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1. DARBA VISPARIGS RAKSTUROJUMS
1.1. Témas aktualitate

Eiropas dizskabardis (Fagus sylvatica L.) ir izplatitaka koku suga lapu koku
mezos Centraleiropa. Sobrid ta areals ziemelos plesas lidz 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 dizskabarza
dabiskas izplatibas areala, un misu valstt §1 koku suga sastopama izol&tas
platibas. Toméer tiek prognozets, ka jau Iidz 21. gadsimta beigam dazadu sugu
izplatibas areali var buitiski mainities klimata parmainu dél (Hickler et al., 2012).
Eiropas teritorija sagaidama galvenokart sugu parvietoSanas ziemelu virziena
(Walther et al., 2002; Kullman, 2008). Prognozes liecina, ka Eiropas dizskabarza
augSanai piemgérotais areals lidz gadsimta vidum ietvers ari visu Latvijas un
Igaunijas teritoriju (Kramer et al., 2010). Tomér §is koku sugas faktisko izplatibu
noteiks saimnieciska darbiba. Dabiski dizskabardis izplatas 1€ni, jo ta seklas ir
salidzinosi smagas. S€klas izplata putni un pelveidigie grauzgji; pétjjumi liecina,
ka vidgjais seklu izplatiSanas attalums ir aptuveni 30 m no s€klu koka, talaka
distancg izplatas nenozimiga dala no visam séklam (Dobrovolny, & Tesat, 2010).
Latvijas rietumu dala veikts pé&tijums liecina, ka dizskabarza dabiskas
izplatiSanas atrums varétu but 3.4 m gada (Sabule L., 2009). Seklu razas gadi
dizskabardim ir reti un neregulari, literatiiras avotos noraditi dazadi intervali.
Izteikti bagatiga raza sagaidama apméram ik péc Cetriem lidz seSiem gadiem
(Pena et al., 2010), p&c citu autoru datiem — ik p&c seSiem lidz deviniem gadiem
(Giesecke et al., 2007; Vanders, 1960a). Dizskabardis labi apputeksngjas tikai
svesapputes cela, ta puteksni ir salidzinosi smagi un lido nelielu attalumu, tapéc
gados ar mazak bagatigu ziedéSanu sveSappute ir apgritinata, ka rezultata $ados
gados lielaka dala s€klu ir tukSas (Vanders, 1960a). P&c bagatiga seklu razas gada
paauga sastopami pat 350 000 un vairak dizskabarzu s€jeni uz hektara, no kuriem
pec gada ir izdzivojusi aptuveni puse (Vanders, 1957). Dizskabarza izplati§anos
ap s€klu avotiem ietekmé arT intensiva jaunaudzu kopSana — ja nogabala ka mérka
suga nav noteikts dizskabardis, tad, veicot jaunaudzes kopsanu, tiks atstati tikai
atseviski eksemplari, nevis saglabati visi dzivotspgjigie dizskabarzi.

Petijumi Eiropa liecina, ka dizskabardis ir pret vetru ietekmi noturiga,
encietiga, parnadzu maz bojata un daudzviet arT komerciali nozimiga koku suga.
Nemot vera §ts 1pasibas, ka ar1 sagaidamo klimata izmainu pozitivo ietekmi uz
dizskabardi vairakuma Baltijas juras regiona (Hanewinkel et al., 2013), jau
Sobrid atseviskas valstis tiek veicinata ta plaSaka izmantoSana. Ir butiski
detalizeti raksturot diZzskabarza atjaunoSanos un augSanu ietekmé&joSos faktorus
Latvija, radot pamatu §1s koku sugas plasakai pielietoSanai mezsaimnieciba.



Dizskabarza koksne tiek uzskatita par vertigu, ta ir dekorativa, un tiek izmantota
iekstelpu apdar€, durvim, meébeleém, parketam, ka arT finiera un papira razoSana
(von Wiihlisch, 2008; Born, 2011). Koksnes kvalitate ir atkariga no stumbra
Tpasibam, audzes kopgjas kvalitates, augsnes Tpasibam un atbilstoSas audzes
apsaimniekosanas (Poljanec, & Kadunc, 2013).

Pe&c literatiiras datiem var secinat, ka dizskabarza stadijumi Latvijas teritorija
ierikoti 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 introduc€ta suga, tomér
jau 20. gadsimta vidd K. Vanders uzskatijis, ka dizSkabardis ir pilnigi
naturalizg&jies Kurzemé (Vanders, 1957). Par to liecina dizskabarza sastopamiba
pat tris stavos un dazados vecumos staditajas mezaudzEs, ka ari parkos.
Dizskabardis Latvija atjaunojas dabiski gan zem koku vainagu klaja, gan
apkartgjas teritorijas (Bolte et al., 2007; Laivins, 2010). Par veiksmigu sugas
adaptgSanos liecina ari tas, ka §is sugas audz€s koksnes kraja neatpaliek no
viete¢jam koku sugam (Dreimanis, 2006). Pagaidam Latvijas centrala un
austrumu dala tiek uzskatitas par nepiemérotam dizskabarza audz€sanai, jo $ajas
teritorijas raksturiga izteikti zema temperatiira ziema, kas var bt limitgjosais
faktors dizskabardim (Bolte et al., 2007). Tomér, nemot veéra jau lidz Sim
noveroto un ari prognozeto videjas temperatiiras picaugumu, ko dalgji izraisa
temperatiiras palielinaSanas ziemas perioda (Lizuma et al., 2007), augSanas
apstakli $aja teritorija klust piemérotaki dizskabardim, un ir lietderigi ierikot
eksperimentalos stadijjumus un atlasit Siem apstakliem piemérotakas gimenes.

Lidzsingjo petijjumos Dr.habil. Maris Laivin veicis dizskabarzu kart€sanu
Latvijas teritorija, aprakstijis augu sabiedribas dizsk@barza audzé un ierikojis
divus pastavigo parauglaukumus otra paaudzes audzés (sakotn&ji no Vacijas
ievesto pirmas paaudze koku pé&cnacgji). Tajos noteikti taksacijas raditaji,
atmirusas koksnes apjoms, vainagu veselibas stavoklis un projekcija (Laivins,
2010). Plasaku taksacijas raditaju raksturosanu, atkartoti parmérot pastavigos
parauglaukumus, nodroSinajis prof. A. Dreimanis (Dreimanis, 2005, 2006).
Tomér nav pietickamas informacijas par augstuma picauguma dinamiku. Ir
analiz€ta gadskartu platumu korelacija ar meteorologiskajiem apstakliem
ilgtermina samera nelielai paraugkopai, konstatgjot vasaras sausuma negativo
ietekmi uz radialo pieaugumu (Sabule I., 2009), bet nav analizEtas paaudzu
atSkiribas reakcija uz meteorologiskajiem apstakliem, ka ari meteorologisko
apstaklu ietekme uz radialo pieaugumu sezonas ietvaros.



1.2.  Promocijas darba mérkis

Novertet Eiropas dizskabarza audzgSanas potencialu Latvija klimata
parmainu konteksta.

w

Pirmo

1.3. Promocijas darba pétnieciskie uzdevumi

Raksturot dizskabarza dabisko atjaunosanos ietekm@joSos faktorus
izcirtuma un zem audzes vainagu klaja, un otras paaudzes koku
genétisko daudzveidibu.

Raksturot dizskabarza otras paaudzes stadijumu saglabasanos un
augsanu relativi skarbos apstaklos Latvijas centralaja dala.
Novertét dizskabarza augsanas gaitu.

Raksturot meteorologisko faktoru ietekmi uz dazadu dimensiju
dizskabarzu caurméra picaugumu.

1.4. Promocijas darba tézes
Dizskabarza dabiska atjaunosanas Latvija ir sekmiga gan zem vecas
audzes vainagu klaja, gan izcirtumos.
Otras dizskabarza paaudzes augSanas gaita un jutiba pret
klimatiskajiem faktoriem ir atSkirigas salidzindgjuma ar pirmo
paaudzi.

1.5. Zinatniska novitate

reizi salidzinata dazadu paaudzu dizskabarzu reakcija uz

klimatiskajiem faktoriem audzgs, kas atrodas uz ziemelaustrumiem no §is koku
sugas izplatibas areala robezas. Pirmo reizi Baltija novertéta dizskabarza
saglabasanas zem audzes vainagu klaja vairakas desmitgades p&c stadiSanas,
genétiska daudzveidiba divam §is koku sugas paaudzeém, ka ari raksturots
augstuma pieaugums.

1.6. Zinatniska darba aprobacija

Promocijas darba galvenie rezultati apkopoti 8 publikacijas:



Purina, L., Neimane, U., DZerina, B., & Jansons, A. (2013) Eiropas
dizskabarza (Fagus sylvatica L.) atjauno$anos ietekméjosie faktori.
Mezzinatne, 27(60), 67-76.

Jansone, L., Matisons, R., & Adamoviés, A. (2019) Light
requirements of regeneration of FEuropean beech at its
northeasternmost stand in Europe - a case study in Latvia. lesniegts
Forestry Studies.

Purina, L., Matisons, R., Jansons, A, & Senhofa, S. (2016) Survival
of European beech in the central part of Latvia 33 years since the
plantation. Silva Fennica, 50(4), article id 1656, doi:
10.14214/sf.1656

Purina, L., Adamovics, A., Katrevics, J., Katrevica, Z., & Dzerina,
B. (2016) Growth of Fagus sylvatica in young mixed stand: case
study in central Latvia. Research for Rural Development, 2, 21-26.

Matisons, R., Snepsts, G., Purina, L., Donis, J., & Jansons, A.
(2018) Dominant height growth of European beech at the
northeasternmost stands in Europe. Silva Fennica, 52(1), article id
7818, doi: 10.14214/s£.7818

Krisans, O., Purina, L., Mesters, D., Kapostins, R., Rieksts-
Rieksting, J., & Jansons, A. (2016) Intra-annual radial growth of
European beech — a case study in north easternmost stand in Europe.
Forestry Studies | Metsanduslikud Uurimused, 65, 34-42. ISSN
14069954.

Matisons, R., Purina, L., Adamovics, A., Robalte, L., & Jansons,
A. (2017) European beech in its northeasternmost stands in Europe:
Varying climate-growth relationships among generations and
diameter classes. Dendrohronologia. 45, 123-131. doi:
10.1016/j.dendro.2017.08.004

Jansons, A., Matisons, R., Purina, L., Neimane, U., & Jansons, J.
(2015) Relationships between climatic variables and tree-ring width
of European beech and European larch growing outside of their
natural distribution area. Silva Fennica, 49(1), article id 1255, doi:
10.14214/sf.1255

Pétijuma rezultati prezent&ti 7 konferences:

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.
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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.

3. Roberts Matisons, Liga Purina, Linda Robalte, Aris Jansons (2016)
Climatic factors affecting radial growth of Fagus sylvatica in Latvia. 4th
International Conference of Dendrochronologists and Dendroecologists
from the Baltic Sea Region “BaltDendro 20167, August 22-25, 2016
Annas Tree School, Latvia.

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

5. Liga Purina, Ilze PuSpure, Baiba DZerina, Aris Jansons (2016)
Regeneration of Fagus sylvatica at the edge of its northern distribution
limits. 4th International Conference of Dendrochronologists and
Dendroecologists from the Baltic Sea Region “BaltDendro 20167, August
22-25,2016 Annas Tree School, Latvia.

6. 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.

7. Aris Jansons, Roberts Matisons, Janis Janons, 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.

2. MATERIALS UN METODES

Pétijumam dati ievakti dizskabarza lielakajas audz&s Latvija: Talsu,
Madonas, Tervetes, Aizputes un Priekules novada (2.1. att.).
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@ - atjaunosanos ietekméjosie faktori / factors affecting regeneration
- otras paaudzes genetiska daudzveidiba / genetic diversity of second generation
% - otras paaudzes saglabasanas un augsana / survival and growth of second generation
o - 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 (pelekie punkti, dati: Latvijas
dendrofloras atlants) un dazadiem pétijuma uzdevumiem izvéléto objektu
izvietojums /
Fig. 2.1. Distribution of beech in Latvia (with grey dots, data: Latvijas
dendrofloras atlants) and sites selected for specific of research tasks

Pétijuma analiz&ti vairaku paaudzu koki. Ar pirmo paaudzi saprot audzes,
kuras staditas, izmantojot Vacijas ziemelu dala ievaktas s€klas, audzu vecums
aptuveni 100 — 140 gadi. Otro paaudzi veido pirmas paaudzes pecnacgji, izaugusi
no vietgja seklu materiala.

2.1.  Gaismas apstaklu ietekme uz dizskabarza dabisko atjaunoSanos

Lai izzinatu gaismas apstak]u ietekmi uz dizskabarza dabisko atjaunoSanos
zem vainagu klgja, Talsu novada ierikoti 11 transekti dizskabarza tiraudze,
Eiropas balteglu audz€ ar bérzu, ozolu, eglu un dizskabarzu piemistrojumu, ka
arT lapu koku mistraudzg. Meza tips — veris, audzu vecums aptuveni 120 gadi.
Transekti ierikoti cauri diZzskabarza paaugas grupam, tie sadaliti 2 X 2 m
kvadratos bez atstarpeém starp tiem. Katra posma atseviski uzskaitita dizskabarza
un citu koku sugu paauga, uzméerits tas augstums. Katra kvadrata centra veikta
vainagu 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 audzg ierikotajos
transektos papildus ievakti $adi dati: katra transekta 4 m posma noteikts talaka
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pie paaugas grupas piederosa dizskabarza attalums no transekta abas ta puses (lai
ieglitu priekSstatu par paaugas grupas aiznpemto platibu un formu), katra 4 m
posma abas transekta pusés uzskaitits tuvakais pirma stava koks, kas ietekme
paaugas grupas gaismas apstaklus, noteikta arT ta suga un caurmérs. Visos
virzienos 30 m attaluma no transekta uzskaititi visi pirma un otra stava
dizskabarzi, uzmerits to augstums, caurmérs un attdlums no transekta, ka ar1
noteikta piederiba tuvakajam parauglaukuma 4 m posmam.

Gaismas apstakli transekta posmos aprékinati, izmantojot WinScanopy
2006a programmu (Regent Instruments Inc., Quebec, Canada). Dizskabarza
tiraudz€ un lapu koku mistraudzg aprékinata tiesa, izkliedéta un kopgja gaisma
(mol m-2 diena-1), Eiropas balteglu audzg noteikti $adi parametri: vainagu klaja
izrobojums, vainagu klaja atvérums, tie$as gaismas ipatsvars un kop&jas gaismas
Tpatsvars, kas ir relativas vertibas un tiek izteiktas procentos.

Dizskabarza dabiskas atjaunoSanas novértéSanai izcirtumos ierikoti
parauglaukumi Aizpute novada, netalu no Kazdangas. [zv€letas 3 jaunaudzes péc
vienlaidus atjaunoSanas cirtes, kuram blakus atrodas audzes ar vairakiem
pieaugusiem dizskabarziem, kas kalpo ka s€klu avots dabiskai atjaunoSanai.
Tajas ierikoti kopa 79 parauglaukumi, katrs 25 m2 platiba. Parauglaukumiem
noteikts attalums lidz tuvakajai audzei, kura atrodami pieaugusi dizskabarzi,
tajos uzmeriti visi dizskabarzi un citu sugu koki, nosakot katram caurméru un
augstumu, ka arT noteiktas lakstaugu sugas un to individualais un kopgjais
projektivais segums, ka arT Ellenberga vértibas lakstaugu sugam.

2.2. Otras paaudzes genétiska daudzveidiba

Prickules un Talsu novada analizéta pirmas un otras paaudzes dizskabarzu
genétiska daudzveidiba. Sim nolikam divas audzés véra meZa tipa ievakti
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 analiz€ 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.

2.3. Dizskabarza otras paaudzes stadijumu saglabasanas un augSana
Latvijas centralaja dala

Relativi skarbos apstaklos Latvijas centralaja dala Madonas novada noveérteta
otras paaudzes dizskabarza stadijuma saglabasanas zem vainagu klaja. Stadijums
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ierikots 1983. gada 90 gadus veca priezu audze ar bérza un egles piemistrojumu.
Augsne normala mitruma, augliga, malaina, ar skabu reakciju. Meza tips
damaksnis. Audzes platiba 3.5 ha. Seklu materials nemts no dizskabarza audz€m
Talsu novada Skédg, stadi izaudzéti Meza péfiSanas stacijas kokaudzétava
Madonas novada. StadiSana veikta rindas, ar vidgjo attalumu starp stadiem 0.83
m, attalums starp rindam vari€ no 3.5 m Iidz 8.5 m. Iestaditi aptuveni5000 stadi.
Lidz 33 gadu vecumam saglabajusies 3975 dizskabarzi. Katram no tiem noteikta
telpiska atrasanas vieta (koordinatu tikla), uzmerits caurmérs, augstums un
maksimalais vainaga radiuss, kas noteikts peéc garaka zara. Otras paaudzes
stadijumu saglabasanas novertéta art Tervetes novada, 12 gadus p&c dizskabarzu
— eglu mistraudzes iertkoSanas izcirtuma. Stadfjums izvietots lidzena, augliga,
malaina normala mitruma mineralaugsné, meza tips véris. Stadits rindu
mistrojuma. Izmantoti 2-gadigi egles stadi no kokaudz&tavas un dizskabarza
meZeni no paaugas Talsu novada Sk&de. Pirms stadiSanas sagatavota augsne.
Attalums starp stadiem 2.5 m, attalums starp rindam varié no 2 lidz 3 m. Audzé
uzmeritas visas egles un dizskabarzi, nosakot tiem augstumu un caurméru.
Dizskabarziem noteikts arT liclakais vainaga radiuss, eglém uzmérits pédgjo 3
gadu augstuma pieaugums. Abu sugu kokiem veikti urbumi ar Preslera
piecauguma svarpstu pec iesp€jas tuvak saknu kaklam. Iegaitie koksnes paraugi
izzaveti lidz gaissausam stavoklim, laboratorija noslipéti, manuali uzmerits
gadskartu platums, lietojot LINTAB 5 (RinnTECH) mérfjumu sistému ar
precizitati 0.01 mm.

2.4. Augsanas gaita

Talsu novada 10 dizskabarza audzés nozageti divi valdaudzes koki katra
audzg, lai ievaktu datus par augstuma pieauguma veidoSanos. Visas audzes
atradas 5 km radiusa, Iidzigos apstaklos, augliga, normala mitruma
mineralaugsngé. Audzu vecums aptuveni no 70 lidz 140 gadiem. Paraugkoki
izveleti no valdaudzes, veseligi, ar vienu stumbru, bez butiskiem redzamiem
bojajumiem, pec iesp€jas izvairoties no konkurences efekta (Brunner, Nigh,
2000). No stumbra izzageti paraugi 0.2 m un 1.3 m augstuma, un talak ik p&c 2
metriem. Paraugi tika zaveti, slipeti, 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 caurméra pieaugumu

Meteorologisko faktoru ietekme uz dazadu dimensiju dizskabarzu caurméra
pieaugumu pétita Talsu novada. Divi atskirigu paaudzu koki aprikoti ar
dendrometriem caurméra pieauguma veidoSanas dinamikas novert€sanai sezonas
ietvaros. Koki izveleti dizskabarzu — priezu mistraudzg, malaina normala
mitruma mineralaugsné, meza tips damaksnis. Abi koki atradas § m attaluma
viens no otra. Pirmas paaudzes kokam augstums 34 m, kriSaugstuma caurmers
55 cm, vecums 127 gadi. Otras paaudzes kokam augstums 12.6 m, kriiSaugstuma
caurmérs 16 cm, vecums 43 gadi. Stumbra caurméra izmainu monitoréSana
veikta krisaugstuma, fikséta ik péc 10 miniitém ar dendrometru DRL26C (EMS
Brno, Czech Republic). Informacija par meteorologiskajiem datiem audze iegati
no blakus novietotas mobilas meteostacijas (Vantage Pro2, Davis Instruments,
USA). Augsnes tidens potencials mérits ar tensiometriem (T8, UMS GmbH,
Germany). Lai novértétu gadskartu platumu ietekmé&josos faktorus ilgaka laika
posma, pétijums veikts trijas dizskabarza audz€s Talsu novada, izvéloties 45
dazadu Krafta klaSu kokus katra audze, un viena audzé Priekules novada (9
koki). Visas audzes atrodas salidzinosi Iidzena reljefa, normala mitruma augliga,
malaina mineralaugsne. Dizskabarzos ar Preslera pieauguma svarpstu veikti
katra divi urbumi krasaugstuma no pret€jam pusém. Gadskartu platums merits
manuali, izmantojot Lintab 5 sisttmu (Rinntech, Heidelberg, Germany) ar
precizitati 0.01 mm. Nomerito gadskartu s€riju kvalitati (dat€jumus) parbaudija,
veicot vizualu un statistisku Skersdatésanu ar COFECHA programmu (Grissino-
Mayer, 2001), t. i., parbaudija s€riju mainibas savstarpgjo saskanibu.

3. REZULTATI UN DISKUSIJA

3.1. Dizskabarza dabisko atjaunoSanos ietekmgjoSie 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 kopgjas gaismas (3.1. att.). Dizskabarza paaugas
koku augstums vidgji ciesi korel€ ar gaismas apstakliem zem vainagu klaja.
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3.1.att. Gaismas apstaklus raksturojoso parametru vidéjas vertibas
(£ 95% ticamibas intervals) /
Fig. 3.1. Average values (+ 95% confidence interval) for the parameters
characterizing light conditions in sample plots

Abas dizskabarza tiraudzes visi aprékinatie gaismas parametri bija savstarpgji
biitiski saistiti, un tiem bija Iidziga izkliede (variacijas koeficients ~40%).
Izkliedeta un kopgja gaisma bija galvenie limitgjosie faktori lielakajai dalai
paaugas sugu (iznemot egli). Viszemakais izkliedétas gaismas slieksnis, ka art
kopgjas gaismas vertiba noverota dizskabardim un osim (attiecigi 0.37 un 0.66
mol m?diena) (3.1. tab.). No konstat€tajam paaugas un pameZa sugiam
visaugstakais izkliedétas gaismas slieksnis bija balteglei un piladzim (attiecigi
0.75 un 1.05 mol m? diend). Parauglaukumos zem pieaugusas audzes uzskaititas
dizskabarza paaugas koku skaits varigja no 2500 lidz 13000 uz hektara, kas
parsniedz Latvijas normativajos aktos noradito minimali nepiecieSamo koku
skaitu jaunaudzg (1500 uz ha).
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3.1. tabula / Table 3.1.
Aprékinatas un uzmeritas gaismas parametru vértibas /
Calculated and measured values of light parameters

Gaisma (mol m diena) / Radiation (mol m per day)
. e Faktiska (uzmérita) /
Koku suga / Species Aprékinata / Calculated Measured
Izkliedeta Kopgja Izkliedeta Kopgja
Dizskabardis /] 037(248%) | 0.19(0.42 | 0.28 (1.9%) | 0.66 (1.45 %)
Beech %)
Egle / Norway - - 0.68 (4.61 %) | 1.45 (3.19 %)
spruce
Baltegle / Silver fir 0.79 (5.32 %) 2.42 (5.31 0.70 (4.74 1.89 (4.15
%) %) %)

Izcirtumos ierikotajos parauglaukumos konstatéto augu sugu Ellenberga
vértibas neatSkiras butiski atkariba no attaluma Iidz meza sienai. Var uzskatit, ka
visa izcirtuma augSanas apstakli bija saméra vienmérigi, un dizskabarza
atjaunoSanos ietekméja citi faktori. Sakariba starp dizskabarzu skaitu un
augstumu netika konstatéta (p=0.92). Analizgjot citu Vert€to pazimju
(noverojumu vieta, parauglaukumu attalums Iidz meza sienai, citu kokaugu
skaits un to augstums, augu sugu skaits, lakstaugu un siinu projektivais segums)
iespgjamo saikni ar dizskabarzu skaitu un augstumu, konstatéts, ka dazadas
noverojumu vietas biitiski neatSkiras dizskabarzu skaits (p=0.30), turprett to
augstuma atskiribas bija biitiskas (p<0.001).

Vidgjais dizskabarzu jaunaudzes biezums bija 2520+720 koki ha™! (robezas
no 400 Iidz 11200). Pirsona korelacijas analizé konstatéts, ka dizskabarzu
biezumam pastav biitiska (p<0.05) negativa korelacija ar citu kokaugu skaitu (r=-
0.32), ar stinu projektivo segumu (r=-0.31) un ar parauglaukumu attalumu lidz
meza sienai (r=-0.38) (3.2. att.).
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3.2. att. Dizskabarza biezumu un augstumu ietekmgjosie faktori /
Fig. 3.2. Factors affecting density and height of beech

Veicot daudzfaktoru linearas regresijas analizi (vispirms visam pazimém, un
tad atkartojot pec nebitisko pazimju — vieta, sugu skaits, siinu segums, lakstaugu
segums — pakapeniskas izslégSanas), konstatéts, ka dizskabarzu skaitu bitiski
(p<0.05) ietekmé&ja citu kokaugu skaits un to augstums, ka arf attalums Iidz meza
malai; modelim R?=0.34.

Vidgjais dizskabarzu augstums bija 201£25.8 cm. Pirsona korelacijas analizeé
konstatets, ka dizskabarzu augstumam pastav bitiska (p<0.01) negativa
korelacija ar citu kokaugu skaitu (r=-0.42) un biitiska pozitiva — ar citu kokaugu
augstumu (r=0.57). Veicot daudzfaktoru linearas regresijas analizi, konstatéts, ka
biitiska ietekme ir tikai vietai (pargjam analiz€tajam pazimém p>0.23). Talaka
analize veikta katrai novérojumu vietai atseviski un konstatéts, ka tikai viena no
objektiem daudzfaktoru linearas regresijas modelis ir bitisks. Atkartojot analizi
§im objektam (vietai) p&c pakapeniskas nebitisko pazimju izslégSanas,
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konstatéts, ka modelim R?=0.57, un dizskabarzu augstumu bitiski (p<0.05)
ietekm¢gja citu sugu koku klatbiitne (biezums) un to augstums.

Dizskabardis sekmigi atjaunojas (vismaz 1500 koki uz ha) izcirtumos péc
vienlaidus atjauno$anas cirtes, ja pietickami netalu (Iidz 50 m) atrodas s¢éklu
avots.

Veicot gengctiskas 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 konstatets pa vienam p&cnacgjam — Talsu novada 8 gadijumos, Priekules
novada 10 gadijumos (3.3. att.). Katra parauglaukuma identificets viens koks ar
salidzinosi daudziem p&cnacgjiem — Talsu novada ar 13, Priekules novada ar 11
pEcnacgjiem.
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Viena vecaka pécnacéju skaits / Number of offspring assinged to
one parent

@ Talsu novada audze / Talsi stand O Priekules novada audze / Priekule stand

3.3. att. Koku skaita sadalijums pa gimeném diZskabarZa dabiskaja
atjaunoSana /
Fig. 3.3. Distribution of trees in families in natural regeneration of beech

Genétiskas daudzveidibas radita;ji liecina, ka Priekules novada audze vecaku

paaudze ir savstarpgji radniecigaka neka Talsu novada audzg (3.2. tab.). Tas
varétu but izskaidrojams ar seklu izcelsmi mezaudzu ierikoSanai. Tomér
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daudzveidibas raditaji butiski neatskiras starp paaudz€m neviena no audzeém,
genétiska daudzveidiba nakamaja paaudz€ nesamazinas.
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3.2. tabula/ Table 3.2.
Gengétiskas daudzveidibas raditaju vidéjas vertibas
(xstandartklida) /
Mean values of genetic diversity parameters (+standart error)
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Alelu ar Tpatsvaru >5 % skaits /

Number of alleles with frequency > 3.6£0.22 | 3.5+0.22 | 4.4+£0.36 | 4.840.41

5%

Efektivo alélu skaits /

Number of effective alleles
Senona daudzveidibas indekss /
Shannon’s Information Index
Sagaidama heterozigotate /
Expected heterozygosity

3.0£0.19 | 2.6£0.19 | 4.2+0.45 | 4.3+0.42

1.2+0.06 | 1.1£0.06 | 1.6+0.11 | 1.6+0.10

0.6+0.03 | 0.6+0.03 | 0.7£0.03 | 0.7+0.03

3.2. Dizskabarza otras paaudzes stadijumu saglabasanas un augSana
Latvijas centralaja dala

Mistrota dizskabarzu — eglu audz€ Térvetes novada 12 gadus péc iestadisanas
dizskabarzu saglabasanas bija apmierinosa un lidziga ka eglém (attiecigi 73% un
78%). Dizskabardim augstums un caurmérs 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). Tkgad@jais radialais pieaugums dizskabardim bija ievérojami
lielaks neka eglei (3.4. att.), atskiribas starp koku sugam bija statistiski batiskas
un pieaugosas lidz ar vecumu.
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Vidgjais gadskartau platums, mm/ The
average width of annual tree ring, mm

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
Gads / Year

W Dizskabardis / European beech @ Egle / Norway spruce

3.4. att. Dizskabarza un egles vidéjais gadskartu platums (£95% ticamibas
intervals) /
Fig. 3.4. The average annual ring width (x95% confidence interval) for
European beech and Norway spruce

Audzg noverota izteikta konkurence starp abu sugu kokiem. Maksimalais
dizskabarza vainaga radiuss bija vid&ji 2.4+0.16 m, kas ir [idzvertigs ar attalumu
starp rindam un starp stadvietam rindas. Dizskabarzu augsanu biitiski ietekmgjis
fotosintezgjosas virsmas laukums, kas raksturots ar vainaga maksimalo radiusu.
Vainaga maksimalajam radiusam konstatéta cieSa un biitiska korelacija gan ar
koka augstumu, gan ar caurméru kriiSaugstuma (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 saglabajusies 33 gadus péc iestadiSanas zem
audzes vainagu klaja Madonas novada, Kalsnavas apkartn€. Platiba konstateta
arT atjaunosanas ar atvas€m. Dizskabarzu augstums varigja no 0.30 Iidz 13 m,
caurmers kruSaugstuma — no 0.2 Ilidz 14.9 cm. Koku sadalijumam péc
dimensijam ir apversta J forma (3.5. att.), kas ir tipiski €ncietigdm sugam un
apliecina dizskabarza paaugas normalu augSanu. Sada veidd koku sugas
pielagojas ilgstosi saglabaties paauga, lidz kada trauc€juma rezultatd vainagu
klaja izveidosies atvérums un radisies iesp&ja augt garuma (Wagner et al., 2010).
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3.5. att. DizskabarZu sadalijums pa caurméra pakapém /
Fig. 3.5. Proportion of beech in different diameter classes

So dizskabarzu augsanas laika (1983. lidz 2016. gadam) ziemas bijusi arT loti
auksti periodi ar gaisa temperatiiru -30°C un zemaku, tomer klimatiskie apstakli
Latvijas centralaja dala izradijuSies pieméroti diZskabarZzu atjaunos$anai zem
audzes vainagu klaja (gaisa temperatiira $aja gadijuma nebija limitEjoSais
faktors) (Fang,& Lechowicz, 2006; Kramer et al., 2010). Tik augsta saglabasanas
Latvijas centralaja dala vargtu biit 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 s€klam, kuriem jaspgj 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 iespgjams ar Chapman-Richards un Sloboda modeliem. So
vienadojumu koeficienti biis izmantojami LVMI Silava izveidotaja augSanas
gaitas model&Sanas rika. legitie dati liecina, ka dizskabarzi Latvijas rietumu dala
ir atraudzigaki neka Zviedrijas dienvidu dala, tatad augSanas apstak]i Seit ir sugai
pieméroti. Otras paaudzes koki ir veiksmigi adapt&jusies viet&jiem apstakliem un
uzrada lielaku atraudzibu, apsteidzot pirmas paaudzes kokus (3.6. att.).
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3.6. att. Nelinears augS$anas gaitas modelis (melnas linijas, Dienvidzviedrija,
Carbonier, 1971), salidzinats ar mérijjumu datiem Latvijas rietumu dala
(pelékas linijas, katra linija attélo vienu koku) /

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

3.4.  Meteorologisko faktoru ietekme uz dazadu dimensiju diZskabarzu
caurmeéra pieaugumu

Analizgjot meteorologisko faktoru ietekmi uz stumbra caurméra pieaugumu
sezonas ietvaros, konstateta dizskabarza jutiba pret Gidens deficttu (3.7. att.).
Dizskabarza radialais pieaugums pozitivi korel€ja ar nokriSpiem. Ja kadu laika
posmu nokris$nu nebija vispar, $aja laika gadskarta neauga. P&c periodiem ar
nozimigiem nokriSpiem notika stumbra tUdens rezervju atjaunoSanas un tai
sekojoSa gadskartas augSana. Limit&joSais faktors vegetacijas sezona bija
pieejamais idens, bet ne gaisa temperatiira.
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3.7. att. Stumbra apkartmeéra (P) izmainas pirmas paaudzes diZskabardim
Fig. 3.7. Changes in total stem circumference (P) for first generation beech
in June and precipitation in the same period

Otras paaudzes kokam noverots butiski lielaks relativais radialais picaugums
neka pirmas paaudzes kokam vegetacijas sezonas ietvaros (attiecigi 0.93% un
0.38% no caurméra). Visstraujakais radialais pieaugums novérots no vegetacijas
perioda sakuma lidz jilija sakumam.

Novertgjot meteorologisko faktoru ietekmi uz stumbra caurméra pieaugumu
ilgaka laika posma, Latvijas rietumu dala pétitajiem dizskabarziem netika
konstat&tas ekstrémi Sauras gadskartas (nomakta augsana), liecinot par augSanas
apstaklu piemerotibu Sai koku sugai. Analizgjot radiala pieauguma saistibu ar
meteorologiskajiem apstakliem, konstatéts, ka pirmas paaudzes koki ir jutigaki
neka otras paaudzes koki (3.8. att.).
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3.8. att. Statistiski buitiskie Pirsona korelacijas koeficienti (r) starp dazadas
paaudzes valdaudze esoSu dizskabarzu gadskartu vidéjo platumu un
klimatiskajiem (meteorologiskajiem) faktoriem: ménesa vidéja temperatiira
(T), nokrisni (P), standartizéts nokrisnu-iztvaikoSanas indekss (SPEI) laika
intervalam no 1972. Iidz 2015. gadam /

Fig. 3.8. Pearson correlation coefficients (r) calculated between the residual
chronologies of tree-ring width of beech of different age/generation and climatic
(meteorological) factors: monthly mean temperature (T), precipitation (P) and
standardized precipitation-evapotranspiration index (SPEI) for the common
interval 1972-2015. Months in uppercase correspond to the year prior to
formation of tree-ring. Only the factors showing significant correlations are
plotted

Meénesu nosaukumi ar lielajiem burtiem — Pirsona korelacijas koeficienti gada pirms gadskartas
veidosanas /Months with capital letters — r in the year before tree-ring was forming

kas saistits ar idens deficTtu vasara. STs paaudzes nomaktie koki galvenokart bija
jutigi pret temperatliru ziemas perioda. Savukart otras paaudzes kokus mazak
ietekm&ja ziemas perioda temperatiira, tas liecina par adaptaciju Latvijas
apstakliem. Atraudzigikajiem otras paaudzes kokiem novérota ciesaka
pieauguma saistiba ar mitruma apstakliem vasaras perioda, par ko liecinaja gan
ikgadgja, gan vienas augSanas sezonas pieauguma veidoSanas dinamika.
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SECINAJUMI

. Notikusi sekmiga dizskabarza adaptacija Latvija: ta otrajai paaudzei nav
konstatéta zemaka genctiska daudzveidiba, bet ir konstatéts lielaks
augstuma pieaugums neka pirmajai paaudzei. Otras paaudzes koki labi
saglabajas (>80%) zem citu koku sugu vainagu klaja ar1 Latvijas
centralaja dala.

Latvijas rietumu dala dizskabarza dabiska atjaunosanas ir sekmiga gan
pec vienlaidus atjaunoSanas cirtes, lidz 50 m no meZa malas, gan zem
audzes vainagu klaja ar1 tados gaismas apstaklos, kas nav pieméroti citam
koku sugam. Dizskabarza paaugas koku augstums vidgji ciesi, statistiski
butiski, korel€ ar gaismas apstakliem zem vainagu klaja.

Izveidotie dizskabarza augSanas gaitas vienadojumi un dati no
parauglaukumiem mezaudzes liecina, ka $is koku sugas otras paaudzes
koku atraudziba Latvija ir lielaka neka Zviedrijas dienvidu dala un —
atseviskos stadijumos jaunaudzes vecuma — art salidzinajuma ar egli,
noradot uz iesp&jam izveidot augstrazigas dizskabarza mezaudzes.
Latvijas rietumu dala pétitajiem dizskabarziem gadskartas nebija Sauras,
liecinot par augSanas apstaklu piemérotibu $ai koku sugai. Koku jutiba
pret klimatiskajiem apstakliem (ipasi — ziemas perioda temperatiiru) bija
atSkiriga pirmajai un otrajai paaudzei, noradot uz dabiskas un cilvéku
veiktas izlases pozitivo ietekmi.

Mitruma deficits nosaka dizskabarza radiala pieauguma samazinasanos
vai pat slaicigu apstasanos, lidz pilniba atjaunojas koka stumbra tidens
uzkrajums. Gadskartu platumu ietekmé galvenokart ar mitruma deficitu
saistiti klimatiskie raditaji (temperatiira, nokris$ni) vasara un rudens
sakuma. Nemot veéra klimata izmainu prognozes, dizskabarza audzu
iertkoSanai biitiski izv€leties teritorijas ar stabilu un pietickamu augsnes
mitruma nodro§inajumu.
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REKOMENDACIJAS

Latvijas rietumu dala iesp&jams izveidot razigas dizskabarza audzes.
Stadamo materialu to iertkoSanai rekomend&jams ievakt Latvija esosajas audzes.
Piemérotakais seklu avots ir §T promocijas darba izstrades ietvaros atlasitie
pluskoki.

Rekomendgjams izveidot s€klu plantacijas stabilas s€klu bazes
nodro§inasanai. Tapat rekomend€jama plasaku provenienéu izméginajumu
iertkoSana, ietverot tajos materialu arf no areala dalam, kur raksturigs augstaks
mitruma deficits vasaras perioda neka Latvija Sobrid.

Kontrolétos apstaklos (salcietibas testi) un eksperimentalajos stadijumos
rekomend&jams turpinat parbaudit dizskabarza adaptaciju Latvijas austrumu
dalas klimatiskajiem apstakliem.
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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 21st 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, & Tesat, 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 Wiihlisch, 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 18th century, mostly in parks of manors and
cities (Freibe, 1805). The first known forest stands were established at the end of
18th century (Vanders, 1960b). European beech is introduced species in Latvia;
however already in the middle of 20th century, according to K. Vander’s, it 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 (Sabule I., 2009). However, differences in
reaction to meteorological conditions between generations of beech has not been
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analysed and radial increment dynamic during vegetation season, revealing
insides and potential causes for the determined impacts, has not been studied.

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.

To assess the growth dynamics of European beech.

4. To characterize influence of meteorological factors on radial increment
of different dimension European beech.

w

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 climatic 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, T€rvete, Aizpute and Priekule districts (Fig. 2.1.).

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 beech regeneration groups, those were splited in 2 x 2 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 wel 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-2 day-1) was calculated in pure beech stand
and mixed deciduous trees stand. In silver fir stand gap fraction, openness, direct
and total radiation were calculated.
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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.

2.3. Survival and growth of European beech second generation
n 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.
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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 0.2 m, 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.

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,
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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.

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 m? 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™').
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In open areas (after the clearcut) average density of beech seedlings was 2520
£720 per hectare (ranging from 400 to 11 200 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. Europea
beech regeneration in open area (clearcut) was successful (at least 1500 seedlings
ha-1), if seed source was close enough (distance not bigger than 50 m).

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 (R2 = 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 (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 R2
=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.

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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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 £0.30 m
and 3.1 +£0.30 m, 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.

Survival of European beech 33 years 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
etal., 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 et al., 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 has
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)

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.).

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.
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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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