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1. DARBA VISPAREJS RAKSTUROJUMS

Darba aktualitate

Pusi no Latvijas teritorijas aiznem tas nozimigakais dabas resurss — mezi, kas nodroSina
valstij nozimigus ienakumus, jo vairak neka 70 % sarazotas meza nozares produkcijas tiek
eksportéta (Meza nozare Latvija, 2011). Zinamu dalu ienakumu meZs nodroSina ari netieSi — ka
rekreacijas un ogu, sénu ieguves vieta, ka arT piesaistot oglskabo gazi un razojot skabekli.
Paaugstinot mezaudzu produktivitati, pat par vairakiem gadu desmitiem var tikt saisinats mezaudzu
rotacijas cikls, ka arT no platibas vienibas iegit lielaku koksnes vai biomasas apjomu, tatad piesaistit
lielaku daudzumu siltumnicas efektu izraisoSas oglskabas gazes. Lidz ar to audzu produktivitates
paaugstinasSanas pasakumi nodroSina ieguvumu ne tikai meza Tpasniekam, bet art visai sabiedribai
un sniedz ieguldijumu globalo klimata izmainu tempa mazinasana. Globalaja tirgii ilgtermina
picaugosu pieprasijumu peéc koksnes nosaka meza platibu samazinasanas (vidgji 0,7 % gada),
cilvéku skaita palielinaSanas un viena cilvéka patérétas koksnes apjoma pieaugums reiz€ ar dzives
Itmena celSanos (Libby, 2006, Greavesetal., 2004, Kjeretal., 1998), turklat attistitajas valstis
noverojama tendence sadzivé arvien vairak izmantot dabiskos materialus, taja skaita arT koksni,
atsakoties no dabai nedraudzigu materialu pielietosanas. Saja konteksta svariga loma ir mezaudzu
produktivitates kapinasanai, kas ilgtermina var nodro§inat Latvijai papildus eksporta iespgjas.

Mezaudzu produktivitate var tikt paaugstinata, izv€loties platibai vispiem&rotakas vietgjas
koku sugas, ka arl meZa atjaunoSanai un ieaudz€Sanai izmantojot selekcion€tu materialu. Tacu
ievérojamu produktivitates kapinajumu atseviskos gadijumos iesp&jams iegiit, izmantojot dotajiem
augSanas apstakliem piemérotas introduc@tas koku sugas. Tam, dabiskaja areala un dabiskas
evollicijas procesa, var but izveidojuSies noteikti pielagojumi, kas nodroSina paaugstinatu
atraudzibu un/vai noturibu pret kadiem produktivitati nozimigi ietekmé&joSiem abiotiskiem vai
biotiskiem faktoriem apstaklos, kuros suga tiek introducéta.

Petijjuma merkis
Darba meérkis ir novertét Klinskalnu priedes proveniencu raksturlielumus (produktivitati,
rezistenci, piemérotibu lietkoksnes vai biomasas ieguvei), salidzinot tos ar parastas priedes
provenien¢u parametriem un rekomendét piemérotakas Pinus contorta proveniences izmanto$anai
Latvija

Pétnieciskie uzdevumi:

1) raksturot KlinSkalnu priedes proveniencu augSanas gaitu, ka arl zarojuma un koksnes
kvalitates raditajus salidzinajuma ar parastas priedes proveniencém;

2) novertét biomasas apjomu un sadalijumu Klinskalnu priedes audz€s un to ietekm&joSos
faktorus;

3) raksturot riska faktorus (dzivnieku bojajumi, v&jgazes) Klinskalnu priedes audzes;

4) veikt Latvijas apstakliem piemérotako KlinSkalnu priedes proveniencu izveli.

Petijjumam ietvaros parbauditas $adas hipotezes:
1) Klinskalnu priedes proveniencu kraja stadijumos Latvija vidgji ir augstaka, tacu zarojuma
kvalitate zemaka neka parastajai priedei;
2) Klinskalnu priedes koksnes mehaniskas ipasibas nerada iesp&ju tas pielietoSanai lidzvertigi
ar parastas priedes koksni
3) Klinskalnu priedes audzu virszemes biomasa ir augstaka neka parastajai priedei, nodrosinot
iesp€jas stadijumu ierikoSanai atjaunojamo energoresursu ieguvei nabadzigas augsnés.



Zinatniska novitate

Petijums ir pirmais apkopojums par tik plasa meroga Klinskalnu priedes porveniencu
eksperimentiem hemiborealaja zona un tadejadi nozimigi paplaSina izpratini par §is sugas
audzeSanas riskiem un potencialajiem ieguvumiem Eiropa, kas lidz Sim bijusi detalizéti analizeta
tikai borealaja zona. P&tijuma ietvaros pirmo reizi izstradati uz plasa datu materiala balstiti
Klinskalnu priedes virszemes biomasas komponensu vienadojumi.

Latvija pirmo reizi novertétas Klinskalnu priedes koksnes mehaniskas ipasibas, ka ar1 potencialo
koksnes izmantoSanu determin&josi raditaji, kas saistiti ar zarojuma raksturojumu. Analizeti
biotisko un abiotisko faktoru bojajumi. P&tijuma ietvaros definéti geografiskie regioni, no kuriem
ievestas Klinskalnu priedes proveniences Latvija ir ar augstako saglabasanos un atraudzibu.

Darba praktiska nozime

Darba rezultati liecina, ka Klinskalnu priedes kraja jaunaudzes vecuma mazaugligas smilts
augsnés ir butiski augstaka neka parastajai priedei un to iesp&jams izmantot, ierikojot plantacijas
biomasas ieguveli, ka ar1 dazadojot sugu sastavu stadijumos uz $adam augsném.
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Promocijas darba struktiira un apjoms

Darba struktiira ir pakartota atbilstosi izvirzitajiem pétnieciskajiem uzdevumiem. Darba ir
tris nodalas. Pirmaja nodala sesas apakSnodalas apskatiti citu autoru lidz Sim veiktie pétijumi.
Sniegts apskats par Klinskalnu priedes izplatibu pasaulg, biologiju un ekologiju. Analizéta citu
valstu pieredze S§is priedes introdukcija. Apskatiti nozimigakie sugu ietekmé&joSie biotiskie un
abiotiskie faktori, ka arT analiz€ta So faktoru ietekme uz priedes vitalitati un augSanas gaitu.
Analizeti dati par KlinSkalnu priedes augSanas gaitu, audzu produktivitati un biomasas sadalijumu
gan tas dabiskaja areala, gan vietas, kur priede introducéta. Apkopota informacija par koksnes



pielietojumu un tas 1pasibam. Otraja nodalas 1. apakSnodala sniegts detalizets katra pétnieciska
eksperimenta apraksts. Par&jas §is nodalas apakSnodalas veltitas lauka un laboratorijas darbu, ka ar1
aprékinu metodikai. Tresa nodala veltita iegiito datu analizei un interpretacijai. Apaksnodala 3.1.
detalizéti analizéta katra eksperimenta augosas KlinSkalnu priedes produktivitate un dimensijas
proveniencu vidgjo vertibu liment, iegltos datus matematiski salidzinot starp proveniencém un ar
kontroles datiem par eksperimenta ieklauto parasto priedi. Analizéta ari abiotisko un biotisko
faktoru ietekme. Nodala 3.2. sniegts ieprieksg€ja nodala giito atzinu konspektivs apkopojums un
rekomendétas Latvijas klimatiskajiem apstakliem piemérotakas KlinSkalnu priedes proveniences.
Pargjas tresas nodalas apaksnodalas apkopota informacija par Klinskalnu priedes biomasu, koksnes
mitrumu un mehaniskajam ipasibam, ka art analizéta Klinskalnu priedes augSanas gaita.

Promocijas darba apjoms ir 122 lappuses; informacija apkopota 36 tabulas un 55 attélos,
izmantoti 153 literatiiras avoti. Darba nosléguma formul&ti 7 secinajumi

2. LITERATURA GUTO ATZINU APKOPOJUMS

2.1. Sugas raksturojums

Klinskalnu priede (Pinus contorta Dougl.) ir plasi izplatita Pinus gints divskuju priede ar
vairakam variatatém. To pirmo reizi atklaja skotu botanikis D. Duglass 1825.gada (Cinovskis,
1992). Suga geografiski iedalita 4 pasugas (Lotan, Critshfield, 1990): Pinus contorta Dougl. var.
contorta Dougl., Pinus contorta Dougl. var. bolanderi (Parl.) Vasey, Pinus contorta Dougl. var.
murrayana (Balf.) Engelm un Pinus contorta Dougl. var. latifolia S. Watson. Klinskalnu priede
plasi izplatita Ziemelamerikas kontinenta. Tas dabiskais areals aptver Klusa okeana rietumu
piekrastes un kalnu rajonus ASV un Kanada no 34° - 64° N platumam. Ta ir viena no visplasak
izplatitajam koku sugam pasaulé. Sastopama lidz pat 3900 m augstuma v.j.l. (Karlman, 1993).
Valdosa koku suga ap 6 milj. ha meZaudZu ASV un 25 milj. ha Kanada (Lotan, Critshfield, 1990).
Ekologiski plastiska suga, sp&j apdzivot plasu ekologisko amplitidu (Karlman, 1993). Sastopama
27 no 55 izdalitajiem meZa tipiem Ziemelamerikas kontinentalaja borealo meZzu zona (Lotan,
Critshfield, 1990). PlaSaja areala suga pielagojusies biitiski atSkirigiem klimatiskajiem apstakliem,
kur minimalas gaisa temperatiiras svarstas robezas no -7° C piekrastes regionos, lidz pat -57° C
kalnu rajonos un maksimalas temperatiiras attiecigi no +27° C piekrasté un kalnu rajonos lidz pat
+38° C zemien€s un plakankaln€s. Izturiga pret salnu bojajumiem (Cochran, Berntsen, 1973).
Klinskalnu priedes séklu didziba un ieaugSana labi notiek dazados meZa augSanas apstaklos, un tas
lauj priedei labi augt gan nabadzigas, gan baribas vielam bagatas augsnés (Despain, 2001).
Klinskalnu priede labi aug nabadzigas augsnés (Sheppard, Cannel, 1985), sp€jiga augt gan sausas,
gan mitras augsnés (Elfving et al., 2001), pat augstajos sfagnu purvos un Klusa okeana piekrastes
kapas (Cinovskis, 1992). Tas pioniersugas 1pasibas - sp&ja atjaunoties péc ugunsgrékiem un strauja
augSana juvenila vecuma - nodroSina atru platibu apmezosanos (Elfving et al., 2001).

Klinskalnu priede ASV un Kanada tiek uzskatita ka saimnieciski nozimiga koku suga
(Elfving et al., 2001), un tadel, veicot introdukciju, ta tiek izmantota talu arpus sava dabiska areala
izplatibas robezam. Sakara ar tas plaSo apkart&jas vides toleranci KlinSkalnu priede ka eksotiska
suga introduc€ta gan ziemelu, gan dienvidu puslodé (Elfving et al., 2001). Ta introducéta visas
Ferroskandinavijas valstis — Danija, Somija, Norvégija, Zviedrija un Islandé (Lindelow, Bjorkman,
2001), ka arf citur pasaulé — Skotija, Irija, Vacija, Jaunzélandg, Britu salas u.c. (Elfving et al., 2001,
Hicks et al., 2003, Stephan, Lieserbach, 1995, Pfeifer, 1993). Tomér Sobrid nozimigakie stadijumi ir
ierikoti Zviedrija (Lindelow, Bjorkman, 2001).

2.2. Introdukcija Latvija

P&c literatiira minétas informacijas sakotn&ji KlinSkalnu priede Latvija introducéta, stadot
atseviskus kokus vai koku grupas darzos un parkos (Valmieras raj., Salaspils Botaniskaja darza,
MPS , Kalsnava” u.c.) (Salins, 1971). Ap 1930. gadu Skriveru dendrarija iestaditas 16 var. latifolia
priedes (Cinovskis u.c., 1991). Nelielas platibas 0,1 - 0,5 ha Skriveros un Bukultos meza zemé@s §1
priede stadita ap 1930. gadu. Skriveru stadijumu praktiski nopostija 1969. gada v&jgaze (3Bupr3z,



1972; Maypunb, 1970). No pirmskara gados staditajam audz€m vienigd nozimigaka P. contorta
audze, kas stadita mistrojuma ar duglaziju métraja ir saglabajusies Bukultos 0,2 ha platiba
(sakotngji stadijums bija 0,5 ha), un 22 gadu vecuma sasniedza 10,5 m augstumu, 10,6 cm caurméru
un kraju 98 m*ha™', tadejadi parsniedzot P. sylvestris augstumu par 24,5 % un caurméru par 14,3 %
(Camunb, 1964). Veicot §1 stadijuma inventarizaciju 1986. gada, konstatets, ka koku vidgjais
augstums ir 18,5 m, caurmérs 18,3 cm un kraja, rékinot péc parastas priedes augSanas gaitas
tabulam, 240 m*ha™', parsniedz blakus eso$as parastas priedes audzu kraju par 20 % (Pirags, 1973).
Ka norada K. Sakss (1949), introducéto koku stadijumiem neapSaubami ir arT mezsaimnieciska
nozime, un tos var izmantot reproduktiva materiala ievakSanai un audz€Sanai misu valstl.
A. Maurins (1967) pagajusa gadsimta 60-jos gados veica regularus s€klu razoSanas dinamikas
pétijumus introducétam 26 skujkoku un 79 lapu koku sugam, izdalot labakos introducentu
mateskokus, un secinaja, ka vienas sugas ietvaros koki péc to zied€Sanas intensitates un s€klu
razo$anas sp&jas, ka ar1 s€klu kvalitates var atskirties 3 - 60 reizes. P&tijumu rezultata tika izdaliti 9
labakie P. contorta Latvijas apstak]os augusi mateskoki, kuri auga Valmieras rajona (MaypuHns,
1967).

Pirmos zinatniskos KlinSkalnu priedes stadijumus, sadarbojoties ar Zviedrijas mezkopjiem,
no 1979. - 1981. gadam, izmantojot dazadu proveniencu séklu materialu, Bauskas, Tukuma, Ugales
un Kuldigas MRS ierikoja I. Baumanis un J. Birgelis (Baumanis, Birgelis, 1993). Stadijumu
jerikosanai izmantots 10 drzemju proveniencu (50° - 60° Z platuma un 600 - 1400 m.v.j.l.), 2
Bukultu audze ievakts nezinamas izcelsmes P. contorta s€klu materials un kontroles stadijumam
vietgjais P. sylvestris séklu materials. Staditi gadu veci siltumnica audzéti s€jeni (Baumanis u.c.,
1986). Veicot stadijumu uzmeériSanu 7 gadu vecuma, noverotas biitiskas koku augstuma atskiribas
starp proveniencém. Salidzinot ar P. sylvestris, konstatéta labaka stadu saglabasanas: Klinskalnu
priedei 79 % - 94 %, parastajai 40 % - 69 %, ko dalgji var izskaidrot ar skujbires infekciju, no kuras
P. contorta necieS. Vert€jot augSanas gaitu, lielaka dala proveniencu (aptuveni 80 %) uzradija
labakus rezultatus par viet&jo P. sylvestris (Baumanis u.c., 1992). Ka norada V. Lange u.c. (1978),
Latvijas apstaklos P. contorta, kas stadita vid€ji augligds un augligas augsnés, parsp€j parasto
priedi, bet nabadzigos augSanas apstaklos (Sl) uzrada vajakus augSanas rezultatus.

2.3. Butiskakie sugu ietekméjosie biotiskie un abiotiskie faktori

Slimibas. Dabiskaja areala P. contorta audzé€m, augo$am mitros vai parmitros apstak]os,
liela apméra postijumus rada priezu skujbire Lophodermella concolor (Dearn.) Darker. Bitiski
Klinskalnu priedes augSanas gaitu ietekmé ari tumsa celmene (Armillaria ostoyae Romagn.).
(Hallett, Volney, 1999).

Zviedrija veiktajos pétijumos konstatéts, ka introducétajai P. contorta, it seviski plantacijas,
kas ierikotas neizmantotajas lauksaimniecibas zemés, tik atri nenorit mikorizacija, ka rezultata P.
contorta audz@s strauji izplatas saknu trupes infekcija (Heterobasidium annosum (Fr.) Bref))
(Delatour et al., 1998, Fiodorov, 1998). 1987. gada KlinSkalnu priedes izcelsmju un p&cnacgju
izméginajuma vietas, ka ari ripnieciskajos stadijumos saka novérot smagus skujkoku dzinumu véza
Gremmeniella abietina bojajumus, ka ari Scleroderris riisas bojajumus. Sakotngji bojajumu
intensitati saistija ar ekstremalajiem laikapstakliem (Karlman, 2001). Lai gan likas, ka situacija nav
kritiska, tad péc patogénu petijumu rezultatiem atklajas, ka $1 infekcija nopietni apdraud §is priedes
plantacijas (Karlman, 1993). Vélakajos gados Zviedrijas P. contorta audzu infic€Sanas strauji
turpindjas, un joprojam ik gadus §is infekcijas slimibas d€] Zviedrijas ziemelu dala aiziet boja
ievérojamas P. contorta platibas (Karlman, 1994). Galvenie secinajumi, kas iegiiti, pétot G. abietina
u.c. parazitisko sénu izplatibu un inficéSanas riskus, ir, ka KlinSkalnu priede ir uzpémigaka pret
dazadam seénu infekcijam, un, ka viens no galvenajiem nosacijumiem koku rezistencei pret
parazitiskajam séném ir izcelsmes vietas izvéle (Kamp, Karlman, 1993).

Kaitekli. Klinskalnu priedes audzes biezi noveérojami apjomigi patogé€nu un kukainu izraisiti
bojajumi, un daudzos gadijumos audzes uzné€mibu pret biotiskajiem faktoriem nosaka gan vide, gan
audzes genétiskas ipasSibas (Ying, 1993). Priezu mizgrauza (Dendroctonus ponderosea Hopk.)
uzbrukumi ir loti nopietna probléma ASV rietumu dala un Kanada.



Skandinavija, ir noverotas 80 kukainu sugas, kas bariba izmanto Klinskalnu priedi (no tam
Zviedrija 61 suga). Secinats, ka vairums kukainu sugu ir noteiktu koku sugu €Sanas paradumu
specialistes, un tas, ka So sugu kukaini sakusi bariba izmantot P. contorta, var biit izskaidrojams ar
to, ka $ai sugai ir ar P. sylvestris lidzigas kimiskas un morfologiskas ipasibas (Lindelow, Bjorkman,
2001). Turklat, salidzinajuma ar parasto priedi, P. contorta audzes, seviski G. abietina un riisu
novardzinatas, ir daudz uznémigakas pret D. ponderosea invazijam (Karlman, 1993). Pagajusa
gadsimta devindesmitajos gados daudzus tiikstoSus ha platiba P. contorta audzg€s tika konstateti
priezu rusganas zaglapsenes (Neodiprion sertifer Geoft.) un Anthonomus phyllocola Hbst. bojajumi
(Karlman, 1993). Citas sugas, kas apdraud Klinskalnu priedi Skandinavija ir Pissodes validirostris
Gyll. un Rhyacionia bouliana (Lindeléw, Bjérkman, 2001). So priedi boja ari prieZu piicite (Panolis
flammea), kas audzes var butiski apdraudét vegetacijas sakuma perioda (Watt, 1992).

Ziditaji. Dabiskaja areala loti batiskus bojajumus P. contorta audzém (tapat ka P. sylvestris
audzém) nodara alnis (Alces alces L.) un dzelonciika (Erethizon dorsatum L.), kas audzi var pat
pilnigi iznicinat. Skandinavija butiskus bojajumus P. contorta audzém (tapat ka P. sylvestris
audzém) nodara alnis, baltais zakis (Lepus timidus L.), stirna (Capreolus capreolus L.) un
ziemelbriedis (Rangifer tarandus L.). Jaunaudzés, seviski stadijumos neizmantotajas
lauksaimniecibas zemés, nopietnus bojajumus var nodarit plavas strupaste (Microtus agrestis L.),
apgrauzot koka saknu kakla mizu, turklat konstatéts, ka, salidzinot ar parasto priedi, vairak bojata
tiek tiesi P. contorta (Danell, Sjoberg, 1993, Segelbaden, 1993).

Abiotiskie faktori. Nopietnus bojajumus P. contorta audzém var nodarit bieza sniega sega
(Ying, 1993), jo péc ziemam ar dzilu sniega segu novéroti G. abietina uzliesmojumi (Karlman,
1993). Klinskalnu priedes vaja saknu attistiba juvenila vecuma, salidzinajuma ar koka atro augSanas
tempu un garajam skujam, rada papildus sniegliecu risku jaunaudzes vecuma (Karlman, 1993).
Bojajumus KlinSkalnu priedes audz&m nodara ar1 vgj$, jo Sai priedei nav tik izteikta mietsakne ka P.
sylvestris; Iidz ar to v€&ja raditie bojajumi (it seviski tiraudzg€s) ir biitiski un var sasniegt pat 50 %, ko
izskaidro ar klidam, veicot maksligo atjaunosanu (vietas izvéle, s€jenu saknu sist€mas kvalitate,
augsnes sagatavoSana), jo dabiski atjaunojuSies koki uzrada butiski labakus noturibas raditajus
(Elfving et al., 2001). P. contorta audzes novérojamas ar1 v&jlauzes, it seviski juvenila vecuma,
tade]l So priedi nerekomend€ stadit vietas, kur pastav véja bojajumu risks (Lindgren et al., 1993,
Elfving et al., 2001).

3. PETIJUMA MATERIALS UN METODIKA

3.1. Eksperimentu apraksts

Datu materials ievakts 1. Baumana vadiba ierikotajos Klinskalnu priedes proveniencu
parbauzu stadijumos Ugal€, Kuldiga, Tukuma, Zvirgzde un Kalsnava. Katram stadijumam pieskirts
Ilglaiciga pétnieciska eksperimenta (objekta) statuss un eksperimenta numurs, kurs tiek lietots gan
Seit, gan turpmak teksta. Visi eksperimenti ieklauti ,Ilglaicigo pétniecisko objektu registra”, kur
atrodama detalizéta informacija par katru no eksperimentiem (Baumanis u.c., 2006).

Ugale. Eksperimenti Nr. 76. un 81. ierikoti Ventspils novada Ugalé. Eksperiments Nr. 76.
ierikots 1980. gada, izmantojot 12 proveniencu, 1 gadu vecu stadamo materialu. StadiSana veikta 8
atkartojumos, vienlaidus aruma sagatavota augsné, bijusas kokaudzetavas teritorija. Meza augSanas
apstaklu tips - métrajs, eksperimenta platiba - 0,5 ha. KopSanas cirte audzé nav veikta, Audze
uzmerita 12 gadu vecuma, uzmérot 1685 kokus. AugSanas gaitas salidzinaSanai eksperimenta
ierikotas 4 parastas priedes parceles.

Eksperiments Nr. 81. uzsakts 1986. gada, 4 atkartojumos staditi 3 proveniencu 3 gadigi
kailsaknu stadi. Audze ierikotas bijusas meza kokaudzetavas teritorija, augsnes sagatavosanas veids
— vienlaidus arums, MAAT — meétrajs, eksperimenta platiba 0,6 ha. Audzeé 2008. gada veikta
kopS$ana, izcertot katru otro koku. Audze uzmeérita 7 (2417 koki) un 24 (1183 koki)gadu vecuma.

Tukums. Eksperiments Nr. 77. ierikots Tukuma novada ka paral€lais eksperiments
eksperimentam Nr. 76. Eksperiments uzsakts 1980. gada, bijusas kokaudzetavas teritorija,
vienlaidus aruma 4 atkartojumos staditi 12 proveniencu 3 gadus veci kailsakpu stadi. Meza



augSanas apstakli atbilst lanam. Kop@ja eksperimenta platiba 0,5 ha. Audze uzmérita 12 gadu
vecuma, uzmérot 1539 kokus.

Kuldiga. Kuldigas novada ir ierikoti eksperimenti Nr. 80., 84., 356., 358., 359., 702.
Eksperiments Nr. 80. uzsakts 1984. gada, neizmantotd lauksaimniecibas zemé, 4 atkartojumos
stadot 9 proveniencu 3 gadus vecu stadamo materialu. AugSanas apstakli atbilst [ana meza augSanas
apstaklu tipam. Eksperimenta kopg&ja platiba ir 0,5 ha, kopSanas cirte veikta 1995. gada. Audze
uzmerita 11; 12; 13 un 24 gadu vecuma Uzmérto koku skaits 11-13 gadu vecuma bija 1045, bet 24
gadu vecuma - 429.

Eksperiments Nr. 84. ierikots meza zemé&s, métraja, 1995. gada. Augsne sagatavota joslas, 4
atkartojumos staditi 11 proveniencu 2 gadus veci stadi. Eksperimenta platiba ir 0,6 ha, kopsanas
cirte veikta 2007. gada. Audze uzmérita 17 gadu vecuma, kopuma uzmeérot 2134 kokus.

Eksperiments Nr. 358. ierikots 1993. gada, neizmantota lauksaimniecibas zemé&. Augsnes
sagatavoSanas veids — vienlaidus arums, 4 atkartojumos staditi 11 proveniencu 3 gadus veci stadi.
AugsSanas apstakli atbilst lanam. Kopgja eksperimenta platiba ir 0,6 ha. KopSanas cirte nav veikta.
Audze uzmerita 16 gadu vecuma (uzmeéritais koku skaits — 1940).

Eksperiments Nr. 359. ierikots 1992. gada, neizmantota lauksaimniecibas zem&. Augsne
sagatavota vienlaidus aruma. StadiSana veikta 4 atkartojumos, izmantojot 11 provenienc¢u 2 gadus
vecu stadamo materialu. AugSanas apstakli atbilst lanam. Eksperimenta platiba ir 0,4 ha, kopSanas
cirte nav veikta. Audze uzmérita 18 gadu vecuma, uzmérot 439 kokus.

Eksperiments Nr. 702. ar1 ierikots neizmantota lauksaimniecibas zemé 4 atkartojumos,
lanam atbilstoSos augSanas apstak]os. Augsnes sagatavosanas veids — vienlaidus arums. Izmantots
14 proveniencu 3 gadus vecs stadamais materials. Eksperimenta platiba ir 0,9 ha, kopSanas cirte nav
veikta, un audzes uzmeérisana, uzmérot 2765 kokus, veikta 16 gadu vecuma.

Zvirgzde. Eksperimenti Nr. 79., 82., 704., 705., 706., 707., 708., 749. ierikoti Vecumnieku
novada Zvirgzde. Eksperiments Nr. 79. ierikots 1982. gada, meZza zemés, métraja. Augsne
sagatavota vagas ar meza arklu. StadiSanai 4 atkartojumos izmantots 1 gadu vecs 9 proveniencu
stadamais materials. Kopg&ja eksperimenta platiba ir 0,5 ha, kopSanas cirte audze nav veikta. Audze
uzmeérita 2 reizes — 10 un 29 gadu vecuma.

Eksperiments Nr. 82. ierikots 1985. gada. MAAT — métrajs, augsne sagatavota vagas. 4
atkartojumos stadits 3 proveniencu 2 gadus vecs stadamais materials. Eksperimenta platiba 1 ha,
audzes kopSana veikta 2010. gada, izcertot katru otro koku. Audze uzmérita 9; 13 un 25 gadu
vecuma. Eksperimenta uzmeériti 2228 koki.

Eksperiments Nr. 704. ierikots 1988. gada. Vagas sagatavota augsné 4 atkartojumos stadits 2
gadus vecs 5 proveniencu stadamais materials. MeZa augSanas apstaklu tips — métrajs, platiba 0,5
ha. Audze kopSana nav veikta, audze uzmerita (1320 koki) 23 gadu vecuma.

Eksperiments Nr. 705. ierikots gadu vélak, izmantojot 2 gadus vecu 6 proveniencu stadamo
materialu, stadot 4 atkartojumos. Augsne sagatavota vagas, augSanas apstaklu tips — métrajs. Audze
nav veikta kopSanas cirte un ta ir uzmerita 22 gadu vecuma, uzmérot 1381 koku. Eksperimenta
platiba ir 0,5 ha.

Eksperimenti Nr. 706., 707. un 708. ierikoti 1991. gada meZa zemes, métraja, 4
atkartojumos stadot 3 gadus vecu stadamo materialu. Visos eksperimentos augsne sagatavota vagas,
izmantojot meza arklu. Neviena no eksperimentiem nav veikta kopSanas cirte. Eksperimenta Nr.
706. platiba ir 0,7 ha un ierikoSana izmantots 7 proveniencu stadamais materials (uzmeriti 1730
koki), Nr. 707. — 0,8 ha (uzmeriti 2938 koki), izmantotas 16 proveniences un Nr. 708. — 0,9 ha
(uzmeriti 2223 koki), izmantota 1 provenience. Visi eksperimenti uzmériti 22 gadu vecuma.

Kalsnava. Eksperimenti Nr. 83., 750., 751. ierikoti Kalsnavas novada, Zinatniskas izp&tes
mezos, VMD Meza pétiSanas stacijas Kalsnavas meza novada. Meza augSanas apstaklu tips visos
eksperimentos ir métrajs, un tie ierikoti meza zemes. lerikoSana izmantots vairaku proveniencu
stadamais materials, bet nav saglabajusies informacija par provenienCu izcelsmi un stadiSanas
shémas. Eksperiments Nr. 83. ir ierikots 1986. gada, izmantojot 2 gadus vecu stadamo materialu un
eksperimenta platiba ir 0,5 ha. Veicot eksperimenta uzmeérisanu, uzmeriti 599 koki. Eksperiments
Nr. 750. ir ierikots 0,3 ha platiba, 1986. gada, stadot 3 gadus vecu stadamo materialu (audzi
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uzmeérot, uzmeriti 343 koki), bet eksperiments Nr. 751. ar platibu 1,2 ha, izmantojot 3 gadus vecu
stadmaterialu, ierikots 1997. gada (eksperimenta uzmériti 737 koki). Neviena no eksperimentiem
nav veikta kopSanas cirte. Eksperimenti uzmeriti 2011. gada.

3.2. Lauka darbu metodika

Visos eksperimentos katram kokam uzmérits augstums, kriSaugstuma caurmers.
Dala eksperimentu fiks€ti un uzmériti parnadzu — atgremotaju nodaritie bojajumi — mizas plésumi
vai berzumi. Fikséti padéli [idz 2 m augstumam un virs 2 m augstuma, fikséti koki ar 2 un vairak
stumbriem. Par koku ar vairakiem stumbriem uzskatits koks, kuram ir izveidojusas 2 vai vairakas
galotnes, kas ir lidzigas péc caurméra un augstuma (skat. 2.4. a) attelu). Par pad€lu uzskatits zars,
kur§ atdalas no stumbra, attieciba pret to veidojot Sauru lepki, un kura caurmérs vismaz 3 reizes
parsniedz tuvakaja mieturi esoSo zaru caurméru

Dala eksperimentu noteikts stumbru taisnuma indekss St zaru resnuma un zarojuma indekss
Z,. Abu indeksu vertibas noteiktas ballés ar vert€§jumu 1- 6. Vertjot stumbra taisnumu, minimalo
indeksa vertibu - 1 balli pieskir kokam, kura stumbrs ir praktiski taisns, 6 balles, izteikti Itkam,
nekvalitativam stumbram. Lidzigi veérteé arl zarojuma kvalitati, 1 balli pieSkirot kokam ar
proporcionali tieviem, vienmerigi izvietotiem zariem 6 balles kokam ar blivu zarojumu un izteikti
resniem zariem. Atseviskos eksperimentos atziméti trupes izraisito bojajumu rezultata nokaltuSie un
vgja gaztie vai lauztie koki.

KlinSkalnu priedes biomasas vienadojuma izveidoSanai un virszemes biomasas
aprékinasanai 2009./2010. gada ziemas miera perioda stadijuma Nr. 82 ievakti dati no 241
paraugkoka, ietverot visas eksperimenta parstavétas 15 Klinskalnu priedes brivapputes p&cnacgju
gimenes no 3 proveniencém. Nemot par pamatu eksperimenta esoSo koku caurméra mé&rfjumus,
katra proveniencé tika izveéleti 7 paraugkoki - 2 tievaja, 2 un 3 koki vid€ja caurmeéru grupa. Visi
paraugkoki tika nozagéti, noteikts precizs koka garums, uzmériti mieturu un starpmietturu attalumi
no stumbra resgala, fikséts zala vainaga augstums, katra mieturl noteikts viena, p&c nejausibas
principa izraudzita, zala zara caurmeérs un garums. Talak veikta stumbru markéSana, atzaroSana,
sauso zaru sveérsana, zalo zaru (ar skujam) svérSana pa vainaga ceturtdalam, stumbru sagarumosSana
I m sekcijas un sekciju masas noteikSana, Sk€rsgriezuma ripu un mitruma paraugu ievakSana no
sekciju galiem un zariem. No katras vainaga ceturtdalas izvEléts viens paraugzars, ta, lai ta
caurmérs atbilstu vainaga ceturtdalas zaru vid€jam diametram, zaru masas un skuju masas
noteikSanai. Pieauguma noteikSanai un ta dinamikas analiz€Sanai dalai koku ievaktas paraugripas.
Izveleto paraugkoku vidgjais caurmers 10,7 = 0,31 cm un augstums 10,7 + 0,31 m Skuju masas
novertejums iegits 17 kokiem, kas reprezente caurméra sadalifjumu eksperimenta, izvéloties
paraugzarus no katras vainaga ceturtdalas, kas reprezent€ vid€jo zara caurméru un garumu S$aja
ceturtdala, atdalot ta skujas, un nosverot atseviSki zaru un skujas. Tapat iegiiti dati no 31
paraugkoka (eksperiments Nr. 704), kam katra vainaga ceturtdala skujas atdalitas no visiem zariem
un atseviS$ki nosveérti gan zari, gan skujas. Dati par mizas blivumu un mitrumu iegiiti no 22
paraugkokiem dazadas caurméra pakapé dazada augstuma stumbra. Dati par skuju mitrumu ieguti
no 14 paraugiem dazadas vainaga ceturtdalas dazadu Krafta klasu kokiem.

Koksnes mehanisko 1pasibu noteikSanai paraugkoki ievakti eksperimentos Nr. 82. Nr. 83. un
Nr. 750. Paraugkoki izvel&ti ta, lai to izvietojums blitu vienmerigs visa eksperimenta, un iegttie dati
reprezentetu koksnes fizikali mehaniskas 1pasibas. Lai iegiitu datus koksnes 1paSibu salidzinaSanai
ar parasto priedi, materials ievakts ari blakus esoSajas tada pat vecuma P. sylvestris audzes.
Kopuma nocirsti 57 P. contorta un 24 P. sylvestris paraugkoki, kas sagarumoti 2 m garos
sortimentos ar minimalo tievgala caurméru 8 cm. No sortimentiem izzagéti radialie zagmateriali, lai
iegiitu test€Sanas paraugus mehanisko 1pasibu noteikSanai.

3.3. Laboratorijas darbu metodika
Laboratorijas apstaklos veikti sekojosi petijumi:
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1. KlinSkalnu un parastas priedes zaru un skuju biomasas noteikSana, koksnes mitruma
noteikSana;
2. koksnes mehanisko pasibu noteikSana.

KlinSkalnu un parastas priedes zaru un skuju biomasas noteikSana, koksnes mitruma
noteikSana. Veicot zaru un skuju biomasas noteikSanu, zari tika nosverti dabiski mitra stavokli,
atskujoti, ieglistot zara masu bez skujam un zara skuju biomasu. No katra zara tika panemts paraugs
zaru mitruma noteikSanai, un no skujam aptuveni 20 g iesvars skuju mitruma noteiksSanai. Gan zara,
gan skuju paraugs tika zavets Iidz absoliiti sausam stavoklim, iegiistot dabiski mitra un absoliti
sausa parauga masas starpibu. Paraugripas tika svertas pirms zavéSanas, zavétas lidz absoliti
sausam stavoklim, ieglistot masas starpibu koksnes mitruma aprékinasanai.

Koksnes absoliitais un relativais mitrums katrai stumbra sekcijai un zaru zonai tika noteikts
saskana ar standartu LVS CEN/TS 14774-2.

Koksnes mehanisko ipastbu noteikSana. Koksnes mehaniskas ipaSibas raksturo koksnes
sp&ju pretoties argjo speku iedarbibai. Atkariba no iedarbibas rakstura izskir dinamiskas, 1slaicigas,
ilgstosas slodzes un vibracijas. Par statiskajam slodzém uzskata slodzes, kas pieaug lénam un
vienmerigi. Dinamiskas jeb triecienslodzes iedarbojas uz kermeni p&ksni un ar noteiktu speku.
Vibraciju gadijuma uz kermeni darbojas slodzes, kuru lielums un virziens mainas. Ilgstosas slodzes
uz kermeni iedarbojas ilgstoSi, bet to lielumi un virziens mainas minimali. Pie koksnes
mehaniskajam 1pasibam pieder tas stipriba, deform&jamiba un elastiba. Koksnes stipriba ir tas sp€ja
pretoties argjo speku iedarbibai, kas censas to sagraut. Stipribas raksturlielums ir robezstipriba. Ta ir
maksimala stipriba, kas robezojas ar materiala sagrausanu (Bowyer et al., 2003). Koksnes
mehanisko parbauzu mérkis ir noteikt koku sugas stipribas raditajus atkariba no koka vecuma,
augSanas apstakliem un parauga vietas stumbra (USDA, 1999). Nosakot koksnes mehaniskas
ipasibas, tika noteikta koksnes deformé&jamiba, ko raksturo koksnes elastibas modulis spiedé un
liecé. Elastibas modula vertibas spied€ un liecé praktiski neatSkiras. Koksnes robeZstipriba art tika
noteikta spiedé un liec€, bet $is veértibas savstarp€ji atSkiras (Lohmann et al., 1995). Nedaudz
atSkiras arT So abu mehanisko pasibu noteikSanas metodika (JleontseB, 1970). Paraléli, nosakot
koksnes mehaniskas 1paSibas, tika noteikts ar1 koksnes blivums.

Abu priezu radialie zagmateriali, lai samazinatu koksnes mitrumu un koksne butu talak
apstradajama, tika paklauti piespiedu ZavéSanai kalte, ieglistot zagmaterialus ar koksnes mitrumu 12
% — 16 % robezas. Talakaja apstradg, no radialo zagmaterialu bezzaru zonas tika izgatavoti koksnes
paral€lskaldna formas standartparaugi koksnes fizikali mehanisko 1pasibu noteikSanai ar lenki starp
skaldném maksimali tuvu 90° un izmériem 20 x 20 x 400 mm un 20 x 20 x 30 mm. Paraugi
izgatavoti un atlasiti saskana ar Vacijas nacionalo standartu DIN 52180 (DIN 52180, 1992). Pirms
paraugu test€Sanas tie 14 diennaktis tika paklauti kondicion&Sanai jeb koksnes mitruma
izlidzinaSanai kondicion€Sanas kamera, kura gaisa relativais mitrums ir 65 = 5 % un temperatiira 20
++2°C, iegiistot konstantu koksnes mitrumu un masu visiem koksnes paraugiem. Paraugus atlauts
testét, ja kondiciong€Sanas procesa to masa, paraugus sverot ar divu stundu intervalu, nemainas
vairak par 0,1 % (DIN 5014, 1992). Rezultata tika ieglti un testéti standartparaugi ar mitrumu 13 %
Klinskalnu priedes un 12,5 % parastas priedes paraugiem. Ta ka paraugu mitruma atskiribu 0,5 %
robezas standarts pielauj, iegitie rezultati ir savstarp€ji salidzinami. Jaatzimé, ka sakara ar to, ka
visi sortimenti, kuri izmantoti standartparaugu sagatavoSanai, ir ar nelielu (8 - 15 cm) tievgala
caurmeéru, nav iesp&jams iegiit atseviskus aplievas un kodola koksnes paraugus, lidz ar to lielakaja
dala test€Sanas paraugu ir parstavéta gan aplievas, gan kodolkoksne. Veicot standartparaugu bez
koksnes vainam testeéSanu, tiek noteiktas idealas koksnes mehaniskas 1pasibas ar zemu datu izkliedi,
taCu iegiitie dati neatspogulo koksnes vainu, pieméram, zaru ietekmi uz tas mehaniskajam 1pasibam.

Koksnes blivums noteikts saskana ar Vacijas nacionala standarta DIN 52182 prasibam (DIN
52182, 1992), koksnes paraugu nosverot un ar bidméru nosakot parauga Sk&rsgriezuma izmeérus
sanu skaldnes vida, ka arT augstumu ar precizitati 0,1 mm. Blivums (g'cm'3) izrekinats matematiski
ka masas un tilpuma attieciba. Koksnes parauga izméri 20 x 20 x 30 mm. Paraugu izméru atskiribas
nedrikst parsniegt 0,5 %.
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Koksnes stipribas noteiksana spiedé Skiedru virziena noteikta saskana ar Vacijas nacionala
standarta DIN 52185 prasibam (DIN 52185, 1992). Paraugs tiek slogots ta, lai parauga garenass
sakristu ar slogoSanas sistémas asi. Spiedes speks tiek pielikts ar konstantu atrumu ta, lai
maksimalais speks tiktu sasniegts 1,5 + 0,5 miniités. Paraugu izmé&ru atskiribas starp paraugiem
nedrikst parsniegt 0,5%. Parbaudes rezultata tiek ieglts koksnes robezstipribas spiedé raditajs, ko
izsaka N'mm?.

Koksnes 1pasibu parbaude statiskaja liec€ veikta saskana ar Vacijas nacionala standarta DIN
52186 prasibam (DIN 52186, 1992), paraugu slogojot trispunktu liec€. Attalums (300 mm) starp
parauga atbalsta punktiem ir 15 reizes lielaks par parauga augstumu (20 mm). Slogosanas spéks tiek
pielikts parauga vidii. Nosakot paraugu statiskas lieces stipribu, paraugi tiek slogoti vienmerigi, bez
triecieniem Iidz sagravei. Sagraves maksimalais speks tiek sasniegts 1,5 + 0,5 miniiteés. Paraugu
izméru  atSkiribas  starp  paraugiem nedrikst parsniegt 0,5 %. Parauga izmeéri
20 x 20 x 360 mm. Parbaudes rezultata tiek iegiits koksnes robezstipribas liec€ raditajs, ko izsaka
N'mm? , un koksnes elastibas modulis N'mm?.
Koksnes 1pasibas noteiktas ar Materialu stipribas parbaudes iekartu ,,ZWICK Z100”, kas
aprikota ar digitalu meriSanas sist€mu, kas saslégta ar portativo datoru datu registréSanai.

3.4. Aprékinu metodika

Aprekinu veikSanai un datu matematiskajai apstradei galvenokart izmantotas
datorprogrammas Ms Excel piedavatas iesp&jas (Arhipova, Balina, 2006). Proveniencu un
eksperimentu ItTment noteiktas parametru vid€jas vertibas un ticamibas intervalu vertibas. Koku
saglabasanas rékinata, attiecinot uzmeériSanas laika fiks€to (uzskaitito) dzivo koku skaitu
eksperimenta pa proveniencém pret sakotngjo koku skaitu katra provenience. Saglabasanas rekinata
proveniences ltmeni, nevis katra no atkartojumiem. Pargjie koku kvalitati raksturojoSie procentos
izteiktie raditaji rekinati proveniences liment, attiecinot koku ar konkréto pazimi skaitu, pret kop€jo
koku skaitu proveniencé. Trupes infekcijas rezultata boja gajuso koku Ipatsvars iegiits, attiecinot
kaltuSo koku skaitu pret sakotn&jo koku skaitu. Datu apstradé izmantota aprakstosa statistika,
dispersijas un korelacijas analizes.

Stumbra tilpuma aprekini. Stumbra tilpumu KlinSkalnu priedei Latvija var aprékinat,
1zmantojot citas valstis Sai sugai izstradatos vienadojumus. Noverteti Islandé (Snorrason, Einarsson,
2004), Niderlande (Dik, 1984) un Zviedrija (Eriksson, 1973) dazadam valsts dalam izstradatie
vienadojumi, kas apkopoti D. Zianis izveidotaja datu bazeé (Zianis et al., 2005). Salidzinot stumbra
tilpumus, kas aprékinati ar I. Liepas formulu (Liepa, 1996), ar min€tajam citas valstis izstradatajam,
konstat€tas ieve€rojamas atskiribas rezultatiem, kas iegiiti ar formulam no klimatiski atSkirigakajam
teritorijam — Niderlandes un Islandes (vidgja starpiba pec modularas vertibas attiecigi 10 % un
13 %). Tapat nozimigas atSkiribas (22 — 24 %) ir ar Zviedrijas apstakliem izstradato formulu, kas
paredz&ta stumbra un resno zaru kopgja tilpuma aprékinasanai. Stumbra tilpums, kas aprékinats ar
Zviedrijas apstakliem izstradato formulu, lidzigs tam, kas aprékinats ar I. Liepas stumbra tilpuma
formulu parastajai priedei (atSkiribas vid&ji 3 %). Nemot véra, ka klimatiski un p&c augsnes
apstakliem situacija Latvija ir lidzigaka situacijai Zviedrija neka Niderlandé un Island€, ka art
konstatgtas nelielas novirzes stumbra forma parastajai un Klinskalnu priedei, darba ietvaros Pinus
contorta stumbra tilpums aprékinats ar Eriksson (1973) izstradato formulu (publicéta Zianis et al.,
2005):
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Veont=0,1121d 2+ 0,0287d *h - 0,000061d *h *- 0,9176dh + 0,1249dh (1)

kur:
Veont. — Klingkalnu priedes stumbra tilpums, m’;
d — krusaugstuma caurmérs, cm;
h — koka augstums, m.

Parastas priedes stumbra tilpums aprékinats péc I. Liepas izstradatas stumbra tilpuma
aprékinasanas formulas, skat. formulu 3.2. (Liepa, 1996):

Vsyy =1,6541 - 107 [[*96582 §0-2392410L+1,39689 @
kur:
Vsl — parastas priedes stumbra tilpums, m’;
d  —kriiSaugstuma caurmérs, cm;
h  —koka augstums, m.

Produktivitate un saglabasanas. Saglabasanas dazada eksperimentu audzu vecuma
nozimigi atSkiras. Lai nodroSinatu iespgu salidzinat kraju dazada audzes vecuma uzmeéritos
eksperimentos ar atSkirigu saglabasanos, un konstatét produktivakas proveniences, izstradati
vienadojumi saglabaSanas un audzes vecuma sakaribas raksturoSanai. Konstatéts, ka saglabasanas
izmainas eksperimentu ietvaros visprecizak raksturo polinoma vienadojumi (Klinskalnu priedei:
3.3, parastajai priedei: 3.4). Nemot véra ievérojamas saglabaSanas atskiribas viena vecuma audzes,
izstradato vienadojumu determinacijas koeficienti nav augsti (attiecigi R? = 0,47 un R? = 0,39).

Sacont = -0,563a” +23,19a - 161 3)
kur:
Sacont — saglabaSanas noteikta vecuma, %;
a — eksperimenta audzes vecums, gadi.
Sasyly = -0,37x” + 14,73x - 89,52 (4)
kur:

Sasyly — saglabasanas noteikta vecuma, %;
a — eksperimenta audzes vecums, gadi.

Koksnes mitrums mehaniskas ipasibas. Aprekinot koksnes stipribas raditajus, to vértibas
tika iegiitas péc sekojosam sakaribam (DIN 52 186).

Koksnes blivuma p aprékinasanai kondicionétiem koksnes paraugiem ar standartparaugu
mitrumu 12,5 % izmantota sakariba:

p=m(abh)” (5)
kur:
— koksnes blivums, g'cm'3;
— parauga platums, cm;
— parauga garums, cm;
— parauga augstums, cm;
— parauga masa, g.

E':T‘O"SN'O
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kur:

kur:

kur:

kur:

kur:

Elastibas modulis E aprékinats péc sakaribas:

E=AFI’(4bh’Af)"!

E — koksnes elastibas modulis, N‘mm'z;
AF  —slodzes starpiba, N;

1 — attalums starp balstu centriem, mm,;
b — parauga platums, mm;

h — parauga augstums, mm;

Af  —parvietojuma starpiba, mm.

RobezZstipriba statiskaja liec€ 6, noteikta, izmantojot sakaribu:

6:=3F1(2bh?)"

o1  —robezstipriba statiskaja liece, N'mm™ ;
F  —graujosa slodze, N;

1 — attalums starp balstu centriem, mm,;

b — parauga platums, mm;

h — parauga augstums, mm.

Robezstipriba spied€ o, - noteikta, izmantojot sakaribu:

6,=F(bh)™
6, —robezstipriba spiedé, N'mm™;
F — graujosa slodze, N;
b — parauga platums, mm,;
h  —parauga augstums, mm.

(6)

(7)

(8)

Koksnes absolutais un relativais mitrums noteikts atbilsto$i standartam LVS CEN/TS
14774-2:2010, izmantojot sakaribas:

-1
Wrel.: ((m1 - mz)ml )100
Wi — relativais mitrums, %;
m; — dabiski mitra parauga masa pirms Zavésanas, g;
m, — absoliiti sausa parauga masa, g.
-
Wabs.: ((m1 - mz)mz )100
Waps. — absoliitais mitrums, %;

m; — dabiski mitra parauga masa pirms Zavésanas, g;
m, — absoliiti sausa parauga masa, g.
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4. PETIJUMA REZULTATI

4.1. KlinSkalnu priedes produktivitate stadijumos Latvija

Produktivitates analizei visi eksperimenti sadaliti grupas péc koku vecuma uzmériSana laika:
1) 12 gadi — eksperimenti Nr. 76., Nr. 77. un Nr. 751.;

2) 16 - 18 gadi — eksperimenti Nr. 358., Nr.702., Nr.704., Nr.84. un Nr. 359.;
3) 22 gadi — eksperimenti Nr.707., Nr. 83., Nr. 750., Nr.705., Nr.706. un Nr.708.;
4) 24 un 29 gadi - eksperimenti Nr.81., Nr. 82., Nr. 80. un Nr. 79.

Par galvenais kritériju produktivitates raksturoSanai izmantota kraja. Lai izslégtu vecuma
ietekmi uz koku saglabasanos, ar polinoma vienadojumu (3) Klinskalnu priedei un (4) parastajai
priedei aprékinata konstanta saglabasanas proveniencu Iimeni. Viena koka stumbra tilpums katrai
sugai aprékinats, izmantojot formulas (1) un (2) un, izmantojot iegltos rezultatus (nemot véra
saglabasanos), aprékinata kraja uz hektara, nemot veéra konkréta eksperimenta dizainu (parcelu
platibu). Informacijas par produktivakajam provenienc€m apkoposanai, geografisko izcelsmju
likumsakaribu novértéSanai un salidzinajuma ar parasto priedi eksperimenta atlasitas 3 proveniences
ar lielako kraju uz hektara.

Pirmas vecuma grupas (12 gadi) eksperimentu produktivitate. Divi Saja grupa ieklautie
eksperimenti ir ierikoti viena gada ka paral€lie stadijumi — Nr. 76. Ugalg, Nr.77. Tukuma.
Klimatiskie apstakli abas stadijuma vietas Latvijas rietumu dala ir lidzigi, izmantots vienadas
izcelsmes un vecuma stadmaterials, arT augsne abos eksperimentos gatavota vienadi — vienlaidus
aruma. TreSais eksperiments (Nr. 751.) ierikots Kalsnava: tatad bargakos klimatiskajos apstaklos,
augsne sagatavota vienlaidus aruma, augsnes augliba vaja. Vertgjot proveniencu produktivitati (4.1.
att.), konstatéts, ka visaugstaka ta ir eksperimenta Nr. 76., métraja. Lai gan 77. eksperiments
ierikots lana (tatad augligaka augsn€), gan KlinSkalnu, gan parastas priedes produktivitate ir
zemaka. Kalsnavas eksperimenta métraja KlinSkalnu priedes produktivitate ir Iidziga 77.
eksperimenta produktivitatei. Vert€jot parastas priedes produktivitati, visaugstaka ta ir Kalsnavas
eksperimentd — 24 m*ha™', nozimigi parspgjot pargjo eksperimentu parastas priedes kraju. Kopuma
$aja vecuma grupa visproduktivakie ir Zviedrijas audzu 50°Z.p. un 54°Z.p., ka ar1 Latvijas Bukultu
audzes otras pakapes pécnacgji, kas Ugales eksperimenta parasto priedi parspgj vairak ka 2 reizes.
Ar1 Tukuma eksperimenta Klinskalnu priedes produktivitate ir augstaka ka parastajai priedei, tomer
parakums nav tik izteikts — 16 %. Turklat gan viena, gan otra eksperimenta produktivakas
proveniences labus augSanas raditajus uzrada abos eksperimentos. Kalsnavas eksperimenta, kur
Klinskalnu priedes izcelsme nav zinama, parasta priede uzrada butiski augstaku produktivitati. Tas
izskaidrojams galvenokart ar augsnes auglibas Tpasibam. Maksimala kraja ko sasniedz Klinskalnu
priede 16 gadu vecuma ir 20 m*ha™.

Otras vecuma grupas (16-18 gadi) eksperimentu produktivitate. Saja grupa ieklautie Cetri
eksperimenti — Nr. 358., 359., 702. un 84. atrodas Kuldiga. Turklat tris no tiem, iznemot N. 84. ir
ierikoti bijusas lauksaimniecibas zemés vai kokaudzetavas teritorija, vienlaidus aruma sagatavota
augsné. Nr. 84 ierikots meZa zemés, métraja. Eksperimenti Nr. 358. un 702. uzmériti 16 gadu
vecuma, Nr.84. — 17, bet Nr. 359. — 18 gadu vecuma. Visaugstaka produktivitate ir eksperimentam
Nr. 359. (platiba uz dzilas kiudras augsnes), kura atseviSku proveniencu kraja 18 gadu vecuma
sasniedz pat 105 — 118 m> ha™, tatu ievérojami atpaliek no parastas priedes krajas, kas sasniedz
148 m* ha™ (4.1. att.). Viszemaka produktivitate §aja vecuma grupa ir eksperimenta Nr. 84. (17-19
m” ha'). To dalgji izskaidro nabadziga smilts augsne, daléji nozimigi parnadzu postijumi
(stadfjuma lielakajai dalai koku konstatéti stumbra defekti), kas var€tu biit kavéjusi koku normalu
augSanu jaunaudzes vecuma. Par€jos divos eksperimentos Klinskalnu priede, salidzinot ar parasto,
ir produktivaka, to parsp€jot 2 un vairak reizes. Visaugstako produktivitati 2. vecuma grupa uzrada
Latvijas audzu pécnacgji (Skriveri, Bukulti) Zviedrijas audzu 50°Z.p. un 54°Z.p. p&cnacgji, un
Kanadas 55°30" — 56° Z.p. proveniences. Kopuma $aja vecuma grupa atbilstoSos augSanas apstaklos
Klinskalnu priede uzrada ievérojamu produktivitates parakumu.
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4.1. att. Produktivako Klinskalnu priedes proveniencu un parastas priedes kraja
1. vecuma grupa
Fig 4.1. The stock volume of Scots pine and the best provenances of lodgepole pine
at the first age group
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4.2. att. Produktivako KlinSkalnu priedes proveniencu un parastas priedes kraja
2. vecuma grupa
Fig 4.2. The stock volume of Scots pine and the best provenances of lodgepole pine
at the second age group

Tre§as vecuma grupas (22 gadi) eksperimentu produktivitate. Saja grupa parstavétie
eksperimenti ir ierikoti Zvirgzd€ un Kalsnava. Visi eksperimenti ir ierikoti meza zemés, MAAT —
meétrajs, augsne sagatavota vagas, uzmérisana veikta 22 gadu vecuma. Eksperimentos Klinskalnu
priedes produktivitate varié 80 — 210 m®> ha’, turklat parspéj parastas priedes produktivitati
(atseviskas proveniences uzrada parakumu lidz pat 2 reizém) (4.3. att.). Vislabakie augSanas
rezultati konstatéti Kalsnavas paral€lajos eksperimentos Nr. 83. un Nr. 750., kuros Klinskalnu
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priedes kraja parsniedz 200 m>ha™', tadu nav saglabajusies informacija par eksperimenta izmantoto
proveniencu izcelsmi. Visaugstako produktivitati uzrada Zviedrijas audzu 50°Z.p. un 54°Z.p.,
Zviedrija veikto Klinskalnu priedes proveniencu krustojumu klonu p&cnacgji (60°Z.p.) un Bukultu
audzes pécnacgji. Augsta produktivitate konstatéta Kanadas 55°30° — 56° Z.p. proveniencém.
Kopuma jasecina, ka 22 gadu vecuma visos eksperimentos Klinskalnu priedes produktivitate ir
ieverojami augstaka ka parastajai priedei, sasniedzot kraju lidz pat 210 m™ ha™.
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4.3. att. Produktivako Klin§kalnu priedes proveniencu un parastas priedes kraja
3. vecuma grupa
Fig. 4.3. The stock volume of Scots pine and the best provenances of lodgepole pine
at the third age group

Ceturtas vecuma grupas (24 un 29 gadi) eksperimentu produktivitate. Vecuma grupa
ieklautie eksperimenti atrodas Ugalé (Nr. 81.), Kuldigd (Nr. 80.) un Zvirgzdé (Nr. 79., Nr. 82.).
Eksperiments Nr. 79. uzmerits 29 gadu vecuma, par&jie 24 gadu vecuma. Visos eksperimentos
Klinskalnu priedes produktivitate parsp&j parasto priedi (4.4. att.), dazos, pieméram, Nr. 79.
atskiriba parsniedz 3 reizes. Visaugstaka produktivitate - 358 — 379 m> ha konstatéta Zvirgzdes
eksperimentd Nr. 80. Arf viszemaka produktivitate (144 — 184 m” ha™) Klingkalnu priedei $aja
vecuma grupa, konstatéta tiesi Zvirgzdé. Ta ka klimata rezZims abos objektos ir identisks, tad
nozimigas atkiribas ir skaidrojamas ar dazadu augsnes auglibu un provenienéu genétiskajam
ipasibam. Jaatzim€, ka Ugales eksperimenta proveniencu kraja 29 gadu vecuma ir ievérojami
zemaka par abu produktivako Zvirgzdes eksperimentu kraju. Ta ka klimata reZima atskiribas starp
Ugali un Zvirgzdi nav tik biitiskas, lai nozimigi ietekmétu koku augSanas gaitu, turklat 79. un 80.
eksperimenta augstako produktivitati uzrada vienas un tas paSas proveniences, tad visticamak,
produktivitates limit€joSais faktors ir augsnes augliba. Lidzigi ar paral€lajos eksperimentos Nr. 81.
un Nr. 82. Zvirgzdé (ieklautas identiskas proveniences) produktivitates atSkiribas ir nozimigas, ko
var izskaidrot tikai un vienigi ar augsnes auglibu.

Visaugstako produktivitati Sajos eksperimentos uzrada Latvijas Skriveru audzes p&cnacgji
(379 m* ha), ka ari Kanadas proveniences ar izcelsmi 50° - 54° Z.p.
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Kopuma, vértgjot 4 vecuma grupas eksperimentu produktivitati, jasecina, ka 24 — 29 gadu
vecuma KlinSkalnu priede ir ievérojami produktivaka un, salidzinot ar P. sylvestris, krajas starpiba
sasniedz 1,6 — 4,1 reizi.

A00 58 374 379

= 150

Kraja (stack va
il
=

Elksperimenta Nr., proveniences lkods
Number of experiment, code of provenance

4.4. att. Produktivako KlinS§kalnu priedes proveniencu un parastas priedes kraja
4. vecuma grupa
Fig. 4.4. The stock volume of Scots pine and the best provenances of lodgepole pine
at the fourth age group

Vertgjot koku saglabasanos eksperimentu Itmeni, visos eksperimentos Klinskalnu priedes
saglabaSanas, salidzinot ar parasto priedi, ir augstaka. Parastas priedes vajos saglabasanos skaidro ar
uznémibu pret priezu briino skujbiri (Vuorinen, 2008, Miiller, 2007), kas nopietni ietekmgja priedes
saglabasanos pagajusa gadsimta astondesmitajos gados (baymanuc 1983, Baumanis 1993), laika
perioda, kad tika ierikoti arT eksperimenti, kuros veikti pétijumi. Vid€jas saglabasanas atskiriba
starp sugam ir videji 11 %. ArT Somija, salidzinot abu priezu saglabasanos, konstateta 10 % - 20 %
atSkiriba (Ruotsalainen, Velling, 1993), turklat ka vél viens nozimigs limit§josais faktors tiek
uzsverta ar1 P. contorta salcietiba (Stephan, 1993), kas, domajams, §1s priedes saglabasanos ietekmé
ar1 Latvijas apstaklos. Literatiira tiek akcentéta gan P. contorta augsta saglabaSanas, gan strauja
augSana pirmajos 15 — 20 gados (Pfeifer, 1993). Vertgjot eksperimentus, kopuma konstateta
saglabasanas korelacija starp sugam; respektivi, jo augstaka eksperimenta ir Klinskalnu priedes
saglabaSanas, jo augstaka ta ir arT parastajai priedei.

Klinskalnu priedes produktivitate cieSi korele ar augsnes auglibu. Visvajakie augSanas
rezultati konstatéti uz nabadzigam smilts augsném, lai gan Zviedru pétnieki uzsver, ka St priede ir
piem&rota nabadzigu augs$nu apmezoSanai (Hagner, 1993), tomér Latvijas apstaklos konstatéts, ka
izteikti nabadzigas augsnés parasta priede ir produktivaka, pieméram, 751. eksp. Kalsnava un 359.
eksp. Kuldiga. Vidgji un augligas augsnés KlinSalna priedes produktivitate nozimigi parspgj parasto
priedi, turklat produktivitate bitiski (p = 0,01) ietekm& provenience. Proveniences izcelsmes
nozimigumu un piemérotibu jaunajiem apstakliem, ka ar1 butiskas produktivitates atSkiribas starp
proveniencém, uzsver Turcijas (Simsek, 1993), Zviedrijas (Hagner, 1993), Somijas (Rutsolainen,
1993) u.c. valstu zinatnieki, kuras Klinskalnu priede ir introduc@ta, un apstiprina ari Britu
Kolumbija (P. contorta dabiskaja areala) veiktie proveniencu parbauzu pétijumi (Simsek, 1989).
Latvijas apstaklos vienas un tas paSas proveniences, kas augstu produktivitati ir uzradijusas viena
eksperimenta, lielakoties art citos eksperimentos ir vienas no produktivakajam.

Vertgjot Klinskalnu priedes eksperimentu kraju 24 — 29 gadu vecuma, konstatéts, ka ta
(vidgji 240 m>ha™) neatpaliek no lidziga vecuma (26 g.v.) audzu krajas Igaunija. Konstatétas arT
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lidzigas koku dimensijas (Kasesalu, 2000b). Vacijas ziemelu dala mazliet maigakos apstaklos ka
Latvija parasta priede 22 gadu vecuma parspgj KlinSkalnu priedi augstuma vidgji par 30 % un
caurméra vidgji par 16 %. Taja pat laika labakas Klinskalnu priedes proveniences sasniedz tadu pat
augstumu ka parasta priede un tikai nedaudz atpaliek péc caurméra (Stephan, Liesebach, 1995).
Zviedrijas Klinskalnu priedes eksperimentos 20 gadu vecuma Klinskalnu priedes augstums parspgj
parasto vidgji par 11 % (Hansson, Karlman, 1997). Somija veiktajos pétijumos konstatéts, ka
Klinskalnu priedes kraja 21 gada vecuma ir 48-50m™ ha™ (Ruotsalainen, 1993), kas ir 1,5 reizes
mazaka ka Latvijas eksperimentam ar zemako produktivitati (84 m*> ha™') $aja vecuma.

Kopuma konstatéts, ka Latvijas apstaklos Klinskalnu priedes produktivitate ir augstaka ka
parastajai priedei, vidgja krajas starpiba, rékinot visiem eksperimentiem kopuma, ir 90 %, kas
ieverojami parsniedz Zviedrijas audz€s konstatéto KlinSkalnu priedes parakumu 30 % — 36 %
(Elfving, Norgren 1993). Konstatéts, ka Latvijas apstaklos produktivakas ir Kanadas 50°, 53°, 55°-
56° Z.p. proveniences, Zviedrijas 50° un 54° Z.p. Klinskalnu priedes audzu p&cnacgji un Latvijas
Skriveru un Bukultu audzu pécnacgji.

4.2. Klin§kalnu priedes kvalitate stadijjumos Latvija

Vertgjot stumbru kvalitati, analizéti vairaki faktori, pieméram, daudzstumbru, padglu,
parnadZzu radito bojajumu ipatsvars, stumbru taisnums un zarojums, kas biutiski var ietekmét
perspektiva iegiistamo sortimentu kvalitati galvenaja un starpizmantosSanas cirt€. Konstatéts, ka art
Latvija introducéta KlinSkalnu priede saglaba sugai raksturigo ipasibu, veidot divus, pat tris zaru
mieturus vegetacijas sezonas laika. Veértjot zarojumu kvalitati ball€s, starp sugam konstatétas
nozimigas atSkiribas. KlinSkalnu priedei zaru ir vairak, turklat tie ir resnaki. Lidzigi rezultati iegiiti
ar1 Zviedrijas Klinskalnu priedes plantacijas 24 gadu vecuma (Persson, 1993). Stumbra taisnuma
indekss balles abam sugam ir lidzigs. Zviedrijas KlinSkalnu priedes audzeés biezak konstaté
likumainibu tieSi stumbra apaks€ja dala, un to pamato ar pelveidigo grauzg€ju un zaku raditajiem
audZu bojajumiem pirmajos gados péc platibas apmezoSanas (Karlman, 1993). Stumbru
likumainibas veidoSanas netiek saistita ar koku iedzimtajam ipasibam. Konstatéts, ka, salidzinot ar
parasto priedi, P. contorta parcelés ir bitiski (p = 0,05) lielaks koku ar pad€liem un
daudzstumbriem Tpatsvars, turklat matematiski pieradits, ka pad€lu un daudzstumbru veidoSanas ir
cieSi saistita ar proveniences genétiskajam ipasibam. Nozimigs daudzstumbru un pad€lu ipatsvars
konstatéts arT Zviedrijas Klinskalnu priedes audzes un tiek atziméts, ka tas ir saistits ar proveniences
genétiskajam paSibam, nevis biotisko faktoru, pieméram, dzivnieku bojajumu ietekmi (Persson,
1993). Art Latvija korelacija padélu un daudzstumbru ipatsvaram ar parnadzu bojajumu ipatsvaru
netiek konstateta. Tapat netiek konstatéta korelacija pad€lu un daudzstumbru ipatsvaram ar
proveniences produktivitati.

Vertgjot parnadzu bojato koku eksperimentu ipatsvaru eksperimentos, konstatéts, ka
Klinskalnu priedei bojato koku ipatsvars ir butiski (p = 0.05) lielaks, salidzinot ar parasto priedi.
Sada pat tendence konstatéta ari pétfjumos, kas veikti Zviedrijas dienvidu dala, kur galvenas
parnadzu sugas, kas rada bojajumus, ir alni un stirnas (Stdhl P., Stahl E., 2008); turklat ka biitisks
koku bojajuma agents, kas ictekmé koku saglabasanos lauksaimniecibas zemé&s ierikotas P. contorta
kultiiras, tiek minéti sikie grauzgji (Karlman, 1993). Eksperimentos Latvija, kas ierikoti
neizmantotas lauksaimniecibas zemes, koku saglabaSanas jaunaudzes vecuma ir augsta, kas liek
domat, ka grauz€ju bojajumi nav tik izteikti ka Zviedrija. Korelacija starp audzes produktivitati un
parnadZu bojajumu intensitati proveniencu liment netiek konstatéta. Parnadzi vienadi intensivi boja
visu provenien¢u kokus. Kopuma atseviskos eksperimentos koku ar padéliem un daudzstumbriem,
ka ar1 parnadzu bojato koku Ipatsvars, var nozimigi ietekmét kvalitativu stumbra pirmo nogrieznu
iegiiSanas iesp&ju perspektiva.

4.3. Klin§kalnu priedes virszemes biomasas vienadojums

Nemot veéra pieaugoso pieprasijumu péc koksnes energétika, ko veicina cena un tendence
aizstat fosilo karinamo ar atjaunojamiem, viet€jiem energoresursiem, nozimigi novertét ne tikai
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Klinskalnu priedes koksnes Ipasibas un piemérotibu izmanto$anai zagmaterialu ieguve, bet ari

virszemes biomasas apjomu un tas sadalijumu.

Biomasas vienadojuma izveidoSanai 2009./2010. gada ziemas miera perioda stadijuma

Nr. 82 ievakti dati no 241 paraugkoka, ietverot visas eksperimenta parstavétas 15 Klinskalnu

priedes brivapputes pécnacgju gimenes no 3 proveniencém. Veikta koku nozaggsana, markesanas,

atzaroSana, sauso zaru sverSana, zalo zaru (ar skujam) svérSana pa vainaga ceturtdalam,
sagarumos$ana 1 m sekcijas un sekciju masas noteikSana, Skersgriezuma ripu un mitruma paraugu
ievaksSana no sekciju galiem un zariem (skat. nodalu par koksnes mitrumu). Izvéléto paraugkoku

vidgjais caurmérs 10,7 + 0,31 cm un augstums 10,7 £ 0,31 m. Skuju masas novertgjums iegits 17

kokiem, kas reprezenté caurmeéra sadalijumu eksperimenta, izvéloties paraugzarus no katras vainaga

ceturtdalas, kas reprezent€ vid€jo zara diametru un garumu $aja ceturtdala, atdalot ta skujas, un
nosverot atseviski zaru un skujas. Tapat iegtiti dati no 31 paraugkoka (eksperiments Nr. 704), kam
katra vainaga ceturtdala skujas atdalitas no visiem zariem un atseviski nosverti gan zari, gan skujas.

Dati par mizas blivumu un mitrumu iegiiti no 22 paraugkokiem dazadas caurméra pakapé dazada

augstuma stumbra. Dati par skuju mitrumu iegiiti no 14 paraugiem dazadas vainaga ceturtdalas

dazadu Krafta klaSu kokiem.
Virszemes biomasa modela sastadiSanas cels:

1. no mitra stumbra masas matematiski tiek nodalita mizas masa, kas tiek ieglita no zinama mizas
tilpuma (aprékinats no mizas biezuma S$kersgriezuma ripam 1 m sekciju galos visa stumbra
garuma) pareizinot to ar vidéjo mizas blivumu, kas iegiits no paraugiem;

2. tiek aprekinats vidgjais stumbra mitrums, ka vid&jais svertais no stumbra mitruma paraugu

datiem, svérts péc katra mitruma parauga tuvaka pilna metra ripas laukuma;

matematiski nodalot no mitra stumbra masas relativo mitrumu, ieglist sausa stumbra masu;

4. sausas mizas masa tiek aprékinata, izdalot no mitras mizas masas relativo mizas mitrumu, kas
nemts ka vid€jais no visiem paraugiem;

5. izmantojot paraugzaru datus, tiek noteikta koka zaru - skuju masas attieciba, kas talak

attiecinata uz visiem koka zariem (pa vainaga ceturtdalam);

zaru un skuju mitrumu aprékina atbilstoSi paraugu mitruma datiem,;

7. kop€ja sausa virszemes biomasa tiek iegiita ka summa no atseviSku komponenSu masam,
summgéjot stumbra, mizas, sauso zaru, zalo zaru un skuju masas.

(9]

.0\

Biomasas novertesanai lietoti citos pétjjumos popularakie modelu veidi (pieméram, biomasa
izteikta ka pakapes funkcija no diametra, biomasa izteikta ka lineara funkcija no logaritmé&tiem
koku diametriem, u.c.), pétita to atbilstiba datu struktiirai, analiz&ti regresiju atlikumi un citi modela
kvalitati raksturojoSie lielumi (determinacijas koeficients, vértgjuma kliida, modela un koeficientu
statistiska nozimiba), ka ar1 savstarp€ji salidzinati iegiitie modeli. Visam biomasas komponenteém
tika ieguti vairaki modeli, no kuriem tika izveléts viens labakais, ka izveles krit€rijus izmantojot
modela struktiiras sarezgitibu, ietverto neatkarigo mainigo skaits un regresijas atlikumu analizi, jo
visi izstradatie modeli bija statistiski nozimigi un ar aptuveni vienadam determinacijas koeficientu
vertibam. Respektivi, tika izvelets modelis, kas satur péc iesp&jas mazak parametru, ir vienkarss péc
uzbiives un kura atlikumu sadalijums atbilst regresijas modela piep€mumiem par neatkaribu un
normalo sadaltjumu.

Gandriz visam biomasas komponentém labakie rezultati tika iegiiti, izmantojot koku kriisu
augstuma caurméra kvadrata reizindjumu ar koka augstumu. Sauso zaru un skuju masas
novertésanai izveletie modeli satur€ja tikai koka krtiSu augstuma caurméru ka neatkarigo mainigo,
savukart zalo zaru masas novértéSanas modeli uzlaboja pirma zala zara augstuma pievienoSana koka
kriiSu augstuma caurméra kvadrata reizinadjumam ar koka augstumu.

4.1. tabula var redzet, ka precizakie vertgjumi ir stumbra un kopgjai virszemes masai (kuras
lielu dalu sastada tieSi stumbrs), taCu sauso zaru masas noveért€§juma precizitate ir zemaka, kas
saskan arT ar citu autoru pétijjumiem un galvenokart saistits ar ievérojamu sauso zaru mitruma
amplitidu.
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4.1. tabula

Table 4.1.
Izvélétie biomasas komponensSu raksturosanas modeli un to koeficienti
Models and coefficients for estimation of biomass components
Novertesanai Koeficienti/ Coefficients
Komponente Modelis lz$f£iojze%afé?e N R’
Component (y) Model L by b; b,
estimation
(x)
Virszemes kopéja
masa
Total y =Dy x"! D’ H (m’) 256.56222 0.97838 - 221 0.93
aboveground
biomass
Virszemes dzivas
koksnes ar mizu
masa bl 2 3
Aboveground y=byx D" H (m’) 207.71879 0.96350 - 229 0.95
biomass of living
wood and bark
Stumbra ar mizu
masa bl 2 3
Biomass of stem y=by X D" H (m’) 158.95604 0.90636 - 234 0.95
with bark
Stumbra bez
gli‘gﬁ];‘;;agﬁstem y = by x"' D’ H (m?) 146.18073 0.91187 - 234 | 094
without bark
g{fg;‘;ﬁabark y=byx" D’ H (m’) 11.72315 0.78843 . 222 | 0.90
Sauso zaru masa In(y)=by+
Biomass of dead byln(x()) D (mm) -10.29689 2.40664 - 229 0.59
branches :
Zalo zaru masa _ 5 3
Biomass of Y bgt:"x“r DH}ZI Er‘;l))’ 1.69135 41.11694 -0.60827 232 | 0.85
livingbranches s
Skuju masa
Biomass of y=box"' D (cm) 0.00134 3.12442 - 237 | 0.83
needles

Hz — pirma zala zara augstums/ the height of the first living branch

N — koku skaits/ the number of trees

R’ — determinacijas koeficients/ the coefficient of determination

4.2. tabula apkopotas koka komponensu realas un novertétas videjas biomasas, ka ari
paraditas to atSkiribas no citu autoru iegiitajiem modeliem. Redzams, ka visos gadijumos ar citu
autoru modeliem noveértétas biomasas bitiski atSkiras gan no realajam, gan no novertétajam ar

1zveidoto modeli.
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4.2. tabula
Table 4.2.

Faktiskas un ar modeliem aprékinatas biomasas komponensu masas
Measured and estimated biomass of tree components

Vidgja viena

Ar citos pétijumos

T-testa pp — vertiba,
salidzinot citu

koka Noverteta eoiifi T-testa 17 — vertiba, " deli
komponentes vidgja masa | legutiem salidzinot iegiito autoru model ar
Komponente masa Estimated viena doj umiem modeli ar citu autoru faktisko biomasu
Component Average biomass average novertéta masa Biomass deli p-value of T-test,
P of comg onent per biomags obtained by equations -valﬁleoof 'Il'-test comparing
P P ' from another studies, P . ' measured and
tree, kg K comparingmodels .
ke g estimated (another
. _ studies) biomass
Virszemes Repsis 23.0251 (ltalija/
Italy)* <0.001 <0.001
;gg?,'egmun y — S Lh 29.2487 (Polija/ <0.001 <0.001
biomass Pl
Virszemes dzivas
koksnes ar mizu
masa
Aboveground 28.0786 28.096 - - -
biomass of living
wood and bark
Stumbra ar mizu
e 24.24 sagss || 2Hadl (i <0.001 <0.001
Biomass of stem Lithuania)
with bark
Stumbra bez
mizas masa 22.0567 22.0764 23.3106 (Lictuva/ <0.001 <0.001
Biomass of stem Lithuania)
without bark
E;Z;Z;gﬁabark 2.2978 2.93 2.1639 (Lietuva) <0.001 <0.001
Sauso zaru masa .
Biomass of dead 3.1551 3.2208 2.5566 (Lictuva/ <0.001 <0.001
branches Lithuania)
Zalo zaru masa 4.7209 (Austrija/
Biomass of 4.1184 4.1257 AIETEY SO0 SR
livinabranches : : 6.2493 (Lietuva/ <0.001 <0.001
g Lithuania)
1.6151 (Austrija/
Austria)
9.3059 (Polija/ <0.001 <0.001
. Poland) ’ ‘
;lgﬁagag: 2.5924 2.5952 3 '6§,609|£ g)lija/ zgiggi 28:88}
needles . <0.001 <0.001
2-2?0‘151’ g)hJa/ <0.001 <0.001
3.1274 (Lietuva/
Lithuania)

*iekavas — attieciga modela izstrades valsts/ in brackets — country where the model was obtained

Novértgjot faktisko koka virszemes biomasu absoliiti sausa stavokli atkariba no koka
kriiSaugstuma caurméra salidzinajuma ar aprékinato, izmantojot dazadu modelus konstatéts, ka pie
mazam koku dimensijam Polija izstradatais modelis masu noveérté saméra precizi, tacu pie lielakam
novertejums ir parak zems, savukart Italija izstradatais modelis masu novérté zemak par faktisko

visa koku caurméru diapazona.
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Modeli pielietoti virszemes biomasas aprékinasanai 2 stadijumos — eksperimentos Nr. 76.
(Ugale) un 79. (Zvirgzde), kur koki p&c dimensijam (augstuma un caurméra krisu augstuma) atbilst
modelu ierobezojumiem. Konstatets, ka Klinskalnu priedes koka vidgja virszemes biomasa absoliiti
sausa stavokli stadijuma Nr. 76 ir robezas no 15 + 1,7 kg Iidz 20 + 1,9 kg (4.5. att.). Atseviskam
porveniencém ta ir augstaka un citam zemaka neka parastajai priedei, bet atskiribas nav statistiski
butiskas, galvenokart, parastas priedes plasa ticamibas intervala ietekmé (ko savukart pamata
nosaka neliels mérfjumu skaits). 29 gadu vecuma eksperimenta Nr. 79., kas izvietots nabadziga
smilts augsn€, vidéa koka virszemes biomasa absoliiti sausa stavokli ir no
34 + 5.4 kg lidz 70 + 8,7 kg (4.6. att.). Saja eksperimenta visas proveniences parsniedz parastas
priedes raditajus, vairakas nozimigi (vairak neka 2 reizes) un statistiski butiski (p = 0,05).

Kopgja koku virszemes biomasa uz ha, stadijuma bijusas kokaudzgtavas teritorija (augliga
augsné), 12 gadu vecuma KlinSkalnu priedei ir vidgji 54,6 t (produktivakajai proveniencei —71,1 t),
parastajai priedei — tikai 15,8 t (4.7. att.); $adu starpibu nosaka galvenokart koku saglabasanas
atSkiribas (P. contorta vidgeji 84 %, P. sylvestris 34 %). Tomér, ari parrékinot biomasu pie
konstantas saglabasanas, ta parastajai priedei ievérojami (par 40 %) atpaliek no Klinskalnu priedes
razigakajai proveniencei noveérojamas. Vidg€jais pieaugums $aja perioda KlinSkalnu priedei sasniedz
4,5 t sausnes uz ha gada, kas atpaliek no citam alternativam (apse, karkli) biomasas ieguvei $adas
augsnes.

Klinskalnu priedes proveneincu virszemes biomasa absoltiti sausa stavokli 29 gadu vecuma
atseviskam proveniencém ir robeZas no 42 - 129 t ha” un ieveérojami (vidgji 1,7 reizes) parsniedz
parastas priedes biomasu: starpiba ar atsevisku P. contorta provenien¢u veértibam ir robezas no 25
% lidz 225 %. Turklat Saja gadijuma saglabasanas atSkiribas starp sugam praktiski nav (KlinSkalnu
priedei 38 %, parastajai 36 %); tatad biomasas starpibu nosaka atskiribas koku sugu produktivitaté
(atraudziba). Vidgjais biomasas pieaugums Klinskalnu priedei sasniedz 3,1 t sausnes uz ha gada,
produktivakajam proveniencem pat 4,4 t. Sis raditajs atpalick no citam sugam ar enerégiskas
koksnes ieguvi ka galveno audze$anas merki, tacu janem veéra, ka eksperimenta ierikoSanas vieta
esosaja nabadzigaja smilts augsné vieniga piemérota vietgja koku suga ir parasta priede.
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4.5. att. Eksperimenta Nr. 76. vidéja koka virszemes biomasas absoliti sausa stavoklt
12 gadu vecuma

Fig. 4.5. Theaverage absolute dry aboveground biomass per tree at the age of 12
in experiment N0.76
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Kopuma konstatéts, ka biomasas apjomam proveniencu Itmeni konstat€tas ieveérojamas
atSkiribas, kas liek secinat, ka proveniencei ir biitiska loma, nosakot koku virszemes biomasu.
Piemérotakas Klinskalnu priedes proveniences $aja aspekta parspgj parasto priedi gan péc faktiski
sasniegtajiem raditajiem, gan izslédzot saglabasanas ietekmi uz rezultatu. Produktivakas Klinskalnu
priedes proveniences 29 gadu vecuma sasniedz 4,4 t vid€jo sausnes pieaugumu uz ha gada, kas
bitiski parsniedz citas alternativas platibas ar nabadzigam smilts augsném.
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4.6. att. Eksperimenta Nr. 79. vidéja koka virszemes biomasas absoliiti sausa stavokli
29 gadu vecuma
Fig. 4.6. Theaverage absolute dry aboveground biomass per tree at the age of 29
in experiment No.79

Virszemes hiomasa
(ahove ground biomass), tha-1

P.sylv.-est. — model&ta parastas priedes biomasa, pienemot tadu pasu saglabasanos ka Klinskalnu priedei/ biomass of
Scots pine assuming the same survival rate as lodgepole pine

4.7. att. Kopéja eksperimenta Nr. 76 koku virszemes biomasas absoliiti sausa stavoklt

12 gadu vecuma.
Fig. 4.7. The total absolute dry aboveground biomass at the age of 12 in experiment No.76
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4.4. Klins§kalnu priedes augSanas gaitas analize

AugSanas gaitas analizei nepiecieSamo datu ievakSana veikta 2009./2010. gada ziemas
perioda Klinskalnu priedes eksperimenta Nr. 82. un parastas priedes proveniencu parbaudes
eksperimenta Nr. 19. Zvirgzde. Eksperimentu vecums ir vienads, un tie atrodas blakus. Ievakti dati
no 216 paraugkokiem, ietverot visas eksperimenta parstavétas 15 Klinskalnu priedes brivapputes
pecnacgju gimenes no 3 proveniencém, ka ari 135 parastas priedes paraugkokus. Veikta koku
nozagéSana un saknu kakla S$kérsgriezuma paraugripu ievakSana. Izvéléto paraugkoku vidgjais
caurmérs 10,2 + 0,29 cm un augstums 9,8 + 0,31 m. Paraugkoki izveleti ta, lai tiktu reprezent€tas
eksperimenta vidéjas veértibas pa koku sugam. Koku vid€jais caurmérs butiski neatSkiras starp
paraugkokiem un stadijumu vidgji.

Analizgjot koku caurmera piecaugumus visiem paraugkokiem, konstatétas nelielas skaitliskas
ikgadgja pieauguma atskiribas starp gimeném un proveniencém, tacu proveniencu limeni Sis
atSkiribas nav statistiski butiskas (p>0,05). No visam gimeném izteikti lielakus caurméra
picaugumus uzrada gimene Nr. 15., turklat domingjosa caurméra picaugumu dinamika saglabajas
visa analiz€jamaja perioda (4.8. att.). Salidzinot KlinSkalnu priedes un parastas priedes caurméra
picaugumus, konstateta atskiriba visa analiz€amaja perioda, tacu statistiski biitiskas atskiribas ir 6 —
14 gadu vecuma. Veélakajos pieaugumu atSkiriba saglabajas, tau atSkiriba vairs nav statistiski
butiska, un starp sugam ve€rojama caurméra pieaugumu izlidzinasanas, ko dalgji var skaidrot ar
parastas priedes saglabasanos (ta ir biitiski zemaka ka KlinSkalnu priedei), ka rezultata parastas
priedes parcel€s samazinas koku skaits, un palikusajiem kokiem ir labaki augSanas apstakli, Iidz ar
to kokiem veidojas lielaks tekoSais caurméra pieaugums.
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4.8. att. Klinskalnu un parastas priedes kumulativais caurméra pieaugums
25 gadu perioda
Fig. 4.8. The cumulative increment of the stem diameter of lodgepole pine and Scots pine
in 25 years period

Stumbra caurmeéra pieaugums ir funkcionali saistits ar gadskartu platumu, kur§ raksturo
abiotiskas un biotiskas vides faktoru un to izraisito stresu, pieméram, ilgstoSs sausuma periods,
kukainu invazijas ietekmi uz koka augSanu. Analiz&jot koka gadskartu platumu pat daudzus gadus
péc koka naves, var iegut informaciju par koka augSanas gaitu, gada caurméra pieaugumiem un tos
ietekméjusSiem apstakliem.

Analizgjot koku caurméra piecaugumus lidz 9 gadu vecumam starp sugam konstatetas
statistiski butiskas atSkiribas, Klinskalnu priedei uzradot augSanas parakumu. 10 — 12 gadu vecuma
abam sugam gada caurméra pieaugumi ir [idzigi. Nakamajos 7 gados parastas priedes caurméra
pieaugums ir statistiski butiski lielaks, [idz ar 20 gadu vecumu caurméra pieauguma gaita abam
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sugam izlidzinas un ir praktiski vienada. Zimigi, ka vislielakie caurméra picaugumi abam sugam ir
verojami tieSi pirmajos dzives gados. Velak gada tekoSajam caurméra picaugumam ir tendence
samazinaties. Tacu tas nenozim€, ka samazinas audzes produktivitate, jo palielinoties koka
caurméram, kokam japroducé arvien lielaks koksnes biomasas apjoms, ka rezultata palielinas
tekosai krajas pieaugums, bet gadskartu platuma pieaugums vairs nav tik straujs.

Lidziga situacija v€rojama ari veértejot vidéjo koku augstuma pieaugumu. Lidzigi ka
caurméra pieaugumam, arl augstuma pieaugumam starp sugam statistiski butiskas atSkiribas
konstatétas 11dz 11 gadu vecumam, Klinskalnu priedei uzradot lielakus augstuma picaugumus (4.9.
att.). NakosSos divus gadus augstuma pieauguma atskiribas nav statistiski butiska, tacu v€lakajos
gados parastas priedes augstuma pieaugumi P. contorta parspgj, turklat perioda 17 — 22 gadiem
butiski. Sakot ar 23 dzives gadu augstumu pieaugumi izlidzinas un atskiriba vairs nav bitiska.
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4.9. att. Klin§kalnu un parastas priedes vidéjais gada augstuma pieaugums
24 gadu perioda
Fig. 4.9. The average annual tree height increment of lodgepole pine and Scots pine
in 24 years period

Ta ka caurméra un augstuma pieaugumu tendences ir lidzigas, var secinat, ka abiotiskas un
biotiskas vides apstaklu kopums abas sugas ietekmé lidzigi. Parastas priedes parakumu, sakot ar 12
— 13 dzives gadu, visticamak var izskaidrot ar koku saglabaSanos, kura parastajai priedei ir
ievérojami (par 25 %) zemaka, Iidz ar to koku savstarp€ja konkurence nav tik liela ka P. contorta
parcel@s, kas kopuma ietekmé gan caurmeéra, gan augstuma pieaugumus.

Analizgjot caurméra pieaugumus 20 katras sugas kokiem ar lielakajiem diametriem, starp
sugam konstatetas statistiski biitiskas caurmeéra pieaugumu atskiribas. Nozimigakas atSkiribas ir 5 —
10 gadu vecuma un péc 20 gadu vecuma sasniegSanas. Ta ka eksperimentos kopuma, péc 20 gadu
vecuma sasniegSanas, starp sugam vé&rojama tendence ikgad€jiem caurméra pieaugumiem
izlidzinaties (3.34. attels), bet analiz€jot katras sugas 20 resnako koku caurméra pieaugumus,
konstat€ta pret€ja situacija, jasecina, ka lielaki caurméra pieaugumi ir ciesi saistiti ar katra koka
augSanas telpu. Katra koka augSanas telpu limité koku saglabasanas, kas Klinskalnu priedei ir
butiski augstaka. Tatad var secinat, ka kokiem, kuru attistibu pargjo koku konkurence iespaido
mazak, caurmera pieaugumi ir ieveérojami lielaki, turklat starp sugam ikgad€jo caurméra pieaugumu
atSkiriba saglabajas, un ir statistiski butiska ar tendenci palielinaties.

Vertgjot katras sugas 20 resnako paraugkoku gada tekoSo caurméra pieaugumu (4.10. att.),
konstatéts, ka vid€jie gada caurméra pieaugumi starp sugam ir statistiski biitiski atSkirigi lidz 6 gadu
vecumam. Bet tomér visa analiz€jamaja perioda KlinSkalnu priedes caurméra pieaugums nedaudz
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parspéj parasto priedi. Perioda no 6 lidz 24 gadiem biitiskas caurm@ru pieaugumu atskiribas netiek
konstatétas, iznemot 19. vegetacijas sezonu, kad atSkiriba ir statistiski butiska.

Analizgjot gadskartu platuma izmaigu dinamiku, var secinat, ka koku augSanas gaitu
abiotiskas vides apstakli butiski ir ietekméjusi 4 - 5 gadu vecuma, kad veérojams izteikts caurmeéra
ikgad@ja pieauguma samazinajums. V&lakajos gados arT vérojami vairaki ekstrémi, pieméram, 7 un
12 gadu vecuma, tacu vairs ne tik izteikti. Ta ka caurméra pieauguma dinamika abam sugam ir
lidziga, neskatoties uz augstaku Klinskalnu priedes produktivitati, var secinat, ka vides apstakli gan
Klinskalnu, gan parasto priedi ietekme lidzigi.
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4.10. att. Klin§kalnu un parastas priedes 20 resnako koku tekosais caurméra pieaugums
24 gadu perioda
Fig. 4.10. The average current stem diameter increment of the 20 thickest tress of lodgepole pine
and Scots pine in 24 years period

Kopuma vertgjot KlinSkalnu un parastas priedes augSanas gaitu, konstatéts, ka abiotiskas un
biotiskas vides apstaklu kopums abas sugas ietekmé lidzigi. Lidz 10 dzives gadam Klinskalnu
priede uzrada bitiski augstakus vid€jos caurméra un augstuma gada pieaugumus, tacu vélakos
gados §T starpiba vairs nav biitiska un izlidzinas, parastajai priedei uzradot labakus picaugumus, kas
galvenokart izskaidrojams ar abu sugu dazado saglabaSanos, kas parastajai priedei ir butiski
zemaka, jo ta ir pieskaitama pie saulmilu sugam, turpreti P. contorta ir encietigaka, un lidz ar to
dabiska pasizretinasanas KlinSkalnu priedes audzes notiek 1énak. Vertjot 20 katras sugas resnako
koku augSanas gaitu, konstatéts, ka visa analiz€taja perioda KlinSkalnu priede uzrada parakumu. Lai
nodrosSinatu péc iespgjas augstaku produktivitati, KlinSkalnu priedei ir nepieciesams veikt agraku
kopsanas cirti, koku skaitu reducgjot, lai palikuSajiem kokiem atbrivotu augSanas telpu.

4.5. Klinskalnu priedes koksnes mitrums un mehaniskas ipasibas

Klinskalnu priedes virszemes biomasas apjoma novert€§jums liecina par perspektivam Sis
sugas izmantoSana biomasas ieguve, 1pasi stadijumos uz nabadzigam. Viens no biitiskiem biomasas
izmantoSanas aspektiem, kas nosaka ieglistamo energiju, ir tas mitrums. Tapat koksnes mitrums ir
butisks, raksturojot tas svaru (reize ar to parvadasanas izmaksas) un zagmaterialu zavésanas procesa
patéréto energiju. Nodalas mérkis ir raksturot P. contorta koksnes un zaru mitrumu un genétiski
noteiktas §1 raditaja atSkiribas jaunaudzes vecuma kokiem.
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Dati ievakti 2009./2010. gada ziemas sezona KlinSkalnu priedes eksperimenta Nr. 82., kura
ietvertas 15 brivapputes pécnacéju gimenes no 3 proveniencém, no kopuma 291 paraugkoka.

Koki nozaggti, izmérits to kriiSaugstuma caurmérs un augstums, péc tam no tiem izzageti
diski koksnes mitruma noteikSanai — stumbra koksnei 1 m augstuma no saknu kakla un péc tam ik
pec 1/5 no atlikusa koka garuma, sekcijas numurgjot virziena no stumbra pamatnes uz augsu
(apziméts attiecigi S1, S2, S3, S4, S5), zariem no nejausi izv€l€ta zara sauso zaru zona un no
raksturiga caurméra zala zara katra vainaga ceturtdala (sakot no vainaga apaksas attiecigi Z1, Z2,
73, Z4). Zaru paraugi nemti vismaz 5 cm attaluma no koka stumbra un bija vismaz 10 cm gari. No
visiem kokiem nav ieguti visi paraugi: zemaks to skaits ir zalajiem zariem (vid&ji 170 koki).

Katrai stumbra un zaru sekcijai noteikts koksnes absoliitais un relativais mitrums atbilstosi
LVS CEN/TS 14774-2 standartam.

Pétijuma rezultati liecina, ka stumbra koksnes absoliitais mitrums Klinskalnu priedei ziemas
miera perioda ir robezas no 38 % lidz 187 %, relativa mitruma vertibu amplitiida ir ievérojami
zemaka: no 27 % lidz 65 %. Stumbra koksnes mitrums palielinas virziena uz galotni, atSkiribas
starp paraugiem no dazadam stumbra dalam ir statistiski batiskas (p = 0,05), iznemot 3. un 5.
sekciju.

Stumbra koksnes vid€jais absoliitais mitrums ir 134 £+ 1,1 %, zalajiem zariem tas ir zemaks:
113 £ 1,1 %. Nav konstatétas nozimigas atskiribas zaru mitruma starp zala vainaga dalam, iznemot
apaksgjo ceturtdalu, kur mitrums ir statistiski batiski (p = 0,05) zemaks (107 £ + 2,6 %). Zalo zaru
absoliita mitruma veértibu amplitida stadijuma ir no 44 % lidz 166 %, relativa mitruma: no 31 %
Iidz 62 %. Vél lielaka izkliede v@rojama sauso zaru mitruma veértibam: absoliitais mitrums no 26 %
lidz 183 %, relativais mitrums no 21 % lidz 65 %. Sadu rezultatu izkliedi ietekmé at3kirigs zaru
atmir$anas laiks un sadaliSanas stadijas, kas p&tljuma nav atseviski analiz&tas, jo sausie zari veido
vidgji tikai 8 % no kop@jas virszemes biomasas. Vid€ji nokaltuSo zaru mitrums ir butiski un
ieveérojami zemaks neka citam virszemes biomasas komponentém: absoliitais mitrums 80 % =+ 4,1
%, relativais — 42 + 1,3 %.

Individualu koku liment konstatéta biitiska korelacijas starp zalo zaru koksnes mitrumu (gan
absoliito, gan relativo) vainaga augsgjas 3 ceturtdalas (r = 0,35, p = 0,01), ka art stumbra 2., 3. un 4.
sekcijai (r = 0,68), tacu §1s stumbra dalas koksnes mitruma korelacija ar mitrumu 1m augstuma un
galotnes dala ir vaja (attiecigi r = 0,20 un r = 0,07).

Individualu koku Itmeni korelacijas starp augstumu un koksnes mitrumu gan sausajiem un
zalajiem zariem, gan stumbram ir vaja (r<0,15), iznemot stumbra 3. sekcijas mitrumu (r = 0,25,
p = 0,01) un zala vainaga apaks$gjas dalas zaru mitrumu (r = -0,16, p = 0,01). Zaru mitruma
korelacija ar koku caurmeru ir [idziga ka ar augstumu iznemot zalos zarus 3. vainaga ceturtdala, kur
r= 0,16 (p = 0,05). Stumbra mitruma korelacija ar koka caurméru ir ciesaka neka ar augstumu
(vidgji r = 0,25, p = 0,01), it 1pasi 3. sekcijai: r = 0,36 (p = 0,01). Kopuma visos gadijumos koka
dimensijas izskaidro loti nelielu dalu no novérotajam mitruma raditaju svarstibam (r*<0,1 iznpemot
caurméra un 3. stumbra sekcijas korelaciju, kur = 0,14).

Rezultati liecina, ka stumbra koksnes mitruma analizes paraugam 1 m augstuma ir
izmantojamas vairakuma virszemes biomasas komponenSu mitruma raksturo$anai un tatad
perspektivako gimenu atlasei pec $1 raditaja.

Veicot KlinSkalnu priedes mehanisko 1pasibu parbaudes, kopuma testéti 317 Klinskalnu
priedes un 233 parastas priedes standartparaugi, iegiistot datu kopu, kas reprezenté sugas koksnes
mehaniskas 1pasibas 25 gadu vecuma.

Apkopojot un analizgjot iegiitos datus, biitiskas atSkiribas konstat€tas gan starp sugam, gan
test€§jama parauga iegliSanas vietu stumbra. Stumbra pirmajiem nogriezniem (h = 0-2 m) vidgja
robezstipriba liec€, spied€ un vidg€jais elastibas modula vertibas (4.11. att.) parastajai priedei ir
statistiski biitiski zemakas (p<0,01) ka Klinskalnu priedei.
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4.11. att. Klin§kalnu un parastas priedes stumbra pirmo nogrieZnu vidéjo koksnes mehanisko
ipasibu raditaji
Fig. 4.11. Wood mechanical traits of the first stem sections of lodgepole pine and Scots pine

Lidziga situacija v@rojama ar1 savstarpgji salidzinot stumbra otro nogrieznu (h = 2-4 m)
mehanisko Tpasibu raditajus: arT Siem nogrieZniem parastas priedes mehaniskas 1pasibas ir butiski
(p<0,01) zemakas ka KlinSkalnu priedei.

Salidzinot mehaniskas 1pasibas starp nogrieZniem sugas ietvaros, konstatéts, ka atskiribas ir
butiskas (p<0,01), gan parastajai, gan KlinSkalnu priedei. Augstakas mehanisko 1pasibu vertibas
konstatetas stumbra lejasdala un virziena uz galotni mehaniskas ipaSibas samazinas. Ko var
izkaidrot ar dazadu agrinas un ve&linas koksnes ipatsvaru. Stumbra lejasdalas koksne ir lielaks
velinas koksnes 1patsvars, [1dz ar to ir lielaks koksnes blivums un augstaki stipribas raditaji (Niemz,
1993, Fries, 1986). Abam sugam kontstéta lineara sakariba starp robeZstipribu liec€ un elastibas
moduli — palielinoties elastibas modula vertibai palielinas ari robeZstipriba. Vienadojumu
determinacijas koificientu vértibas ir sekojosas — parastai priedei R* = 0,66, bet Klinskalnu priedei
R = 0,74, kas nozimigi neatskiras no Zviedrija veikto pétijumu rezultatiem par Klinskalnu priedi
(Fries, 1986), un Krievija veiktajiem pétijjumiem, kuros konstatéts, ka linearas sakaribas
determinacijas koificienta vértiba dazadam sugam ir robezas 0,6 — 0,95 (Orypriios, 1989).

Koksnes blivuma atSkiribas, gan starp sugam (4.12. att.), gan stumbra nogriezniem ir
statistiski butiskas (p<0,01). Procentualas blivuma atskiribas, pienemot parastas priedes blivumu
100 %, ir 12 % pirmajiem stumbra nogriezniem un 18 % stumbra otrajiem nogrieZzniem. Rezultati
atSkiras no Zviedrija veikto pétijumu rezultatiem, kuros konstatéta 3 % blivuma atskiriba starp
abam priezu sugam 24 gadu vecuma, parastajai priedei uzradot parakumu, kas tiek pamatota
galvenokart ar Klinskalnu priedes straujo aug$anu un salidzinosi lielu gadskartu platumu (Persson,
1993). Ar1 25 gadu vecuma cirstas koksnes stipribas parbaudes apstiprina sakaribu, ka virziena no
resgala uz galotni koksnes blivums samazinas, un starp 1pasibam pastav lineara sakariba (r = 0,8),
ka palielinoties koksnes blivumam, palielinas art koksnes stipriba, turklat korelacija starp blivumu
un pargjam mehaniskajam pasibam ir ciesa (r = 0,7).
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4.12. att. Klin§kalnu un parastas priedes stumbra pirmo un otro nogrieznu
vidéjais koksnes blivums
Fig. 4.12. The average wood density of the first and second stem sections of lodgepole pine and
Scots pine

Analiz€jot sakaribas starp vienada vecuma koku mehaniskajam ipasibam un koka
dimensijam, secinats, ka Kinskalna priedei stumbra pirmajiem nogriezniem, blivuma vertibas
dazada caurméra nogriezniem ir lidzigas, turpreti parastajai priedei, palielinoties nogriezpa
caurmé&ram, bltvumam ir tendence samazinaties, ko var izskaidrot ar gadskartu platuma atskirtbam.

SECINAJUMI UN IETEIKUMI PRAKSEI

1. Klinskalnu priedes audzu kraja stadijumos Latvija ir vidgji par 25 % augstaka neka identiska
vecuma parastajai priedei, ko nosaka ne tikai statistiski butiski lielaks vidgjais koku augstums
un caurmérs, bet ar1 par 10-20% augstaka saglabasanas.

2. Augsnes auglibai un proveniencei ir statistiski biitiska ietekme uz KlinSkalnu priedes audzu
kraju: Latvijas apstaklos produktivakas ir Kanadas 50°, 53°, 55°-56° Z.p. proveniences un
Latvijas Skriveru un Bukultu audZu p&cnacgji;

3. Klinskalnu priede viena vegetacijas sezona veidot divus Iidz tris zaru mieturus, tadel zaru
diametru summa uz stumbra garuma vienibu bitiski (par 63%) lielaka neka parastajai priedei,
ko atspogulo ar1 zemaks vid€jais zaru resnuma novert€§jums balles, lai gan vid€jais zaru skaits
mietur ir par 32% mazaks un to vidgjais diametrs par 16% mazaks.

4. Klinskalnu priedei konstatéts statistiski biitiski un nozimigi (vidgji 2 reizes) lielaks koku ar
padéliem un daudzstumbriem Ipatsvars neka parastajai, tacu §1s pazimes vertibu butiski ietekmé
provenience.

5. Latvija augusas Klinskalnu priedes koksnes robezstipriba liecé un spiede, ka ari elastibas
modulis ir augstaks ka Iidzigos apstaklos augusai identiska vecuma parastajai priedei, vid&jais
koksnes blivums priezu sugam ir attiecigi 468 kg'm™ un 441 kgm™, tatad Klinskalnu priedes
koksnes mehaniskas 1pasibas nodrosina iesp&ju tas pielietoSanai lidzvertigi ar parastas priedes
koksni.
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Parnadzu bojato stumbru ipatsvars KlinSkalnu priedei biitiski atSkiras dazados stadijumos
(amplitida no 0% Iidz 68%) un vidgji ir par 11% augstaks neka parastajai priedei. Lidzigi
Klinskalnu priedei konstatéts augstaks v&ja bojato koku ipatsvars, tacu to bija iesp&jams
novertet tikai viena eksperimenta.

Izstradatais virszemes biomasas vienadojums (R*=0,93) liecina, ka Klinskalnu priedei
virszemes biomasa, ko biitiski ietekm& gan provenience, gan augsne, absoliiti sausa stavokli ir
vid€ji 1,7 reizes augstaka ka parastajai priedei, nodroSinot iesp&jas stadijumu ierikoSanai
atjaunojamo energoresursu ieguvei nabadzigas augsnés
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1. GENERAL DESCRIPTION
Topicality of the theme

Forests cover half of the territory of Latvia and are its major nature resource and provide the state
with substantial income because more than 70% of the manufacturedwood products are exported
(MezanozareLatvija, 2011). Some part of the income from forestscomes in an indirect form — as
recreation place, berry and mushroom picking place, as well as, by absorbing carbon dioxide and
producing oxygen. The forest stand rotation cycle can be shortened even for several decadesby
increasing forest stand productivity, also obtaining biggervolume of wood and biomass, thus
absorbing larger amount of carbon dioxide that causes greenhouse effect. Thereby, activities
increasing the productivity of forest stands provide benefits not only for forest owners, but also for
society as such and help to slow the pace of global climate changes. A long-term increasing demand
for wood in the global market is explained with the decrease of forest areas (on average 0.7 % per
year), the increase of human population and increased use of wood amount per person linked with
the rise of living standards (Kjeretal, 1998; Greavesetal, 2004; Libby, 2006), moreover, developed
countries shows a tendency to use more natural materials in their households, also wood material,
and giving up using materials that are not nature friendly. In this context it is essential to increase
forest stand productivity that in long-term could provide additional export possibilities for Latvia.
Forest stand productivity can be increased with choosing the most suitable indigenous tree species
for specific areas, and also using a selected material for forest regeneration. However, notable
productivity increase in several cases can be reached by using introduced tree species suitable for
particular growing conditions. They in evolution process in their natural distribution areal could
have developed certain adaptations that ensure increased growth intensity and/or resistance against
certain abiotic or biotic factors that are essential for productivity in conditions where species is
introduced.

Aim of the thesis

The aim of the study is to evaluate characteristics of lodgepole pine (PinuscontortaDougl.
varlatifoliaEngelm.) provenance, compare them to provenances of Scots pine, and to recommend
the most suitable provenances of lodgepole pines for usage in Latvia.

Research objectives

1. To characterise growth rate, branch and wood traits of lodgepole pine provenances in
comparison to Scots pine provenances;

2. To analyse the amount of biomass and its distribution in lodgepole pine stands and to

characterise factors influencing it;

To evaluate the risk factors in lodgepole pine stands — animal damages, windthrow;

4. To selectlodgepole pineprovenances most suitable for Latvia’s conditions.

(98]

Scientific novelty

The research is the first summary about such large-scale provenance experiments of lodgepole pine
in hemiboreal zone and, thus, significantly extending the understandingof the risks and potential
gains in Europe form this species that up until now has been analysed in detail only in the boreal
zone. In the framework of the research for the first time lodgepole pine aboveground biomass
component equations has been developed basing them on extensive data material.

Lodgepole pine wood mechanical properties have been evaluatedfor the first time in Latvia, as well
as branch traits determining potential use of the wood. The damages of biotic and abiotic factor
have been analysed. Geographic regionsare defined from which the introduced lodgepole pine
provenances demonstrate the highest survival and growth rate in Latvia.

33



Practical significance of the thesis

The results of the research reveals that the yield oflodgepole pine in young standsoninfertile sandy
soils is significantly higher than that of Scots pine, and it could be used in such soils to create
plantations for biomass productionas well as to diversify the composition of species.

Approbation of the thesis

The research results have been presented in 8international and 4 national scientific conferences.
Eight articles have been published in scientific journals or proceedings of the conferences.

Structure and volume of the thesis

Structure of the thesis is subordinated to the research tasks. Thesis consists of three sections. First
section covers six sub-chapters that looks into researches performed by other authors. Information
about lodgepole pine distribution in the world, biology and ecology is provided. Other country
experience with this pine’s introduction is analysed. The major biotic and abiotic factors that
influence this species are examined, and influence of these factors on the pine’s vitality and growth
rate is analysed. Data about growth rates, stand productivities and biomass distribution of lodgepole
pine has been analysed, both from its native range and from places where it has been introduced.
Information about wood utilization and its characteristics has been summarised. The first sub-
chapter of the second section gives a detailed description of each scientific experiment. Other sub-
chapters of this section are devoted to field and laboratory researches, and calculation methods.
Third section is dedicated to analysis and interpretation of the findings. Sub-chapter 3.1. gives a
detailed analysis of the average values of productivities and dimensions of lodgepole pine
provenances growing in each experiment, and comparing the data among provenances and with
control data ofScots pine that is included in the experiment. The influence of abiotic and biotic
factors is also analysed. Sub-chapter 3.2. givesa concise summary of conclusions from the previous
section and recommends the most suitable lodgepole pine provenances for climatic conditions of
Latvia. Other sub-chapters of the third section has summarized information about the biomass,
wood moisture content and mechanical properties of lodgepole pine, and also an analysis of the
growth rates of lodgepole pine.
The doctoral thesis consist of 117 pages; information is summarized in 35 tables and 43 pictures,
bibliography sources 153. The final part of the thesis formulates 7 conclusions.

2. SUMMARY OF FINDINGS FROM THE BIBLIOGRAPHY
2.1. Characterisation of the species

The lodgepole pine (PinuscontortaDougl.) is a commonly found pinein genus Pinus with two
needles per bundle, and has several varieties. The Scottish botanist D.Douglaswas first to describe it
in the year 1825. (Cinovskis, 1992). The species is geographically divided into 4 subspecies (Lotan,
Critshfield, 1990):PinuscontortaDougl. var.contortaDougl., PinuscontortaDougl. var.bolanderi
(Parl.) Vasey, PinuscontortaDougl. var.murrayana (Balf.) Engelm and
PinuscontortaDougl.var.latifolia S. Watson. Lodgepole pine is very common in the continent of
North America. Its native range covers the west of the Pacific Ocean from 34° - 64°N -coastal and
mountain regions of USA and Canada. It is one of the most widespread tree species in the world.
Found evenin elevations up to 3900m above sea level (Karlman, 1993). A dominant tree species in
about 6 million ha stands in USA and 25 million ha in Canada (Lotan, Critshfield, 1990).
Ecologically plastic species, can inhabit wide ecologic amplitude (Karlman, 1993). Found in 27
from 55 forest types in the North America’s continental boreal forest areas (Lotan, Critshfield,
1990). In the widespread native rangethe species has adapted to significantly different climatic
conditions, where lowest air temperatures vary from -7°C in coastal regions to-57°C in mountain
regions but highest temperatures are +27°C in coastal and mountain regions, and +38°C in lowlands
and plateaus. It is frost hardy (Cochran, Berntsen, 1973). Lodgepole pine seed germination power
and ingrowth is good in different forest types — in infertile soils, as well as, in fertile soils
(Sheppard, Cannel, 1985; Despain, 2001). It grows in dryand in wetlands (Elfving et al., 2001).,
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even in raised sphagnum peat bogs and coastal dunes of the Pacific Ocean (Cinovskis, 1992). Their
characteristics of a pioneer species - such as ability to regenerate after forest fires and its fast
growth rate in juvenile age — ensure fast afforestation of areas (Elfing et al., 2001).

Lodgepole pine in USA and Canada is considered as an economically important tree species
(Elfving et al., 2001), moreover, with introductions it is used far beyond the borders of its native
range. Taking into consideration its ecological tolerance lodgepole pine is being introduced in
northern, as well as, in the southern hemisphere (Elfving et al., 2001) — in all Fenno-Scandinavian
countries — Denmark, Finland, Norway, Sweden and Iceland (Lindelow, Bjorkman, 2001), and in
other places in the world — Scotland, Ireland, Germany, New Zealand, British Isles, etc. (Pfeifer,
1993; Stephan, Lieserbach, 1995; Elfving et al., 2001; Hicks et al., 2003). At present, the most
substantial plantations have been created in Sweden (Lindelow, Bjorkman, 2001).

2.2. Introduction in Latvia

As mentioned in the bibliography, initially lodgepole pine in Latvia has been introduced by planting
separate trees or groups of trees in gardens and parks (near Valmiera, National Botanic Garden in
Salaspils, forest research station “Kalsnava”, etc.)(Salins, 1971).In the arboretum of Skriveri 16
PinuscontortaDougl.var. latifolia pines have been planted around year 1930 (Cinovskisu.c., 1991).
Around that time in Skriveri and Bukulti this pine was planted in small areas 0.1 — 0.5 ha of forest
lands. Plantation of Skriveri was practically destroyed by windfall in the year 1969 (Maypuns,
1970; 3Bupr3n, 1972). From the stands that were planted pre-wars only oneP. contortastand - that
has been planted together with Douglas-fir in Vacciniosa forest type — has survived in Bukulti in
0.2 ha area (initially plantation was 0.5 ha), and at the age of 22 years tree average height reached
10.5 m, stem diameter 10.6 cm, stock volume 98 m*>ha’, thus, exceeding P. sylvestristree height for
24.5 % and diameter for 14.3 % (Canunb, 1964). After inventory of this plantation in year 1986, it
was established that average tree height was 18.5 m, stem diameter 18.3 cm and stock volume
(calculating from Scots pine growth rate tables) was 240 m>ha™ — it exceeds the stock volume of
the neighbour Scots pine stand for 20 % (Pirags, 1973). As stated by V. Lange u.c. (1978), in the
weather of Latvia P. contortathat has been planted onmedium fertility soils and in fertile soils are
exceeding the results of Scots pine, but in infertile soils (Cladinoso-callunosa) it gives lower
growing results. When evaluating seed producing dynamics E. Maurin$ (1967) selected the best 9
P. contortamother-trees in Latvia’s weather that grew near Valmiera (Maypusns, 1967).

The first scientific lodgepole pine plantations where created in years 1979 — 1981 by I. Baumanis
and J. Birgelis in the territories of Bauska, Tukums, Ugale and Kuldiga, with a collaboration with
Swedish foresters and using various provenance seed material (Baumanis, Birgelis, 1993). The
results of these and afterwards created experimental plantation have been analysed in the thesis.

2.3. The main biotic and abiotic factors affecting the species

Diseases.P. contorta stands growing in wet or flooded conditions of their native range are affected
bylarge-scale damages created by pine needle cast
Lophodermellaconcolor (Dearn.) Darker.Lodgepole pine’s growth rate is significantly influenced
by dark honey fungus (ArmillariaostoyaeRomagn.) (Hallet, Volney, 1999).

In the researches carried out in Sweden it was stated that introduced P. contorta, especially those
growing on plantations that has been created on former agricultural lands, undergo a slower
mycorrhization process and in the result of that a root rot infection (Heterobasidinannosum(Fr.)
Bref.) spreads in P. contortastands (Delatour et al., 1998; Fiodorov, 1998). In the provenance and
progeny experiment sites of lodgepole pine, and in the industrial plantations in the year 1987 a
severe damages of conifer trees by Scleroderis canker infection (Gremmeniellaabietina) has been
observed. Initially damage intensity was being related to extreme weather conditions (Karlman,
2001). In further years in Sweden’s P. contortastands Gremmeniellaabietinainfection was
continuing to spread rapidly, and even in present, and due to this disease large areas of P. contorta
stands in the north of Sweden are perishing (Kalrman, 1994). One of the main conditions for
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increased resistance against parasitical fungi is the correct selection of provenances (Kamp,
Karlman, 1993).

Pests.Large and frequent damages of insects are noticed in the stands of lodgepole pine, and in
many cases the hardiness against it is determined by the environment of the site, as well as, the
genetic properties (Ying, 1993).The attacks of  mountain pine beetle
(DendroctonusponderoseaHopk.) are a very big problem in the west of USA and in Canada. In
Scandinavia there are 88 insect species observed (61 of them in Sweden) that use lodgepole pine to
feed on, taking into accountthe morphological and physiological similarities of the introduced
species with indigenous tree species (Lindelow, Bjorkman, 2001). Furthermore, in comparison with
Scots pine, P. contorta stands are particularly weakened by G. abietina and cankers, and are much
more susceptible to D. ponderosea invasions (Karlman, 1993). In the 1990s in an area of thousands
of hectares in P. contorta stands damages of European pine sawflies (NeodiprionsertiferGeoff.) and
AnthonomusphyllocolaHbst. were observed (Karlman, 1993). Other species that threaten lodgepole
pines in Scandinavia are PissodesvalidirostrisGyll. andRhyacioniabouliana (Lindeléw, Bjorkman,
2001), and also the pine beauty (Panolisflammea) (Watt, 1992).

Mammals.P. contorta stands in their native range (as well as P. sylvestrisstands) are substantially
damaged by moose (AlcesalcesL.) that can destroy stands even completely. In Scandinavia
P. contorta and P. sylvestris stands are damaged not only by moose, but also by roe deer
(CapreoluscapreolusL.) and reindeer (RangifertarandusL.). In young growths, especially on former
agricultural lands, significant damages can be created by field vole (MicrotusagrestisL.), it gnaws
of the bark of root flares, and it is found that P.contorta stands are damaged more often
thanP. sylvestris(Danell, Sjoberg, 1993, Segelbaden, 1993).

Abiotic factors. A deep snow-cover can create severe damages to P. contorta stands (Ying, 1993),
because after winters with deep snow outbreaks of G. abietina infections has been observed
(Karlman, 1993). The poor development of P. contorta root system in juvenile age in comparison to
the fast growth rate of the tree and long needles can cause additional threats of tree bending in
young growth stands (Karlman, 1993). Damages to P. contorta stands are also created by wind, as
this pine does not have a pronounced taproot as it is in the case of P. sylvestris; thus damages
caused by wind (especially in unmixed stands) are severe and can damage up to 50 % of the stand,
that is explained with improper artificial afforestation (site selection, root system quality of
seedlings, soil preparation), because naturally regenerated trees show significantly better results
against snow bending (Elfving et al., 2001). Also snowbreaks can be observed in P. contorta stands,
especially in juvenile age, thus, this pine is not recommended in sites where wind damages is a
possible threat (Lindgren et al., 1993; Elfving et al., 2001).

3. MATERIALS AND METHODS

3.1. Description of experiments

Data material has been collected in the lodgepole pine provenance trial plantations in Ugale,
Kuldiga, Tukums, Zvirgzde and Kalsnava that has been created in the supervision of
I. Baumanis.Each plantation is conferred with a long-term forest trial status and with a experiment
number which will be used hereinafter. All experiments are included in the “Register of long-term
forest trials” which incorporates detailed information about each of the experiments (Baumanisu.c.,
2006).

Ugale.Experiments No. 76 and No. 81 are created in Ugale, Ventspils territory. Experiment No. 76
was created in year 1980 using one year old planting material of 12 provenances. Planting was
carried out in 8 repetitions on an overall ploughed soil in a former territory of a tree orchard, in
vacciniosa, in a 0.5 ha experimental area. Stand thinning has not been performed. Previous
measurement of the stand performed at age 12, measuring 1685 trees. Four Scots pine parcels has
been created for the comparison of growth rates.

Experiment No. 81 commenced in year 1986 in 4 repetitions using one year old bare-root saplings
from 3 provenances. Stand was created in a former territory of a tree orchard, in vacciniosa, type of
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soil preparation — ploughed land, experimental area 0.6 ha. Thinning has been performed in year
2008 by felling every second tree. Stand was measured at age 7 (2417 trees) and at age 24 (1183
trees).

Tukums.Experiment No. 77 was simultaneous to experiment No. 76 and was created in the territory
of Tukums. Experiment was commenced in year 1980 on a former territory of a tree orchard. On
anoverall ploughed soil in myrtillosa conditions, 4 repetitions of 12 provenances of 3 year old bare-
root plants was planted. Total area of the experiment is 0.5 ha. Stand was measured at age 12 (1539
trees).

Kuldiga.Experiments No. 80, 84, 358, 359, 702 were created in the territory of Kuldiga. Experiment
No. 80 was commenced in year 1984 on a former agricultural land in 4 repetitions planting 3 year
old planting material from 9 provenances. Total area of the experiment 0.5 ha, thinning carried out
in year 1995. Stand measured at ages 11, 12, 13 and 24. The amount of measured trees at ages 11-
13 was 1045trees, but at age 24- 429 trees.

Experiment No. 84 was created on a forest soil, vacciniosa, in year 1995. Soil was prepared in rows,
4 repetitions of 2 year old plants from 11 provenances were planted. Area of the experiment 0.6 ha,
thinning carried out in year 2007. Stand measured at age 17 (2134 trees in total).

Experiment No. 358 was created in year 1993 on former agricultural land. Soil preparation—
ploughed soil where 3 year old plants from 11 provenances were planted in 4 repetitions. Growing
conditions meet the standards of myrtillosa. Total area of the experiment is 0.6 ha. Thinning has not
been performed. Stand has been measured at age 16 (1940 measured trees).

Experiment No. 359 was created in year 1992 on a former agricultural land. Soil prepared with
ploughing. Planting was carried out in 4 repetitions using 2 year old planting material from 11
provenances. Growing conditions meet the standards of myrtillosa. Total area of the experiment is
0.4 ha, thinning has not been performed. Stand has been measured at age 18 by measuring 439
trees.

Experiment No. 702 also has been created on a former agricultural land in 4 repetitions, in
myrtillosa growing conditions. Type of soil preparation- ploughed soil. 3 year old planting material
from 14 provenances has been used. Area of the experiment is 0.9 ha, thinning has not been
performed, and stand measurement has been carried out at age 16 by measuring 2765 trees.
Zvirgzde.Experiments No. 79, 82, 704, 705, 706, 707, 708 were created in Zvirgzde, Vecumnieki
territory. Experiment No. 79 was created in the year 1982 on a forest land, in vacciniosa. Soil
preparation- furrows by forest plough. One year old seedlings from 9 provenances were planted in 4
repetitions. Total area of the experiment 0.5 ha, thinning has not been performed. Stand was
measured two times — at age 10 and 29.

Experiment No. 82 was created in 1985 in vacciniosa. Soil prepared in furrows, 2 year old planting
material from 3 provenances was planted in 4 repetitions. Total area of the experiment 1 ha,
thinning performed in year 2010 by felling every second tree. Stand measured at age 9, 13 and 25,
and 2228 measured trees in total.

Experiment No. 704 was created in vacciniosa in year 1988. In furrows 2 year old planting material
from 5 provenances was planted in 4 repetitions, in 0.5 ha area. Thinning has not been performed,
stand measured (1320 trees) at age 23.

Experiment No. 705 was created a year later using 2 year old planting material from 6 provenances
planted in 4 repetitions. Soil prepared in furrows. Stands was not thinned, and it was measured at
age 22 by measuring 1381 trees. Experiment area 0.5 ha.

Experiments No. 706, 707 and 708 were created in year 1991 on forest land, in vacciniosa using 3
year old planting material in 4 repetitions. All soils of experiment are prepared in furrows using
forest plough. Thinning was not performed in these experiments. The area of experiment No. 706 is
0.7 ha and 7 provenances were used for the planting material (1730 trees were measured), No. 707 —
0.8 ha (2938 trees measured) and 16 provenances were used, and No. 708 — 0.9 ha (2223 trees
measured) and one provenance was used. All experiments were measured at age 22.
Kalsnava.Experiments No. 83, 750, 751 were created in the territory of Kalsnava, in Scientific
research forests, on the State Forest Service’s Forest research station land in Kalsnava territory, in
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vacciniosa. In the creation of these experiments various provenances were used but there is no
information left about the origins of the provenances and the planting schemes. Experiment No. 83
was created in year 1986 using 2 year old planting material, and area of experiment is 0.5 ha. After
performing measurement of the experiment, 599 trees were measured. Experiment No. 750 was
created in 0.3 ha area in year 1986 by planting 3 year old planting material (343 trees measured),
but experiment No. 751 with 1.2 ha area, using 3 year old planting material, was created in year
1997 (737 trees measured in the experiment). Thinning was not performed in any of these
experiments.

3.2. Field work methods

Every tree of the experiment has been measured of height and diameter at breast height. In part of
the experiments damages by artiodactyls (ruminants) has been recorded and measured — debarking
of trees or rubbings. Offshoots up to 2 m and above 2 m height have been recorded. Offshoot is a
branch arising from a single point of the stem in a small angle, and its diameter is at least 3 times
bigger than the diameter of the branch in the closest whorl. A feature “multi-stem tree” was
recorded in cases when tree has 2 or more tops that are similar in diameters and height.

In part of the experiments stem straightness index (St;) and branch thickness index (Z;) has been
determined. Both indices have been evaluated with 1-6 rates. When evaluating stem straightness, a
minimal index 1 was estimated to a tree with a stem that is practically straight, and an index 6 — to a
visibly crooked, imperfect tree. Branch quality was similarly evaluated — index 1 to proportionally
thin, evenly located branches and index 6 to trees with dense branching and visibly thick branches.
In separate experiments a rot infection damage resulted dead trees and wind-thrown or wind broken
trees has been recorded.

A data collection of progenies from 15 families of 3 lodgepole pine progenies with open pollination
was performed to create a biomass equation and to calculate aboveground biomass of lodgepole
pine in the winter 2009/2010 dormancy period, by choosing at least 7 sample trees from each family
(2 trees from the smallest diameters, 2 from biggest diameters and 3 from average tree diameters) in
the plantation No. 82. The selected sample-tree average stem diameter was 10.7 + 0.31 cm and tree
height 10.7 = 0.31 m. All sample-trees were cut, precise tree height was measured, space between
whorls were measured starting from stem bottom, the begging height of the living crown, and in
each whorl a diameter and length of one living branch (randomly selected) was measured. Further,
stem marking and pruning was performed; dry branch weighing, living branch (with needles)
weighting by quarters of crown length; stem was cut into 1 m sections and section mass was
weighed; crosscut samples and moisture content samples were collected from section ends and
branches. To determine branch and needle weigh mass, one model branch per quarter of crown
length that represents average branch diameter and length in each quarter was selected from 17 trees
that represent the diameter distribution in experiment. It was stripped of needles, and branches and
needles were weighed separately. Data was also collected from 31 sample-trees of experiment
No. 704, where in each quarter of the crown needles were stripped from all branches and branches,
and needles weighed separately. Data about bark density and moisture was collected from 22
sample-trees in different tree diameter degrees at various heights on the stem. Data about needle
moisture was collected from 14 samples in different quarters of crown from trees of different Kraft
classes.

To determine increment and to analyse its dynamics crosscut samples were collected in lodgepole
pine experiment No. 82 and in Scots pine provenance trial experiment No. 19, in Zvirgzde. The age
of experiments is the same and they are located next to each other. Crosscut samples from root
flares are collected from 216 sample-trees, covering all experiment progenies from 15 families of 3
lodgepole pine progenies with open pollination, and also 135 Scots pine’s sample-trees. The
average stem diameter of selected sample-trees was 10.2 £0.29 cm and tree height 9.8 + 0.31 m.
Sample-trees were selected to represent the average values of tree species of the experiment. The
average tree diameter does not differ among sample-trees.
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To determine moisture content samples were collected in lodgepole pine experiment No. 82 from
291 sample-trees covering progenies from 15 families of 3 lodgepole pine progenies with open
pollination. Height of the analysed trees in the research object varies from 6.0 m to 12.4 m with an
average value 10.7 £0.21 m, diameter at breast height varies from 6.9 cm to 17.5 cm in average
9.8 £ 0.28 cm. The average sample-tree values of height and diameter from families statically have
no substantial differences from the average values of other trees of families, the correlation between
sample-trees and all tree average values is close (R* = 0.7). After felling sample-trees and
measuring their diameters at breast height and tree heights crosscut sample were cut from them to
determine wood moisture — taking first sample at 1 m from root flare and afterwards after every 1/5
of tree length, numbering sections starting from the bottom of the tree and upwards (labelling
accordingly S1, S2, S3, S4, S5), but for branches- from randomly selected branches in the dry
branch zone and from characteristic diameter of living branches in every crown quarter (starting
from the bottom of the crown Z1, Z2, Z3, Z4). Branch samples collected at least 5 cm from tree
stem and were at least 10 cm long. Samples were not collected from all trees: living branch samples
were less (170 trees).

To determine wood mechanical properties samples were collected in experiments No. 82, No. 83
and No. 750. Sample-trees were selected in a way that they would be evenly distributed in all area
of the experiment, and collected data would represent physical and mechanical properties of wood.
To compare the collected data of wood properties with Scots pine, material was collected from
same ageP. sylvestrisstand next to it. In total 57 P. contortaand 24 P. sylvestrissample-trees were
felledand cut into 2 m long segments with minimal diameter 8 cm in the thin end. Radial-sawn
samples were collected from them.

3.3. Laboratory research methods

These experiments were performed in laboratory conditions:
1) lodgepole and Scots pine branch and needle biomass determination, wood moisture
determination;
2) determination of wood mechanical properties.

Lodgepole and Scots pine branch and needle biomass determination, wood moisture content
determination.When performing branch and needle biomass determination branches were weighed
in natural moisture content state, without needles, thus, acquiring branch mass without needles and
needle biomass. Branch moisture content was determined by taking a sample from each branch, and
needles- approximately 20 g weighed amount for determination of needle moisture content. Branch
and needle samples were dried until absolute dry mass, thus, determining difference between
natural moisture and absolute dry mass.

Wood crosscut samples were weighed before drying, and then dried until absolute dry mass, thus,
determining massdifference for calculation of wood moisture content.

The wood absolute dry and relative humidity was determined for each section of stems and
branches according to LVS CEN/TS 14774-2 standard.

Determination of wood mechanical propertiessWood mechanical properties are strength,
deformability and elasticity. Wood strength is its ability to resist against the influence of external
forces that tries to break it. Characteristic quantity of strength is breaking strength. It is the
maximum force that is required to break the material (Bowyer et al., 2003). Wood deformability is
characterised with the modulus of elasticity whose results of compression and bending practically
does not differ. A breaking strength was determined in compression and in bending, but modulus of
elasticity in bending; wood density also was determined.

To decrease wood moisture and wood could be used in further experiments, radial-sawn samples of
both pines were exposed to forced drying, thus, obtaining samples with a 12-16 % wood moisture
content. In the further treatment of the radial-sawn samples from knotless zones, a parallelepiped
form standard samples with 20 x 20 x 400 mm and 20 x 20 x 30 mm dimensions were created.
Samples were created and selected in accordance with German national standard (DIN 52180,
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1992). For 14 days before testing the samples they were exposed to conditioning process — to
equalize wood moisture content in a air conditioning plant where air’s relative humidity was
65 £5 % and temperature 20 = 2°C, thus, receiving a constant wood moisture content and mass for
all wood samples (DIN 5014, 1992). In the results samples that were created and tested of lodgepole
pine were with 13 %, but Scots pine with 12.5 % moisture content. As the standard allows 0.5 %
sample moisture content difference then the results were valid for comparison. Assortment that was
used to create standard samples were with small (8 — 15 ¢cm) thin-end diameter, thus, both sapwood
and heartwood was represented in most of the testing. The ideal wood mechanical properties with
low data dispersion is received with a testing of standard samples with no wood defects, however
the results does not display wood defect - for example knot - influence on its mechanical properties.
Wood density was measured in accordance with German national standard (DIN 52180, 1992),
weighing the samples and measuring the samples with slipping calliper in the cross-section of the
side edge, and their height with a precision of 0.1 mm. Wood sample dimension were
20 x 20 x 30 mm.

Wood sample strength in compression in direction of fibres was determined in accordance with
German national standard (DIN 52185, 1992). Sample is put in a position that its longitudinal axis
would conform to axis of loading system. Compression load is set on a constant speed cycle so that
maximum strength would be reached in 1.5 + 0.5 minutes. In the result a breaking strength of
compression is determined, and expressed in N mm”.

Wood property tests of static bending was measured in accordance with German national standard
(DIN 52186, 1992), loading a sample in three-point bend. Distance (300 mm) between support
points was 15 times larger than the height of a sample (20 mm). The loading strength was put in the
middle of a sample. When determining the static bending strength samples were loaded with an
even load until breaking the sample. The maximum strength of breaking was reached in
1.5+ 0.5 minutes. The dimension differences between samples cannot exceed 0.5 %. The
dimensions of the samples were20 x 20 x 360 mm. In the result a breaking strength of bending
(N mm?) and a modulus of wood elasticity (N mm?) were determined.

Wood properties have been determined with a Material testing machine “ZWICK Z100”.

3.4. Calculation methods

The average parameter values and 95 % confidence interval was determined on a provenance and
experiment level. Tree survival was estimated by using the number of living trees at the period of
experiment measurements of provenances against initial number of trees in each provenance.
Survival was estimated on a provenance level (not on a level of each repetition). Also the values
(percentages) of tree quality characteristics were estimated on a provenance level by calculating tree
number with specific traits against total number of trees in provenances. The proportion of dead
trees resulting from rot infection was estimated by calculating number of dead trees against initial
number of trees. Descriptive statistics, dispersion and correlation analysis were used in the data
processing (Arhipova, Balina, 2006).

Stem volume calculations. Stem volume of lodgepole pine in Latvia can be calculated using
equations created for this species in other countries. Equations created for various parts of
countriesof Iceland (Snorrason, Einarsson, 2004), Netherlands (Dik, 1984) and Sweden (Eriksson,
1973) from the summed up data base of D. Zianiswere evaluated (Zianis et al., 2005). Taking into
account that climatic and soil conditions of Latvia are more similar to the conditions in Sweden than
in Netherland or Iceland, then in the research Pinuscontortastem volume was calculated using the
formula created by Eriksson (1973) (published by Zianis et al., 2005):
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Veont=0,1121d %+ 0,0287d *h - 0,000061d *h % - 0,9176dh + 0,1249dh (1)

where:
Veont. — lodgepole pine stem volume, m3;
d — diameter at breast height, cm;
h — tree height, m.

Scots pine stem volume was calculated using I. Liepa stem volume calculation formulas (Liepa,
1996):

Ve =1,6541"1 (04 | 036382 {0.259241gL+1.59689 2)
where:
Vgyiv. — Scots pine stem volume, m’;
d — diameter at breast height, cm;
h — tree height, m.

Productivity and survival.Survival in different ages of experiment has significant differences. It
was found that survival changes in the framework of the research can be reflected with polynomial
equations for lodgepole pine (3) and for Scots pine (4):

Sacont = -0,563a% +23,19a - 161 3)
where:
Sacont — survival at certain age, %;
a — age of experiment, years.
Sasyly = -0,37x% + 14,73x - 89,52 4)
where:
Sasyty  — survival at certain age, %;
a — age of experiment, years.

Taking into account the significant survival differences in the stands with the same age then
determination coefficients of the created formulas are not high (accordingly R* = 0,47 un R? =
=0,39). Equations cannot be used for a general characterisation of age-survival relation, because
the available stand multitude and number of measurements are not enough to create such relation.
Equations were used when determining survival for mutually comparable stock volume
calculations, providing possibilities to find the most productive provenances.

Wood mechanical properties.

Wood density (standard sample average moisture content 12.5 %) was calculated using relation:

p=m(abh)” (5)
where:
p —wood density, gem™;
a — width of the sample, cm;
b — length of the sample, cm;
h — height of the sample, cm;
m  —mass of the sample, g.
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Modulus of elasticity was calculated using relation:

E=AFI’(4bh’Af)"!

where:
E — modulus of wood elasticity, N‘mm'z;
AF  —load difference, N;
1 — distance between the centers of pillars, mm;
b — width of sample, mm;
h — height of sample, mm,;
Af  —displacement difference, mm.

Breaking strength in the static bending was calculated using relation:

6,=3F1(2bh%)"!

where:
6,  — breaking strength in the static bending, N mm™;
F — breaking load, N;
1 — distance between the centers of pillars, mm;
b — width of sample, mm;
h — height of sample, mm.

Breaking strength in compression was calculated using relation:

6,=F(bh)™!
where:
6,  — breaking strength in compression, Nmm?;
F — breaking load, N;
b — width of sample, mm;
h — height of sample, mm.

(6)

(7

®)

Relative and absolute moisture of wood were calculated according to standard LVS CEN/TS

14774-2:2010, applying formulas:

Wil = ((my - mp)m;™)100
where:
W — relative moisture, %;
m; — fresh weight of the sample, g;
m, — absolute dry weight of the sample, g.

Waps = ((m; - mp)my,™")100
where:
Waps. — absolute moisture, %;
m; — fresh weight of the sample, g;
m, — absolute dry weight of the sample, g.
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4. RESULTS

4.1. Productivity of lodgepole pine stands in Latvia

For the analysis of productivity all experiments were divided into groups basing on age at the time
of measurements:
1) 12 years — experiments No. 76, No. 77 and No. 751;

2) 16 - 18 years — experiments No. 358, No.702, No.704, No.84 and No. 359;
3) 22 years — experiments No.707, No. 83, No. 750, No.705, No.706 and No.708;
4) 24 and 29 years - experiments No.81, No. 82, No. 80 and No. 79.

When characterising productivity the main criterion was stock volume. To exclude age influence on
tree survival a constant survival on a provenance level was calculated using the polynomial
equation (3) for lodgepole pine and (4) for Scots pine. Stem volume of one tree for each species was
calculated using formulas (1) and (2). Stock volume per hectare was calculated using the obtained
results (taking into account the survival), taking into consideration style of each experiment (area of
parcels). Three P. contortaprovenances with the highest stock volumes per hectare were selected to
summarize information about the most productive provenances, to evaluate relations of
geographical provenance influence, and also to compare lodgepole pine with Scots pine.
Productivity of the first age group (12 years) experiments.Two experiments of this group were
created in the same year as simultaneous plantations — No. 76 in Ugale, No. 77 in Tukums. Climatic
conditions in both plantation areas (in the west of Latvia) are similar, provenance and age of the
planting material were the same, and also soil was prepared in the same way —overall ploughing.
Third experiment (No. 751) was created in Kalsnava — thus, in a rougher climate, soil was prepared
in overall ploughing. When evaluating lodgepole pine provenance productivities (Figure 4.1.) it was
found that it was the highest in the experiment No. 76, in vacciniosa. Lodgepole pine productivity
in experiment No. 751 (in vacciniosa) is similar to experiment No. 77. The highest productivity of
Scots pine was in experiment No. 751 - 24 m® ha' - it significantly exceeds the stock volumes of
Scots pine in other experiments. In total, the most productive in this age group are from progenies
of Sweden’s stands (50°N and 54°N), and from second generation progenies of Bukulti (Latvia)
stands; their stock volume in Ugale’s experiment exceed the stock volume of Scots pine more than
two times. Also in the Tukums experiment lodgepole pine productivity is higher than for Scots pine,
however the superiority is not so pronounced — 16 %. Furthermore, both of these most productive
provenances are showing good growth rates in both experiments. In the experiment in Kalsnava
where lodgepole pine’s provenance is unknown, Scots pine is showing much better productivity.
Maximum stock volume of lodgepole pine at age of 12 is 20 m> ha™.

Productivity of the second age group (16-18 years) experiments. Four experiments of this group -
No. 358, No. 359, No. 702 and No. 84 are located in Kuldiga. Thus, three of them (except No. 84)
are created on former agricultural lands or in a territory of arboretum, on overall ploughed soil, in
vacciniosa. Experiments No. 358 and No. 702 were measured at age 16, No. 84 at 17, but No. 359
at age of 18. The highest productivity is in experiment No. 359 (in area with a deep peat soil),
where separate lodgepole pine provenance stock volumes at age 18 reach up to 105 — 118 m® ha™,
however it is significantly less that the stock volume of Scots pine that reaches 148 m’ ha (Figure
4.2.). The lowest productivity in this age group was in experiment No. 84 (for lodgepole pine 17 —
19 m® ha™). Substantial damages by artiodactyls were found in this experiment (most of the trees are
with stem defects) they have influenced tree growth at young age. The best stock volume of
lodgepole pine provenances in other two experiments exceeds Scots pine’s stock volume two or
three times. The highest productivity in this age group is to progenies of Latvia’s stands (Skriveri,
Bukulti), Sweden’s stands (50°N and 54°N), and also Canada’s provenances (55°30" and 56°N). In
total, lodgepole pine of this age group in these growth conditions are showing much better
productivity results in comparison to Scots pine.

Productivity of the third age group (22 years) experiments.Experiments of this group are created in
Zvirgzde and Kalsnava. All experiments were created on forest land, in vacciniosa, soil prepared in
furrows, measurement performed at age 22. Lodgepole pine productivity in the experiments vary
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between 80 — 210 m’ ha’, furthermore, it exceeds the productivity of Scots pine (several
provenances shows even 2 times better results) (Figure 4.3.). The best results were found in
simultaneous experiments in Kalsnava (experiments No. 83 and No. 750) where stock volume of
lodgepole pine exceeds 200 m® ha™, however no records of the origin of provenances has been
preserved. The highest productivitiesare from progenies of Sweden’s stands (50°N and 54°N),
lodgepole pine inbreeding clone progenies from Sweden (60°N) and progenies of Bukulti stands.
High productivity is evident in provenances from Canada (55°30” and 56°N). In summary, it can be
said that lodgepole pine’s productivity is considerably higher than for Scots pine in all experiments
at age 22, stock volume reaches up to 210 m*>ha™.

Productivity of the fourth age group (24 and 29 years) experiments. Experiments of this group are
located in Ugale (No. 81), Kuldiga (No. 80) and Zvirgzde (No.79, No. 82). Experiment No. 79 was
measured at age 29, but other — at age 24. Productivity of lodgepole pine in all experiments exceeds
Scots pine productivity (Figure 4.4.); in experiment No. 79 it is 3 times higher. The highest
productivity (358 — 379 m’ ha™') was determined in experiment No. 80 (in Kuldiga). The lowest
productivity (144 -184 m’ ha™) of lodgepole pine in this age group was in the experiment No. 82 (in
Zvirgzde). The highest productivity in these experiments are to progenies from Skriveri (Latvia)
stand (379 m*ha™), and also to progenies originated from Canada (50°N and 54°N). In total,
evaluating the results of the fourth age group experiments it can be said that lodgepole pine at the
age of 24 — 29 in comparison to Scots pine is significantly more productive — their stock volume is
1.5 — 4 times higher.

After evaluation of tree survival on a level of experiments — lodgepole pine survival is higher in all
experiments in comparison to Scots pine. The low survival level of Scots pine can be explained by
its susceptibility to pine needle cast (Vuorinen, 2008, Miiller, 2007) that had significant influence
on pine survival during 1980s (Baumanis 1993, baymanuc 1983), it was the period when these
experiments were created. Survival difference between species on average is 11 %. It is similar to
the results from Finland — there a 10 — 20 % difference (Ruotsalainen, Velling, 1993). In literature
sources, both P. contortahigh survival and the fast growth in the first 15 — 20 years are emphasized
(Pfeifer, 1993). After evaluation of experiments a survival correlation between species has been
found, or to be precise, the higher the survival of lodgepole pine, the higher it is to the Scots pine as
well.

In the previous researches it has been pointed out that lodgepole pine issuitablefor the afforestation
of relatively infertile soils (Hagner, 1993). The origin of provenances and their suitability to the
new conditions, and also significant productivity differences between provenances is emphasized by
scientists from Turkey (Simsek, 1993), Sweden (Hagner, 1993), Finland (Rutsolainen, 1993) and
other countries where lodgepole pine is introduced, and it is also confirmed by provenance
researches carried out in British Columbia (P.contorta natural habitat) (Simsek, 1989).
Provenances that have shown good results in one experiment in conditions of Latvia in most cases
will be one of the productive ones in other experiments as well. After evaluation of lodgepole pine
stock volume in experiments at age 24 — 29 it was established that it (on average 240 m’ ha) is not
far behind from similar age (26 years) stock volumes in stands of Estonia. Similar wood dimensions
were also established (Kasesalu, 2000b). In the north part of Germany, in milder conditions than in
Latvia, Scots pine at age 22 is exceeding lodgepole pine in height (30 % on average) and in
diameter (16 % on average). At the same time the best lodgepole provenances reach the same height
as Scots pine and only a little bit falls behind in diameter (Stephan, Liesebach, 1995). In lodgepole
pine experiments in Sweden at age 20 years lodgepole pine’s height exceeds the height of Scots
pine for approximately 11 % (Hansson, Karlman, 1997). In the researches of Finland it was
established that stock volumes of lodgepole pine at age 21 is 48 — 50 m® ha™'(Ruotsalainen, 1993)
which is 1.5 times lower than in the experiments of Latvia were the lowest productivity at this age
is 84m’ ha.

In summary, it was established that productivity of lodgepole pine inconditions of Latvia is higher
than for Scots pine; the average difference of stock volume (calculating all experiments together) is
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90 % , which is significantly exceeding the results from Sweden’s lodgepole pine superiority 30 —
36 % (Elfving, Norgren, 1993). It was established that the most productive provenances in
conditions of Latviaare from Canadian 50°, 53°, 55°-56° N provenances, Sweden’s 50°N and 54°N
stands, and also Latvian Skriveri and Bukulti stand progenies.

4.2. Lodgepole pine quality in Latvian plantations

Several factors were analysed when stem quality was evaluated, such as, offshoots, multi-stems,
proportion of damages created by artiodactyls, straightness of stem and knottiness that can
significantly influence the perspective assortment quality in the main and in thinning fellings. It was
concluded, that lodgepole pine when introduced in Latvia maintains the characteristic of the species
— developing two or even three branch whorls in one vegetation period. Significant differences
between species were found after evaluating knottiness quality in grades. Lodgepole pine has more
branches, thus, they are thicker. Similar results were achieved in Sweden’s lodgepole pine
plantations at age 24 (Persson, 1993). Stem straightness index in grades is similar for both species.
In Sweden’s lodgepole pine stands sinuosity is found more frequently in the lower part of the stem,
it was explained with damages created by voles and hares in the first years from the creation of
plantation (Karlman, 1993). It was found that in comparison to Scots pine, in P. contortaparcels is
much higher proportion (p < 0.05) of offshoots and multi-stem, thus, it is mathematically proven
that development of offshoots and multi-stems is closely related to the genetic characteristics of
provenances. Substantial proportion of offshoots and multi-stems was found in lodgepole pine
stands in Sweden as well, noting, that it is related to the genetic characteristics of provenances (not
to biotic factors), such as influence of animal damages (Persson, 1993). In Latvia as well — the
correlation between proportion of artiodactyla damages and the proportion of offshoots and multi-
stems is not found. Also a correlation between proportion of offshoots and multi-stems and
productivity of provenances is not found.

After evaluation of artiodactyla damage proportion in the experiments, it was found that the
proportion of damaged trees of lodgepole pine is significantly (p < 0.05) higher, in comparison to
Scots pine. Similar tendency has been found in researches carried out in the south of Sweden, where
main artiodactyla species that creates damages are moose and roe deer ((Stahl P., Stahl E., 2008);
furthermore, small rodents are mentioned as a essential factor that influences tree survival in
P. contortaplantations that has been created on former agricultural lands (Karlman, 1993). In
Latvian experiments, which have been created on former agricultural lands, tree survival in young
age is high, giving a reason to believe that damages by rodents are not as pronounced as in Sweden.
A correlation on a provenance level between stand productivity and damage intensity by
artiodactyla has not been found. Artiodactyls are damaging all provenance trees with the same
intensity. All together, in some experiments proportion of offshoots and multi-stems, and also
proportion of trees damaged by artiodactyla can significantly influence gaining a qualitative first
segment of stem in perspective.

4.3. Above-ground biomass equations for lodgepole pine

Increasing demand for wood for energy production, caused by price as well as tendency to
replace fossil fuels with locally produced renewable sources of energy, it is important to assess not
only the traits of lodgepole pine, important for production of sawn goods, but also amount and
distribution of its above-ground biomass.

Material for development of biomass equations was collected in winter period of years
2009/2010 in experiment No 82, where altogether 241 trees (representing all 15 open pollinated
families from 3 provenances included in trial) were destructively sampled. Marking of the trees,
pruning and weighting of dry branches and green branched (with needled) by 4 sections of crown
length as well as weighting of stem (by lm sections) and collection of cross-cut samples and
samples for determination of wood moisture (see respective chapter) were collected. Average breast
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height diameter of sample trees was 10.7 = 0.31 cm, height 10.7 = 0.31 m. Needle mass was
determined based on data from 17 sample tree, representing the diameter distribution in the
experiment: from each tree one branch with average diameter was randomly selected form each
quarter of crown length and needles and branches weighted separately. Additional data were
collected in neighbouring experiment (No 704) from 31 tree, needles were separated from all
branches and weighted by crown-length sections. Data on needle moisture was obtained from 14
samples from different crown-length sections from trees representing different Kraft classes. Data
on bark density and moisture were collected from 22 sample trees from different diameter classes.

Algorithm used to develop above-ground biomass equations:

1. bark mass is mathematically separated from naturally moist stem mas based on bark
density in ends of each 1m section of stem and average bark density, obtained from
sample trees;

2. weighted average stem wood moisture is calculated based on data from wood moisture
samples, weighted by cross section area of the cross-cut sample closest to point of
moisture sample location;

3. dry stem wood weight is obtained by subtracting the moisture from fresh weight
mathematically;

4. dry bark weight is obtained by subtracting the moisture (average from the analysed
samples) from fresh weight mathematically;

5. based on data from sample trees branch-needle weight relationship (by quarters of crown
length) is developed and used to separate weight of branches and needles;

6. moisture of branches and needles is calculated based on data from samples and used to
calculate dry weight of these biomass components;

7. total dry weight of above-ground biomass is calculated as sum of weights of all
components — stem wood, bark, green branches, needles, dry branches

Types of biomass equations (e.g. linear function of logarithmic tree diameter, order
functions of tree diameter etc.), were selected from publications and tested using lodgepole pine
data for compliance with structure of the data, residual distribution and other parameters describing
quality of equation (determination coefficient, error of the estimate, statistical significance of the
coefficients). Results obtained using different model were compared. Since all developed equations
describing dry weight of each of the biomass components were statistically significant and with
similar values of determination coefficient, most suitable was selected based on complexity of the
structure of equation (preferring simpler), number of independent variables (preferring less) and
residual distribution (in accordance with assumptions of regression models on independence and
normal distribution).

Most suitable equation for majority of the biomass components were based on square of the
breast height diameter of the tree multiplied by tree height. Equations for estimations of weight of
needles and dry branches contained only breast height diameter of the tree as independent variable,
but for estimation of weight of green branches - square of the breast height diameter of the tree
multiplied by tree height and height of the first green branch.

Dry weight of biomass of stem and total above ground biomass (from which major part is
stem biomass) can be estimated with the highest precision, but weight of dry branches — with lowest
(table 4.1), that is in accordance with published findings for other tree species and/or environmental
conditions.

Comparisons reveal, that biomass estimates using equations published for lodgepole pine
from several countries, were significantly different from the actual (weighted) biomass as well as
from the biomass estimated using our equations (table 4.2).

After evaluating the actual tree aboveground biomass in absolute dry weight depending on
diameter at breast height in comparison with the calculated result — using different models — it was
found that using the model from Poland (with small tree dimensions) mass is calculated relatively
precise, but with bigger dimensions the evaluation is too low, however, model from Italy evaluates
the mass lower than actual mass in all tree diameter range.
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Models were used to calculate aboveground biomass in 2 plantations — in experiments No. 76
(Ugale) and No. 79 (Zvirgzde) where tree dimensions (height and diameter at breast height)
corresponds with the restrictions of models. It was found that the average aboveground biomass of
lodgepole in absolute dry weight in 12 year old plantation No. 76 is within range from 15 =+ 1.7 kg
to 20 = 1.9 kg (Figure 4.5.). For some provenances it is higher or lower than for Scots pine, but the
differences are not statically substantial, mainly because of the wide confidence interval (resulting
mainly from the little number of measurements). In the experiment No. 79, which was created on
infertile sand soil, the average aboveground biomass of lodgepole in absolute dry weight at age 29
is within range from 34 + 5.4 kg to 70 + 8.7 kg (Figure 4.6.). All provenances in this experiment is
exceeding the results of Scots pine, several significantly (more than 2 times) and statically (p <
0.05).

The total tree aboveground biomass per 1 ha in the plantation created on former tree orchard
territory (on fertile soil) at age 12 for lodgepole pine is 54.6 t on average (the most productive
provenance — 71.1 t), and for Scots pine it is only 15.8 t (Figure 4.7.); this difference is mainly due
to the tree survival differences (P.contorta84 % on average, P.sylvestris34 %). However,
recalculating biomass with a constant survival — Scots pine’s biomass significantly (for 40 %) fall
behind the most productive provenance of lodgepole pine. The average increment in this period for
lodgepole pine reaches 4.5 t of dry matter on 1 ha per year, which falls behind other alternative
(aspen, osier) biomass production on similar soils.

The aboveground biomass of lodgepole pine in absolute dry weight at age 29 in several
provenances is from 42 - 129 t ha™' and significantly (1.7 times) exceeds the biomass of Scots pine:
the difference between separate P. contortaprovenance values is from 25 % to 225 %. Moreover, in
this case there is practically no difference of survival between species (38 % for P. contorta, 36 %
for P. sylvestris); thus biomass difference is determined by differences of tree species productivity
(quick-growth). The average biomass increase for lodgepole pine reaches 3.1 t of dry matter on 1 ha
per year, for most productive provenances — 4.4 t. This indicator falls behind other species that are
used with a main aim to produce power fuel, but bearing in mind that the only indigenous tree
species that is suitable for such infertile sand soil as in the case of this experiment — is Scots pine.

In summary, it was established that there are substantial differences between biomass volumes on a
provenance level, that leads to a conclusion that provenance has a big importance when estimating
tree aboveground biomass. The most suitable lodgepole pine provenances in this aspect exceed
Scots pine both after actual result, and after excluding the influence of survival. The most
productive lodgepole pine provenances at age 29 reaches 4.4 t of average dry matter increase on 1
ha per year, which exceeds other alternatives in the areas with infertile sand soils.

4.4. Analysis of lodgepole pine growth rate

The data for growth rate analysis was collected in lodgepole pine experiment No. 82 and in Scots
pine provenance trial experiment No. 19, in Zvirgzde. Small quantity differences of increment were
found between families and provenances after analysing stem diameters of all sample-trees,
however, on a provenance level these differences are not statically substantial (p > 0.05). From all
families, the largest diameter increments are from family No. 15, thus, dominating diameter
increment dynamic is remaining in the whole period of analysis (Figure 4.8.). A difference in the
whole period of analysis was foundafter comparing stem diameter increments between lodgepole
pine and Scots pine, but statically substantial differences are at age from 6 — 15 years. In further
years increment differences remain, but it is not statically substantial, and a diameter increment
equalisation is visible between species that can partially be explained with survival of Scots pine (it
is considerably lower than for lodgepole pine), consequently the tree number in the parcels of Scots
pine is decreasing and remaining trees have better growing conditions, and thus, the current annual
increment of trees is larger.

Stem diameter increment is functionally related with the width of annual rings, which characterises
the influence of abiotic and biotic environmental factors on tree growth and the stress resulted from
these factors (such as, continued drought periods, insect invasions).It is possible to collect
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information about tree growth rate, annual diameter increments and factors influencing them just by
analysing width of tree annual rings even after many years after a death of a tree.

Statically important differences between species were found after analysis of stem diameter
increments up to age of 9 years, where lodgepole pine is showing growth superiority; at age 10 — 12
years the annual diameter increments for both species are similar. In further 7 years the stem
diameter increment of Scots pine is statically larger and starting from age of 20 years the diameter
increment rate for both species is equalising and is practically the same. The biggest diameter
increments for both species are visible in the first years of development. Afterwards there is a
tendency of a decrease of diameter increment for both species. However it does not mean that the
productivity of stand is decreasing, because with the increase of stem diameter tree needs to
produce a larger amount of wood biomass, thus, increasing the current annual stock volume, but the
increment of width of annual rings is not so rapid anymore.

Similar situation is also visible when the increment of average tree height is being estimated.
Similarly to the increment of stem diameter, statically substantial differences were found also the
increment of tree height between species until age of 11 years, where lodgepole pine shows larger
height increments (Figure 4.9.). In the next two years height increment differences are not statically
substantial, however, in the further years Scots pine’s height increment exceeds lodgepole pine’s,
especially in the period from 17 — 22 years — significantly. Starting from 23 year age height
increment equalizes and difference is not significant.

As the stem diameter and tree height increment tendencies for both species are similar, it can be
concluded that abiotic and biotic environment conditions are influencing these species in a similar
way. Scots pine superiority starting from 12 — 13 years can be explained with tree conservation,
which is significantly lower (for 25 %) for Scots pine, thus, mutual competition is not as big as in
P. contortaparcels, that influences both the diameter, and height increments.

After analysing stem diameter increments of 20 trees from each species with biggest diameters — no
significant differences of diameter increments were found between species. Significant differences
can be found at age 5 — 10 years and after age of 20 years. In the experiments in total after age of 20
years annual diameter increments between species tends to equalise, however, analysing diameter
increments of 20 thickest trees from each species an opposite situation was determined then it can
be concluded that larger diameter increments are closely related with the growing space of each
tree. The growing space of each tree is influenced from tree survival, which for lodgepole pine is
substantially higher. As a result, it can be concluded that trees, which are less influenced by
competition of other trees, have substantially larger diameter increments, moreover, the difference
of annual diameter increments between both species remains, and is statically substantial with a
tendency to increase.

After evaluating current annual diameter increments of 20 thickest sample trees from each species
(Figure 4.10.), it was concluded that the average annual diameter increments between species are
statically substantially different until the age of 6 years. However, during the whole period of the
analysis, lodgepole pine stem diameter increment slightly exceeds Scots pine. In the period from 6 —
24 years — substantial diameter increment differences were not found, except nineteenth vegetation
period, where difference is statically substantial.

After the analysis of annual growth ring thickness dynamics it can be concluded that abiotic
environment factors have been influencing tree growth during age of 4 -5 years, when pronounced
annual diameter increment decrease can be found. In further years also several extremes can be
found, for instance, at age 7 and 12, but not that pronounced. As the diameter increment dynamics
are similar for both species, regardless of the higher productivity of lodgepole pine, it can be
concluded that environment conditions are influencing both lodgepole pine, and Scots pine in a
similar way.

After evaluating the growth rate of lodgepole pine and Scots pine in total, it was found that abiotic
and biotic environment conditions are influencing both species similarly. Until the age of 10 years,
lodgepole pine shows substantially higher average stem diameter and height annual increments,
however, in the further years this difference is not so substantial and is equalising, lodgepole pine is
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showing better increments that mainly can be explained with a different tree survival of both
species, which is lower for Scots pine. Scots pine is sun-loving, however P. contortais more shade-
tolerant and therefore natural thinning in lodgepole pine stands is occurring in a slower pace. After
evaluation of 20 thickest tree growth rates from both species it was concluded that in the whole
period of analysis lodgepole pine shows superiority.

4.5. Lodgepole pine wood moisture content and mechanical properties

The evaluation of lodgepole pine’s aboveground biomass volume implies the perspectives of this
species in the production of biomass, especially in plantations with infertile soils. One of important
biomass utilisation aspects, which determine the obtainable energy, is moisture content. Wood
moisture content is also substantial when determining its mass (at the same time the transportation
costs) and the energy used during timber drying process. The aim of the chapter is to characterise
P. contortawood and branch moisture content, and also genetically set differences of this indicator
for trees in young growth age.

The results of the research shows that absolute humidity of lodgepole pine during winter dormancy
period is from 38 % to 187 %, the range of relative humidity values was considerably smaller: from
27 % to 65 %. Stem wood moisture content increases in the direction to top, differences between
samples from different stem parts are statically substantial (p < 0.05), except from sections 3 and 5.
The average absolute humidity of stem wood was 134 + 1.1 %, for living branches it was lower:
113 + 1.1 %. No substantial differences of branch moisture content were found between parts of
living crown, except in  bottom  quarter, where moisture  was  statically
(p < 0.05) lower (107 = 2.6 %). The range of absolute humidity values in the living branches of
plantation was from 44 % to 166 %, relative moisture: from 31 % to 62 %. Much bigger dispersion
can be found between the moisture values of dead branches: absolute humidity from 26 % to 183 %,
relative humidity from 21 % to 65 %. Such dispersion of the results is influenced by the diversity of
branch death periods and decomposition levels, which has not been studied separately in this
research, because dead branches are only 8 % from the total aboveground biomass. On average,
branch moisture content is substantially and considerably lower than in other aboveground biomass
components: the absolute humidity 80 + 4.1 %, relative - 42 + 1.3 %.

Wood moisture content values of lodgepole pine are a little smaller than for Scots pine with similar
age and dimensions (Libiete-Zalite, Jansons, 2011), but the amplitude of values is similar. Other
authors who have analysed Scots pine wood moisture content during winter periods (mainly for
trees at felling age) have been determining lower values of absolute humidity: from 120 % to 129 %
(Kalnins, 1947; Kokins, 1977; Vanins, 1950).

A substantial correlation on a individual tree level has been found between wood moisture content
of living branches (both absolute and relative) in three top quarters of the crown (r = 0.35, p <0.01),
and also for stem sections 2, 3 and 4 (r = 0.68), however the correlation of wood moisture content in
these stem parts at I m height and in the top part is low (accordingly r = 0.20 and r = 0.07).

On a individual tree level correlation between height and wood moisture content of dead and living
branches, and stem is low (r < 0.15), except moisture content in stem section 3 (r = 0.25, p < 0.01)
and moisture content in living branches of the lower part of the crown (r =-0.16, p <0.01). Branch
moisture content correlation with stem diameter is similar to the correlation with tree height, except
with the living branches in the 3" crown quarter, where r = 0.16 (p < 0.05). Stem wood moisture
content correlation with stem diameter is closer than with tree height (on average r = 0.25, p <
0.01), especially in 3 section: r = 0.36 (p < 0.01). In summary, in all cases wood dimensions
explains a very small part from the observed moisture index variations
(R*<0.1), except diameter and stem’s 3" section correlation where R?=0.14.

None of the moisture content differences of the aboveground biomass components were substantial,
however a statically substantial (p < 0.05) influence of family on wood moisture content in all stem
sections was found. Moisture content is statically lower in families with the highest stock volumes
and aboveground biomass, thus, a genetic material selection is possible, which ensures high wood
volume and its quality as well.
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It was found that on a family average value level closer relationships are with stem moisture content
in several sections, especially in 3™ section (r = 0.75, p < 0.01), correlation between stem and dead
branch moisture content is close (r = 0.54, p < 0.05). Correlation between stem moisture content at
I m height and living crown bottom quarter branch moisture content is low and is not statically
substantial. Stem moisture content on average is correlating closer with branch wood moisture
content in crown’s middle part (second and third quarter, accordingly r = 0.52 and
r = 0.56). Results show that stem moisture content analysis from samples at 1 m height is valid to be
used for most of the moisture characterisations of aboveground biomass components and thus,
selecting most perspective families by using this value.

Altogether, 317 lodgepole pine and 233 Scots pine standard samples were tested for mechanical
properties, obtaining a data set that represents wood mechanical properties of the species at age of
25 years.

After analysing the obtained data, substantial differences were found between species and between
the areas of stem where the samples were collected from. The average breaking strength in bending,
compression and the average values of modulus of elasticity (Figure 4.11.) in first line segments of
the stem (h = 0-2 m) for Scots pine were statically substantially lower (p < 0.01) than for lodgepole
pine.

Similar situation was found after analysing wood mechanical property results of second line
segments of the stem (h = 2-4 m): in these segments for Scots pine they were substantially
(p <0.01) lower than for lodgepole pine.

After comparing mechanical properties between line segments (in terms of each species) substantial
differences (p < 0.01) were found both for Scots pine and for lodgepole pine. Higher wood
mechanical property values were found in the bottom parts of stems, mechanical properties were
decreasing towards the top of the tree, that can be explained with different proportions of early and
late wood, thus larger wood density and higher strength values (Fries, 1986; Niemz, 1993). A linear
relation was found for both species between bending strength and modulus of elasticity — in an
increase of the value of modulus of elasticity, bending strength increases as well. Values of
determination coefficient in equation are such — for Scots pine R* = 0.66, for lodgepole pine R*=
0.74, which are not substantially different to the results from lodgepole pine researches in Sweden
(Fries, 1986), and researches in Russia, where it was found that linear relations of determination
coefficient values for different species are from 0.6 — 0.95 (Orypios, 1989).

Wood density differences both between species (Figure 4.12.), and between stem line segments are
statically substantial (p < 0.01). Density differences in percentages, by taking Scots pine density as
100 %, is 12 % for first line segments of stem, and 18 % for the second. Results are different from
research results of Sweden, where 3 % wood density difference between both species at age of 24
years was found, Scots pine exceeding lodgepole pine, it was explained mainly with a lodgepole
pine’s quicker growth and comparatively larger width of annual rings (Persson, 1993). Also wood
strength tests of 25 year old trees confirms with a relation that wood density is decreasing in a
direction from bottom to top of the tree, and between properties is a linear relation (r = 0.8) that
with a increase of wood density, wood strength increases, moreover, the correlation between density
and other mechanical properties is close (r =0.7).

Analysing relations between the same age tree mechanical properties and tree dimensions, it was
concluded that lodgepole pine density values from the first line segments with different diameters
are similar, however for Scots pine — with an increase of segment diameter, the density has
tendency to decrease, which can be explained with differences of annual ring widths.

50



CONCLUSIONS AND RECOMMENDATIONS FOR PRACTICE

Yield of lodgepole pine in plantations in Latvia is on average 25% higher than that of Scots
pine at the same age and site conditions, due not only to statistically significantly higher height
and diameter, but also by 10-20% higher survival.

Factors statistically significantly affecting yield of lodgepole pine are soil fertility and
provenance: highest productivity in Latvia’s conditions was found for Canadian provenances
from latitudes 50°, 53°, 55°-56°as well as for progenies of lodgepole pine stands in Skriveri and
Bukulti.

Lodgepole pine forms two to three branch whorls per year, therefore the sum of branch
diameters per unit of stem length (meter) are notably (63%) and significantly higher than for
Scots pine and accordingly branch diameters, evaluated in grades, are also larger. However,
average number of branches per whorl for lodgepole pine is 32% smaller and average branch
diameter 16% smaller than for Scots pine.

Lodgepole pine has statistically significantly higher proportion of trees with spike knots and
double tops than Scots pine: difference in average is two times, however it is significantly
affected by provenance.

Wood bending and compression strength as well as module of elasticity for lodgepole pine
grown in Latvia is higher than that of Scots pine, average wood density for both pine species is
468 kg'm™and 441 kg'm respectively, confirming, that mechanical properties of lodgeploe pine
wood permit its use similar to that of Scots pine wood.

Proportion of lodgepole pine trees with browsing damages vary widely between experiments
(from 0% to 68%), but on average is 11% higher than that for Scots pine. Also proportion of
trees affected by wind (found only in one experiment) was higher for lodgepole pine.

Based on results of application of developed equation for above-ground biomass estimation
(R?=0.93), biomass of lodgepole pine is significantly affected by provenance and soil
conditions and is on average 1.7 times higher than that for Scots pine, confirming, that
lodgepole pine can be used as viable alternative for establishment of energy-wood plantations
on infertile sandy soils.
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