapling within the plantation was mapped. For this purpose,
the territory was divided into regular 25x25 m plots. Within each plot, polar coordinates of beech
saplings were fixed using theodolite with the precision of 20" and 0.15 m for azimuth and radius,
respectively. For each beech, height (+0.10 m) and, for those above 1.6 m, also stem diameter
at 1.3 m height (DBH, +0.5 mm) was measured. Additionally, length of the longest branch was
estimated (£0.10 m).

2.2 Data analysis

For each beech sapling, Cartesian coordinates relative to the plantation were calculated. Further,
spatial data were processed using the QGIS v.1.8.0 software. For the estimation of the number
of initially planted seedlings, the total length of planting lines was assessed by means of remote
sensing. The number of planted seedlings was estimated according to the total length of planting
lines and the mean initial spacing between the seedlings. The survival of beech was estimated as
the fraction of accounted trees from the number of initially planted seedlings. For the description
of crown form, length of the longest branch was expressed as the fraction of tree height. Addition-
ally, stem taper was calculated where possible.

3 Results

From the estimated ca. 5000 beech seedlings planted in 1983, 3975 were alive in autumn of 2015,
resulting in the overall survival of 79.5%. Additionally, some self-regeneration (branch sprouting)
was observed. The dimensions of beech varied considerably; the mean (+SD) height of saplings was
3.85+2.30 m and the mean DBH (xSD) was 24 +20 mm; nevertheless, some individuals reached
>10 m in height and >9 cm in DBH (Table 1). The median value of both variables was below the
mean, suggesting that the smaller beeches were more frequent; hence, the distributions of height
and DBH were positively skewed and had positive kurtosis (Fig. 1). The distribution of sapling
height peaked in the second height class, i.e. 2-4 m, while nearly half of the saplings had DBH
<20 mm, hence the distribution of DBH followed the reverse-J shape. The mean (+SD) relative
length of the longest branch was ca. 26 +11% of tree height (Table 1), suggesting formation of
narrow crown for the understory beech. The distribution of this parameter was positively skewed,
implying that the relatively narrow crowns were prevailing (Fig. 1). Still, trees with considerably
wider (>50%) crowns were also observed, particularly in the lowest height classes. The mean
(£SD) stem taper of saplings was 0.29+0.20.

Table 1. Main statistics of beech sapling height, stem diameter at 1.3 m height and relative length of the
longest branch.

Height, m Stem diameter at 1.3 m height, Relative length of the longest
mm branch, %

Minimum 0.30 2 2.6

Maximum 13.00 149 150.0
Mean 3.95 24 25.9
Median 3.50 18 24.2
Standard deviation 2.30 20 111
Coeff. of variation 0.59 0.83 0.43
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Fig. 1. Distribution of height (A), stem diameter at 1.3 m height (DBH, B) and the relative length of the longest branch
(C) of the beech saplings.

4 Discussion

Although the studied site at present could be considered as the northeasternmost plantation (stand)
of beech in Europe (Bolte et al. 2007), good survival (ca. 80%) of saplings and evidence of self-
regeneration during the period 1983-2015 suggested high growth potential of the species. Despite
several cold spells (when temperature was ca. —30 °C) that occurred during the recent three decades,
the climatic conditions in the central part of Latvia appeared non-limiting (suitable) for the exist-
ence of the species within a stand under shelterwood (Fang and Lechowicz 2006; Kramer et al.
2010). Alternatively, such a high survival of beech in the central part of Latvia might be related to
the origin of seeds, which came from the trees adapted only to a slightly milder climate (Yakovlev
et al. 2011), i.e. from the western part of Latvia.
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The dimensions of beech saplings were rather low (Table 1) that might be explained by the
closed canopy conditions, hence by the deficit of light (Modry et al. 2004; Wagner et al. 2010).
Also stem form, low stem taper and narrow crowns (Table 1) contributed to limited growth, ren-
dering the saplings spindly. Nevertheless, several individuals, which were growing under canopy
openings, had reached considerable dimensions (>10 m height), suggesting favourable growing
conditions (Wagner et al. 2010). The distribution of sapling height and particularly DBH had the
reverse-J shape (Fig. 1), typical for shade tolerant species (Angelstam and Kuuluvainen 2004), thus
the development of beech followed the pattern similar to the native species (e.g. Norway spruce),
which have successful self-regeneration. Hence, to promote further development of beech, open-
ings in the canopy, e.g. from the selective or group cutting, appear necessary (Modry et al. 2004;
Wagner et al. 2010). The prevailing saplings with low relative width of crown (Fig. 1) also implied
potential formation of beech with stems of a good form (Wagner et al. 2010).

5 Conclusions

The high survival and evidence of self-regeneration of beech in the central part of Latvia during the
recent three decades are promising, suggesting successful adaptation, hence potentially increasing
economic importance of the species already in the near future. Nevertheless, more information
about the influence of stand structure and light conditions on the development of beech saplings is
necessary. Our results also suggest that more trials i.e. in different growing conditions and regions
can be established for more comprehensive assessment of the potential of the species in forestry
in the Baltics.
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Abstract

Climatic changes are shifting the potential tree distribution limits of many tree species northwards. One of such
species is Fagus sylvatica, currently represented in Latvia only by a few stands. In order to increase knowledge on its
potential use in the forest management, the aim of our study was to characterize the growth of beech in a young stand
in the central part of Latvia. The stand of beech and spruce, mixed in rows with an initial spacing of 2.5 x 2.5 m in
Oxalidosa forest type was assessed. Survival of European beech in clearcut was similar to that observed for the native
Norway spruce (73% and 79%, respectively), but both height and diameter were notably and significantly superior
for wildlings at the mean age of 15 + 2 years, reaching on average 7.4 + 0.30 m and 8.9 + 0.69 cm, respectively.
Increasing ring width with increasing tree age for both tree species was observed until the last four years, when large
and increasing superiority of beech over spruce, coinciding with reduction of ring width of spruce, was noted. It was
most likely caused by intensified competition due to very wide crowns formed by young beech trees in the plantation

with wide spacing: average crown radius reached 2.4 + 0.16 m, for few trees exceeding even 4 m.
Key words: introduced tree species, mixed stand, adaptability, survival, European beech.

Introduction

Climate envelop models are used to predict
changes of species distribution due to climatic
changes. Generally, northward shift of the vegetation
zones, therefore also the species distribution is
expected in Europe (Walther et al., 2002; Kullman,
2008). However, the actual natural changes of the
borders of tree species areals are much slower,
since the spread is determined by the distance
of seed dispersion, affected by numerous factors
including forest fragmentation. To ensure that the
expected improvement in forest productivity due
to warmer climate (Lindner et al., 2010) is realized,
the adjustments in forest management practice and
introduction of potentially suitable tree species, in
this way altering the predicted natural changes in
forest composition (Hickler et al., 2012), are crucial
(Petit et al., 2004). Increasing the number of tree
species used in forestry also allows forest managers
to diversify risks as well as find the most suitable
alternative for any particular site, considering not only
growth but also increasing probability of damages by
abiotic factors (Seidl et al., 2014). It is predicted, that
northeastern limit of European beech (Fagus sylvatica
L.) might occur in the Baltic States by the end of the
21st century (Kramer et al., 2010), since the already
occurring climatic changes in Latvia are reflected as
an increase of temperature in the dormant period and
spring (Lizuma et al., 2007), making the conditions
more suitable for the requirements of this species
(Bolte, 2007). However, it is not advisable to rely on
the theoretical considerations, therefore ecological
demands, i.e. climatic limitation of growth of this
tree species should be comprehensively evaluated.
Detailed information on climate-growth relationships
can be obtained via dendrochronological analysis.

This technique was applied for the assessment of
relationships between tree ring width (TRW) and
climatic variables for beech in Latvia. Chronologies
of TRW, which covered the periods 1949 — 2012 were
produced. Variation of TRW was affected by drought-
related climatic variables, temperature in the previous
July and August, as well as an effect of spring and
autumn temperature was observed. It was found that
during the recent decades July precipitation also has
become significant (Jansons et al., 2015a). The latter
might have a negative effect on beech growth since
intensification of heat and drought events are expected
(Avotniece et al., 2010).

Successful natural regeneration is the first
indication of species to thrive in the particular
conditions. Abundant regeneration has been found
in canopy openings of the few existing beech stands
in Latvia (Purina et al., 2013), limited mainly by
light conditions (Jansons et al., 2016). Even so,
the results proved very high shade tolerance of this
tree species in comparison to other common trees
species in Latvia (Jansons et al., 2016) as well as
broadleaved tree species with northernmost point
of distribution limit being in the territory of our
country — European hornbeam (Carpinus betulus L.).
Hornbeam understory distribution and abundance was
significantly linked to light parameters, particularly
— diffuse radiation (Purina et al., 2015). Growth of
beech under shelterwood, as recommended for its
regeneration (Ritter et al., 2005), mainly due to high
spring frost risk (Aranda et al., 2002), was similar to
that found for other shade-tolerant species — Norway
spruce: the mean height in particular study plots was
62 and 64 cm, respectively (Jansons et al., 2016).
However, the growth of young beech seedlings planted
in clearcut (with higher temperature amplitude) has
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not been assessed previously in Latvia. Productivity
of old beech trees, assessed in several permanent
sample plots in the western part of Latvia, was high in
comparison to native tree species (Dreimanis, 1995).
However, only middle-aged and mature stands were
assessed in this study, but not young stands. Due to
already occurring changes in climatic conditions,
meteorological factors (and periods) notably affecting
increment of trees are changing (Jansons et al., 2015b),
therefore gathering of information about early growth
from currently mature trees (using sample tree cutting)
is not advisable. In order to improve the knowledge on
the potential of beech use in Latvia, the aim of our
study was to characterize growth of this tree species in
young stands in the central part of our country.

Materials and Methods

A planted stand of European beech (Fagus
sylvatica) and Norway spruce (Picea abies) has been
established in the entral part of Latvia on a flat terrain
on fertile, well-drained clayey soil Oxalidosa forest
type. Climate in the study area is mild, the mean
annual temperature is ~ +6.1 °C, July is the warmest
month, with mean temperature ~ +16 °C, and January
is the coldest month, with mean temperature ~-3.6 °C.
The period when the mean daily temperature exceeds
5 °C is ~185 days. Annual precipitation sum is ~ 560.
Most of the precipitation falls during summer.

Planting was carried out in spring of 2004 in
clearcut using two-year old spruce plants and beech
wildlings from natural regeneration under the canopy
of beech stand in the western part of Latvia.

The ground was scarified in rows and single-row
mixture of beech and spruce was used (one row of
beech, adjacent —spruce etc.). Distance between rows
varied from 2 to 3 meters (average 2.5 m) and distance
between saplings in row was 2.5 meters.

The height and the diameter of breast height
(DBH) of each tree on January 2016 were measured
for altogether 116 beeches and 124 spruces. For beech
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Height of tree (m)
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the largest radius of crown (as defined by the longest
branch) was measured. For spruce height increment
of last three years was measured. Increment cores
from several trees as close to ground as possible were
taken with Pressler borer. In the laboratory, air-dried
cores were fixed and gradually grinded (sandpaper
roughness 100, 150, 250 and 400 grains per inch).
Tree-ring width was measured using LINTAB 5
(RinnTECH) measurement system with the precision
of 0.01 mm. There were no signs (like old stumps of
young trees) that any pre-commercial thinning has
been carried out before.

Significance of differences was calculated using
ANOVA.

Results and Discussion

Density of trees was relative, similar to that
expected at the particular height in young stands in
Latvia for broadleaved trees: 580 ha* of beech and 620
hat of spruce. The survival of beech was 73% and it
was similar to that of Norway spruce (78%). A higher
survival might be expected as a result of successful
plantation; however, this level is also not uncommon
in the plantation of native tree species, as reported, for
example, for Silver birch in Finland, where survival
was on average 82% after 6th growing season and
79% after 11th, and notable and significant effect of
timely (and effective) weed control in the first years
on this parameter was found (Hytonen & Jylhd, 2005).
There was no information on the tending carried out
in the studied area, therefore, the impact of it can’t be
analysed. Even a higher survival (94%) at the age of
8 years had been found in beech provenance trial in
Croatia, noting general adaptedness and phenotypic
stability of the material (most of the provenances)
based on this information (Ivankovi¢, Bogdan, &
Bozi¢, 2008).

The average DBH of beech was 8.9 + 0.68 cm and
it significantly exceeded the average DBH of spruce
(3.0 £ 0.41 cm) (Fig. 1). Also, the average height of

OHeight
+DBII

DBH of tree (em)

e

Luropean beech

0
Norway spruce

Figure 1. The average height and diameter of breast height (DBH) of European
beech and Norway spruce (+ confidence interval).
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Figure 2. Tree distribution in the height groups.

beech was superior to the average height of spruce (7.4
+0.30 and 3.1 + 0.30 m, respectively). Comparison of
height curves of both tree species revealed that spruce
with height under 7.5 m had greater DBH than beech.
It was in accordance to the expected, since largest
(dominant) spruces were compared to suppressed
beeches. DBH of beech with height over 7.5 m
become notably larger but there were no spruces so
high to compare with.

The average values did not reflect the differences
between species clearly enough, therefore trees were
arranged into height groups (Fig. 2). At the moment
in the area dominated beech; most of those had the
height of 6.1 to 8 m (49%) and of 8.1 to 10 m (36%)
and there was no beech with the height under 2 m.
Meanwhile, the majority of spruce had the height of
2.1to4 mand of 0.1 to 2 m. Also there were no spruce
trees higher than 10 m. Superiority of beech was even
more pronounced in diameter the greatest proportion
(28%) of beech had DBH from 10.1 to 12 cm while
66% of spruce had DBH less or equal 4 cm. The
height of beech varied from 2.5 m to 10.5 m, DBH
from 1.1 cm to 15.0 cm, for spruce the height of tree
was from 0.5 m to 7.1 m and DBH was from 0.5 cm
to 9.2 cm. In the analysis of natural regeneration in
canopy opening in beech stand in Latvia Jansons et
al. (2016) found a notably wider range of heights for
beech than for spruce (from 7 to 254 cm vs. from 18 to
170 cm, respectively), even so the mean height of both
tree species was similar (62 and 64 cm, respectively).
Also, in our study the distribution was wider of beech,
but presumably due to differences in spacing or
competition, the interspecies differences were more
pronounced for diameter of trees, than for height.

Annual increment depends both on growth
intensity (mm day*) as well as on the length of
the growing period. Notable differences between
spruce and beech in the timing of height growth
had been observed in Slovakia: height increment

of beech trees started earlier than that of spruce,
but lasted a shorter time (~45 days vs. ~70 days,
respectively); however, the total length of the annual
shoot of both species was similar (Konépka, 2014
). In contrast, high importance of determination of
the total length of height increment (and therefore
growth superiority over other tree species) due to a
very long growth period had been found for hybrid
aspen (Populus tremuloides x P. tremula) in Latvia
(Jansons et al., 2014). Radial and height growth of
different tree species often is affected by contrasting
meteorological factors, as demonstrated in numerous
dendrochronological analyses (Senhofa et al., 2016;
Matisons et al., 2015; Jansons et al., 2013a; Jansons et
al., 2013b). Therefore, the increment might be larger
for one species at a particular year and for another —in
the next year and it is important to evaluate the total
increment over longer time. Overall, a faster growth
in young stands, especially after the initial years of
establishment, had been found for Norway spruce
than for beech, even so beech might outcompete other
shade-tolerant species in the situation with limited
light availability (Galbraith-Kent & Handel, 2008;
Wagner et al., 2010). In older stands the productivity
of beech might be similar or higher than that of spruce
trees in appropriate soil conditions, as found also in
the sample plots in beech stands in western Latvia at
the age of 115 years, where the height of dominant
trees was 34.8 m, basal area 50.5 m? and yield 818 m®
(Dreimanis, 2006).

Since our study site was a mixed stand with not a
very high density, it is important to notice the results of
meta-analysis of data from beech-spruce mixed stands
in Europe: in these stands maximum productivity
is reached in lower density than in pure beech or
spruce stands (Pretzsch, 2003). Growth of beech can
be promoted by admixture of spruce, particularly on
fertile sites (Pretzsch et al., 2010), but overyielding
of mixed stands occurs less frequently on rich sites
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Figure 3. The average width of annual tree ring (+ confidence interval) for
European beech and Norway spruce.

than on poor and appears to be based on an admixture
effect, with spruce reducing the severe intra-specific
competition common in pure beech stands (mostly
naturally regenerated with high density, that is not the
case in our study site).

Differences in growth might be part of the
explanation of observed height and diameter
superiority of beech in our site. Another potential
source isunknown differencesininitial tree parameters.
Based on analysis of increment cores, the age of beech
wildlings varied from 12 to 19 years (on average 15
+ 1.9 years), while the age of planted spruce was 12
years. It means that beech wildings could be higher
and with a larger root system at the start that could
have caused greater increment in the first years (even
so the growth could have been affected by re-planting
stress, possible root damages). Nevertheless, due to
large initial spacing, the effect of size differences on

spruce due to competition most likely was negligible
during the first 3-6 years, but might have affected it
during later years. It was in line with findings of radial
increment analysis (Fig. 3), demonstrating large and
increasing superiority of beech over spruce during
the last four years (coinciding with the reduction of
ring width of spruce) and some growth reduction also
of beech during the last two years, most likely due
to further intensified competition, since the overall
trend of increasing radial increment with increasing
age of plantation can be observed and was disrupted.
The ring width of the largest cored beech trees also
was marginally reduced during the last two years. The
width of tree ring for spruce was more varying. The
maximal tree ring width for beech was 7.7 + 1.2 mm,
for spruce —6.3 £ 1.9 mm.

The tendency of height increment of spruce in
the last three years was similar to the tendency of
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Figure 4. The correlation of beech crown radius with DBH and height of tree.
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radial increment — it was slightly, but not significantly
decreasing. Presumably, the relatively smaller
spruce trees invested most resources into the height
increment (retaining it on average 38 + 2.7 cm — not
large for spruce at that age comparing to those which
have been measured in tree breeding trials) to catch up
with beech and get better light conditions. On average,
beech were higher and less affected by competition in
the dense stand.

Very intense competition in the stand was
demonstrated also by the largest crown radius of
beech, reaching on average 2.4 + 0.16 m, i.e. the
distance between the trees in row and between rows.
In fact, the number of trees value of this parameter
even exceeded 4 m (Fig. 4). The growth of beech trees
was notably affected by the length of branches - used
as an indicator of crown size, i.e. the total production
of organic matter. This parameter had a strong and
significant correlation with both the height of the tree
and DBH (r =0.71 and r = 0.87, respectively).

Our results are in line with findings of other
studies, suggesting that both species might co-occur,
at least in fertile sites (Madsen & Larsen, 1997;
Bolte et al., 2007). However, with low initial density
beech occupies the area more efficiently, relating long
branches and using all the light resources available.
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Conclusions
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planting significantly and notably: by 140% and
196%, respectively.

3. The mean annual radial increment of European
beech almost three times exceeded the increment
of Norway spruce in the same conditions (0.74 and
0.25 cm per year, respectively).
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*  The dominant height growth of the introduced European beech was modelled using the gen-
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e The Chapman-Richards and Sloboda models showed the best fit to the data.
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1 Introduction

Bioclimatic models predict that conditions in the Baltic States would become suitable for European
beech (Fagus sylvatica L.) by the end of the 21st century; accordingly, shifts in the geographic
distribution of the species are expected (Kramer et al. 2010; Hickler et al. 2012). Improved growth
of beech has been observed in southern Sweden (cf. Falkengren-Grerup and Eriksson 1990). The
distribution limits of trees have been related to primary growth rate (Loehle 1998); hence, the
spread of a species is influenced by the success of height increment and competition (Seynave et
al. 2008). Height increment is also among the main parameters that influence the productivity of
stands (Burton 2012); and such information is valuable for the prediction of growth under cur-
rent and future climates. In this regard, experimental plantations outside the natural range serve
as useful indicators for the adaptive capacity of the species, particularly in the context of climatic
change (Seynave et al. 2008; Kreyling et al. 2014).

At present, the northeasternmost stands of beech occur in the western part of Latvia (Bolte
et al. 2007), providing an opportunity to study their growth under a harsher climate, outside of its
natural range (Kramer et al. 2010). Nevertheless, good survival (Purina et al. 2016) and productiv-
ity (Dreimanis 1995) indicate that conditions in Latvia are already satisfactory for growth of the
introduced beech. Still, height growth of beech near its northern distribution limit has been scarcely
studied (cf. Carbonnier 1971). The aim of this study was to assess dominant height growth of beech
in the western part of Latvia. We hypothesised that, due to climate warming, height growth of
beech in the western part of Latvia is comparable to the northern parts of its natural distribution.

2 Material and methods
2.1 Study site and sampling

The studied stands were located in the western part of Latvia (57°15'N, 22°38°E), within 5 km
distance of each other. The stands were growing in similar lowland conditions (80-105ma.s.L.), in
a flat topography. The soil was fertile and silty, yet well drained. The climate was mild; the mean
annual temperature + standard deviation during 1914-2014 was 6.1+ 1.0 °C; the mean monthly
temperature ranged from —3.8+3.7 in February to 16.6+1.5 °C in July (Harris et al. 2014). The
mean annual precipitation was 658+ 102 mm,; the highest monthly precipitation occurred during
the summer months (June—August; 72+36 mm). Climatic changes were expressed as a warming
of winters and springs (Lizuma et al. 2007) and an extension of precipitation-free periods in the
summers (Avotniece et al. 2010).

In 2017, 20 dominant sample trees, growing in 10 unthinned stands of different ages (ca. 70,
110 and 140 years), were felled for stem analysis. The dominant trees were selected to avoid the
effects of competition (Brunner and Nigh 2000). Stem disks were taken at 0.2 (stump), 1.3, and
every 2 m above the base heights. The surface of the stem disks was grinded and the number of
tree-rings was counted under a microscope. The cambial age of the trees at each height was deter-
mined. Tree height was corrected for ‘hidden tops’ using the Carmean (1972) correction. The oldest
trees (age>100 years) originated from seed material transferred from northern Germany (exact
provenance unknown); the younger trees were propagated from local seed material, representing
the second generation. The initial spacing of the plantations was 2 x 2 m.
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2.2 Data analysis

Dominant height growth was modelled using non-linear Chapman-Richards, Hossfeld, King-Prodan,
log-logistic, Sloboda, and Strand equations (Table 1), transformed according to the generalised
algebraic difference approach (Cieszewski and Baily 2000; Sharma et al. 2011). Such models have
been applied for height growth modelling (Sharma et al. 2011), as they are polymorphic, allowing
site-specific parameters, e.g., multiple asymptotes, and are base-age invariant (Cieszewski and
Baily 2000). The models were developed for dominant heights above 1.3 m. Time-series of tree
heights were reorganised to height difference for each observation period, where hy was the height
at age to, and hy was the height at age t; (in metres and years, respectively). The mean+ standard
error age, when the studied beech had reached breast height, was 4.7+0.4 years.

As several measurements originated from a single tree, mixed models were applied to solve
the independence problem (Bates et al. 2015), accounting for random effects of tree and stand.
The models were evaluated by fit statistics, graphical analysis of residuals, and biological realism
(Goelz and Burk 1992). Statistically, model fit was estimated by mean residual (MR), McNemar’s
adjusted R, root mean squared error (RMSE), and the Akaike information criterion (AIC). Yield
tables for beech in southern Sweden were used for comparison (Carbonnier 1971). Data analysis
was conducted in the program R v. 3.3.3, using the “lme4” package (Bates et al. 2015).

3 Results

The developed dominant height models showed a slightly differing fit to the measurements (Table 2)
and conformance with the biological realism principle (Fig. 1). For most of the models, errors were
similar (MR < 0.53 m and RMSE < 0.66, except for Hossfeld I, which showed higher errors), and
the R2-values were high (>0.99, Table 2). The t-values of the parameter estimates mostly exceeded
2.0, except for the single parameters in the Chapman-Richards and log-logistic models. According
to the AIC, the Sloboda and Chapman-Richards models showed the best fit, while the Hossfeld’s and
log-logistic models showed the weakest fit to the data. The variance of random effects was <2.50.

The Sloboda and Chapman-Richards models appeared to be the most realistic, as the
modelled curves followed, and encompassed, the measured time-series throughout the reference
period (Fig. 1). These models (particularly the Sloboda model) predicted slow height growth in the
initial stage of stand (first 20 years) for site indices <27 m in 100 years. In addition, these models
showed the best conformity with the improving height growth of the younger trees (ca. 70 years
old). The Strand model showed similar tendencies, yet was more optimistic regarding the highest
site indices. The log-logistic model was the most conservative, predicting the lowest maximum
tree heights, yet it showed lower conformance with measurements at a younger age (<20 years).
The Hossfeld and King-Prodan models overestimated height increment for the site indices >36 m
during the first 60-70 years, obviously exceeding the biologically possible growth.

The dominant height models (yield tables) developed in southern Sweden (cf. Carbonnier
1971) showed weak conformity with the observed height growth of the studied beech, particularly
regarding the younger trees (ca. 70 years old) and the lower site indices (Fig. 1). In addition, height
growth of the younger trees exceeded the range of the yield table (cf. Carbonnier 1971) predictions.
The predictions of the yield table also showed high bias, compared to the best of the developed
modes (Chapman-Richards, and particularly Sloboda): overestimation at younger age (<100 years)
and underestimation at the older age (Fig. 2). The bias was stronger for the lower site indices.
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Table 1. The generalized algebraic difference approach models fitted to dominant height time series of beech according

to Sharma et al. (2011).

Base model

Generalized algebraic difference approach model
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Fig. 1. The non-linear dominant height models (black lines) fitted to the observed data (grey lines, each line represent
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Table 2. Parameter estimates and their t-values of the fitted models. Models fit statistics: mean absolute residual (MR),
residual standard error (RSE), root mean squared error (RMSE), Akaike information criterion (AIC), adjusted R2-value
(McNemar’s method), and variance components of the random effects (VAR).

Chapman- Hossfeld Hossfeld | King-Prodan  Log-logistic Sloboda Strand
Richards
Parameter estimates
bl 0.0227 43.7466 0.0228 1.576 43.803 52.9402 0.1789
b2 -9.8636 121.078 —-0.0054 118.678 —104.29 0.2502 —0.0034
b3 42.6561 1.5954 -5281.7 —-1.6153 0.6489 22777
Estimate t-values
b1l 16.88 10.36 11.47 37.15 11.83 7.8 8.48
b2 191 2.65 4.7 2.17 0.06 7.57 2.03
b3 223 37.81 2.03 38.12 12.98 15.7
Model statistics
MR (m) 0.48 0.51 0.72 0.52 0.53 0.49 0.51
RSE (m) 0.6 0.65 0.83 0.65 0.67 0.63 0.64
RMSE (m) 0.6 0.64 0.82 0.65 0.66 0.62 0.64
AIC 660.3 685.3 835 686.9 694.3 656.8 677.7
Adj. R? 0.9963 0.9956 0.9958 0.9956 0.9954 0.9959 0.9958
VAR (tree) 0.317 1.125 0.133 0.013 0.432 0.721 0.009
VAR (stand) 0.011 1.965 2.231 2.023 0.414 0.168 0.377
VAR (residual) 0.367 0.418 0.553 0.422 0.441 0.384 0.409
81 c i vs. C: jer (1971) A
B -
4 -
E 2
g
5 0
£ 2+
(=] . :
4] Site index
-5 020424428 X320 36
-B - r T T T T T 1
B -
6 -4
4 -
. 2
g
g 01
£ -2
[=]
_4 i
-6
8-

20 40 60 80 100 120 140
Age, years

Fig. 2. The differences between beech dominant height predicted by the developed Chapman-Richards (A) and Sloboda
(B) models in the western part of Latvia and yield tables for southern Sweden (cf. Carbonnier 1971) according to stand
age and site index.
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4 Discussion

The fit statistics (Table 2) and biological realism (Fig. 1) indicated the Chapman-Richards and,
particularly, Sloboda model, which showed higher t-values of the parameters, as the best for esti-
mating the dominant height of beech in the western part of Latvia. The differences in precision
of the parameter estimates of these models (Table 2) were likely caused by the limited dataset
(Sharma et al. 2011). Although the dominant height models are often region-specific (Sharma et
al. 2011), wider verification of the developed models within the region was impossible, due to
an absence of beech stands. The models were developed based on even-aged plantation (Fig. 1),
and their predictions might be biased for stands with extreme density (Brunner and Nigh 2000;
Sharma et al. 2011).

Considering that climatic changes appear beneficial for beech growth in the Northern Europe
(Falkengren-Grerup and Eriksson 1990; Kramer et al. 2010), improved height growth, following the
curve for a better site, was observed for the younger (second generation) trees (Fig. 1). This relates
to the climatic component of site quality for species growing in marginal populations (Sharma et al.
2012; Kreyling et al. 2014). Improved tree growth has also been related to eutrophication (Pretzsch
et al. 2014). Alternatively, improved growth of the second generation trees might be related to the
natural and anthropogenic selection of the best adapted genotypes (Matisons et al. 2017).

The dominant height models from southern Sweden (Carbonnier 1971) showed rather poor
conformity with the height growth of beech in the western part of Latvia, particularly for site indices
<32 m (Fig. 2), which, however, were not represented by the measurements (Fig. 1). Under harsher
climatic conditions in Latvia (compared to southern Sweden), a longer time appeared necessary for
beech to establish, explaining the deviations from the yield tables (Fig. 2). Slower establishment
(extended “lag” phase of growth), which is ordinarily for shade-tolerant species (Seynave et al.
2008; Sharma et al. 2011), was predicted by the Chapman-Richards and, particularly, the Sloboda
models (Fig. 1). The yield tables (cf. Carbonnier 1971) also underestimated height growth in longer
term (>100 years, Fig. 2), indicating improving growing conditions for beech in the western part
of Latvia. Still, the Carbonnier (1971) model might be outdated, due to warming and eutrophica-
tion (Falkengren-Grerup and Eriksson 1990; Sharma et al. 2012). Nevertheless, height growth
of the younger trees exceeded the predictions of the yield table (Fig. 1 H), indicating improving
growing conditions (cf. Carbonnier 1971) and, hence, a rising potential for wider distribution of
beech in the Baltics.

5 Conclusions

The developed dominant height models indicated high forestry potential of European beech in the
western part of Latvia, particularly for the planting material propagated from local plantations.
Accordingly, beech could be approbated for wider application in commercial forestry within the
region in the near future. Still, verification of these models on a larger dataset, containing a wider
spectrum of site indices, would be necessary to increase the accuracy of the estimates.
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Abstract. Fagus sylvatica L. is one of the most important commercial tree species in Eu-
rope and its natural distribution range is expected to shift northwards due to climatic
changes. Detailed information of factors affecting its growth is crucial as a basis for
recommendations of wider use of this tree species. Aim of the study was to characterize
the changes of radial growth intensity of European beech during a vegetation season.
In mature beech stand in northwest Latvia two sample trees (dominant (DT) and sup-
pressed (ST)) were selected in Hylocomiosa forest type. Continuous measurements of
changes of stem diameter and xylem sap flow as well as meteorological parameters
were carried out. Stem cycle approach was applied to distinguish the duration of con-
traction, expansion and increment of the stem. Onset and cessation of growth of the
ST tree was observed several days later compared with DT and mean growth intensity
during the entire observation period was considerably lower (0.014 mm/day™ for ST
and 0.022 mm/day for DT, respectively). Most intensive growth increment diurnally
was observed in the early morning before sunrise, and seasonally till beginning of
July. Positive effect of precipitation and low water pressure deficit (VPD) on growth
was observed, while high VPD coincided with stem contraction. Results indicate the
sensitivity of radial growth of European beech to water deficit and high atmospheric
transpirational demand; therefore, future potential of cultivation of beech in Latvia
depends on changes in moisture regime.

Key words: Fagus sylvatica L., climate change, radial growth, dendrometer, soil water
potential.
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Lechowicz, 2006). Continentality, which
can be characterized by high summer tem-

European beech (Fagus sylvatica L.) is one
of the most important commercial tree spe-
cies in Europe, its distribution range cur-
rently stretches from the southern part of
the Scandinavian Peninsula in the North
till Sicily in the South and from the Iberian
Peninsula in the West till Western Ukraine
in the East (Ellenberg, 1988, 1996; Fang &
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peratures, summer droughts (Betsch et al.,
2011) and late spring frosts (Augustaitis et
al., 2015), is considered as one of the limit-
ing factors of the distribution of European
beech (Fang & Lechowicz, 2006). Modelled
occurrence and severity of drought occa-
sions (Rasztovits et al., 2014) and decrease
of probability of extreme cold events in the
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southern and northern parts of its distri-
bution range, respectively, coincide with
forecasted effects of global climate change
(IPCC, 2014) and therefore with the natural
distribution range of beech, which is expect-
ed to shift northwards (Hickler et al., 2012).
Currently, in several forest stands (estab-
lished at the end of 19" century) in Western
Latvia, beech have shown high level of ac-
climatization (Jansons et al., 2015), success-
ful natural regeneration (Purina et al., 2016)
and productivity similar to that of common
tree species, like Norway spruce and silver
birch (Dreimanis, 2006).

Detailed understanding of tree short
term response to environmental conditions
is important for predictions of tree growth
in changing climate and subsequent de-
velopment of forest management strategy.
Data on short term responses based on
stem diameter variation (SDV) can be con-
veniently gathered by means of dendrom-
etry. Several studies (Ceschia et al., 2002;
Knott, 2004; Charru et al., 2010; Simpraga et
al., 2011; Michelot et al., 2012) have used it
to assess intra-annual growth of European
beech. Fluctuations of stem diameter are
result of contraction and expansion caused
by irreversible increment of xylem, changes
in tissue water storage, wood thermal prop-
erties and internal tensions of conducting
elements (Daudet ef al., 2005). Therefore,
SDV can indicate the level of tissue hydra-
tion and potential drought stress (De Swaef
et al., 2015).

As demonstrated by Steppe & Lemeur
(2004) and Michelot ef al. (2012), growth of
both juvenile and mature beech trees was
drought sensitive. Sufficient water uptake
ensures cell turgor pressure which is the
main force providing cell expansion and
division (Lockhart, 1967). Thereofre, mini-
mized cell expansion in drought stressed
trees is related to insuficient xylem hydra-
tion (Hsiao, 1973; Abe et al., 2003). Due to
water deficit, newly-formed vessels are re-
duced in size (Sass & Eckstein, 1995) which,
in combination with reduction of xylem
conductance (Barigah et al., 2013) hinders

further water supply and hence assimila-
tion.

So far such studies have not been car-
ried out for European beech on the edge
of its current distribution. Significant dif-
ferences in water use have been found
between dominant and suppressed beech
trees, suggesting suppressed trees being
under a higher drought stress risk beneath
a closed canopy compared with dominant
trees (Dalsgaard, 2008). Therefore, the aim
of the study was to assess the intra-annual
radial growth dynamics between dominant
and suppressed European beech trees grow-
ing in northwest Latvia. We hypothesized
that the intra-annual radial growth dynam-
ics of beech in northwest Latvia is sensitive
to water deficit.

Material and Methods

Study area and study period

The study area is located in north west
Latvia (57°14" N, 22°41" E) in the central
part of Ziemelkursas upland which is situ-
ated in a hemiboreal mixed forest of the
temperate climatic zone where annual air
temperature and the sum of precipitation is
+ 6.3 °C and 750 mm, respectively (Latvian
Environment, Geology and Meteorology
Centre). Movement of North Atlantic air
masses generally determines climatic condi-
tions in Latvia; however, a gradient of small
scale continentality in the territory of Lat-
via increases in direction from the coast in
south west to inland in north east (Laivins
& Melecis, 2003; Draveniece, 2007). There-
fore, regional differences in the duration of
the vegetation period (in the western part of
Latvia the vegetation period is 2 to 3 weeks
longer than in the eastern part) are observed
(Klavins & Rodinov, 2010). According to the
data from the closest meteorological obser-
vation station in Stende (about 20 km from
the study site), both mean daily air tempera-
ture (14.9 °C) and sum of precipitation (327
mm) of the studied period (May-August,
2014) exceeded 30-year means of the cor-
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responding period (14.5 °C and 271 mm,
respectively).

Two nearby trees located 8 m from each
other (DT-34.0 m high, diameter at breast
height (DBH) 55 cm, 127 years old and
ST-12.6 m high, DBH 16 cm, 43 years old)
were sampled in a mixed Scots pine and Eu-
ropean beech stand on well drained loamy
soil in Hylocomiosa forest type. Sample trees
were selected according to differences in
dominance (DT formed the emergent layer
of the stand while ST was located in the un-
derstory).

Measurements of SDV, sap flow and
weather parameters

Monitoring of SDV was done at the breast
height once per 10 minutes by automated
band dendrometers DRL26C (EMS Brno,
Czech Republic). Simultaneously, at the
same height (4 m) of the trunk, xylem sap
flow was measured every 10 minutes by ap-
plying the heat ratio method integrated in
a SFM1 sap flow meter (ICT International,
Australia). Probes of SFM1 have two mea-
surement points with 15 mm spacing in
between, and, to avoid the influence of am-
bient temperature on sap flow data, outer
measurement point was placed in the depth
of 5 mm below cambium layer within the
sapwood (Burgess et al., 2001). Accordingly,
inner measurement point was located in the
sapwood in the depth of 20 mm. Raw sap
flow data were arranged by Sap Flow Tool
software (ICT International, Australia) re-
moving logging errors and applying correc-
tion factors (bark thickness, sapwood depth
and tree size) for calculating the sap flow
rate for the whole tree. Meteorological data
used in study were obtained from a mo-
bile weather station (Vantage Pro2, Davis
Instruments, USA) located near the forest
stand. Soil water potential was measured
in the study site by using tensiometers (T8,
UMS GmbH, Germany) and obtained data
were stored in the DL6 logger (Delta-T De-
vices, UK).
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Data analysis

Dendrometer data were analysed according
to the methodology of stem cycle approach
by Deslauriers et al. (2007) and Deslauriers et
al. (2011). This method is based on division
of daily pattern of stem shrinking/swelling
cycles into different phases. Accordingly,
phases of contraction (period between the
daily maximum and next minimum), expan-
sion (period between the end of contraction
and next maximum) and increment (part of
the expansion phase from the time the stem
radius exceeds the previous maximum un-
til the next maximum) were distinguished
(Deslauriers et al., 2007) using DendrometeR
package (van der Maaten ef al., 2016) in R
v.3.0.2. (R Core Team, 2016) software.

In order to characterize the relationship
between sap flow rate and vapour pressure
deficit (VPD), Gompertz function was fitted
in analysis of nonlinear least squares:

F(VPD) =g #7170

where o = asymptote, f = shape parameter,
y = scale parameter. Coefficient of deter-
mination (R?) of the nonlinear model was
obtained by the formula:

R*=(1-Yr?) / (X(y-xy)),

where ) r?is residual sum of squares and
Y (y-Xy)?is total sum of squares. Statisti-
cal analysis was done in R v.3.0.2. (R Core
Team, 2016) software.

Results and Discussion

The sum of precipitation and average air
temperature of the studied period were 285
mm and 17.2 °C, respectively, but the mean
value of VPD reached 1.2 kPa (Figure 1C).
Maximum air temperature was 33.4 °C, re-
corded in the beginning of August during a
no rain period. Groundwater remained very
low - between 19.48 and 19.41 m (Figure
1B), which, due to the geomorphological
properties of the study site, is located in
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Figure 1. Seasonal course of changes in total (solid lines) and relative (dashed lines, secondary axis) radial

increment (A), soil water potential and groundwater level (secondary axis) (B), and air tempera-
ture, vapour pressure deficit (VPD) and hourly sums of precipitation (secondary axis) (C).

the aquifer under a confining layer formed
by fat clay. Therefore, capillary rise of wa-
ter is excluded and soil moisture available
for trees is supplied by precipitation only.
Values of soil water potential fluctuated
between drought conditions during the
longest no rain periods with high VPD in
the end of July/beginning of August and
saturation right after intense rainfall along
with decrease of VPD (Figure 1C).

Total radial increment for DT and ST tree
was 2.2 and 1.5 mm, respectively (Figure
1A). Nevertheless, ST had larger relative
increment from the initial DBH compared
to DT (0.93 and 0.38%, respectively). At the

end of dormancy, tissue rehydration and
translocation of growth stimulants occur
(Makinen et al., 2008), explaining the onset
of fluctuations of stem diameter for both
trees observed several weeks before the
first record of increment phase. Following
winter dehydration, restoration of sufficient
xylem water content is one of preconditions
for initiation of division of vascular cam-
bium cells (Yamashita et al., 2006; Mikinen
et al., 2008); therefore, a rapid increase of
stem diameter as it was observed for DT
in the last decade of May (Figure 1) can be
explained by reduced transpirational water
loss due to a decrease of VPD (Steppe &
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Figure 2. Hourly sums of duration of distinct phases of SDV (A; B) and mean hourly sap velocity (C; D).
Lemeur, 2004). air temperature and VPD decreased (Figure

Notable increase of stem diameter for ST
started 2 weeks after DT during the pe-
riod with rain events (Figure 1A). Earlier
growth onset for DT can be explained by
higher root competitiveness of dominant
trees which are very competitive, ensuring
better water absorption (Le Goff & Ottorini,
2001). During the observation period, cu-
mulative changes of stem diameter formed
a sawblade shaped curve with fluctuations
caused by daily variations of wood hydra-
tion (Steppe & Lemeur, 2004; Michelot ef al.,
2012). Pronounced leaps, corresponding to
rain events and/or a decrease in VPD and
air temperature, are distinguished as phases
of increment. During such conditions, water
absorbed from the soil is not being trans-
pired completely but integrated into forma-
tion of xylem cells (Pallardy, 2008). Subse-
quently, for both trees the highest values of
single increment phases were recorded just
after rain events during periods when both
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1). Cumulative radial growth was complet-
ed in 98 and 101 days for DT and ST, respec-
tively, which corresponds to results of the
study from Slovenia by Cufar et al. (2008)
showing that the average time of cambial
activity for beech is 100 days. The timing
of growth cessation generally is controlled
by shortening of the photoperiod; however,
age, vigour as well as environmental condi-
tions influence the control of development
of dormancy (Kozlowski & Pallardy, 1997).

On the diurnal cycle, a period of the
most intensive growth was observed in
early morning, just before sunrise and
subsequent start of daily sap flow; it was
especially pronounced after stem rehydra-
tion following the rain events (Figure 2).
Contraction of stems coincided with the
increase of sap flow due to intensification
of transpiration.

In the afternoon, sap flow decreased
and expansion of stems due to restoration
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of xylem water storage (Cermak et al., 2007)
followed. Diurnal distribution of stem cy-
cle phases between both trees was similar.
However, during the diurnal cycle, total du-
ration of increment phase for ST exceeded
the duration of expansion and was longer
compared with DT. Earlier onset of daily
sap flow and following stem contraction
for DT is caused by both higher root com-
petitiveness and canopy exposure to direct
solar radiation and wind compared with ST.
In the understory layer, in the morning, air
temperature increase and subsequent onset
of transpiration is delayed in comparison
with emergent layer of the stand (Granier,
1987). A diurnal peak of increment phase
duration for ST was observed on average 3
hours later compared with DT, and subse-
quent start of contraction for ST was 1 hour
later. Additionally, this phase lasted longer
in the afternoon. Therefore, diurnal course
of radial growth of ST showed less xylem
water loss resulting in less sensitivity to
weather conditions.

Since the success of tree growth is re-
lated to water availability (Pallardy, 2008),

VPD, kPa

Relationship between sap flow rate and VPD in dominant (A) suppressed (B) tree.

sap flow measurements can be used to trace
tissue hydration and changes in vigour
(Cermék et al., 2007). Cermak et al. (2007)
showed that an increase of sap flow rate
and depletion of internal water storage of
the stem coincides. Comparing both sample
trees, higher sap flow rates were observed
for DT (up to 5000 cm® ha) than for ST (up
to 1000 cm? ha™). For both trees, high sap
flow rates during very low VPD indicates
rehydration during nights (Daley & Phil-
lips, 2006) or rainy/cloudy and cool days
when formation of radial increment was
observed (Figures 2, 3). High sap flow rates
during high VPD indicates water movement
through xylem driven by transpiration dur-
ing sunny, warm days coinciding with con-
traction of the stem or very low radial incre-
ment (Figure 1). An increase of VPD above
1.5 kPa indicates upper limits of sap flow
capacity for both trees. A high transpira-
tion in combination with insufficient water
supply causes stomata closure and cavita-
tion leading to cessation of xylem sap flow
(Jones, 1998; Tyree & Sperry, 1989). There-
fore, hydration of xylem tissue is hindered
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Table 1. Values of parameters (a, 8 and y) and performance of nonlinear model.
Parameter + SD Dominant Suppressed p-value
a 4364.03 +76.82 847.48 + 25.16 < 0.001
B 2.84+0.1 2.64 +0.1 < 0.001
y 3.94 +0.18 2.69 + 0.16 < 0.001
R? 0.76 0.66

(Zeppel et al., 2004). Turgor pressure is con-
sidered to be the main driving factor of ves-
sel enlargement (Ray et al., 1972). Therefore,
vessel growth is negatively affected by the
water deficit (Sass & Eckstein, 1995). Since
larger vessels in diameter have higher water
conducting capacity (Tyree & Zimmermann,
2013), insufficient tissue hydration can have
negative effect on growth during next veg-
etation period (Sass & Eckstein, 1995).

Analysis of nonlinear least squares (Fig-
ure 3 and Table 1) resulted in a sigmoidal
relationship between sap flow rate and VPD
for both trees.

Differences in explained variances by
the model for DT (R? = 0.76) and ST (R? =
0.66) and more rapid increase of sap flow
rate (determined by differences in scale
parameter (y)) of DT at low values of VPD
compared with ST, as already mentioned,
can be explained by exposure of the canopy
of DT to direct sunlight and wind favoring
transpiration, thus providing large amounts
of water for transpiration (Le Goff & Ot-
torini, 2001).

Conclusions

Due to water deficit, formation of radial in-
crement is very slow or completely interrupt-
ed until the restoration of stem water storage
is completed facilitating the expansion of
xylem cells. Thus, confirming our hypoth-
esis that radial growth of European beech in
northwest Latvia is sensitive to water defi-
cit. Therefore, according to the predicted in-
crease in mean annual air temperature, the
future cultivation potential of beech in Latvia
depends on the precipitation regime.
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ARTICLE INFO ABSTRACT

Age, genetics and social status of trees affect their sensitivity to environmental factors, and information about
such effects is needed for comprehensive assessment of growth potential. Climatic sensitivity of radial increment
(i.e., tree-ring width) of introduced European beech (Fagus sylvatica L.) of different generations and social status,
growing in its northeasternmost stands in Europe, was studied by dendroclimatological methods. At present, the
studied stands occur outside of the natural distribution area of the species, providing opportunity to study
adaptability and potential growth of beech in novel environments under changing climate. The sensitivity of
radial growth to climatic factors was modulated by the generation and social status (size) of trees. The first
generation trees, which were propagated from the material transferred from the northern Germany, were highly
sensitive to climatic factors and showed wide spectrum of responses. The dominant trees were particularly
sensitive to June precipitation, indicating sensitivity to water deficit in summer. The suppressed trees were
mainly sensitive to temperature in the dormant period. Tree-ring width of the second generation trees, which
were propagated from the first generation stands, was mainly affected by water deficit in summer, yet the local
factors, modulated the mechanisms of response. In one stand, tree-ring width was affected by conditions during
the formation of tree-ring, indicating direct influence of weather conditions on xylogenesis. In the other stand,
tree-ring width was correlated to weather conditions in the preceding year, suggesting influence via carbohy-
drate reserves. The effect of social status on climatic sensitivity in the second generation stands was considerably
weaker, likely due to the natural and anthropogenic selection of the material best adapted for local conditions.
The effect of climatic factors on radial growth of beech has shifted during the 20th century. The effect of autumn
temperature has weakened, likely due to warming; the effect of factors related to water deficit in summer has
intensified that could be related to both, changes in climate and ageing. The observed climate-growth re-
lationships suggested that conditions in winter have become suitable for beech, yet careful selection of sites/
regions with appropriate hydrological conditions appear necessary to counteract the increasing effect of water
deficit, hence to ensure productivity of future beech sites in Latvia.

Keywords:
Fagus sylvatica

Assisted migration
Experimental plantation
Tree-ring width
Dendroclimatology
Adaptation

1. Introduction

In Europe, northward expansion of European beech (Fagus sylvatica
L.) is expected by the end of the 21st century in response to climatic
changes (Hickler and Vohland, 2012; Kramer et al., 2010); however,
considering slow dispersion of propagules (Saltre et al., 2013), assisted
migration appears important issue for wider spread of the species
(Bjorkman and Bradshaw, 1996; Vitt et al., 2010). Introduction of forest
reproductive material suitable for warmer climates has been advised as
one of the means for mitigation of the effects of warming climate on
forestry (Winder et al., 2011), thus broadening perspectives for a wider
(commercial) application of beech in the hemiboreal zone. Such in-
troductions would require adjustments in forest management practices
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that creates necessity for comprehensive information about the benefits
and environmental risks of the novel species (Burton, 2012).
Sensitivity of populations growing near the species distribution
limits to environmental factors is largely determined by the genetics
(provenance) (Peuke et al., 2002), which affects the adaptive capacity
(Aitken et al., 2008; Kreyling et al., 2014). In this regard, experimental
plantations, particularly near or outside the natural range of the spe-
cies, serve as good indictors of adaptability and potential growth of
species in novel environments under changing climate (Isaac-Renton
et al., 2014; Kreyling et al., 2014; Vetaas, 2002). At present, the
northeasternmost experimental stands of beech, which are located
outside of its natural distribution range and have reached maturity,
occur in the western part of Latvia (Augustaitis et al., 2015; Bolte et al.,

Received 30 March 2017; Received in revised form 10 August 2017; Accepted 31 August 2017

Available online 01 September 2017
1125-7865/ © 2017 Elsevier GmbH. All rights reserved.

:



R. Matisons et al.

Table 1
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Description of the studied stands of European beech and descriptive statistics (mean value, range, and standard deviation) of stem diameter at breast height (DBH) and number of

measured tree-rings for sampled trees. CI—confidence interval.

Young 2 Mature

Young 1
Location 57.2505° N, 22.6993° E
Area, ha 1.7

Year established (stand age at sampling, years) 1956 (60)

Initial density, ind. ha™" 4000

Admixture Pure beech

Mean DBH + CI, cm 25.86 = 3.03

Range DBH, cm 10.4-46.3

St. dev. DBH, cm 9.9

Mean length of series * St. dev., number of tree-rings 44.4 * 9.7

57.2464° N, 22.6264° E 57.2504° N, 22.7209° E

2.2 2.0

1951 (65) 1889 (127)
4000 3800

0Oak, 20% Birch, 20%
26.85 = 3.12 28.95 = 3.26
12.4-48.5 14.1-49.6
9.8 105

56.2 + 47 106.6 = 14.0

2007), where the species has been planted on ca. 40 ha of forest land.
Good survival, productivity and self-regeneration of these stands sug-
gest that conditions in the western part of Latvia have been suitable for
beech (Bolte et al., 2007; Dreimanis, 1995), yet little information is
available about its growth variation (Augustaitis et al., 2015; Jansons
et al., 2015).

Climate is one of the main factors that affects tree increment (Fritts,
2001), hence information about its climatic sensitivity is essential for
assessment of future growth potential and necessary adjustments in
management (Burton, 2012). Detailed information about the effect of
climatic factors on tree growth can be obtained by retrospective ana-
lysis of tree-ring proxies (e.g., width), which act as a natural archive of
the environment-growth interactions (Cook, 1985; Fritts, 2001). Trees
growing close or even outside their natural distribution area have been
considered as highly informative for such analysis due to pronounced
effect of limiting factor(s) (Speer, 2010; Vetaas, 2002). The effect of
climatic factors on tree growth is usually complex, modulated by re-
gional, site and internal factors, which have to be considered when
extrapolating the obtained relationships (Cook, 1985; Friedrichs et al.,
2009; Fritts, 2001). Hence, the selection of empirical material (sample
trees) influences the detectable climate-growth relationships (Carrer
and Urbinati, 2004; Piutti and Cescatti, 1997).

Size and social status of trees within a stand, which depends on age,
genetics, and micro-site factors, affects assimilation, maintenance costs,
water transport (Peuke et al., 2002; Ryan et al., 1997) and carbon al-
location (Genet et al., 2010). The synergy of these processes alters
growth responses, hence sensitivity to particular environmental factors,
resulting in a spectrum of growth patterns (Carrer and Urbinati, 2004;
Piutti and Cescatti, 1997). Trees of different canopy status also have
diverse water use efficiency (Granier et al., 2000; et al., 1997; Orwig
and Abrams, 1997), implying varying sensitivity to the factors related
to water deficit.

Besides the age- and size-related alterations in climatic sensitivity
(Carrer and Urbinati, 2004), the sets of limiting factors can shift over
time due to the changes in climate (Jansons et al., 2015; Lloyd and
Fastie, 2002; Wilmking et al., 2004), as certain thresholds of environ-
mental factors are exceeded (Speer, 2010). For example, improved
growth of thermophilic species has been observed under warming cli-
mate (Kullman, 2008; Walther et al., 2002), while increasing tem-
perature during the vegetation period might cause the opposite reac-
tion, intensifying evapotranspiration and water deficit (Lindner et al.,
2010; Wilmking et al., 2004). In addition, changing climate can cause
diversification of growth patterns at a fine geographic scale, increasing
the effect of micro-site conditions and competition (Briffa et al., 1998;
Piutti and Cescatti, 1997; Wilmking et al., 2004).

Considering these factors, pooling of data from trees of different
age/size might cause biased results, as environmental signals captured
by xylogenesis might interfere (Fritts, 2001); nevertheless, only several
studies have analysed the size- and age-related differences in sensitivity
of tree growth (Carrer and Urbinati, 2004). Current studies from the
eastern Baltic region, which have analysed pooled data from randomly
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selected trees, showed that radial increment of beech has been sensitive
to both temperature in winter and water deficit in summer (Augustaitis
et al., 2015; Jansons et al., 2015). However, there is still poor in-
formation about the diversity of growth responses within a stand and
locality, as well as about the temporal changes in climatic sensitivity of
growth. Hence, the aim of this study was to assess the sensitivity of tree-
ring width (TRW) of beech of different generations (age) and stem
diameter at breast height (DBH) classes to climatic (meteorological)
factors at its northeasternmost experimental plantations (stands) in
Europe. Regarding age (generation), we hypothesised that the older
trees have been more sensitive to climatic factors than the younger
ones. Additionally, we assumed that sensitivity has been affected by the
social status within a stand (DBH class); accordingly, the dominant
(larger) trees were more sensitive to drought related factors due to
higher demand for water, while trees of smaller DBH (suppressed) were
more sensitive to winter temperature due to lesser carbohydrate re-
serves and vigour (Gerard and Breda, 2014; Guy, 1990). We also as-
sumed that, beside the age-related changes, the sets of the significant
climatic factors have shifted during the 20th century due to warming of
climate.

2. Material and methods
2.1. Study area

Study site was located in the northwestern part of Latvia (Table 1),
representing lowland conditions; the elevation was ca. 100 m a.s.l. and
the topography was flat. Soil was silty and well drained. The climate
could be classified as moist continental, yet it was largely determined
by the westerlies, which brought air masses from the Baltic Sea and the
Atlantic. The mean annual temperature ( = standard deviation) in the
period 1940-2015 was +6.2 = 1.0 °C; the mean monthly temperature
ranged from —3.7 * 3.6 in February to +16.5 = 1.5°C in July.
Vegetation period, when the mean diurnal temperature exceeds +5 °C,
mostly extended from mid-April to October. The mean annual pre-
cipitation sum was 667 * 106 mm; the highest monthly precipitation
occurred in summer months (June-August; 75 *= 30 mm). Climatic
changes were mainly expressed as increase of the mean temperature,
particularly during the dormant period and spring, and as extension of
the vegetation period (Lizuma et al., 2007), while summer temperature
and precipitation regimes were becoming more heterogeneous
(Avotniece et al., 2010).

Three plantations (stands) of beech located within 5km distance
from each other, growing on rich sites (Myrtilloso-polytrichosa-
Oxalidosa) were selected (Table 1). The age of the plantations differed;
two stands (Young 1 and Young 2) were ca. 60 years old, and the third
stand (Mature) was twice older; however, the DBH ranges were similar.
The initial density of the plantations was ca. 4000 trees ha . The older
(Mature) beech stand was established by the reproductive material
originating from wild stands in the northern Germany, yet the exact
area of provenance was unknown. Two younger stands were established
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by the reproductive material collected in the older stand, representing
the second generation of trees.

2.2. Sampling and data preparation

In each stand, 45 trees representing the DBH distribution of the
plantations (according to inventory) were sampled. Tilted trees and
trees with wood rot were avoided. From each tree, two samples at
breast height from the opposite sides of stem were taken by a 5-mm
Pressler increment borer. The collected samples had < 2 cm offset from
the pith.

In the laboratory, increment cores were dried, mounted, and their
surface was grinded by a sandpaper of four roughness grits (120-800).
The TRWs were measured manually, using the Lintab 5 measurement
system (Rinntech, Heidelberg, Germany) with the precision of
0.01 mm. The measured time series of TRW were crossdated and their
quality was verified by a graphical inspection and statistically, using the
program COFECHA (Grissino-Mayer, 2001). The number of tree-rings
measured per tree was by 9-21 lower than the stand age (Table 1).

Climatic data (CRU TS v. 3.24.01) were obtained from the Climatic
Research Unit of University of East Anglia (Harris et al., 2014). Data
from the nearest grid entry (< 7 km) were used. The tested climatic
variables were monthly mean temperature, precipitation sum, and
standardized precipitation-evapotranspiration index (SPEI) (Vicente-
Serrano et al., 2010), calculated with the respect of the preceding three
months. The climatic year from the July of the year preceding tree-ring
formation to October of the year of tree-ring formation was used.

2.3. Data analysis

For each tree, a mean TRW times series was calculated based on the
crossdated samples. To assess the high-frequency (annual) variation of
TRW, these series were detrended. Double detrending by a modified
negative exponential curve and flexible cubic spline with the wave-
length of 40 years preserving 50% of variation was used. Autoregressive
modelling (‘AR’, first order) was applied to remove autocorrelation,
which interferes with the climatic signal (Cook, 1985).

A principal component analysis (Jolliffe, 1986) based on the de-
trended series of TRW was used to assess grouping of the studied trees
according to their growth patterns. The analysis was based on the
common interval of 1972-2015. Trees were used as samples, and years
(TRW indices) were used as variables. Correlation was used for calcu-
lation of the cross-product matrix. The significance of the principal
components (PCs) was determined by the randomization test (‘broken
stick’), performing 10* iterations.

To assess the effect of social status on high-frequency variation of
TRW, datasets of each stand were divided in three equal groups ac-
cording to DBH (dominant, intermediate and suppressed, respectively;
Table 2). For the description of the datasets, mean interseries correla-
tion (r-bar), expressed population signal (EPS), signal to noise ratio
(SNR), first order autocorrelation in detrended series (AC), and Glei-
chldufigkeit (GLK) coefficients (Wigley et al., 1984) were calculated.
Chronologies of TRW for each group were established by averaging the
detrended series of trees; biweight robust mean was used (Cook, 1985).
The similarity of chronologies was described by a Pearson correlation
coefficient r.

The relationships of TRW chronologies and PCs with climatic vari-
ables (factors) were assessed by a bootstrapped Pearson correlation
analysis, performing 10* iterations. For all chronologies (groups), the
analysis was conducted for the common interval (1972-2015).
Additionally, for the older trees (from the Mature stand), the analysis
was conducted for 30-year moving intervals, to assess the temporal
changes in climatic sensitivity; data for 1903-2015 were used for this.
Data analysis was conducted in the program R v. 3.3.2 (R Core Team,
2016), using packages “dplR” (Bunn, 2008), “treeclim” (Zang and
Biondi, 2015), and “SPEI” (Begueria and Vicente-Serrano, 2013).
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3. Results
3.1. Variation of tree-ring width

After the quality verification and crossdating, time series of TRW
from 126 of the 135 initially sampled trees, which showed good
agreement and substantial dating (e.g. matching signature years), were
used for further analysis (Table 2). The number of crossdated series
(trees) for the distinguished groups ranged from 13 to 15. The syn-
chrony of high-frequency variation of TRW, as indicated by GLK, was
comparable for most of the groups (GLK = 0.57), although it was
slightly lower for trees from the Mature stand at the younger age
(1900-1960, mean GLK was 0.59). Nevertheless, GLK tended to be
slightly higher for the dominant trees. The r-bar value of the datasets
differed according to stands; it was higher for the younger stands (mean
r-bar was 0.49) compared to the older one during the common as well
as earlier interval (mean r-bar was 0.25 and 0.26 during 1900-1960
and 1961-2015, respectively). Differences among the DBH classes were
observed. In the younger stands, higher r-bar was observed for the
supressed trees, while in the older stand, higher r-bar was observed
among the dominant trees. The r-bar values calculated for stands and
for the entire dataset where generally lower than calculated for in-
dividual groups. The EPS values of the groups were mostly below 0.85
(cf. Wigley et al., 1984), yet for the stands and the entire dataset, they
exceeded this threshold. The SNR of the groups ranged from 1.55-7.88
(except the supressed trees from the Mature stands during 1900-1960),
yet it was considerably higher for the stands and the entire dataset as
well (=9.97). The AC for groups was rather high (=0.49) and the mean
sensitivity was intermediate (0.20-0.32).

The first two PCs were significant (p-value < 0.001) and corre-
sponded for 15 and 11% of the high-frequency variation of TRW, re-
spectively (Fig. 1). The ordination of trees by the first two PCs displayed
partly overlapping grouping according to generation (stand age) and
DBH class (Fig. 1). The first PC might be associated with generation of
trees, as the scores of the younger trees (Young 1 and Young 2 stands)
generally exceeded those of the older ones (Mature stand); still, this was
not distinct for the suppressed trees. For trees from the Young 2 and
Mature stand, the first PC also captured variation of TRW related to
DBH, as indicated by higher scores for trees with lower social status.
The second PC might be associated with size of trees, as the PC scores of
trees within each stand increased with DBH. Additionally, the second
PC could be associated with stand specifics properties, as suggested by
the differences in the mean scores of the stands.

Residual chronologies of TRW were successfully produced for each
group (Fig. 2). The range of TRW indices was higher for the older trees
(Mature stand); nevertheless, within stands, higher range of indices was
observed for the supressed trees. Chronologies from the same stand
showed rather high similarity, as the mean r between the chronologies
from each stand was 0.65 (Table 3), while the mean r among the stands
was 0.33. When the chronologies were compared according to social
status, the r increased with DBH; the chronologies of the dominant trees
were rather similar (mean r = 0.61), while correlation among the in-
termediate and suppressed trees was considerably lower (mean
r =0.35 and 0.15, respectively). No similarity (|r| < 0.06) was ob-
served between the chronologies produced for the intermediate and
supressed trees from the Mature and Young 2 stands, respectively.

3.2. Sensitivity of tree-ring width to climatic variables during 1972-2015

The main components of variation of TRW captured by the first two
PCs were associated with climatic factors. The scores of the first PC
significantly (at a = 0.05) correlated with temperature in the pre-
ceding summer (r = 0.36), temperature in January (r = 0.32), and
winter precipitation (r = 0.32). The scores of the second PC showed
significant correlation with temperature in April (r = —0.37) and
precipitation in July (r = —0.34).
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Statistics for the datasets of beech tree-ring width for the distinguished groups: mean tree-ring width, first order autocorrelation in detrended series (AC), mean sensitivity (MS), mean
Gleichldufigkeit index among series (GLK), interseries correlation (r-bar), expressed population signal (EPS), signal to noise ratio (SNR), and number of crossdated trees (N). Statistics for
the Mature stand are calculated for split intervals as well as for the entire period. The range of diameter at breast height for each group is shown in brackets.

Mean tree-ring width * st. dev., mm AC MS GLK r-bar EPS SNR N
Young 1
Dominant (30.8-46.3 cm) 3.6 * 1.4 0.69 0.21 0.68 0.45 0.82 4.46 15
Intermediate (20.0-28.7 cm) 28 * 1.2 0.63 0.26 0.67 0.37 0.72 2.55 14
Suppressed (10.4-18.4 cm) 20 * 1.0 0.61 0.28 0.63 0.59 0.84 5.38 13
Total 29 * 1.2 0.64 0.24 0.65 0.41 0.91 10.52 42
Young 2
Dominant (32.8-48.5 cm) 3.2 * 11 0.69 0.20 0.67 0.46 0.82 4.53 14
Intermediate (21.1-30.3 cm) 21+ 11 0.84 0.20 0.58 0.48 0.81 4.23 13
Suppressed (12.4-19.8 cm) 14 + 09 0.82 0.24 0.58 0.58 0.88 7.21 14
Total 22 * 1.0 0.78 0.21 0.59 0.42 0.93 1375 41
Mature, whole period
Dominant (32.0-49.6 cm) 1.9 + 0.7 0.68 0.23 0.66 0.41 0.89 7.88 15
Intermediate (21.7-30.6 cm) 12 + 0.6 0.71 0.25 0.64 0.37 0.8 3.93 15
Suppressed (14.1-19.5 cm) 0.9 * 0.6 0.78 0.27 0.58 0.25 0.61 1.55 13
Total 1.3 + 0.6 0.70 0.25 0.62 0.19 0.87 9.97 43
Mature 19001960
Dominant (32.0-49.6 cm) 18 + 0.7 0.65 0.21 0.59 0.39 0.86 6.23 15
Intermediate (21.7-30.6 cm) 12 + 05 0.55 0.26 0.60 0.31 0.8 3.91 15
Suppressed (14.1-19.5 cm) 0.9 * 05 0.57 0.32 0.57 0.08 0.37 0.59 11
Total 13 + 05 0.56 0.26 0.59 0.2 0.89 7.84 41
Mature 1961-2015
Dominant (32.0-49.6 cm) 20 * 06 0.49 0.23 0.70 0.34 0.87 6.87 15
Intermediate (21.7-30.6 cm) 12 + 05 0.63 0.26 0.67 0.24 0.79 3.69 15
Suppressed (14.1-19.5 cm) 0.8 * 0.5 0.81 0.25 0.57 0.19 0.65 1.86 13
Total 1.3 + 06 0.62 0.25 0.64 0.18 0.9 9.44 43
Total
21 % 09 0.71 0.24 0.58 0.18 0.94 15.26 126

From the tested 48 climatic variables, 19 showed significant cor-
relation with at least one of the chronologies; the r ranged —0.48 to
0.64 (Fig. 3). The TRW of beech was mainly sensitive to factors related
to water deficit in summer; however, the sets of significant climatic
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variables differed among the stands and DBH classes. The younger trees
were more sensitive (showed higher correlation coefficients) to SPEI in
late summer, as well as to temperature in previous summer. The older
trees were more sensitive to temperature and precipitation in June and

Fig. 1. The first two principal component scores of the high-fre-
quency variation (residual chronologies) of tree-ring width of
European beech trees of different age/generation (ca. 60 years for
stands Young 1 and Young 2, and ca. 120 years for Mature stand) and
diameter at breast height classes (dominant, intermediate, and sup-
pressed, respectively) for the period of 1972-2015. Line shows the
median, box represents the 1st and 3rd quartile, whiskers mark the
range (not exceeding 150% of interquartile distance) and circles de-
note the outliers of the datasets.
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Fig. 2. Residual chronologies (thick lines) of tree-ring width of
European beech trees of different age/generation (ca. 60 years for
stands Young 1 and Young 2, and ca. 120 years for Mature stand)
and diameter at breast height classes (dominant (A), intermediate
(B), and suppressed (C), respectively). Thin lines show sample
depth.

A

207 Intermediate

= Young1 — Young 2 Mature

Index

0.5 7

Sample depth, trees

0.0 ~ T T T T

207 suppressed

0.5 7

0.0 - T T T T T

1910 1930 1950

Year

less sensitive to late summer SPEI, yet they were sensitive to tem-
perature in previous October. Site-specific responses to climatic vari-
ables were apparent. The effect of current July and August temperature
was significant only in the Young 1 stand. Correlations with tempera-
ture and precipitation in previous August, SPEI in previous August and
September, as well as with precipitation in current August were specific
for the Young 2 stand. In this stand, correlations with June tempera-
ture, April precipitation, and SPEI in May were not significant.

The climatic sensitivity of TRW was affected by the DBH class,
particularly in the Mature stand (Fig. 3). Specifically, the suppressed
trees showed significant positive correlations with temperature in the
dormant period and spring (in previous December and current January
and April); the dominant trees showed significant correlation with
temperature in previous July and SPEI in previous September.

Table 3

Correlation with precipitation in June and SPEI in October was stronger
for the dominant trees and it gradually weakened with decreasing DBH.
In the Young 1 stand, correlations with June precipitation and late
summer SPEI slightly decreased from the dominant to the suppressed
trees. In the Young 2 stand, strength and significance of the correlation
with precipitation in August increased with decreasing DBH. Correla-
tion with temperature in previous July was significant only for the
suppressed trees.

3.3. Temporal changes in sensitivity of tree-ring width to climatic variables
The sets of climatic variables significant for TRW of beech in the

Mature stand have shifted during the 20th century (Fig. 4). All trees,
irrespectively of their DBH class, were sensitive to temperature in

Pearson correlation coefficients between the residual chronologies of tree-ring width of beech trees of different age/generation (ca. 60 years for stands Young 1 and Young 2, and ca. 120
years for Mature stand) and diameter at breast height classes (dominant, intermediate, and suppressed, respectively) for the common interval of 1972-2015. The significant correlations

at a = 0.05 are shown in bold.

Young 1 Young 2 Mature
Dominant Intermediate Suppressed Dominant Intermediate Suppressed Dominant Intermediate
Young 1 Intermediate 0.79
Suppressed 0.66 0.59
Young 2 Dominant 0.57 0.47 0.32
Intermediate 0.31 0.36 0.18 0.65
Suppressed 0.10 0.11 0.15 0.54 0.76
Mature Dominant 0.61 0.50 0.36 0.65 0.30 0.31
Intermediate 0.57 0.49 0.34 0.56 0.21 0.21 0.88
Suppressed 0.33 0.36 0.30 0.24 —0.06 —0.01 0.38 0.57
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Fig. 3. Pearson correlation coefficients (r) calculated between the residual chronologies
of tree-ring width of beech of different age/generation (ca. 60 years for stands Young 1
(A) and Young 2 (B), and ca. 120 years for Mature stand (C)) and diameter at breast
height classes (dominant, intermediate, and suppressed, respectively) and climatic (me-
teorological) factors: monthly mean e (T), precipil (P) and
precipitation-evapotranspiration index (SPEI) for the common interval 1972-2015.
Months in uppercase correspond to the year prior to formation of tree-ring. Asterisks
indicate the significant correlations at a = 0.05. Only the factors showing significant
correlations are plotted.

previous October in the intervals ending before 1960s, although for the
intermediate trees, this factor was also significant in a few intervals
ending after 2000s. Changes in sensitivity to other factors differed by
the DBH classes. For the dominant trees, the effect of June precipitation
(positive) became significant in the intervals ending after 1980s. The
effect of temperature in previous July was significant in the intervals
ending before 1970s and also in the intervals ending after 1998. The
negative effect of precipitation in April became significant in the in-
tervals ending after 1970s; however, it was again non-significant in the
most recent intervals. Similarly, the intermediate trees were sensitive to
precipitation in April in the intervals ending between 1970 and 2010.
The effect of June precipitation intensified in the intervals ending after
1990, yet it was not constantly significant thereafter. Additionally, the
intermediate trees showed increasing effect of June temperature in the
intervals ending after 1980s.

The suppressed trees were sensitive to temperature in previous July
in the intervals ending before 1980. Then, for ca. 25 intervals, none of
the tested factors showed consistent effect (significant correlation in
=10 intervals), yet the effect of precipitation in September was sig-
nificant in seven of those intervals (not shown). At the later part of the
analysed period (in the intervals ending after 2000), effect of tem-
perature in previous December became significant (Fig. 4). In addition,
during the latter eight intervals, the effect of precipitation in previous
August intensified and became significant (not shown).
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4. Discussion
4.1. Variation of tree-ring width

The studied datasets were sufficient to present the regional and
stand level environmental signals in TRW of beech, as the EPS values
calculated for the stands as well as all series (Table 2) exceeded 0.85
(Wigley et al., 1984). The EPS values calculated for the groups were
lower (Table 2), likely due to lower number of trees (Wigley et al.,
1984). The mean sensitivity of TRW in all groups was intermediate
(Table 2) that is sufficient for the climate-growth analysis (Speer,
2010). The TRW of beech contained rather high AC (Table 2), sug-
gesting that radial increment has been influenced by previous growth,
and hence nutrient reserves (Barbaroux and Breda, 2002; Pallardy,
2008), as observed for other species within the region (Jansons et al.,
2016). The GLK values generally exceeded 0.60, suggesting presence of
common tendencies in the variation of TRW (Speer, 2010).

As hypothesised, high-frequency variation of TRW of beech was
affected by size (DBH class) and generation (age) of trees. Stand specific
variation of TRW was indicated by lower r-bar calculated for the entire
dataset compared to the stands (Table 2), differences in the PC scores of
trees (Fig. 1), and correlation structure between the chronologies
(Table 3), supporting the influence of generation and local factors. In
each stand, the TRW patterns of trees were more similar (higher r-bar)
within rather between the distinguished DBH classes (Table 2), likely
due the specifics in physiology of trees of different size and social status
(Carrer and Urbinati, 2004; Genet et al., 2010; Ryan et al., 1997). The
amount of variance explained by the PCs (Fig. 1) suggested that growth
was more affected by generation rather than DBH class, implying rapid
adaptation of the introduced beech (Kreyling et al., 2014). Still, the PC
scores of groups partly overlapped (Fig. 1), suggesting gradual differ-
ences in growth patterns of individual trees within stand/location. This
also explains the decreased EPS values (Wigley et al., 1984) calculated
for the groups (Table 2).

The similarity of TRW patterns differed among stands and groups,
suggesting varying responses to environmental forcing (Lloyd and
Fastie, 2002; Wilmking et al., 2004). The highest diversity of TRW
patterns in the first generation (Mature) stand, as shown by low r-bar
(Table 2) and wide range of PC scores (Fig. 1), might be explained by
unconstrained combination of traits in the freshly transferred re-
productive material, resulting in a broader spectrum of growth patterns
(Aitken et al., 2008). The TRW patterns of the second generation trees
showed higher similarity (Table 2, Fig. 1), likely, due to the natural and
anthropogenic selection of the most appropriate traits/individuals
(Aitken et al., 2008; Kreyling et al., 2014), as hinted by improved
productivity (similar DBH was observed for the younger and older
stands, Table 1). Nevertheless, the TRW patterns were affected by
competition (Piutti and Cescatti, 1997), as r-bar differed by the DBH
classes in each stand (Table 2), yet the effect was modulated by the
generation. In the first generation stand, the dominant trees showed
higher similarity of TRW patterns (Table 2), indicating that the influ-
ence of the climatic variables on increment increased when competition
is reduced (Fritts, 2001). The opposite was observed in the younger
stands (Table 2), presumably due to better adaptation of the second
generation trees to the local climate (Kreyling et al., 2014), when effect
of micro-site conditions on the dominant trees is pronounced (Speer,
2010).

4.2. Sensitivity of tree-ring width to climatic variables

The correlation of PC with climatic variables (January and July
temperature and July precipitation) suggested that sensitivity to water
deficit in summer and temperature in winter distinguished the re-
sponses of trees. Nevertheless, the similarity of chronologies decreased
with DBH class (Table 3), indicating that competition modulated sen-
sitivity of TRW to climatic factors (Fritts, 2001; Piutti and Cescatti,
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1997). maintenance costs increase with ageing (Ryan et al., 1997), decreasing

4.2.1. First generation beech

In the first generation (Mature) stand, the differences in sensitivity
to weather conditions among the DBH classes were the most pro-
nounced (Fig. 3), likely due to variable adaptation to local climate
(Kreyling et al., 2014). The TRW of the dominant trees was mainly
influenced by water deficit in June as well as in late summer (Fig. 3).
Beech is a drought-sensitive species (Gessler et al., 2007), hence similar
relationships have been often observed throughout its range (Cufar
et al., 2008; Dittmar et al., 2003; Lebourgeois et al., 2005; Piovesan
et al., 2008). The negative effect of temperature in previous July and
positive effect of water availability (SPEI) in previous September
(Fig. 3) might be explained by the influence of water deficit on for-
mation of nutrient reserves (Barbaroux and Breda, 2002), hence on
early growth in the following year (Pallardy, 2008). Nevertheless, the
effect of these climatic variables has not been stable (Fig. 4), and shifts
over time appear to be primarily caused by changes in climate (Lloyd
and Fastie, 2002; Wilmking et al., 2004). The effect of water deficit has
intensified during the 20th century (Fig. 4), likely in response to
warming, hence increased evapotranspiration and extension of pre-
cipitation-free periods during summer (Avotniece et al., 2010). Still,
this might be also related to ageing (Carrer and Urbinati, 2004).

The suppressed trees in the first generation (Mature) stand were
sensitive to temperature during the dormant period (Fig. 3), as expected
for individuals growing northwards from their natural distribution area,
where low temperatures are often limiting (Fritts, 2001). Apparently,
the suppressed trees had smaller nutrient reserves and lower vigour
(Gerard and Breda, 2014), hence decreased resistance to low tem-
perature likely due to limited production of antifreeze compounds
(Guy, 1990). The intensification of these correlations during the recent
decades (Fig. 4) might imply that the effect was age-related, as the
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the amount of nutrient reserves (Gerard and Breda, 2014) and vigour
(Pallardy, 2008). Alternatively, this might be related to warming
(Lizuma et al., 2007), when temperature reached certain level to which
growth was responsive (Speer, 2010). The decreasing sensitivity of the
suppressed trees to temperature in previous July (Fig. 4) might be ex-
plained by gradual climate-related shift of limiting factors, when their
individual effects weaken (Briffa et al., 1998).

The correlations with climatic variables in October (Fig. 3), which
indicated responsiveness of trees to weather conditions in autumn,
might be explained by the extension of vegetation period, hence addi-
tional assimilation and/or longer xylogenesis (Walther et al., 2002).
The weakening of the correlation between TRW and previous October
temperature (Fig. 4), likely due to warming (Lizuma et al., 2007),
suggested upcoming alteration in sensitivity to conditions (e.g. water
deficit) in autumn. Nevertheless, the sensitivity of TRW to weather
conditions in autumn (Fig. 4) also suggested susceptibility of growth to
damage from late frosts, which is expected to increase with warming
(Kreyling et al., 2014; Zeps et al., 2017). The negative correlation with
April precipitation and SPEI in May, as observed also in the Young 1
stand (Fig. 3), might be explained by the effect of soil water excess after
snowmelt on root aeration (Alaoui-Sosse et al., 2005; Gessler et al.,
2007). The analysis of moving intervals (Fig. 4) showed that this effect
has intensified since the 1960s, likely due to earlier onset of the active
period (Von Wuehlisch et al., 1995), explaining the responsiveness of
growth to condition in early spring.

4.2.2. Second generation beech

The second generation trees did not show sensitivity to temperature
in the dormant period, but were mainly affected by the water deficit
(Fig. 3), similarly as in the native range of the species (Cufar et al.,
2008; Dittmar et al., 2003; Lebourgeois et al., 2005). In both second
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generation stands, TRW was stronger correlated with conditions in
autumn (Fig. 3), indicating sensitivity to length of vegetation season
(Gessler et al., 2007). Nevertheless, site-specific correlations were ob-
served, suggesting effect of local factors, likely via mechanisms con-
trolling increment, as the periods of response (i.e., months with sig-
nificant correlations between TRW and climatic variables) differed. In
the Young 1 stand, TRW was sensitive to conditions during the period of
formation of tree-ring, indicating direct effect of water deficit on as-
similation (Pallardy, 2008) and xylogenesis, as observed in central part
of natural distributing area (Lebourgeois et al., 2005). In the Young 2
site, radial increment, apparently, was more influenced by nutrient
reserves (Barbaroux and Breda, 2002), as TRW was mainly correlated
with climatic variables of preceding summer (Fig. 3).

The effect of DBH on climatic sensitivity of the second generation
beech was weaker (similar sets of factors were observed) than in the
older stand (Fig. 3), likely due to genetic constants imposed by the
selection (Aitken et al., 2008; Kreyling et al., 2014). In both stands the
dominant trees were more sensitive to June precipitation, likely due to
higher water demand (Genet et al., 2010; Granier et al., 2000; Ryan
et al., 1997). In addition, the effect of this factor was age-dependent, as
considerably higher correlation was observed in the first generation
stand (Fig. 3), as expected for older trees (Carrer and Urbinati, 2004).
The dominant trees from the Young 1 stand were also more sensitive to
late summer water deficit (Fig. 3). The opposite was observed in Young
2 stand (e.g. suppressed trees were more sensitive to precipitation in
August, Fig. 3), suggesting that trees have been competing for water
(Orwig and Abrams, 1997).

5. Conclusions

The sensitivity of European beech in the northeasternmost stands
was affected by the generation of trees, likely due to the natural and
anthropogenic selection. The productivity and prevailing sensitivity of
the second generation trees to water deficit in summer rather than
winter temperature, indicated adaptation of the population to winter
conditions. Hence, cold damage already appear non-limiting for
growth, suggesting potential for a wider application of the species
within the region. Still, the observed climate-growth relationships
suggested that the second generation trees had extended growing
period, thus increased risk of damage by early frosts. The sensitivity of
growth to weather conditions, particularly to those related to water
deficit, was increased by ageing, and was stronger for the dominant
(largest) trees, likely due to larger canopy, hence more intensive tran-
spiration. Considering the regional changes of climate and ageing of
trees, the effect of water deficit is expected to intensify in future, hence
careful selection of sites/regions with appropriate hydrological condi-
tions, apparently, is becoming the main issue for maintaining pro-
ductivity of future beech stands outside their natural distribution range.
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1 Introduction

Climatic changes cause shifts in distribution of tree species (Walther et al. 2002; Kullman 2008)
and affect forest productivity (Lindner et al. 2010). Although warming of climate might increase
productivity of boreal forests (Lindner et al. 2010), changes in forest composition are also pre-
dicted (Hickler et al. 2012). In this regard, adjustments in forest management practices are crucial
to ensure sustainable forestry. One such adjustment may be the introduction of novel species,
however, their ecological demands, i.e. climatic limitation of growth, should be comprehensively
evaluated. Detailed information on climate-growth relationships can be obtained via dendrochro-
nological analysis, especially for trees growing close to their natural distribution limit or outside
of it (Fritts 2001; Vetaas 2002).

In Latvia, European beech (Fagus sylvatica L.) and European larch (Larix decidua Mill.)
occur northwards from their natural distribution area (Bolte et al. 2007; EUFORGEN 2009) and
cover 43 and 1139 ha of forestlands, respectively; both of these species are productive (Dreima-
nis 1995). Although warming of climate appears beneficial for growth of these species in Latvia
(Hickler et al. 2012), the effect of climatic variables might still be substantial (Fritts 2001). The
aim of this study was to assess the relationships between climatic variables and tree-ring width
(TRW) of larch and beech in western Latvia. We hypothesized that winter-spring temperature has
been limiting TRW, but that these effects have weakened during the 20th century.

2 Material and methods
2.1 Study area, sampling and measurements

European larch and European beech growing in western Latvia in even-aged plantations near
Auce (56°31°N, 22°56E, 50 m a.s.l.) and Kaleti (56°21°N, 21°29°E, 80 m a.s.l.), respectively,
were studied. North-eastern Germany is considered as the area of origin for both species. Mean
dimensions of the studied trees are shown in Table 1. Plantations were situated on flat terrain on
fertile, well-drained clayey soils. Climate in the study areas is mild: mean annual temperature is
ca.+6.1 °C, July is the warmest month with a mean temperature ca. +16 °C, and January is the
coldest month with a mean temperature ca. 3.6 °C. The period when the mean daily temperature
exceeds + 5 °C is ca. 185 days. Annual precipitation sum is ca. 560 and ca. 750 mm in the Auce
and Kaleti sites, respectively. Most of the precipitation falls during summer. Climatic changes are
reflected as an increase of temperature in the dormant period and spring, during the 20th century,
mean November—April temperature has increased by 0.83 and 1.10 °C in Kaleti and Auce, respec-
tively, and an intensification of heat and drought events (Avotniece et al. 2010).

In the studied sites, visually healthy, dominant trees, 22 larches and 9 beeches, were cored
at breast height. Two samples per tree from opposite sides of stem were collected using a Pressler
corer. In the laboratory, air-dried cores were fixed and gradually grinded (sandpaper roughness 100,
150, 250 and 400 grains per inch). Tree-ring width was measured using the LINTAB 5 (RinnTECH,
Heidelberg, Germany) measurement system with precision of 0.01 mm.

2.2 Data analysis
Time series of TRW were cross-dated and their quality was checked graphically and using the

program COFECHA (Grissino-Mayer 2001). Mean time series of TRW for trees were produced
and rechecked. Residual chronologies of TRW were produced using the program ARSTAN (Cook
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Table 1. Mean dimensions of sampled trees and statistics of TRW (tree-ring width) datasets:
number of measured and crossdated time-series; range, agreement (interseries correlation, first
order autocorrelation, GLK (Gleichldufigkeit) and EPS (expressed population signal)) and
mean sensitivity of crossdated tree time-series of beech and larch.

Beech Larch
Studied period 1949-2012 1911-2012
Number of samples 18 44
Number of crossdated samples 18 38
Number of crossdated trees 9 20
Mean tree height, m 28.3 32.2
Standard deviation of tree height, m 4.26 3.17
Mean tree diameter at breast height, cm 415 48.7
Standard deviation of diameter at breast height, cm 6.3 10.7
Min TRW, mm 0.30 0.23
Max TRW, mm 6.63 13.22
Mean TRW, mm 2.80 2.40
Standard deviation of TRW, mm 1.01 1.62
Interseries correlation 0.69 0.60
First order autocorrelation 0.61 0.76
Mean sensitivity 0.22 0.29
GLK 0.70 0.64
EPS 0.88 0.91

and Holmes 1986); double detrending with negative exponential curve, cubic-spline with 128-
year wavelength and autoregressive modelling were used. Statistics of datasets were calculated
using library “dpIR” in R (Bunn 2008). Chronologies were compared using the Gleichldufigkeit
(GLK) and Pearson correlation coefficients. Gridded climatic data: mean monthly temperature and
precipitation sums were obtained from the Climatic Research Unit (Jones et al. 1999) for points
closest to the sites. The effect of climatic variables on TRW was assessed by bootstrapped Pearson
correlation and response function analysis using the program DendroClim2002 (Biondi and Waikul
2004) for the whole chronologies and by 40-year moving intervals. Time windows from June of
the preceding year to October of the current year were used for climatic data.

3 Results

Most of the measured time series of TRW (Fig. 1A,B) were maintained for production of the
chronologies. Time series of TRW showed good agreement as EPS were above 0.85 and interseries
correlation were above 0.60 (Table 1), thus confirming the validity of datasets. Considering that
autocorrelation was high (Table 1), residual chronologies were produced (Fig. 1 C). Chronologies
were synchronous, as GLK was 0.59, but the correlation coefficient between them was rather low
(r=0.27, p-value=0.03). Common decreases of TRW were observed in 1979, 1992, 1995, 1998,
2006 and 2008, and common increases were observed in 1957, 1978 and 1994 (Fig. 2C).

The established chronologies showed significant correlation (|r| <0.41) and/or response func-
tion with seven of the tested 34 climatic variables, when the entire periods were analysed (Fig. 2).
Tree-ring width of beech was mainly affected by temperature in the previous July and August
as suggested by the significance of both coefficients. Temperature in the previous October and
current May also showed a significant effect on TRW of beech. The analysis of moving intervals
showed (Fig. 3A,B) that temperature in the previous August has had a stable effect throughout
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Fig. 1. Crossdated time series of TRW of beech (A) and larch (B), residual chronologies (C) and sample
depth (D) (in C and D, green line represents beech and red line represents larch).

the analysed period, while the effect of precipitation in the previous July has become significant
in moving intervals after 1960-2000. Precipitation in February and May has been significant for
TRW in the mid part of the analysed period (Fig. 3A,B).

When the entire larch chronology was analysed, temperature in the previous September and
current June and precipitation in July were the main limiting variables for TRW (Fig. 2 B), as sug-
gested by correlation and response coefficients, although coefficient values were lower compared to
beech (Fig. 2A). Nevertheless, TRW of larch was also correlated with temperature in the previous
July and August, similarly to beech (Fig. 2A). Changes in the set of the significant climatic vari-
ables were observed during the 20th century (Fig. 3C,D). The effect of summer precipitation has
been significant for larch until the mid-part of the 20th century. The effect of temperature in the
previous July, August and particularly September has become significant or intensified in moving
intervals after about 1950-1990. Precipitation in the current May and temperature in April have
been significant for TRW in several intervals, when the trees were younger.
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Fig. 3. Significant (p-value<0.05) Pearson correlation and response function coef-
ficients between climatic variables: mean monthly temperature (T) and precipitation
sums (P) and residual chronologies of beech TRW (A and B, respectively) and larch
(C and D, respectively) calculated for 40-year moving intervals. Months in uppercase
correspond to the year prior to tree-ring formation (t-1). Dots represent negative coef-
ficient values. Note that length of the analysed chronologies differs between species.
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4 Discussion

Good agreement of TRW time series, as shown by EPS>0.85 and interseries correlation >0.60
(Table 1), suggested presence of environmental signals in TRW of both species (Wigley et al.
1984). The synchrony between chronologies suggested that both species reacted to similar envi-
ronmental events; however, a different intensity of reaction was suggested by low correlation
between chronologies. The observed signature years (Fig. 2C) coincided with climate-related
pointer years observed for larch in Lithuania (Vitas and Zeimavi¢ius 2010) or beech in Central
Europe (Dittmar et al. 2003). Although both species occurred outside their natural range (Bolte et
al. 2007; EUFORGEN 2009), a significant but non-drastic effect of the tested climatic variables
on TRW was suggested by intermediate correlation/response coefficients (Fig. 2).

Drought related variables generally controlled TRW of both species, as suggested by the
negative effect of summer temperature and positive effect of summer precipitation (Fig. 2), as was
previously observed in Central Europe (Oleksyn and Fritts 1991; Dittmar et al. 2003). Growth
of deciduous trees is partially dependent on nutrient reserves, which are formed at the end of the
vegetative period (Barbaroux and Breda 2002; Sudachkova et al. 2004), thus, explaining the effect
of climatic conditions in the preceding year (Fig. 2). However, response function coefficients sug-
gested that climatic conditions in the previous year had stronger effect on beech than on larch.
Observed changes in TRW-climate relationships and the intensification of the effect of drought-
related variables, (Fig. 3) might be explained by warming or alternatively by aging of trees (Carrer
and Urbinati 2004). The positive effect of April/May temperature was also observed (Fig. 2), but
apparently, it had likely weakened since the 1950s (Fig. 3).

5 Conclusions

Tree-ring width of larch and beech in western Latvia was not narrow (suppressed), suggesting
suitability of growth conditions. Climate-TRW analysis suggested that increment was generally
limited by climatic variables related to summer drought; a negative effect of temperature and posi-
tive effect of precipitation was observed. The expected effect of winter-spring temperature has lost
significance, suggesting successful acclimation of the studied trees in stands growing northwards
from their natural distribution.
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