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1. DARBA VISPARIGS RAKSTUROJUMS

1.1. Témas aktualitate

Neraugoties uz ilggadgjam tradicijam meza audz€Sana un kopSana,
globalais tirgus, pieaugoSie meza izmantoSanas ierobezojumi dabas
aizsardzibas prasibu TstenoSanai, sagaidamo klimata izmainu mazinaSanas
iespgjas, pieprasijums péc energijas no atjaunojamiem dabas resursiem izraisa
nepiecieSamibu intensificét koksnes ieguvi. Plantacijas pasaulé aiznem aizvien
lielaku platibu, un prognoze, ka lidz 2020. gadam 44 % no koksnes apjoma
iegiis no plantacijam. Paaugstinoties mezaudzu bojajumu riskiem, apmezoSana
un plantaciju vai kokaugu stadijumu ierikoSana uzskatdma par nozimigu
pasakumu koksnes plismas apjoma un nepartrauktibas nodrosinasanai Latvija.
Lauku attistibas programma 2014.-2020. gadam paredzets veicinat mezaudzu
(t.sk. plantaciju mezu) izveido$anu mazproduktivas vai citadi lauksaimniecibai
nepiemérotas platibas.

Promocijas darba atspoguloti selekcijas darba rezultatus, atsevisku klonu
augsas potencialu un novertét dazadu plantaciju audzesanas veidu ekonomisko
atdevi. Pirmie apSu hibridi izveidoti pagajusa gadsimta 50. gados, tomér
Baltijas valstls un Skandinavija ir salidzino$i neliela praktiska pieredze apsu
hibridu plantaciju un kokaugu stadijumu izveid€ un apsaimniekosana. Pasreiz
esosie apsSu hibridu klonu eksperimenti Latvija ir sasniegusi vecumu, kad ir
iespgjams novertet to augsanu un, apvienojot iegiitos rezultatus ar ripniecisko
plantaciju apsaimniekoSanas pieredzi, sniegt rekomendacijas par plantaciju un
kokaugu stadijumu apsaimniekoSanu.

1.2. Promocijas darba merkis, uzdevumi un tézes

Promocijas darba merkis: novertét apsu hibridu klonus un veikt plantaciju
apsaimniekoSanas alternativu finansu analizi Latvija.
Atbilstosi petijuma merkim izvirziti darba uzdevumi:
1. Novertet dazadu apsu hibridu klonu produktivitati, stumbra kvalitati
un koksnes 1pasibas.
2. Noteikt aps$u hibridu klonu atlases kriterijus turpmakam selekcijas
ciklam.
3. Raksturot abiotisko un biotisko faktoru ietekmi uz apsu hibridiem.
4. Veikt finanSu analizi dazadiem plantaciju audz&Sanas modeliem.

Hipotézes
1. ApSu hibridu klonu produktivitate un kvalitate ir butiski augstaka
neka parastajai apsei.



2. Klona (genétikas) ietekme uz koku stumbra tilpumu, stumbra
taisnumu, zaru resnumu, koksnes blivumu un noturibu pret vides faktoru
ietekmi ir bitiska, nodrosinot selekcijas potencialu.

3. Apsu hibridu klonu plantacijas ir finansiali izdevigas neatkarigi no
audzeSanas mérka.

1.3. Darba zinatniska novitate un praktiska nozimiba

Promocijas darba pirmo reizi Baltijas valstis apzinatas apSu hibridu
klonu augstuma pieauguma veidoSanas gaitas atSkiribas starp kloniem, ka ar1
pieauguma saistiba ar meteorologiskajiem faktoriem. Noveérteta meteorologisko
faktoru ilgtermina ietekme uz gadskartu platuma veidoSanos, kas kopa ar
augstuma pieauguma analizi parada apSu hibridu klonu augSanas potencialu un
iesp&jamos riskus saistiba ar sagaidamajam klimata izmainam.

Pirmo reizi Baltijas valstis analizéta parastas apses dabiska genétiska
daudzveidiba atvasajos, ka arT kart@tas atsevisku genotipu aiznemtas platibas.
Balstoties uz Siem noverojumiem, izstradata rekomendacija par pielaujamo
viena aps$u hibrida klona aiznemto platibu, ka arT par optimalo klonu skaitu
plantacijas.

Promocijas darba apkopota un vispusigi izverteta visa Latvija pieejama
informacija par apSu hibridu klonu selekciju, klonu produktivitati, kvalitates
raditajiem un koksnes 1pasibam. Pirmo reizi izstradati pamatoti klonu
virsaugstuma augSanas gaitas modeli, kas izmantojami plantaciju ierikoSanas
un apsaimniekoSanas finansialajam novert€jumam (investiciju planoSanai).
Raksturotas apSu hibridu klonu koksnes izmantoSanas iesp&jas un veikts
ekonomiskais noveértéjums dazadiem plantaciju audz&sanas merkiem.

1.4. Zinatniska darba aprobacija

Zinatniskas publikacijas par darba tému

Jansons A., Zeps M., Rieksts-Riekstin§ J., Matisons R., Kridans O. (2014).
Height increment of hybrid aspen Populus tremuloides x P. tremula as a
function of weather conditions in central part of Latvia.
Silva Fennica, vol. 48 no. 5 .

Sable 1., Grinfelds U., Zeps M., Irbe ., Noldt G., Jansons A., Treimanis A.,
Koch G. (2013). Chemistry and kraft pulping of seven hybrid aspen
clones. Dimension measurements on the vessels and UMSP of the cell
walls. Holzforschung, 67 (5), 505-510.



Zeps M., Gailis A., Smilga J., Miezite O., Sisenis L., Zarina, I (2016). Hybrid
aspen clone wood mechanical properties. Agronomy Research 14(S1),
1147-1152.

Smilga J., Zeps M., Sisenis L., Kalnins J., Adamovics A., Donis J. (2015).
Profitability of hybrid aspen breeding in Latvia. Agronomy Research
13(2), 430-435.

Zeps M., Sisenis L., Luguza S., Purins M., Dzerina B. Kalnins J (2015).
Formation of height increment of hybrid aspen in Latvia. Agronomy
Research 13(2), 436-441.

Zeps M., Sable 1., Grinfelds U., Jansons A., Irbe 1., Treimanis A. (2012).
Apsu hibridu (Populus tremuloides Michx. X Populus tremula L.) un
parastas apses (Populus tremula L.) koksnes un sulfatcelulozes Skiedru
pasibas 20 gadu vecuma. Mezzinatne, 26(59), 145.-154. lpp.

Smilga J., Zeps M., Voronova A., DZerina B., Jansons A. (2012) Klonu
sastavs parastas apses (Populus tremula L.) dabiski atjaunojusas
jaunaudzes. Mezzinatne, 26(59), 88.- 101. lpp.

Zeps M. Auzenbaha D., Gailis A., Treimanis A., Grinfelds U. (2008).
Hibridapsu (Populus tremuloides x Populus tremula) klonu salidzinaSana
un atlase. Mezzinatne 18 (51), 19.-34. Ipp.

Zeps M., Jansons A., Smilga J., Purina L. (2012). Growth Intensity and
Height Increment in a Young Hybrid Aspen Stand in Latvia. In:
proceedings of 8th WSEAS International Conference on Energy,
Environment, Ecosystems and Sustainable Development (EEESD '12),
Faro, Portugale, 02.— 04.05.2012., pp.120-124.

Zeps M., Adamovics A., Smilga J., Sisenis L. (2016). Productivity and
quality of hybrid aspen at the age of 18 years. Research for rural
development 2016, volume 2, 55-61.

Zeps M., Voronova A., Smilga J., Kanberga-Silina K., Lubinskis L., Baders
E., Rungis D., Jansons A. (2017). Within- and among-stand genetic
diversity of common aspen (Populus tremula L.) in Latvia. Baltic Forestry.
(Accepted)

Daliba konferences

AdapCAR network un LVMI Silava Riga, Latvija. 03. - 05.10.2012. Genetic
aspects of adaptation and mitigation: forest health, wood quality and
biomass production. Referats: Selection of hybrid aspen for future
climatic conditions.

University of Algarve. Faro, Portugal. 1.-5.05.2012. Environment, Ecosystems
and Sustainable Development (EEESD 12). Referats: Growth Intensity
and Height Increment in Young Hybrid Aspen Stands in Latvia.

Daugavpils universitate, Daugavpils, Latvija. 15.10.2014. Referats: Zeps M.,
Kalnins J., Smilga J., Jansons A. (2014). Hybrid aspen productivity and
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quality in 18 years old stand. In: Special session of 9" Baltic Theriological
Conference: Forest ecosystem and its management: towards
understanding the complexity. International Conference Book of Abstracts,
15. October 2014, Ilgas, Daugavpils, Latvia. University of Daugavpils, p.
Latvijas universitate, Riga, Latvija. 16 — 18.06.2015. Referats: Zeps M., Purins
M., Jansons J., Smilga J., Jansons A. (2015). Factors Affecting Height
Growth of Hybrid Aspen in Latvia. In: 25 th NJF congress: Nordic view
to sustainable rural development. Proceedings of the 25th NJF Congress,
16 to 18 june 2015, Riga, Latvia. Latvian National Association of NJF.
Vankuvera, britu Kolumbija, Kanada. 20. — 23.06.2014. Stenda referats: Zeps
M., Jansons A., Rieksts Riekstin§ J., Purina L., Gailitis K., Smilga J.,
Gailis A. (2014). Height increment development in three years old hybrid
aspen (Populus tremula L. % Populus tremuloides Michx.). In:
International Poplar Symposium VI. . International Conference Book of
Abstracts, 20. — 23.06.2014. Vancouver, British Columbia, Canada. p. 135.

1.5. Promocijas darba struktiira un apjoms

Promocijas darba struktlira pakartota petnieciskajiem uzdevumiem.
Darbs sastav no tris nodalam.

Pirmaja nodala analiz&ta esosa literatiira par apsu hibridiem, to analizi
strukturgjot pa apaks$nodalam, kuras atspogulota Populus gints izplatiba un to
atSkiribas, selekcijas rezultati, plantaciju un kokaugus stadijumu ierikoSanas un
apsaimniekoSanas problematika, atvasaju izmantoSana un audz&Sanas riskiem.

Otraja nodala aprakstita petijuma ieklauti apSu hibridu eksperimenti un
klonu atlases, koksnes Tpasibu noverteésanas un risku izvertésanas metodika.

TreSaja dala analiz&ti iegitie rezultati atbilstoSi izvirzitajam pé&tjjuma
mérkim un darba uzdevumiem. Pirmaja apakSnodala aprakstita apsu hibridu
klonu atSkiribas produktivitate, stumbra kvalitate, un koksnes ipasibas. Otraja
apaksnodala analiz€ti ApsSu hibridu plantaciju apsaimniekosanu saistitie
abiotiskie (trupes sénu un koksngrauZu bojajumi) un biotiskie (metrologiskie
faktori) riski. TreSaja apakSnodala analizEti plantaciju ierkoSanas un
apsaimniekoSanas modeli dazadiem audzesanas mérkiem.

Promocijas darba apjoms ir 104 lpp., informacija apkopota 19 tabulas un
34 att€los izmantoti 273 literatiiras avoti.



2. PETIJUMA MATERIALS UN METODIKA

Promocijas darba rezultati iegiiti, analiz€jot datus no apSu hibridu
selekcijas izméginajuma stadijumiem jeb eksperimentiem. Ap$u hibridu
(Populus tremuloides Michx. x Populus tremula L.) klonu izcelsme — Latvija,
krusto$ana veikta pagajusa gadsimta 60. un 70. gados (mezzinatnieks J. Smilga),
un labako pecnacgju atlase veikta pagajusa gadsimta 80. gadu beigas un
2005. gada. Atlasitie kloni pavairoti LVMI Silava Augu fiziologijas laboratorija.

Eksperimenti ierikoti dazados ekologiskajos fonos péc bloku vai
vienkoka parcelu shémas. Sakotn&jais biezums 1100 vai 2500 koku ha™!, klonu
sastavs un skaits atskirigs, to uzmérisana un vertésana veikta dazados vecumos
(2.1. tabula).

2.1. tabula / Table 2.1.

Eksperimentu kopsavilkums
Summary of experiments

Kloni / gimenes
. Clones / families
. UzmeriSanas ” =
Eksperimenta Nr. apSu parasta o .
. vecums oy atkartojumu skaits
Experiment No. . hibridi apse
Measuring age ) number of
hybrid common S
replications
aspen aspen
58" 39,51 5 7 -
62 10, 12, 18, 20 24 7 21idz 4
63 12,13 17/25 3 21idz4/21idz 14
64 8, 12,15 22 2 8 Iidz 14
65 8,10,12,15 10 8 2 Iidz 11
620 2,3,4,5,6,7 15 - 30
640 4,6 5 2 4
699 4,6 18 2 4
740 6 18 - 4
741 6 54 2 30
744 5 24 - 2hidz 11
745 5 25 - 30
763 5 48 - 30
FEN"™" 2,3,4 19 — 10
791 16, 20 11 - -

* gimenu pecnacéju izméginajuma stadijums / hybrid aspen progeny experiment
“FEN — apSu hibridu klonu fenologijas eksperimenti / hybrid aspen phenology
experiments




Klonu produktivitates un kvalitates novertésanai eksperimentos uzmerits
katra koka augstums (m) un stumbra caurmérs (mm), uzskaititi padéli. Vizuali
novertéts zaru resnums, to lenkis attieciba pret stumbru un stumbra taisnums
3 ballés salidzinajuma ar Iidzigu dimensiju kokiem ta pasa eksperimenta
ietvaros.

Apsu hibridu klonu parbauzu stadijumos izlases (p&c noteiktam
pazimeém izveleto koku kopas) parakuma raksturoSanai un salidzinaSanai starp
eksperimentiem izmantota selekcijas starpiba, kas izteikta gan procentos, gan
standartnovirz&s; aprékinati genétiskie parametri (Falconer, Mackay, 1996).

Stumbra tilpuma aprékinaSanai izmantots 1. Liepas izstradatais
vienadojums parastajai apsei (Liepa, 1996).

Astoniem apSu hibridu kloniem, kuri parstavéti vismaz divos
eksperimentos un kuros veikti atkartoti koku augstuma meérjjumi dazados
vecumos, izveidots augstuma pieauguma gaitas modelis, izmantojot datu
medianas, jo 30 % no mérfjumiem neatbilda normalajam sadalfjumam (Sapiro —
Vilkinsona (Shapiro - Wilk) tests). Pie esoSa datu apjoma no nelinearajiem
modeliem empiriski labaks bija Gomperca (Gompertz) nelinearais modelis:

f(A) = aexp( Bexp( kAy)), (1)
kur:

o — asimptota / asymptote parameter;

[ - parliekuma punkts / displacement parameter;,

k — pieauguma temps / growth rate parameter;

A4 — koka vecums gados, izmantots katram klonam individuali atkariba
no koku vecuma mérjjuma bridi / tree age, was fitted for each clone
individually.

Modela mainigo parametru noteikSanai izmantotas vienadas
sakumvertibas: o =35, f=15 un k= 0.40. Asimptotas precizéSanai izmantoti
dati no 51 gadu veca ap$u hibridu gimenu eksperimenta, kuru sasniegtais koku
augstums pienemts teorétiski maksimali iesp&jamais. Modela atlikuma
vertibam tika noteikta to atbilsttba normalajam sadalfjumam, izmantojot
Sapiro — Vilkinsona testu. Heteroskedasticitati noteica, izmantojot Breusa —
Pagana (Breusch — Pagan) testu, ka arT novertgja grafiski. Modela precizitate
noteikta, izmantojot standartkltidu, vidgjo kvadratisko kliidu, atlikuma vertibu
vidgjo absoliito kltidu (Sokal, Rohlf, 1995) un determinacijas koeficientu.

Koksnes Tpasibu noteikSanai paraugi ievakti trijos eksperimentos Nr. 62,
65 un 791. Eksperimenta Nr.62 divpadsmit gadu vecuma atlasija
19 produktivakos klonus un no katra nozaggja 2 lidz 4 paraugkokus.
Eksperimenta Nr. 65 divpadsmit gadu vecuma atlasija 7 produktivakos apsu
hibridu klonus un vienu parastas apses klonu un no Kkatra nozaggja
8 paraugkokus. Eksperimenta Nr. 791 devinpadsmit gadu vecuma atlasija
6 produktivakos klonus un no katra nozaggja 2 paraugkokus. Kopuma analizgts

10



121 paraugkoks. Koksnes analizes veiktas sadarbiba ar Koksnes kimijas
institita Celulozes laboratoriju. Koksnes blivums noteikts atbilstosi
DIN 52 185, DIN 52 182 (DIN, 1976) un TAPPI 258 om-94 (TAPPI, 1994)
standartiem, paraugus kondiciongjot saskana ar DIN 50014-20/65-1 standartu.
Celulozes saturs koksné noteikts ar KirSnera metodi (TAPPI 203 om-99, TAPPI,
1994). Lignina saturs koksn€ un papirmasa noteikts ar Klasona metodi (TAPPI,
1994). Ekstraktvielu saturs noteikts, ekstrah&jot koksni Soksleta; ekstraktvielu
iznakums aprékinats péc koksnes sausas masas atlikuma. Skiedru dimensijas
(garums, platums) noteiktas ar Lorentzen & Wettre “FiberTester” iekartu. No
ieglitds papirmasas atbilstosi standartam ISO 5269/2, izmantojot “Rapid —
Kothen” darbmasinu, atlieti papira paraugi, kuriem noteiktas mehaniskas
Tpasibas — trukSanas garums un caurspiesanas indekss (ISO 1924-1, ISO 2758).

Klonu skaita un izvietojuma telpiskas struktliras vert€Sanai izvel&ti
regioni ar augstu parastas apses audzu ipatsvaru, kuros izvélétas 20 tiraudzes
6 — 8 gadu vecuma un vismaz 1 ha platiba, t.sk., 16 — véri, 3 — gar$a un 1 —
platlapju kudreni. Katra audzeé regulara tikla ik péc 10— 15 m izvelets
paraugkoks, kuram fiks€tas koordinates un ievakts materials DNS izdaliSanai.
LVMI “Silava” “Molekularas genctikas laboratorija” DNS izdalits no
779 kokiem un ar 6 mikrosatelitu markieriem noteikts to sadalfjums pa
genotipiem.

Trupes izplatiba novértéta apSu hibridu p&cnacgju eksperimenta Nr. 58.
Atlasiti 43 parastas apses un 129 apsu hibridu paraugkoki no piecam gimeném
dazadas caurméra pakape€s. Celma virsmu parzimgja uz pléves un ar planimetru
uzmérija celma, apSu cietpiepes (Phellinus tremulae Bond.) trupgjusas koksnes
laukumu platibas un saskaitija koksngrauza (Saperda carcharias L.) ejas.

Meteorologisko faktoru ietekmes novértéSana veikta eksperimenta
Nr. 620, analiz&jot 15 apsu hibridu klonu (rametu skaits no 12 lidz 23, kopa
278 koki) aug8anu 2010. un 2011. gada (5un 6 gadu vecuma), fenologiskos
novérojumus veicot no marta lidz oktobrim, bet augstuma pieauguma
mérjjumus — no aprila [idz oktobrim. Kopuma mérijumi veikti 18 reizes, vidgji
ik péc 9 (4 — 22) dienam ar 1 cm precizitati. Meteorologiskie dati iegiti no
Vecauces hidrometeorologiskas stacijas. Fenologiskas fazes— pumpuru
brieSana un lapu plaukSana — vertetas abos gados ar vienas dienas intervalu
6 klases (UPOV, 1981). Augsanas intensitates atskiribas starp klonu grupam
katra perioda novérttas, izmantojot dispersijas analizi un Tukeja (Tukey’s)
HSD testu (Sokal, Rohlf, 1995). Meteorologisko faktoru ietekme uz augSanas
intensitati katra no klonu grupam novérteta, izmantojot multiplo linearo
regresiju (Mc Gullagh, Nelder, 1989). Atbilstosakais augstuma pieauguma
veidosanas modelis noteikts péc Akaikes (4kaike) informacijas kritérija (AIC)
(Sakamoto et al., 1986), R? (multiple and adjusted) vertibas (Sokal, Rohlf,
1995), Fisera kritérija un atlikumu standartkliidas, kas apraksta un izskaidro
modela atbilstibu datiem. Atlikuma vertibu atbilstiba normalajam sadalijumam
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un heteroskedascititate parbaudita ar Sapiro - Vilkinsona un Breusa — Pagana
testu, ka arT veicot grafisku novert§jumu. Dazadu modelu, kas apraksta vienu
un to pasu mainigo, salidzinasana veikta, izmantojot ANOVA funkciju. Datu
analize veikta ar R v. 3.0.1 (R Core team 2013), izmantojot pakotni "Gvlma".

Meteorologisko faktoru ietekme ilgtermina uz radialo aug$anu vérteta

apSu hibridu gimenu eksperimenta Nr. 58. Audzg izvéleti 22 koki (I — II Krafta
klase), no kuriem celma augstuma ievakti aptuveni 5 cm biezi koksnes diski.
Gadskartu platumu mérjjumu rindas Skeérsdatétas, to atbilsttba un kvalitate
parbaudita gan grafiski, gan statistiski. Dubulta detrendéSana veikta lai no
kopgjas gadskartu platumu varieSanas nonemtu ar vecumu, un konkurenci
saistito dalu. Vecuma trends nonemts, izmantojot negativi logaritmisko
funkciju, tad nonemta konkurences ietekme ar tre$as kartas polinomialo
funkciju (spline). lepriekS€jas augSanas ietekme nonemta, izmantojot
autoregresivu modeli. Dati apstradati, izmantojot programmu ARSTAN (Cook,
Holmes, 1986). Datu kopas raksturoSanai aprékinati sadi indeksi: vid&jais
starps€riju korelacijas (» - bar), populacijas signala izpausmes (EPS) (Wigley et
al., 1984), sinhronitates (Gleichliufigkeit), pirmas pakapes autokorelacijas un
signala stipruma (signal fo noise ratio) indeksi; aprékini veikti detrendétam
sérijam. Saistibu raksturoSana starp gadskartu platumu vari€Sanu un
meteorologiskajiem datiem, veikta ar Pirsona korelacijas analizi, koeficientu
bitiskums parbaudits ar bootstrap metodi (Johnson, 2001). Meteorologiskie
dati— meéneSu minimala, maksimala un vidgja temperatira, diennakts
temperatiiru amplitiida, nokri$nu summa un potenciala evapotranspiracija (PET)
sadaliti ietekmes sezona no ieprieks&ja gada janvara lidz gadskartas veidoSanas
gada septembrim. Butiskajiem faktoriem novertéta multikolinearitate, un
rezultatu interpretacija izmantoti tikai nekolinearie faktori, kas paradija
izteiktakas saistibas. Meteorologiskie dati iegiiti no UEA Climatic Research
Unit majaslapas. Datu analize veikta programma R, izmantojot pakotni ,,dpIR”.

Plantaciju apsaimniekoSanas modelu novertesanai defingti Cetri

plantaciju audzesanas merki:

1) Zagbalku plantacija. Audz&$anas mérkis ir cirSanas vecuma iegiit péc
iespgjas lielaku dimensiju zagbalkus. Cirtes aprite 20 gadi.
Sakotngjais biezums 800 koki hal. Piecu un desmit gadu vecuma
plano augosu koku atzaro$anu. P&c nocirSanas atjaunojas ar atvasém,
un otraja gada veic retinaSanu ar biomasas ievaksanu.

2) Zagbalku plantacija ar kopSanu. AudzéSanas mérkis ir iegt
zagbalkus, paredzot kopSanas cirti 15 gadu vecuma. Cirtes aprite 20
gadi. Sakotngjais biezums 1100 koki ha’!. Piecu un desmit gadu
vecuma plano augosu koku atzaro$anu. P&c nocirSanas atjaunojas ar
atvasém, un otraja gada veic retinaSanu ar biomasas ievaksanu.

3) Papirmalkas plantacija. Audzg€Sanas mérkis ir iegiit maksimali daudz
koksnes cirSanas vecuma. Cirtes aprite 15 gadi. Sakotngjais biezums
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1100 koki ha'!'. P&c nocirSanas atjaunojas ar atvasém, un audzé bez
kopsanas.
4) Energetiskas koksnes plantacija. Audz&Sanas mérkis ir ieglt
maksimalu koksnes biomasas apjomu 1sa laika perioda. Cirtes aprite
10 gadi. Sakotngjais biezums 2500 koki ha’!. P& nocir§anas
atjaunojas ar atvasém, un audze bez kopsanas.
Katram no izv@letajiem merkiem izstradati divi audz@$anas modeli, un
veikti ekonomiskie aprékini atbilstosi diviem scenarijiem:
A. realistiskais — aprekinos izmantoti eksperimentu vidgjie dati;
B. optimistiskais — aprékinos izmantoti produktivako klonu dati.
Sadalfjums sortimentos veikts p&c Ozolina (2002) izstradata
vienadojuma J. Dona sagatavota programma. Aprékiniem izmantoti divu
eksperimentu (Nr. 62 un 791)dati. Iegiitais sortimentu daudzums attiecinats pret
kopgjo kraju, un iegiits teorétiskais sortimentu sadalfjums. Minimalais tievgala
caurmérs zagbalkiem pienemts 24 cm, taras klu¢iem— no 12 lidz 24 cm,
papirmalkai — no 6 lidz 11 cm. Galotnes dala (tievgala caurmérs <6 cm)
ieklauta biomasa. Ekonomiskie aprékini zagbalku plantacijam veikti 40 gadiem
(2 cirtes aprites), papirmalkas plantacijai — 30 gadiem (2 cirtes aprites), bet
energétiskas koksnes plantacijai — Cetras cirtes aprites. Izveidoto plantaciju
audz&Sanas modelu ekonomiskais novertgjums veikts, izmantojot ieksgjo
atmaksasanas likmi IRR (Guo et al., 2006). Ka otrs raditajs izmantota zemes
sagaidama vertiba (LEV), kas Iidzigi ka IRR lauj novertet, kur§ no plantaciju
audz&Sanas mérkiem ir izdevigaks. LEV tiek aprékinats, izmantojot Faustmana
1849. gada izveidoto formulu, kura biitiski nav mainijusies (Gong, 1998). LEV
aprekinats diskont€jot katra gada prognozeto naudas plusmu vértibu uz
pasreizgjo bridi. legiitais rezultats parada maksimalo cenu, kas var tikt maksata
par plantaciju ierikoSanai nepiecieSamo zemes platibu. LEV metode lauj
novertét rezultatu pie dazadam intereSu likmém. Finansialajiem aprekiniem
visas augsnes sagatavoSanas izmaksas nemtas no “Latvijas lauku konsultaciju
un izglitibas centra” bruto seguma aprékiniem lauksaimnieciba 2014. gada.
Zemes arSanas izmaksam piemérots koeficients 1.5, pienemot, ka platiba
vairakus gadus nav apsaimniekota. Stadmateriala izmaksas ieglitas no
a/s Latvijas valsts mezi, bet apalkoku cenas — no Centralas statistikas parvaldes
datu bazes (2014. gads).
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3. REZULTATI UN DISKUSIJA

3.1. Klonu atSkiribas péc produktivitates, stumbra kvalitates
un koksnes ipasibam

3.1.1. Klonu atlases Kkritériju noteikSana

Apsu hibridu klonu atlases kriteriju izvéle ir galvenais priekSnoteikums
klonu selekcijas uzsakSanai. Svarigakais kritérijs ir koku produktivitate, kas
atkariga no tie$i uzméramam pazimém — augstuma un caurmera. Izveletajai
pazimei jabut ar iesp&jami augstu iedzimstamibas koeficientu, kas liecinatu, ka
konkrétaja eksperimenta konstatetas atSkiribas starp kloniem parsvara ir
genétiski determin&tas. Turklat izvel&tajai produktivitati raksturojo$ajai pazimei
jabiit ar iesp&jami zemu (vai — no selekcijas viedokla — v€lamu) korelaciju ar
koku kvalitates parametriem. Augstakas iedzimstamibas koeficienta vertibas
konstatétas koku augstumam un stumbra taisnumam, tapéc rekomend&ju apsu
hibridu klonu atlasi veikt p&c $Tm pazimém (3.1. tabula).

3.1. tabula / Table 3.1.

Apsu hibridu klonu izméginajuma stadijumos veértéto fenotipisko pazimju
iedzimstamibas koeficientu vértibas
Heritability of phenotypic parameters of hybrid aspen clones in different

experiments
Pazime / Trait Iedzimstamibas koeficients H? / Heritability H*

Nr.62 Nr.64 Nr.65
Augstums / Tree height 0.47 0.38 0.36
Caurmérs / Diameter 0.27 0.30 0.25
Stumbra tilpums / Stem volume 0.32 0.26 0.26
Stumbra taisnums / Stem straightness 0.73 0.36 0.42
Padgls / Spike knot 0.21 — 0.18
Zaru resnums / Branch thickness - 0.14 —
Zaru lenkis / Branch angle 0.60 0.20 —

Apsu hibridu selekcija svarigi veikt labako klonu atlasi agrina vecuma,
dazos eksperimentos. Klonu Spirmena rangu korelacijas dazados vecumos
(vertetajam pazimeém, eksperimenta ietvaros ir no 0.69 lidz 0.97, kas apliecina,
ka produktivako klonu atlase ir iespgjama agrina vecuma (5 gadu vecuma).
Eksperimentos gandriz vienmer augstakas selekcijas vertibas ir vieniem un tiem
pasiem kloniem (4., 44., 25., 16., 26. u.c.), kas norada ka klonu atlasi var veikt
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peéc dazu eksperimentu rezultatiem un, ka Latviju var uztvert par vienu
izm&gindjuma zonu aps$u hibridiem. Eksperimentu atSkirigais klonu skaits un
sastavs, ka arT vert§jums dazados vecumos sarezgi klonu savstarpgjo
salidzinaSanu starp eksperimentiem. Tapéc izmantojot koku augstuma
selekcijas starpibas izteiktas standartnovirzes, ka potenciali labakie ir 10., 34.,
16.,4.,44.,43.,30°95. un 25. klons (3.1. att.).

Videja SS izteikta
standartnovirzes;

Eksperimentu skaits, gab;
Mean SS in stadart deviations;
Number of experiments

Klona nr.

#SS STD = Eksperimentu skaits / Number of experiments

3.1. att. ApSu hibridu klonu vidéja augstuma selekcijas starpiba, izteikta
standartnovirzes (pret eksperimentu vidéjo) dazados eksperimentos pedéjiem
meérijumiem
Fig. 3.1. Hybrid aspen clone mean height selection difference expressed in standard
deviations (to mean of experiments) from different experiments in last measurement

SS — selekcijas starpiba / selection difference.

Eksperimenta ietvaros klonu salidzinasana ar eksperimenta vidgjo
vertibu ir saistita ar zinamu neprecizitati, jo to ietekmé klonu skaits un sastavs.
Viena no alternativam ir eksperimentos ieklaut klonus ar zinamu augSanas gaitu
un veikt salidzinaSanu pret tiem. Nakotn€ $adam noltikam izmantojami 4. un
28. klons, kuri ieklauti attiecigi 6 un § eksperimentos.

3.1.2. Stumbra un zarojuma kvalitate

Klonu kvalitates svarigakas pazimes ir atkarigas no planota koksnes
izmantoSanas veida (vai plantacijas audz€Sanas meérka, kas nosaka, kadu
sortimentu planots iegtt). Lidzas klonu produktivitatei zagbalku plantacijas
svariga ir stumbra kvalitate, koksnes blivums un tas mehaniskas ipasibas,
papirmalkas plantacijas — celulozes un lignina saturs koksng, bet energétiskas
koksnes plantacijas — koksnes blivums. Kvalitates pazimju vert§jums kloniem

15



dazados vecumos ari starp eksperimentiem biitiski neatSkiras. Novertgjot 18
apsu hibridu klonus, konstatéts, ka 31 % koku ir ar taisnu stumbru, 58 % — ar
vienu nozimigu (> 5 cm) ltkumu, bet pargjie — ar diviem vai vairak ltkumiem.
Saurs zaru lenkis (mazaks par 75°) ir 10 % koku, savukart padéls konstatéts
23 % koku. Gengtisko faktoru (klona) statistiski bitiska (p < 0.05) ietekme (un
tatad selekcijas iesp&jas) konstatéta tadam kvalitates pazimém ka stumbra
taisnums, zaru resnums un lenkis, bet ne padelu patsvars.

Bitiskas sakaribas starp kvalitates pazimém netika konstat&tas, tatad tas
genétiski tiek dazadi kontrol&tas (Stener, Karlson, 2004). Konstatetas vajas
korelacijas starp stumbra caurméru un zaru resnumu (r = - 0.52; a = 0.05), starp
stumbra caurméru un zaru lenki (r = 0.22; a = 0.05), starp stumbra caurmeru un
koku ar taisniem stumbriem Ipatsvaru (r=0.2; o= 0.05). Koku augstumam
netika konstatétas biitiskas korelacijas ar kvalitati raksturojoSam pazimeém,
tapec atlasi iespgjams veikt pec razibu raksturojos$dm pazimém, neatstdjot
nozimigu negativu ietekmi uz kvalitati, jo nav konstatéta cieSa korelacija starp
razibu un kvalitati raksturojosam pazimém.

Zagbalku plantacijam piemérotakie ir: 4., 24., 30°95., 44., 16., 23. un
21. klons. Energgtiskas koksnes plantacijam piemérotakie ir: 25., 9., 10. klons.

3.1.3. Produktivitate

Izvertgjot apsu hibridu klonu izméginajuma stadijumu (Eksperimenti
Nr. 62, 63, 64, 65) rezultatus, kloniem, kas parstavéti vismaz divos
eksperimentos, aprékinata vidgja krajas diference 11dz 18 gadu vecumam, kas ir
tuvu rekomend&tajam cirSanas vecumam. Eksperimentos ar sakotn&jo biezumu
2500 koku ha! (2 x 2 m) ap$u hibridu klonu vidgja krajas diference 10 gadu
vecumda ir 19.0+3.32 m’ha'!, bet 12 gadu vecumd 18.6+3.43 m’ha’
(3.2. tabula). Tas liecina, ka stadijjumos ar augstu sakotn€jo biezumu pirma
sistematiska kopsanas cirte (pa diagonalém) javeic jau 10 gadu vecuma vai pat
agrak, lai nesamazinatos audzes produktivitate. Sesus gadus p&c kopSanas cirtes
(18 gadu vecumad) vidgja krajas diference sasniedz 22.6 +4.74 m3ha’!. Piecu
produktivako klonu vidgja krajas diference sasniedz 28 m*ha™! 18 gadu vecuma.

Eksperimentos ar sakotngjo biezumu 1100 koku ha' (3 x 3 m, vidégja
krajas diference ir 16.4 +2.31 m*ha’! piecpadsmit gadu vecumad, kas atbilst
246 m*ha!. Vidgja krajas diference 16. klonam ir 24 m’ha! (360 m’ha)
15 gadu vecuma, bet 44. klonam 12 gadu vecuma, vid€ja krajas diference ir
23 m’ha™! (276 m*ha"). Piecu produktivako klonu vidéja krajas diference ir
19 m*ha! 15 gadu vecuma (3.2. tabula), kas atbilst 285 m*ha!. ApSu hibridu
plantacijam Somija, Skandinavijas un Baltijas valstis paredz, ka vidgja
produktivitate biis virs 20 m*ha™! gada ar cirtes apriti 20 1idz 25 gadi (Stener,
Karlsson, 2004, Rytter, Stener, 2005, Tullus et al., 2012).
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3.2. tabula / Table 3.2.

ApSu hibridu klonu vidéja krajas diference dazados vecumos atkariba no
sakotnéja biezuma
Hpybrid aspen clones mean yield difference in different ages depending of

initial density

Sakotngjais biezums 2500 koku

Klona Sakotngjais biezums 1100 koku ha'! / : iy ; X
Nr. / Initial pljanting density 1100 trees ha! hal / Initial p lantmg Idenstty 2500
Clone trees ha
No. Vecums, gados / Age, years _

8 10 12 15 10 12 18
4 4 11 13 17 26 25 28
9 3 - 8 15 23 23 34
10 6 - 12 18 23 24 26
16 8 - 16 24 21 21 25
19 - - - - 22 21 25
22 - - - - 15 16 25
24 5 11 17 13 12 15
25 4 10 12 19 12 11 14
26 3 6 10 14 12 10 8
28 2 8 12 - 15 15 17
30 - - - - 21 22 25
40 5 8 12 13 - - _
41 - - - - 25 23 29
44 4 14 23 - - - —
15'95 5 - 11 17 - - -
16'95 4 - 8 11 - - -
30'95 5 - 10 15 - - -
Vidgji: 4.5+ 9.5+ 12.2+ 16.4+ 19+ 18.6+ 22.6+
Mean: 0.91 2.95 2.34 2.31 3.32 3.46 4.74

* mérfjumi veikti pirms kopSanas cirtes izpildes 12 gadu vecuma / measuring done

before thinning at age 12 years.

Augsta produktivitate agrina vecuma apstiprina apsu hibridu potencialu

plantaciju izveide ar Tsu cirtes apriti un dazadiem audz@Sanas merkiem
energgtiskas koksnes, papirmalkas vai zagbalku ieguvei. Lémuma pienemsanai
par labu kadam no audzESanas merkiem jabiit balstitam finanSu aprékinos.
Energétiskas koksnes iegliSanai atbilst plantacijas ar sakotng&jo biezumu 2500
koku ha’!, kuras 10 gadu vecuma vidgja kraja ir 160 m*ha’!, vidgjais caurmers
sasniedz 11.5cm, un pastav teorétiska iesp&ja iegiit taras klucus. Piecu
produktivako klonu kraja sasniedz 230 m’ha’!. Papirmalkas iegiiSanai atbilst
plantacijas ar sakotngjo biezumu 1100 koku ha™!, kuras 15 gadu vecuma vidgja
kraja ir 246 m*ha’!, un piecu produktivako klonu krdja sasniedz 285 mha’'.
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Zagbalku plantacijam audzéSanas cikla ilgums atkarigs no ta, vai paredzgts
kokus nocirst péc planota mérka caurméra sasniegSanas, vai arl pieauguma
kulminacijas bridi. Lemumu pienemsanai svarigas ir zinaSanas par apsu hibridu
klonu augsanas gaitu.
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3.2 att. ApSu hibridu klonu virsaugstuma aug$anas gaitas modeli
Fig. 3.2. Median height of the studied hybrid aspen clones
Linijja — p&c Gomperca vienadojuma; apli§i - m&Tjumu datu medianas dazados
vecumos. Open circles at different age (1 —20 years) and median height of 39 years old
progenies of hybrid aspen of families (filled circles). Lines show the fitted Gompertz
models.

Izmantojot datus no eksperimentiem, izveidoti virsaugstuma augSanas
gaitas modeli seSiem apsSu hibridu kloniem I1dz 40 gadu vecumam, bet praktiski
plantacijas paredz&ts nocirst 20 — 25 gadu vecuma. Klonu augsanas gaitas
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atSkirtbas nosaka augstuma pieauguma veidoSanas atrums, kuru raksturo
modela parliekuma punkti, kas kloniem atrodas atskirigas vietas (vecuma).
Viens no atraudzigakajiem ir 44. klons, kuram “log” faze iestajas piecu
gadu vecuma un beidzas 13 gadu vecuma; 4. klonam “log” faze sakas seSu
gadu vecuma un beidzas 15 gadu vecuma (3.2.att.). Turpretim 16. un
28. klonam novérots mazakais picauguma atrums, un “log” faze beidzas
attiecigi 18 un 20 gadu vecuma. Nemot vera, ka apsu hibridu koksne tiek
izmantota ari tehniskam vajadzibam, kloni 44. un 4. rekomend&jami zagbalku
plantaciju ierkoSanai. Kloni 25., 26. un 28. veido lielako augstuma pieaugumu
pirmo desmit gadu laika, tap&c rekomend&jami biomasas razoSanai ar 1su cirtes
apriti, iesp&jams, ari lielaka biezuma plantacijas (2000 — 2500 koki ha™).
Augstuma pieauguma kulminacija vidgji iestajas 25 gadu vecuma, kas norada
uz zagbalku plantaciju pirmas cirtes aprites teorétisko audz&sanas ilgumu.
Latvija selekcionétajiem kloniem Hyy péc Gomperca modela ir no
24 1idz 29 metriem. Kloni 44. un 4. atbilst I bonitatei, bet pargjie kloni atbilst I1
bonitatei (Johansson, 2013). Prognozgjams, ka ar Latvija selekciongtajiem apsu
hibridu kloniem ierikoto plantaciju vidga produktivitate sasniegs Baltijas
valstis planotos 20 m*ha! gada (Stener, Karlsson, 2004, Tullus et al., 2012).

3.1.4. ApSu hibridu un parastas apses koksnes ipasibas

Latvijas koksnes parstradatajiem apsSu hibridu koksne nav pazistama, un
galvenais kriterijs tas izmantoSanai ir, lai koksnes Ipasibas butu lidzvertigas
parastas apses koksnes 1pasibam (Kirsons, 2014). Salidzinot apSu hibridu
koksnes 1pasSibas 19 gadu vecuma (kas ir tuvu cirS§anas vecumam 20 — 25 gadi)
ar parastas apses koksni, kas iegiita no lidzigos augSanas apstaklos auguSiem
kokiem, secinats, ka apSu hibridu koksnes ipasibas ir lidzvertigas parastajai
apsei (3.3. tabula). Vert&jot apsSu hibridu klonu koksnes ipasibas 12 gadu
vecuma, konstatéts, ka vid&jais koksnes blivums ir 420 kg m™ (3.4. tabula).
Lielakais koksnes blivums 4. un 28. klonam, bet butiski (p <0.05) mazaks
koksnes blivums ir 3. klonam un 130. parastas apses klonam. Vidgjais celulozes
saturs ir 51 %. Lielakais celulozes saturs ir 4. klonam, bet mazakais —
25. klonam. Zemakais lignina saturs konstatéts 28. klonam, bet augstakais —
3. un 44. klonam. Lielakais ekstraktvielu saturs ir 28., 25., 44. un 3. klonam, bet
vismazakais — 23. klonam.

Starp koksnes blivumu un klonu produktivitati pastav butiska, vaja
pozitiva korelacija (r=0.17, p <0.05). Atseviskos pétijumos konstatets, ka
pastav vaja negativa korelacija starp klonu produktivitati un koksnes blivumu
(Yu et al., 2001b), tapec selekcijas procesa tiek vertetas ar1 koksnes 1pasibas.
Starp produktivitati un celulozes saturu koksné konstateta vaja negativa
korelacija (r=-0.02). Starp celulozes un lignina saturu koksné konstatSta
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negativa korelacija (r = - 0.73), kas norada, ka, palielinoties celulozes saturam
koksng, samazinas lignina daudzums. Zemaks lignina saturs koksné vertgjams

pozitivi, jo papirrlipnieciba mazak japatere kimiskie reagenti.

3.3. tabula / Table 3.3.

ApSu hibridu un parastas apses koksnes ipasibu raksturojums
Wood traits of common aspen and aspen hybrids

Ipasibas / Properties

Apsu hibridi L /

Parasta apse L /

Parasta apse M /

Hybrid aspen L Common aspen L | Common aspen M
Koksnes blivums, kg m™
Wood density, kg m 450.5+12.20 492.5+31.77 500.5 £ 44.26
Sulfatcelulozes
iznakums, % / Kraft 50.6 +1.40 52.5+1.27 522+1.18
pulp yield, %
Skledras garums, mm /| g9, g 0.77 £ 0.00 0.82 +0.02
Fibre length, mm
Skiedras platums, pm
Fibre widih, um 20.8+0.25 20.9 +0.00 21.4+1.29
CaurspieSanas  indekss,
kPam? g! 0.99+0.13 - 0.8+£0.10
Burst index, kPa m® g’
TrukSanas garums, km 33+0.30 2.5+0.38 3.0+0.37

Breaking length, km

L — bijusas lauksaimniecibas zemes / former agriculture land. M — meza zemé&s / forest

land

Skiedru garums nosaka papira izturibu, bet platums nosaka izgatavota
papira drukas kvalitati. ApSu hibridu koksnes Skiedras pieskaita ,,1s0” koksnes
Skiedru grupai, kura Skiedru garums vari€¢ no 0.34 lidz 0.70 mm (Yu et al.,
2001). Latvija selekcionétie kloni atbilst “garo” Skiedru grupai (3.5. tabula).
Vidgjais skiedru platums ir 21.4 pum, tas vari€ no 20.3 lidz 22.4 pm, kas saskan
ar citu valstu petijumu rezultatiem (Hart et al., 2013). Konstatéta vaja pozitiva
korelacija (r =0.13) starp Skiedru vidgjo svérto garumu un koksnes blivumu,
bet starp skiedru platumu un koksnes blivumu — negativa (r = - 0.3) korelacija.

Izvertgjot klonus péc koksnes un Skiedru Ipasibam, papirmalkas
plantacijam piemérots ir 28. klons, kurs ir ar Tsam, bet platam koksnes Skiedram
celulozes saturs vidgjs, bet lignina saturs — viszemakais. Ar garakajam un
Saurakajam Skiedram ir 25. klons, celulozes un lignina saturs vid€js. No
atraudzigakajiem kloniem 44. klons ir ar vid€jiem celulozes un lignina satura
raditajiem, bet koksnes sSkiedras ir vidgji garas un platas; 4. klons ir ar augstu
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koksnes blivumu un celulozes saturu, bet lignina saturs ir vidgjs, Skiedras
Tpasibas atbilst vidgjiem raditajiem.

3.4. tabula / Table 3.4.

ApSu hibridu klonu koksnes ipasibas 12 gadu vecuma
Wood traits of aspen hybrids at age 12 years

_ Koksnes
Klona | Caurmérs, blivums. k
Nr. cm/ =y We;o 5 Celuloze, % | Lignins, % | Ekstraktvielas %
Clone Diameter, . Cellulose, % Lignin, % Extractives, %
density,
No. cm 3
kg m

130* 12.2+0.86 379+68 51.1+0.53B 19.2+0.14P 1.7+0.198¢

3 12.7+0.93¢P 400+£13€ 52.7+0.414C | 20.4+0.104 2.0£0.13A¢€

4 14.2+0.69° 430+8.934 53.3+£0.174 19.9+0.18€ 1.8+0.188¢

23 12.040.60€ | 41149.96A¢ 52.3+0.52¢ 19.7+0.24€ 1.5+0.128
25 14.6+0.450 | 426+10.70 | 51.0+0.40% | 19.4+0.72¢P 2.140.634BC
26 12.6+0.20€ | 427+7.384¢ 53.3+£0.36* 19.3+0.18P 1.840.15€
28 11.6+0.558 435+8.474 52.5+0.34¢ 17.1+0.168 2.240.084
44 17.0+£0.53% | 407+£21.56%C | 51.6£0.628¢ | 20.0+£0.17€ 2.0+0.124

“parastas apses klons / common aspen clone. Ar at3kirigiem burtiem apzimé&tas biitiskas
(p <0.05) vidgjo vertibu atskiribas starp kloniem. / Different capital letters indicates
significant differences (p < 0.05).

3.5. tabula / Table 3.5.

Apsu hibridu klonu $kiedru ipasibas 12 gadu vecuma
Characterisation of hybrid aspen clones fibre parameters properties at

age 12 years
Klona Nr. Caurmérs, cm Skiedru garums, mm Skiedru platums, pm
Clone No. Diameter, cm Fibre length, mm Fibre width, um
130" 12.2+0.86C 0.77+0.01B¢ 21.4+0.114
3 12.7+0.93¢P 0.75+0.018 21.1£0.09€
4 14.2+0.69P 0.81+0.024¢ 21.2+0.164¢
23 12.0£0.60¢ 0.81+0.01€ 20.9+0.13€
25 14.6+0.45P 0.84+0.014 20.6+0.108
26 12.6+0.20€ 0.79+0.01¢ 21.0+0.16€
28 11.6+0.558 0.74+0.018 21.5+0.174
44 17.0£0.534 0.77+0.01€ 21.34£0.124

“parastas apses klons / common aspen clone. Ar atSkirigiem burtiem apzimétas biitiskas
(p <0.05) vidgjo vertibu atskiribas starp kloniem. / Different capital letters indicates
significant differences (p < 0.05).
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3.2. Abiotisko un biotisko faktoru ietekme apsu hibridu

3.2.1. Meteorologisko faktoru ietekme

Novert&jot apSu hibridu fenologiju un ikgadgja augstuma piecauguma
veidoSanos, eksperimenta sakuma un beigas starp izdalitajam klonu grupam
(agri, vidgji, velu plaukstosi) konstat€tas koku augstuma atSkiribas (3.3. att.).
Lidzigu tendenci nove€roja ar1 vidéjam pieaugumam diena (HI), kas atSkiras
starp izdalitajam grupam (3.4. att.). Augstuma pieauguma intensitate diena
atSkiras starp noveérojumu gadiem, bet picauguma kulminacija abos gados
iestajas julija (3.5. att.).
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3.3. att. ApSu hibridu klonu vidéjais koku augstums pa grupam (agri, vidéji un vélu
plaukstosi kloni) eksperimenta sakuma (2010. gada maija, balta krasa) un
eksperimenta beigas (2011. gada oktobri, peleka krasa)

Fig. 3.3. Mean height of clones of hybrid aspen with early, intermediate and late leaf
flushing phenology in the beginning (May 2010, white boxes) and at the end (October
2011, grey boxes) of the increment monitoring period
Ar tumsu taisnu lniju noradita mediana, taisnstiiris attiecigi zemaka un augstaka kvartile,
nogriezni (ar partraukto lmiju) norada minimalas un maksimalas vertibas, ar apliSiem
paraditi dati, kas no datu kopas atskiras vairak par 3 standartnovirzém. Ar tumsu
horizontalu liektu ITniju noradita vidgja vertiba, nogriezni (ar nepartraukto liniju) norada
95 % ticamibas intervalu. / Median is shown by the bold line, box corresponds to lower
and upper quartiles, whiskers show minimum and maximum values (within 150 % of
interquartile range from the median) and circles represent outliers of the datasets.

Confidence interval 95 % shown by black curved lines.
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Agri un vidgji plaukstoSiem kloniem HI ir bitiski lielaka no junija
sakuma Iidz beigam. HI kulminacijas bridi jilija velu plaukstoso klonu HI ir
butiski lielaka neka agri un vidgji plaukstoSiem kloniem. Vegetacijas perioda
beigas velu plaukstosiem kloniem HI ir mazaka neka agri un vidgji
plaukstosiem kloniem (3.5. att.). Tomér kopg&jais augstuma pieaugums vélu
plaukstosajiem kloniem bija mazaks neka agri un vidgji plaukstosajiem
kloniem.
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3.4. att. ApSu hibridu klonu vidéjais pieaugums diena 2010. un 2011. gada pa
grupam (agri, vidéji un vélu plaukstosi kloni)
Fig. 3.4. Mean daily height increment for growing seasons of 2010 and 2011 for
clones of hybrid aspen with early, intermediate and late leaf flushing

Ar tums$u taisnu liniju noradita mediana, taisnstdris - attiecigi zemaka un augstaka
kvartile, nogriezni (ar partraukto liniju) norada minimalas un maksimalas vertibas. Ar
tumsu horizontalu liektu liniju noradita vidgja vertiba, nogriezni (ar nepartraukto Imiju)
norada 95 % ticamibas intervalu. / Median is shown by the bold line, box corresponds to
lower and upper quartiles, whiskers show minimum and maximum values (within 150 %
of interquartile range from the median) and circles represent outliers of the datasets.

Kloni atSkirigi reagé uz meteorologiskajiem faktoriem, tap&c svarigi
noskaidrot, kuri no faktoriem nozimigi ietekm&é koku augSanu un dod
kumulativu efektu uz augstuma picauguma veidoSanos. Modelos ieklauto
mainigo skaits un veids, kas butiski ietekm&ja augstuma pieauguma attistibu,
atSkiras starp klonu grupam, kas norada, ka pastav atskiriga klonu reakcija uz
meteorologiskajiem faktoriem. Tomér modelos ieklautos mainigos nevar
uzskatit par universaliem, un ar tiem nevar aprakstit HI izmainas ilgstosa laika
perioda, jo mainigie faktori butiski atSkiras starp abiem noverojumu gadiem.
Nevar izslégt, ka atsevisku meteorologisko faktoru batiskums mainas,
palielinoties koku vecumam (Carrer, Urbinati, 2006).
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Diennakts vidgja temperatiira bija vienigais faktors, kam bija bitiska
(p <0.001) ietekme visos modelos, un tas koeficientu vertibas bija atskirigas
starp noveérojumu gadiem (lielakas 2011. gada) un starp klonu grupam (lielakas
velu plaukstosajiem kloniem). Evopotranspiracija bija vienigais mainigais, kas
ietver sevi arl nokrisnus, kam bija bitiska ietekme uz HI, vid&ji un velu
plaukstosajiem kloniem. Agri plaukstoso klonu HI ietekmé&ja ne tikai diennakts
vidgja temperatiira, bet arl temperatiru (> 5°C) summa un augSanas dienu
skaits.
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3.5. att. ApSu hibridu klonu vid€jais pieaugums diena starp mérijumiem, kas veikti
2010. un 2011. gada, agri, vidéji un velu plaukstosSiem kloniem
Fig. 3.5. Mean daily height increment of clones of hybrid aspen with early,
intermediate and late leaf flushing phenology, calculated for periods between
measurements for growing seasons of 2010 and 2011
Ar zvaigznit®m atzimétajas vietas pieaugums diena butiski atSkirigs starp klonu
grupam / Asterisks indicate significance (p —value < 0.05) of differences of height
increment among groups of clones with differing phenology of leaf flushing.

Lénak augoSus klonus (v€lu plaukstosi) meteorologiskie faktori
ietekmé&ja vairak (augstakas mainigo faktoru koeficientu vértibas modelos).
Augiem pieejamais fidens biitiski ietekmgja vélu plaukstosos klonus, jo butiska
bija potencialas evapotranspiracijas ietekme uz HI 2011. gada. Krasas
temperatliras un nokrisnu svarstibas vegetacijas perioda var izsaukt augstuma
pieauguma samazinajumu. Saules radiacijai bija pozitiva ietekme uz HI, tomér
saulainas dienas vasara vidgja gaisa temperatiira ir augstaka neka apmakusas
dienas (LVGMC), lidz ar to potenciala evapotranspiracija (PET) ir lielaka
(Trajkovic, 2005), un saules radiacijas ietekme var biit pat negativa. Koku
augstuma atskiribas noverojumu sakuma (2010. gads) un beigas (2011. gads),
ka arT HI atkiribas starp klonu grupam (péc plauksanas fenologijas) liecina, ka
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no augSanas intensitates ir atkarigs koka pieaugums un Iidz ar to arl
produktivitate.

Meteorologiskie apstakli (vidgja temperatiira) vismazak ietekmé&ja HI
agri plaukstosajiem kloniem, salidzinot ar par§jam divam grupam, kas ari
izskaidro lielaku HI agri plaukstosajiem kloniem. Temperatiiras labvéliga
ietekme uz HI liecina, ka tas pieaugums varétu palielinat klonu produktivitati
un Iidz ar to klimata izmainam var€tu but pozitiva ietekme. Tomer janem vera,
ka agri plaukstoSie kloni ir paklauti lielakam pavasara salnu riskam (Yu et
al., 2001b, Gu et al., 2008). Vidgji plaukstosie kloni ir pietiekoSi atraudzigi, bet
tie ir jutigaki pret meteorologisko faktoru izmainam. Negativa PET ietekme uz
HI veidoSanos liecina, ka palielinatas temperatiiras un nokri$nu izmainas, var
atstat negativu ietekmi uz augSanu (Avotniece et al., 2010).

Meteorologisko faktoru ilgtermina ietekmi uz koku augSanu analizgta
51 gadu veca ap$u hibridu gimenu izmé&gindjuma stadijuma Eksperimenta
Nr. 58. Analizgjot gadskartu platumus posma no 1965. lidz 2013. gadam
minimalais gadskartu platums bija 0.14 mm, bet maksimalais — 15.74 mm
(vidgji 4.01 mm). Analiz€jot divdesmit vienu Sk&rsdatéto gadskartu seriju,
konstatéta cieSa saistiba starp koku mérfjumiem (r=0.51), uz ko norada ar1
augsta s€riju sinhronitate (GLK =0.70). Dotajai datu kopai aprékinata
populacijas signala (EPS = 0.95) veértiba bija virs 0.85, kas norada uz iegiito
datu pielietojamibu gadskartu platumu nosakoSo faktoru raksturoSanai
(determin&Sanai) dotaja vieta (Wigley et al., 1984). Gadskartu platuma mainiba
bija veérojama augsta autokorelacija (r = 0.69), noradot, ka tekoSais pieaugums
ir biitiski atkarigs no ieprieksgjas augsanas.

Gadskartu platuma sériju atlikuma hronologijas butiski korelgja ar
Cetriem no 132 parbauditajiem meteorologiskajiem faktoriem (3.6. att.). Vidgja
temperatiira marta, vidéja diennakts temperatiiras amplitiida jalija un septembr1
negativi ietekmé gadskartu platumu, turpretim pozitiva ietekme bija nokrisnu
daudzumam jalija. Lai arT vides signals gadskartu platumam bija stiprs,
iespgjams, meteorologisko faktoru vajo ietekmi noteica to savstarpgja
mijiedarbiba un / vai to ietekmes novirze laika (Biintgen et al., 2006).

Koki sp&j pakapeniski pielagoties dazadiem meteorologiskajiem
apstakliem, un tam ir nepiecieSams noteikts laiks. Strauju temperatiiras mainu
gadijuma koki var nepaspét pielagoties, kas izskaidro negativu temperatiiras
amplitidas ietekmi julija uz gadskartu platumu. Septembrl parasti novero
pirmas rudens salnas, tap&c korelacija starp gadskartu platumu un temperatiiras
diapazonu septembri varétu biit saistita ar salnu bojajumiem, vai arl
temperatliras svarstibas liek kokiem reagét un partraukt augSanu. Marta
temperatiiru ietekmi uz apsu hibridu gadskartu platumu var skaidrot gan ar
baribas vielu izlietojumu miera periodd (Foote, Scheadle, 1976 Ogren et
al., 1997), ka rezultata var pietrikt baribas vielu lapu plaukSanai, gan
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paaugstinatu jutibu pret sala bojajumiem miera stavokla beigas (Rixen et
al., 2011).
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3.6. att. Pirsona Kkorelacijas koeficienti (biitiskie paraditi melna krasa) starp
meteorologiskajiem faktoriem un gadskartu platuma atlikuma hronologiju apsu
hibridiem
Fig. 3.6. Significant Pearson correlation coefficients (black bars) between climatic
factors and residual chronologies of the hybrid aspen
Paraditi tikai nekolinearie faktori / Collinear factors have been omitted. PET —

potenciala evapotranspiracija / potential evapotranspiration.

ApSu hibridiem konstatéta pozitiva reakcija uz nokriSniem vasara,
perioda, kas sakrit ar paaugstinatu augsanas intensitati (3.5. att.). Tas liecina, ka
apsu hibridi spg sekmigi izmantot nokriSnus un augstu diennakts vid€jo
temperaturu.

3.2.2. Trupes sénu izplatiba

Slimibas un kaitekli ir nozimigs riska faktors, ko ietekm& gan apstakli
konkréta vegetacijas perioda, gan plantacijas atraSanas vieta un citi vides
faktori, kas var veicinat vienas vai otras slimibas uzliesmojumu. Analizgjot
celma augstuma ievaktas koku skersgriezuma ripas, 51 gadu veca apsu hibridu
gimenu izm&ginajuma stadijuma (Eksperiments Nr. 58), 170 paraugkokos (no
171) identificgja serdes trupi un 157 — konstat€ja apSu liela koksngrauza

(Saperda carcharias L.) ejas.
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Konstatéts, ka trupes laukums butiski (p <0.01) atSkiras starp apSu
hibridu gimeném (3.6. tabula). Kokiem ar lielaku caurméru trupes laukums bija
lielaks, bet trupes aiznemta proporcija bija butiski (p <0.01) mazaka.
Konstatéta ari butiska (p <0.01) gimenes ietekme uz trupes proporciju.
Koksngrauzu ejas 56.9 % gadijumu bija infic&tas ar trupi, un var uzskatit, ka tie
izplata trupes s€nes vai ari veicina to iekltSanu stumbra. Koksngrauzu eju
skaits ap$u hibridu gimen&m un parastajai apsei bija 1idzigs. Koksngrauzu eju
skaits korelgja ar trupes laukumu skaitu (r=0.33, p <0.01), ka arT eju skaits
korelgja ar kopgjo trupes platibu (r=0.31, p <0.01), turklat eju skaits nebija
atkarigs no stumbra caurméra (r = 0.01, p = 0.88).

3.6. tabula / Table 3.6.

ApSu hibridu gimenu un parastas apses raksturojums un bojajumi celma
augstuma 51 gada vecuma

Mean values of stem parameters, area and proportion of rot, total number of

rot patches and galleries and those galleries enclosed by rot per stump at age

51 year
Trupiu Trup&juso
. S Tupgjuso - 0 skaits
ApSu Trupes Videja trupes | ki Eju Qu Sts,
hibridu laukunf)s vid,, | Proporeija, % skaits skaits, gab./
gimenes D,cm/ cm?/ Mean, / gab. /’ gab. / Number
/ Hybrid | DBH, cm area of ot Mean Number Number of
aspen , " | proportion of rot of galleries
Jamilies cm of rot, % galleries | enclosed
patches
by rot
A 29.84+2.2% 221.1+86.9% 19.6+7.9® 2.44+0.8% 6.1+2.0° 3.3+1.9*
B 31.3£2.5™ 156.7+£73.6* 11.445.6° 4.1+1.4° 6.8+1.9* 4.2+2.0°
H64 31.442.1% 269.5+75.8% 21.8+7.0® 2.6+0.8% 5.8+1.7% 3.2+1.2%
J 29.242.0" | 327.4+105.8% 32.2+11.7° 1.8+0.8* 5.94+2.4* 5.0+2.4*
M 31.9+1.6™ 438.0+£90.0° 29.0+£6.2° 2.7+0.8% 8.0+1.7% 4.6+1.3°
;1;2‘ / 30.8£0.9° | 294.5+40.94 234£35% | 2.7¢04% | 6.5£0.8° | 4.0£0.74
Apse / Ba Aa Aa Aa Aa Aa
Aspen 26.0+1.6 258.7+69.9 27.2+5.9 2.0+0.4 5.8+2.0 4.6+2.0

*Koksngrauza Saperda carcharias eju skaits celma dala / Number of Saperda
carcharias galleries in stem. D — caurmers / diameter. Ar atSkirigiem lielajiem burtiem
apzimétas bitiskas (o0 < 0.05) atSkirTbas vid&jam vertibam starp apSu hibridiem un
parasto apsi. Ar atSkirigiem mazajiem burtiem apzimétas butiskas (o < 0.05) atSkiribas
starp ap$u hibridu gimen&m. / Different capital letters indicates significant differences in
mean values between hybrid aspen and European aspen. Different small letters
indicates significant differences between specific pairs of families at a. = 0.05

Trupes laukumu skaits bija batiski atSkirigs starp ap$u hibridu gimeném
(p=0.02). Neatkarigi no koka izcelsmes (gimenes) atrak augoSiem kokiem
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(lielaks caurmérs) bija mazaks trup&jusas koksnes laukumu skaits uz laukuma
vienibu (r<-0.27, p=0.01). Kopuma trupe aiznéma 24.3 % no celma
laukuma, bet koksngrauzu eju laukums bija nenozimigs (0.8 %).

Starp apSu hibridu gimeném konstatetas butiskas atSkiribas trupes
izplatiba, no ka var secinat, ka ir krustojumu kombinacijas, kuru p&cnacgjiem ir
lielaka rezistence pret trupes séném. Selekcija ka papildus kritériju ieklaujot
rezistenci pret trupes séném, ir iesp&ams atlastt klonus, kuru augsta
produktivitate nodroSinas augstaku lietderigas koksnes iznakumu.

3.2.3. Klonu skaits plantacija genétiskas daudzveidibas
nodrosinasanai

Parastas apses audzes Latvija biezi atjaunojas dabiskas atjaunoSanas
cela — ar saknu atvasém. Audzes, kas veidojusas péc apsu audzu nocirsanas, ja
tas nav atjaunojusas generativi, var uzskatit par dabiskam klonu audzém.
Turpmaka paaudzu maina visbiezak notiek klonu skaita pakapeniska
samazinasanas, savstarp&ji konkurgjot, un sak dominét atseviski, konkrétajiem
apstakliem piemérotakie kloni (Watkinson, Powel, 1993). Informacija par
parastas apses genotipu aiznemto teritoriju, atjaunojoties ar saknu atvasém, dod
iesp&ju rekomendet nepiecieSamo klonu skaitu apsu hibridu plantacijas.
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3.7. att. Genotipu ar vairak neka vienu rametu sadalijjums % péc lielaka attaluma
starp rametiem
Fig. 3.7. Distribution of clones according to maximum distance between their
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Attalums starp rametiem 42 % genotipu ir no 10 I1dz 20 m, 16 % — no
20 lidz 30 m, bet pargjiem 42 % virs 30 metriem (3.7. att.). Piecpadsmit
kloniem attalums starp rametiem parsniedz 80 m. Mazaka vid&ja distance starp
viena klona rametiem konstatéta Lisenes regiona (22 m), un lielaka vidgja
distance — Kokneses regiona (85.6 m). Lielakie attalumi starp viena klona
rametiem —169.4 m (Limbazu GRM) un 136.3 m (Auce) nozimigi parsniedz
citu valstu petijumos fiks€to — maksimali 60 m (Suvanto, Latva-Karjanmaa,
2005). Konstateta ar1 bitiska pozitiva korelacija (r=0.77, p <0.05) starp
rametu skaitu un attalumu starp tiem.

Vidgjais attalums starp viena genotipa rametiem (48 £9.54m) ir
nedaudz lielaks neka platiba ap celmu, kura visvairak veidojas atvases no viena
celma (Suvanto, Latva-Karjanmaa, 2005), tatad specigs genotips potenciali var
aiznemt lielaku teritoriju (ja d =48 m, tad 0.2 ha); maksimalas konstatétas
distances gadijuma genotipa aiznemta platiba biitu 2.3 ha. Lidz ar to var
secinat, ka parasta apse veido dabiskas viena genotipa klonu grupas. Balstoties
uz parastas apses mezaudzes konstat€to viena genotipa aiznemtas platibas
lielumu, viena hibrido apSu klona vienlaidus stadijumam nevajadzetu
parsniegt 2.5 ha.

3.3. Plantaciju ierlkoSanas un apsaimniekoSanas modeli
dazadiem audzeSanas mérkiem

Realistiskaja scenarija potenciali lielaka investiciju atdeve ir zagbalku
plantacijam (IRR =6.41 %), tad seko zagbalku plantacija ar kopSanas cirti
(IRR = 6.22 %). Optimistiskaja scenarija potenciali lielaka investiciju atdeve ir
zagbalku plantacijai ar kopSanu (IRR=8.75%), kura 15 gadu vecuma
ienémumi no krajas kopSanas cirtes nosedz aptuveni 75 % no ierikoSanas
izmaksam. Jebkuri ien€mumi iesp&ami agri audzesanas cikla palielina finansu
raditajus. Papirmalkas un energétiskas koksnes plantacijas realistiskaja
scenarija IRR ir no viena Iidz trijiem procentiem, bet optimistiskaja scenarija
papirmalkas plantacija IRR sasniedz 4.6 %. Plantaciju finanSu raditajus
apskatitajos apsaimniekoSanas modelos tieSi ietekm€& ieglistamo koksnes
sortimentu cenas cirSanas bridi. Pieméram, palielinoties $keldas un papirmalkas
cenai, plantaciju apsaimnickoSanas modelu finan$u raditaji var ieveérojami
izmainities. Lai gan esos$a analize balstita uz cenam Latvija, tomér rezultatus
nevar vértét ka lokalus, jo cenas regiona ietekmé kop€jas tendences visa
Baltijas regiona, Skandinavija un Somija. Turklat nevar izslégt ari kopg&jo
integraciju Eiropas koksnes tirgli (Hénninen et al., 2007).

LEV vertibas zagbalku plantacijam pie diskonta likmes 1 % (3.7. tabula),
vairakas reizes lielakas neka Sobrid lauksaimniecibas zemes cena Latvija.
Papirmalkas un energétiskas koksnes plantacijam LEV lielakoties ir negativs,
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iznemot pie diskonta likmes 1 % un pie diskotnta likmes 3 % optimistiskaja
scenarija — LEV vertibas ir 1015 EUR papirmalkas un -87 EUR energgtiskas
koksnes plantacijam, kas norada, ka $ads zemes apsaimniekoSanas veids ir
mazak efektivs ka zagbalku plantacijas. Zagbalku plantacijam pie 5 % diskonta
likmes realistiskaja scenarija LEV ir 765 EUR un zagbalku plantacijai ar
kopsanu — 660 EUR, kas ir tuvu meza zemes cenai Latvija.

3.7. tabula / Table 3.7.

Zemes sagaidama vértiba (LEV, EUR ha™) pie dazadam diskonta likmém
Land expected value (LEV, EUR ha’) for different discount rates

Plantacijas audzesanas merkis LEV 1% LEV 3% LEV 5%
Plantation growing target Real.” | Opt.”™ | Real. | Opt. | Real Opt.
Zagbalku plantacija

16667 | 24019 | 3298 | 5609 | 765 | 2034

Saw logs plantation

Zagbalku plantacija ar kopSanu

Saw logs plantation by thinning 16792 | 28758 | 3200 | 6724 | 660 | 2468

Papirmalkas plantacija

Pulpwood plantation 3527 | 7147 | -218 | 1015 | -1364 | -612

Energgétiskas koksnes plantacija

Enerey wood plantation 383 | 4357 | -1343 | -87 |-1768 | -1089

“realistiskais scenarijs / realistic scenario
**optimistiskais scenarijs / optimistic scenario

Apskatitajos modelos audzgSanas merkis aprékinu perioda nemainas.
Iespgjams, ja pirma cirtes aprité audz&$anas mérkis ir zagbalku plantacija, un
nakamaja cirtes aprité maina audzeéSanas mérki uz energgtiskas vai papirmalkas
plantaciju to audzesana ir ekonomiski pamatota arT pie aprékinos izmantotajam
cenam. Zviedrija veiktajos pétijjumos secinats, ka no apSu hibridu atvasaja
ieglistamas biomasas apjoms ir nedaudz virs 9 t sausnas gada, ar Cetru gadu
cirtes apriti, bez méslosanas (Rytter, 2006). Iegiita biomasa ir lidziga tai, ko var
ieghit, audzgjot karklu plantacijas energétiskas koksnes ieguvei Zviedrija
(Ledin, 1996, Larsson, 2001). Tadgjadi dazadus plantaciju apsaimniekoSanas
veidus var kombingt atkariba no tirgus situacijas, ka arT no plantacijas
produktivitates, vitalitates un citiem faktoriem.

Kopuma iegtitie rezultati apliecina, ka Latvija bijuSo lauksaimniecibas
zemju izmantoSana apSu hibridu plantaciju audze@Sanai ir viena no finansiali
pamatotam alternattvam.
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SECINAJUMI

Apsu hibridu klonu videja krajas diference 15 gadu vecuma sasniedz
16.4 £2.31 m’ ha!, bet 18 gadu vecuma (6 gadus péc kopSanas cirtes) —
22.6 £4.74 m* ha'! gada, gandriz divas reizes parsniedzot parastas apses
klonu produktivitati.

ApSu hibridu klonu atlasei rekomendgjamas pazimes ir koku augstums un
stumbra taisnums, kuram konstateti augstakie iedzimstamibas koeficienti
(H? > 0.40).

ApSu hibridu klonu ikgad€jo augstuma pieaugumu bitiski ietekmé
augstuma pieauguma intensitate un izmantota vegetacijas perioda ilgums.
Galvenais augstuma pieauguma intensitati ietekmé&josSais faktors ir
diennakts videja temperatiira, kas norada uz potencialu produktivitates
picaugumu klimata parmainu ietekme Latvija.

ApSu hibridu gadskartu platumu augSanas intensitates kulminacijas laika —
julija — pozitivi ietekm& nokriSnu daudzums un negativi— diennakts
temperatiras amplitida. Negativa ietekme wuz gadskartu platumu
konstatéta vidgjai temperatirai marta, diennakts temperatiiras amplitiidai
septembri, kas norada, ka klimata parmainu scenarijos prognozetas
vegetacijas perioda garuma palielinaSanas pozitiva ietekme uz apsu
hibridu klonu augSanu javerté konteksta ar pavasara un rudens salnu
ietekmi.

Apsu hibridu kloni, kas augusi bijusajas lauksaimniecibas zemés, koksnes
Tpasibu zina ir lidzvertigi vai paraki salidzinajuma ar parasto apsi [1dzigos
augSanas apstaklos.

Trup&jusas koksnes laukums un proporcija (trupes skartais laukums pret
kopgjo virsmas laukumu) atSkiras starp ap$u hibridu gimeném, ka ari
kokiem ar lielaku caurmeru trup&jusas koksnes laukums ir lielaks, bet
trupes aiznemta proporcija— mazaka. Infic€Sanas gadijuma lietderigais
koksnes iznakums biis augstaks produktiviem kloniem, un ir iesp&jams
atrast krustojumu kombinacijas ar augstaku rezistenci.

Parastas apses atvasajos vid&jais attalums starp viena genotipa rametiem ir
48.0 + 9.54 m, maksimalais konstatEtais — 169.4 m, kas apliecina apsSu
sp&ju ar saknu atvasém izplatities relativi liela attaluma.

ApSu hibridu zagbalku plantacijas bijusajas lauksaimniecibas zemés ir
izdevigs investiciju veids; iek§€ja atmaksasanas likme tam ir no 6.2 % lidz
8.8 %.
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REKOMENDACIJAS

Atbilstosi klonu produktivitatei, stumbra kvalitatei, zarojuma raditajiem
un koksnes Tpas§ibam zagbalku plantacijam rekomend&jami kloni Nr. 4, 44,
16, 28 un 24, bet papirmalkas un energétiskas koksnes plantacijam — kloni
Nr. 25,9 un 10.

Bijusajas  lauksaimniecibas zem&s pirmaja  audzESanas cikla
rekomendg&jams ierikot apsu hibridu plantacijas, kuru audzésanas mérkis ir
zagbalku ieguve.

Ta ka apsu hibridu klonu izmé&ginajumos konstatéts, ka 15 gadu vecuma
krajas pieaugums nav sasniedzis kulminaciju, nepiecieSamas izmainas
Lauksaimniecibas un lauku attistibas likuma lietota termina “kokaugu
stadijumi” defingjuma, maksimalo audz€Sanas cikla garumu mainot no
15 gadiem uz 25 gadiem.

Nemot véra ierobezoto informaciju par ap$u hibridu plantaciju audzéSanas
riskiem, rekomend&jams plantaciju izveideé izmantot p&c iesp€jas lielaku
klonu skaitu. Balstoties uz parastas apses mezaudzes konstatéto rametu
aiznemtas platibas lielumu, viena klona vienlaidus stadijumam
nevajadzetu parsniegt 2 [idz 2.5 ha.
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1. GENERAL DESCRIPTION

1.1 Topicality of subject

Regardless long-term traditions in forest growing and management, the
global market, increasing restrictions of use of forests with an aim to implement
nature conservation requirements, opportunities to reduce the expected climate
change, and demand of energy from renewable natural resources all create a
necessity to intensify extraction of wood. Plantations world — wide cover
increasing areas, and it is predicted that 44 % of wood by 2020 will be obtained
from plantations. As risks of damaging forest stands are increasing, forestation
and establishment of plantations or ligneous plant stands should be perceived as
a significant measure for provision of continuousness and volume of a wood
flow in Latvia. The Rural Development Programme for 2014 to 2020 foresees
facilitating the establishment of forest stands (incl. plantation forests) in
insufficiently productive areas or in the areas that are otherwise not suitable to
agriculture.

In the doctoral thesis, results of selection work and growth potential of
separate clones are reflected and economic return of different types of
plantation growing is assessed. The first aspen hybrids have been created in the
fifties of the last century, still in the Baltic and Scandinavian states, there is
comparatively small experience in establishment and management of hybrid
aspen plantations and ligneous plant stands. Current experiments of hybrid
aspen clones in Latvia have reached the age when it is possible to assess their
growth, and when the results are combined with experience of industrial
plantation management, they provide recommendations for managing the
plantations and ligneous plant stands.

1.2 Objective, tasks, and theses of doctoral paper

The objective of the Doctoral paper: to assess the hybrid aspen clones and
cost-efficiency of plantations in Latvia.
According to the research objective, the following work tasks have been
proposed:
1. To assess productivity, stem quality, and wood properties of different
hybrid aspen clones.
2. To determine selection criteria of the hybrid aspen clones for a further
selection cycle.
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3. To characterise impact of abiotic and biotic factors on the hybrid
aspen.

4. To evaluate economic return of plantations depending on their growth
objective.

Hypotheses

1. Productivity and quality of the hybrid aspen clones are significantly
higher than those of common aspen.

2. Impact of a clone (genetics) on stem volume, stem straightness,
branch thickness, wood density, and resistance to climatic factors is
crucial when ensuring the selection potential.

3. Plantations of the hybrid aspen clones are cost — effective regardless
their growth objective.

1.3 Scientific novelty and practical importance of paper

In the doctoral thesis, for the very first time in the Baltic States,
differences in progress of height increment formation among the hybrid aspen
clones, as well as relation of the increment to climatic factors have been
identified. Long-term impact of climatic factors on formation of annual ring
width, which together with the analysis of height increment shows growth
potential of the hybrid aspen clones and possible risks in relation to the
expected climate change.

For the first time, in the Baltic States, natural genetic diversity in shoots
of common aspen has been analysed, as well as the areas covered by certain
genotypes have been mapped. Based on these observations, a recommendation
on the acceptable area, covered by a single hybrid aspen clone, as well as on the
optimum number of the clones in plantations have been elaborated.

The doctoral thesis summarises and comprehensively evaluates all
information, which is available in Latvia, on the selection of hybrid aspen
clones, their productivity, quality indices, and wood properties. For the first
time, reasoned growth models of dominant height of clones, which can be used
for a financial assessment of establishment and management of the plantations
(investment planning), have been elaborated. Use opportunities of wood of the
hybrid aspen clones and economic evaluation for various growing objectives of
the plantations have been described.

1.4 Approbation of scientific work

Research results have been summarised in 11 publications and 5
scientific conferences.
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1.5 Structure and volume of doctoral thesis

The structure of the doctoral thesis is subordinated to the research tasks.
The paper consists of three chapters.

The first chapter analyses the former literature on the hybrid aspen, and
the analysis is structured in sub-chapters that reflect distribution and differences
of Populus genus, selection results, problematic issues of establishment and
management of plantations and ligneous plant stands, use of shoots, and growth
risks.

The second chapter describes the experiments of hybrid aspen that are
included in the research and methods of the clone selection, wood property
evaluation, and risk assessment.

The third chapter analyses the results according to the study objective
and work tasks. The first sub-chapter describes differences in productivity,
stem quality, and wood properties of the hybrid aspen clones. The second sub-
chapter analyses abiotic (damage caused by rot fungi and Saperda carcharias)
and biotic (meteorological factors) risks that are related to management of
hybrid aspen plantations. The third sub-chapter analyses models of the
plantation establishment and management for different growth objectives.

The doctoral thesis consists of 103 pages, information is summarised in
19 tables and 34 figures; 273 literature sources have been used.

2. RESEARCH MATERIAL AND METHODS

The results of the doctoral thesis have been obtained by analysing data
from test plantations of a hybrid aspen selection or experiments. The origin of
hybrid aspen (Populus tremuloides Michx. x Populus tremula 1L.)— Latvia;
crossing has been performed in 60s and 70s of the previous century (forest
researcher J Smilga), and the best progenies have been selected at the end of
80s of the same century and in 2005. The selected clones have been reproduced
at Plant Physiology Laboratory of LSFRI Silava.

The experiments have been arranged on different ecological
backgrounds according to a scheme of bocks or single-tree plots. The initial
thickness 1100 or 2500 trees per a ha’!, composition and number of clones
differed, their measuring and evaluation have been carried out at various age
(Table 2.1.).

To evaluate productivity and quality of the clones, the experiments
included measuring height (m) and stem diameter (mm) of each tree, as well as
enlisting of spike knots. Branch thickness, its angle to the stem, and the stem’s
straightness have been visually evaluated at 3 points compared to the trees of
similar dimensions within the same experiment.
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To describe and compare dominance of the selection (sets of trees
selected by certain traits) in test plantations of the hybrid aspen clones, a
selection margin, expressed both in per cents and standard deviations, among
the experiments have been used; genetic parameters have been calculated
(Falconer, Mackay, 1996).

To calculate stem volume, an equation by I Liepa for common aspen has
been used (Liepa, 1996).

For eight hybrid aspen clones, which have been represented in at least
two experiments and height-measured at different age, a height growth model
has been elaborated by using data medians since 30 % of the measuring did not
correspond to the normal distribution (Shapiro-Wilk test). Considering the
current amount of data from non-linear models, the Gompertz’s non-linear
model was empirically better:

f(A) = aexp( Bexp( kAy)), (1)
where:

a — asymptote parameter;

S — displacement parameter;,

k — growth rate parameter,

A4 — tree age; was fitted for each clone individually.

To determine variable parameters of the model, identical initial values
were used: a =35, f=15, and £=0.40. To clarify an asymptote parameter,
data from a 51-year-old experiment of hybrid aspen families, with assumed tree
height to be the maximum possible height in theory, were used. Compliance of
the model’s residual values with the normal distribution has been established by
using the Shapiro-Wilk test. Heteroscedasticity was determined by using a
Breusch-Pagan test, as well as it was evaluated graphically. Accuracy of the
model has been established by using a standard error, mean square error, mean
absolute error of the residual values (Sokal, Rohlf, 1995), and index of
determination.

Samples to determine the wood properties have been collected in three
experiments, No. 62, 65, and 791. In the experiment No. 62, 19 most
productive clones at the age of 12 were selected and 2 to 4 sample trees were
sawn off in each clone. In the experiment No. 65, 7 most productive hybrid
aspen clones and one clone of common aspen at the age of 12 were selected and
8 sample trees were sawn off in each clone. In the experiment No. 791, 6 most
productive clones at the age of 19 were selected and 2 sample trees were sawn
off in each clone. A total of 121 sample trees was analysed. Wood have been
analysed in cooperation with Cellulose Laboratory of the Institute of Wood
Chemistry. Wood density has been determined according to DIN 52 185, DIN
52 182 (DIN, 1976), and TAPPI 258 om-94 (TAPPI, 1994) standards, when
conditioning the samples according to DIN 50014-20/65-1 standard. Cellulose
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content in wood has been established using the Kirschner method
(TAPPI 203 om-99, TAPPI, 1994). Lignin content in wood and paper pulp has
been established by Klason method (TAPPI, 1994). Content of extractives has
been determined by extracting the wood Soxhlet; yield of extractives has been
calculated by the residual mass of dry wood. Fibre dimensions (length, width)
have been established with Lorentzen & Wettre “FiberTester” device. From the
paper pulp, according to ISO 5269/2 standard by using a “Rapid-Koéthen”
machine, sample papers have been cast, and their mechanic properties —
breaking length and burst index (ISO 1924-1, ISO 2758)— have been
determined.

To evaluate the spatial structure of the clones’ number and placement,
regions with a high share of common aspen stands have been selected with
20 pure stands chosen at the age of 6 — 8 covering at least 1 ha, incl. 16 pure
stands in a spruce forest, 3 — in a rich deciduous forest, and 1 — in a broad-
leaved peat-land. In each stand, on a regular net, a sample tree was selected
after every 10 to 15 metres, and its coordinates were registered, as well as
material for separation of DNA was collected. At Molecular Genetics
Laboratory of LSFRI Silava, the DNA was separated from 779 trees and, using
6 micro-satellite markers, their distribution by genotypes were established.

Rot distribution has been assessed in the hybrid aspen progeny
experiment No. 58. Sample trees of 43 common aspen and of 129 hybrid aspen
from five families at different diameter levels were selected. The stem’s surface
was drawn on a film, areas of stems and areas of rot of Phellinus tremulae
Bond. were measured with a planimeter, and galleries of Saperda carcharias L.
were counted.

Climatic factors were assessed in the experiment No. 620, when
analysing growth of 15 hybrid aspen clones (12 to 23 ramets, a total of
278 trees) in 2010 and 2011 (at the age of 5 and 6), phenological observations
were carried out from March to October, while height increment was measured
from April to October. Overall, the measuring was performed 18 times, on
average every 9 (4 to 22) days with accuracy of 1 cm. Meteorological data were
obtained from Vecauce Hydro-Meteorological Station. Phenological stages —
bud swelling and leaf flushing — were evaluated in both years with a one-day
interval in 6 classes (UPOV, 1981). The differences in growth intensity of the
clone groups in each period have been assessed using a dispersion analysis and
Tukey’s HSD test (Sokal, Rohlf, 1995). Impact of climatic factors on growth
intensity in each clone group has been evaluated using multiple linear
regression (Mc Gullagh, Nelder, 1989). The most appropriate height increment
model has been defined according to Akaike information criterion (AIC)
(Sakamoto et al., 1986), R? (multiple and adjusted) value (Sokal, Rohlf, 1995),
standard error of Fisher criterion and residual values that characterise and
explain compliance of the model with data. Conformity of the residual values to
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the normal distribution and heteroscedasticity were verified using Shapiro-Wilk
and Breusch-Pagan tests, as well as by a graphical assessment. Various models,
which describe the same variable, were compared using ANOVA function. Data
were analysed with R v. 3.0.1 (R Core team 2013), by using the package
“Gvlma”.

Long-term impact of climatic factors on radial growth has been
evaluated in the experiment No. 58 of hybrid aspen families. In a stand, 22 trees
(I —1I Kraft’s classes) were chosen and approximately 5 cm thick wood discs
thereof were collected at the stump height. Measurement rows of annual ring
width were crossdated, their conformity and quality were inspected both
graphically and statistically. A double detrending was preformed to remove the
age-related and competition-related part of the total variation in the annual ring
widths. The age trend was removed using a negative logarithmic function,
while competition impact was removed using a three-fold polynomial function
(spline). Impact of the previous growth was removed using an autoregressive
model. Data were processes with ARSTAN software (Cook, Holmes, 1986). To
characterise the data sets, the following indices were calculated: mean inter-
series correlations (r — bar), expressions of population signal (EPS) (Wigley et
al., 1984), synchronicity (Gleichliufigkeit), first-stage autocorrelation and
signal strength (signal to noise ratio) indices; the calculations were made for
the detrended series. Relations between the variations of annual ring width and
climatic data were characterised by Pearson correlation analysis, while
significance of the ratios was verified using the bootstrap method (Johnson,
2001). Climatic data — minimum, maximum, and average monthly temperature,
range of daily temperature, total precipitation, and potential evapotranspiration
(PET) — were divided in an impact season from the last January to September
of the year, when the annual ring was forming. Multicollinearity was assessed
for significant factors, and only non-collinear factors that demonstrated more
distinct relations were used for interpretation of the results. Meteorological data
were obtained from the website of UEA Climatic Research Unit. The data were
analysed in R software by using the package “dpIR”.

To evaluate the plantation management models, four growth objectives
of plantations were defined:

1) Saw log plantation. Growth objective — to obtain as large-dimension
saw logs as possible at the felling age. Rotation period — 20 years.
Initial density — 800 trees ha™!. Trimming of growing trees are planned
at the age of five and ten. After being cut down, they restore with
shoots; tree thinning with collection of biomass is performed in the
second year.

2) Saw log plantation with thinning. Growth objective — to obtain saw
logs by foreseeing thinning at the age of 15. Rotation period —
20 years. Initial density — 1100 trees ha!. Trimming of growing trees
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are planned at the age of five and ten. After being cut down, they
restore with shoots; tree thinning with collection of biomass is
performed in the second year.

3) Pulpwood plantation. Growth objective— to obtain a maximum
amount of wood at the felling age. Rotation period — 15 years. Initial
density — 1100 trees ha™!. After being cut down, they restore with
shoots and are left without thinning.

4) Energy wood plantation. Growth objective — to obtain a maximum
amount of wood biomass in a short period. Rotation period — 10 years.
Initial density — 2500 trees ha™!. After being cut down, they restore
with shoots and are left without thinning.

For each of the objectives, two production models have been elaborated
and economic calculations have been made for two scenarios:

A. Realistic— average data of the experiments have been used in
calculations;

B. Optimistic — data of the most productive clones have been used in
calculations.

Division in assortments has been made according to an equation of
Ozolins (2002) in a software developed by J Donis. For calculations, data from
two experiments (No. 62 and 791) have been used. The amount of assortment
has been referred to the total standing volume, and theoretical assortment
distribution has been obtained. The assumed minimum diameter at the smaller
end for saw logs is 24 cm, for packaging woodblocks — 12 to 24 cm, for
pulpwood — 6 to 11 cm. The top part (diameter at the smaller end <6 cm) has
been included in biomass. Economic calculations for the saw log plantations
have been made regarding 40 years (2 rotation cycles), for pulpwood
plantations — 30 years (2 rotation cycles), while for the energy wood
plantation — four rotation cycles. The economic assessment of the plantation
growth models made has been performed by using an internal rate of return
(IRR) (Guo et al., 2006). A land expectation value (LEV) was used as the
second indicator, as it just like the IRR allows evaluating which plantation
growth objective is more profitable. The LEV is calculated with a formula
made by Faustmann in 1849, which has not experienced significant changes
(Gong, 1998). The LEV is calculated by discounting the current net income of
each year and thus defining the expected capital value of the rotation period.
All soil preparation costs for financial calculations have been taken from gross
coverage calculation in agriculture in 2014 by Latvian Rural Advisory and
Training Centre. A ratio of 1.5 has been applied to land tilling costs, assuming
that the area has not been cultivated for several years. Costs of the planting
material have been obtained from AS Latvia’s State Forests, while prices of
round timber — from the website http://www.Imd.lv/aktualas-apalkoku-cenas-
tabula (2014).
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3. RESULTS AND DISCUSSION

3.1 Clone differences in productivity, stem quality, and wood
properties

3.1.1 Determination of clone selection criteria

Preference of criteria for choosing the hybrid aspen clones is the key
pre-condition to launch the clone selection. Productivity of trees is the main
criterion, as such productivity depends on directly measurable traits — height
and diameter. The relevant trait should have a potentially high heritability ratio
that would prove that the differences among the clones within a specific
experiment are mainly genetically determined differences. Furthermore, the
chosen trait, which characterises the productivity, should have low (or desirable,
from a point of view of a selection) correlation to quality parameters of trees.
The highest heritability ratios have been established for tree height and stem
straightness, therefore the author recommends to select the hybrid aspen clones
by these traits (Table 3.1).

In the selection of hybrid aspen, it is important to select the best clone at
early age in a couple of experiments. Spearman’s rank correlations of the
clones at different age (the traits assessed within the experiment is 0.69 to 0.97
approving that the most productive clones can be selected at early age — at the
age of five). Almost always, the highest selection values in the experiments
were a characteristic of the same clones (No. 4, 44, 25, 16, 26, a.0.), which
indicates that the clones can be selected by the results of some experiments and
that Latvia can be perceived as a test zone of hybrid aspen. Various number and
composition of the experiments, as well as evaluation at different ages make it
more difficult to mutually compare the experiments. Therefore, the clones No.
10, 34, 16, 4, 44, 43, 30’95, and 25 (Fig. 3.1) are possibly the best when using
the height selection differences expressed as standard deviations.

Within the experiment, comparison of a clone and the mean value of the
experiment is related to an uncertainty since it is affected by the number and
composition of the clones. There is an alternative to include in the experiments
the clones with certain growth pace and compare against them. In future, for
this purpose, clones No. 4 and 28, which have respectively been included in
experiments No. 6 and 8, should be used.
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3.2.1 Quality of stem and branching

The most important quality traits of the clones depend on the expected
type of use of the wood (or on a growth objective of a plantation, which
determines what kind of an assortment is planned to be obtained). Along with
productivity of the clones, also the stem quality, wood density and its mechanic
properties in the plantations of saw logs, the content of cellulose and lignin in
wood in the plantations of pulpwood, and wood density in the plantations of
energy wood are important.

Assessment of quality traits for the clones at different age also among
the experiments does not significantly differ. After evaluating 18 hybrid aspen
clones, it was established that 31 % of the trees has a straight stem, 58 % has a
significant (> 5 cm) crook, while the rest of the trees have two or more crooks.
10 % of the trees has a narrow branch angle (less than 75°), while 23 %of trees
has a spike knot. Statistically significant (p <0.05) impact (and thus also
selection opportunities) of genetic factors (of a clone) has been established for
the quality traits such as stem straightness, branch thickness and angle, but not
the share of spike knots.

Significant relations among the quality traits have not been established,
therefore they are genetically controlled in different manners (Stener,
Karlson, 2004). Weak correlations between the stem diameter and branch
thickness (r=-0.52; a=0.05), between the stem diameter and branch angle
(r=0.22; a=0.05), and between the stem diameter and share of trees with
straight stems (r=0.2; a=0.05) have been established. There were no
significant correlations between tree height and quality traits, therefore the
selection can be made by productivity traits, without leaving serious negative
impact on the quality, since close correlation between the productivity and
quality traits was not established.

The most suitable clones for saw log plantations: No. 4, 24, 30°95, 44,
16, 23, and 21. The most suitable clones for energy wood plantations:
No. 25,9, 10.

3.1.3 Productivity

When evaluating the results of the test plantations of hybrid aspen
clones (experiments No. 62, 63, 64, 65), for the clones, which are represented
in at least two experiments, an average standing volume difference by the age
of 18 was calculated and it is close to the recommended length of the rotation
period. The average standing volume difference of the hybrid aspen clones in
the experiments with initial thickness 2500 trees per ha™! (2 x 2 m) at the age
of 10 is 19.0 +3.32 m3ha’!, while at the age of 12 years — 18.6 +3.43 m’ha’!
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(Table 3.2). This demonstrates that, in the plantations with high initially
thickness, the first systematic thinning (in diagonals) should be performed at
the age of 10 already or even earlier in order not to lose productivity of the
stand. Six years after the thinning (at the age of 18), the average standing
volume difference reaches 22.6 =4.74 m*ha!. The average standing volume
difference of five most productive clones reaches 28 m>ha! at the age of 18.

The average standing volume difference in the experiments with initial
thickness of 1100 trees per ha! (3 x 3 m) at the age of 15 is 16.4 £ 2.31 m?ha™!,
which corresponds to 246 m3ha'!. The average standing volume difference of
the clone No. 16 is 24 m’ha! (360 m’ha'!) at the age of 15, while the average
standing volume difference of the clone No. 44 at the age of 12 is 23 m’ha™!
(276 m*ha’!). The average standing volume difference of the five most
productive clones is 19 m’ha™! at the age of 15 (Table 3.2) that corresponds to
285 m’ha!. It is foreseen that the average standing volume difference of hybrid
aspen plantations in Finland, Scandinavian and Baltic states will exceed
20 m*ha’! per year with a rotation of 20 to 25 years (Stener, Karlsson, 2004,
Rytter, Stener, 2005, Tullus et al., 2012).

High productivity at early age indicates suitability for hybrid aspen to
grow in a plantation with a reduced rotation period and for various growth
objectives with an aim to obtain energy wood, pulpwood, or saw logs. Taking a
decision in favour of any of the growth objectives should be based on economic
calculations. The plantations with initial planting density of 2500 trees per ha'!
with the average standing volume of 160 m’ha’!, average diameter reaching
11.5 cm, and with a theoretical possibility to obtain packaging woodblocks
correspond to acquisition of energy wood. The standing volume of five most
productive clones reaches 230 m*ha!. The plantations with initial planting
density of 1000 trees per ha'! where the average standing volume is 246 m*ha’!
at the age of 15 and the standing volume of five most productive clones is
285 m’ha™! correspond to acquisition of pulpwood. The growth cycle of saw log
plantations depend on whether the trees are planned to be cut down after
reaching the projected diameter or at the moment of increment peak. To take a
decision, knowledge on the growth process of hybrid aspen clones is important.

By using the data from the experiments, growth models for dominant
height have been developed for six hybrid aspen clones up to the age of 40,
while practically the plantations are planned to be cut down at the age
of 20 to 25. Differences in growth progress of the clones are defined by pace of
formation of the height increment, which is characterised by a model’s
displacement parameters with different placements (at different ages) on the
clones.

The clone No. 44 is one of the fastest-growing clones, and its “log”
stage starts at the age of five and ends at the age of 13; the “log” stage of the
clone No. 4 starts at the age of six and ends at the age of 15 (Fig. 3.2). The
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smallest increment pace has been observed for the clones No. 16 and 28, and
their “log” stage respectively ends at the age of 18 and 20. Considering that
wood of hybrid aspen is used for technical needs as well, the clones No. 44
and 4 are recommended for arrangement of saw log plantations. The clones
No. 25, 26, and 28 form the greatest height increment in the first ten years,
therefore they are recommended for biomass production in shorter rotation
cycles, possibly also in more dense plantations (2000 — 2500 trees per ha™').
The peak of height increment on average occurs at the age of 25, which points
at theoretical growth length of the first rotation of saw log plantations.

Hyo of the clones, selected in Latvia, according to Gompertz model is
24 — 29 meters. The clones No. 44 and 4 correspond to quality class I, while
other clones — to quality class II (Johansson, 2013). It is expected that the
average productivity of the plantations, which have been established with the
hybrid aspen clones that are selected in Latvia, could reach 20 m*ha’! per year
that is planned for the Baltic States (Stener, Karlsson, 2004, Tullus et al., 2012).

3.1.4 Wood properties of hybrid aspen and common aspen

Latvian wood processors are not familiar with hybrid aspen wood, and
the main criterion of its use is that wood properties should be equal to the wood
properties of common aspen (Kirsons, 2014). When comparing the wood
properties of hybrid aspen at the age of 19 (which is close to the felling age
of 20 — 25 years) and those of common aspen, which is obtained from the trees
that grow in similar conditions, it has been concluded that the wood properties
of hybrid aspen equal the wood properties of common aspen (Table 3.3).
Evaluation of the wood properties of hybrid aspen clones at the age of 12
allows concluding that the average wood density is 420 kg m™ (Table 3.4). The
clones No. 4 and 28 have the highest wood density, while the clone No. 3 and
common aspen clone No. 130 have significantly (p < 0.05) lower wood density.
The average cellulose content is 51 %. The clone No.4 has the highest
cellulose content, while the clone No. 25 — the lowest. The clone No. 28 has the
lowest lignin content, while the clones No. 3 and 44 — the highest. The clones
No. 28, 25, 44, and 3 have the highest content of extractives, while the clone
No. 23 — the lowest.

There is significant, weak positive correlation between the wood density
and clone productivity (r=0.17, p<0.05). In separate studies, it has been
established that there is weak negative correlation between the clone
productivity and wood density (Yu et al., 2001b), therefore also the wood
properties are assessed during the selection process. Weak negative correlation
has been established between productivity and cellulose content in the wood
(r=-0.02). Also between the cellulose content and lignin content, weak
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negative correlation has been observed (r = - 0.73), indicating that increasing
cellulose content in the wood will result in reduction of the lignin amount.
Lower lignin content in the wood should be considered as a positive feature,
since less chemical reagents are to be used in paper industry.

The fibre length determines paper strength, while width determines the
printing quality of the paper made. The fibres of hybrid aspen wood are
included in the group of “short” wood fibres, with their length ranging
from 0.34 to 0.70 mm (Yu et al., 2001). The clones, which have been selected
in Latvia, correspond to the group of “long” fibres (Table 3.5). The average
fibre width is 21.4 pm, between 20.3 and 22.4 um, that corresponds to study
results of other countries (Hart et al., 2013). Weak positive correlation (r = 0.13)
was established between the weighted mean length and wood density, while
negative correlation (r = - 0.3) was established between fibre width and wood
density.

After evaluating the clones by wood and fibre properties, it was showed
that the clone No. 28 is suitable for pulpwood plantations, as it has short still
wide wood fibres, medium cellulose content, and the lowest lignin content. The
clone No. 25 has the longest and narrowest fibres and medium cellulose and
lignin content. The clone No. 44 is one of the fastest-growing clones, and it has
average indices of cellulose and lignin content, while wood fibres are medium-
long and wide; the clone No. 4 has high wood density and cellulose content,
medium lignin content, and wood properties correspond to average indices.

3.2 Impact of abiotic and biotic factors on hybrid aspen

3.1.2 Impact of metrological factors

When assessing phenology and annual formation of height increment of
hybrid aspen, height differences among the clone groups (early, intermediate,
late flushing), which were separated at the beginning and at the end of the
experiment, have been established. Similar tendency has been observed also for
the average height increment (HI) per day, which differed among the clone
groups (Fig. 3.4). The intensity of height increment per day differed between
the observation years; however, the increment peak in both years occurred in
July (Fig. 3.5).

Early and intermediate flushing clones have significantly greater HI
from early to late June. At the peak moment, HI of the clones, which are late-
flushing in July, is significantly greater that the HI of the early and intermediate
flushing clones. At the end of the vegetation period, HI of late flushing clones
is smaller than the HI of early and intermediate flushing clones (Fig. 3.5).
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However, the total height increment of the late flushing clones was smaller than
the HI of the early and intermediate flushing clones.

The clones have different reaction to climatic factors; therefore, it is
important to clarify, which factors significantly affect growing of trees and give
cumulative effect to formation of the height increment. The number and types
of the variables, which are included in the models, that significantly affected
development of height increment vary among the clone groups, and this
indicates different reaction of the clones to climatic factors. However, the
variables, which have been included in the models, cannot be considered
universal and long-term changes to the HI cannot be described as the variable
factors greatly differ between both years of observations. The fact that
significance of certain climatic factors change along with an increasing age of
trees cannot be excluded (Carrer, Urbinati, 2006).

Average daily temperature was the only factor with significant
(p <0.001) impact in all models, and its ratio values differed between the years
of observation (the highest— in2011) and among the clone groups (the
highest — for late flushing clones). Evapotranspiration was the only variable
that included also precipitation, which significantly affected also HI of
intermediate and late flushing clones. HI of the early flushing clones was
affected not only by the average daily temperature, but also by the sum of
temperatures (> 5°C) and number of days of growing.

Slower-growing clones (late flushing) were most affected by climatic
factors (the highest values of the variable ratios in the models). Available water
significantly affected the late flushing clones, as impact of potential
evapotranspiration on HI in2011 was essential. Sharp fluctuations of
temperature and precipitation during the vegetation period may initiate
reduction of height increment. Solar radiation has had positive impact on HI;
however, the average air temperature of a sunny summer day was higher than
that of a cloudy day (Latvian Environment, Geology and Meteorology Centre)
and thus the potential evapotranspiration (PET) is higher (Trajkovic, 2005) and
impact of sun radiation may even be negative. Differences of tree height at the
beginning (2010) and end (2011) of the observations, as well as the HI
differences among the clone groups (by flowering phenology) indicate that
entire tree increment and thus also the productivity depend on growth intensity.

Climatic conditions (average temperature) has the least impact on HI of
the early flushing clones compared to the rest two groups, which also explain a
greater HI of the early flushing clones. Positive impact of temperature on HI
demonstrates that its growth could increase the clone productivity and therefore,
climate changes could have positive effect. Still it should be taken into account
that the early flushing clones are subjected to higher risk of late frost (Yu et
al., 2001b, Gu et al., 2008). The intermediate flushing clones are fast-growing
enough, yet they are more sensitive to changes of climatic factors. Negative
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potential evapotranspiration (PET) impact on the formation of HI indicate that
changes of increased temperature and precipitation may negatively affect the
growth process.

Long-term impact of the climatic factors on the growth of trees is
analysed in a test plantation of 51-year-old hybrid aspen families in the
experiment No. 58. When analysing data of annual ring width from 1965
to 2013, the minimum annual ring width of progenies of the hybrid aspen was
0.14 mm, while the maximum — 15.74 mm (an average of 4.01 mm). Analysis
of a series of 21 crossdated annual rings shows close relation among the tree
measuring (r = 0.51), which is also proved by high synchronicity of the series
(GLK = 0.70). The value of the estimated population signal (EPS = 0.95) of the
given data set exceeded 0.85 that points out applicability of data to characterise
(determine) the factors that define width at the given spot (Wigley et al., 1984).
There was a high autocorrelation (r=0.69) in variability of the annual ring
width indicating that the current increment greatly depends on previous growth.

Residual chronologies of the annual ring width series significantly
correlated to four out of 132 climatic factors that were examined (Fig. 3.6).
Average temperature in March and the range of average daily temperature in
July and September negatively affected the annual ring width, while the amount
of precipitation in July has positive impact. Although the environmental signal
for the annual ring width was strong, it is possible that the weak impact of the
climatic factors was determined by their mutual interaction and/or their
impact’s time deviation (Biintgen et al., 2006).

Trees can gradually adapt to different climatic conditions, and the
adaptation needs certain time. In case of sharp changes of temperature, the trees
can fail to adapt, which is explained by impact of a negative temperature range
in July on the annual ring width. Usually September comes with the first
autumn frost, therefore the correlation between the annual ring width and
temperature range in September might be linked to frost damage, or
temperature fluctuations can make trees to react and stop growing. Impact of
March temperatures on the annual ring width of hybrid aspen can be explained
by both use of nutrients during the resting period (Foote, Scheadle, 1976 Ogren
et al., 1997), which can result in lack of nutrients for leaf flushing, and higher
sensitivity to frost damage at the end of the resting period (Rixen et al., 2011).

It was established that the hybrid aspen positively reacted to
precipitation in summer — during the period that matches an increased growth
intensity (Fig. 3.5). This indicates that hybrid aspen can successfully utilise
precipitation and high average daily temperature.
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3.2.2 Distribution of rot fungus

Diseases and pests are a significant risk factor that is affected by both
conditions in a certain vegetation period and location of a plantation, as well as
other environmental factors that can promote outbreak of one or other disease.
After analysing the cross-sectional tree disks, which were collected at the
stump height, of a test plantation of 51-year-old hybrid aspen families
(experiment No. 58), rot at the core was identified in 170 sample trees (out
of 171) and galleries of Saperda carcharias L. were established in 157 sample
trees.

It was concluded that the rot area significantly (p < 0.01) differed among
the hybrid aspen families (Table 3.6). The trees with larger diameter had a
larger rot area, while the mean proportion of rot was significantly (p <0.01)
smaller. Also, significant (p < 0.01) family impact on the proportion of rot was
established. In 56.9 % of cases, the galleries of Saperda carcharias L. were rot-
infected, and it can be considered that they distribute the rot fungi or help them
to enter the stem. Families of hybrid aspen and common aspen have a similar
number of galleries of Saperda carcharias L, which correlated to the number of
rot patches (r=0.33, p<0.01), as well as to the total rot area (r=0.31,
p <0.01). Furthermore, the number of galleries did not depend on the stem’s
diameter (r=0.01, p = 0.88).

The number of rot patches a significantly differed among the hybrid
aspen families (p =0.02). Regardless the origin (family) of a tree, the fast-
growing trees (larger diameter) had a smaller number of rot patches per rot arca
(r<-0.27, p=0.01). Overall, the rot covered 24.3 % of the stem area, while
the area of galleries of Saperda carcharias L. was insignificant (0.8 %).

Distribution of rot in hybrid aspen families differed, and thus it can be
established that there are crossing combinations with progenies having higher
resistance to rot fungi. When the resistance to rot fungi was included in the
selection as an additional criterion, it was possible to select the clones whose
high productivity ensure better yield of efficient wood.

3.2.3 Number of clones for provision of genetic diversity in
plantation

Stands of common aspen in Latvia usually renew naturally, with coppice
shoots. The stands that have formed after felling of aspen stands, when their
restoration had not been generative, can be considered to be natural clone
stands. In further change of generations, the number of clones often gradually
reduces by mutual competition, and separate clones, which suit the relevant
conditions, begin their dominance (Watkinson, Powel, 1993). Information on
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the territory covered by common aspen genotypes by renewing with coppice
shoots gives an opportunity to recommend the necessary number of clones in
hybrid aspen plantations.

Distance among ramets in 42 % of genotypes is 10 to 20 m, in 16 % —
20 to 30 m, while in the rest 42 % it exceeds 30 meters (Fig. 3.7). For fifteen
clones, the distance among the ramets exceeds 80 m. The shortest distance
among the ramets of the same clone was established in Lisene Region (22 m),
while the largest average distance — in Koknese Region (85.6 m). The greatest
distance among the ramets of the same clone — 169.4 m (genetic resource
forests of Limbazi) and 136.3 m (Auce) — significantly exceeds the maximum
distance, which was registered in studies of other countries, namely, 60 m
(Suvanto, Latva-Karjanmaa, 2005). Also, significant positive correlation
(r=0.77, p <0.05) was observed between the number of ramets and distance
among them.

The average distance among the ramets of the same genotype
(48 £ 9.54 m) is slightly larger than the area around a single stump, which is the
place where the most shoots are generating (Suvanto, Latva-Karjanmaa, 2005),
thus a strong genotype potentially can cover a larger territory (0.2 ha when
d =48 m); in case of the maximum distance, the genotype would cover 2.3 ha.
Therefore, it can be concluded that common aspen creates natural groups of
single genotype clones. Based on the size of the areas covered by single
genotype in forest stands of common aspen, the size of a continuous plantation
of single hybrid aspen clone should not exceed 2.5 ha.

3.3 Models of plantation establishment and management for
different growth objectives

The realistic scenario shows that a saw log plantation is the most
profitable (IRR =6.41 %) followed by a saw log plantation with thinning
(IRR =6.22 %). According to the optimistic scenario, the saw log plantation
with thinning is more profitable (IRR =8.75 %) when, at the age of 15, the
income from thinning of the standing volume covers about75% of
establishment costs. Any income gained as early as possible during the growing
cycle increases profitability. IRR of pulpwood and energy wood plantations in
the realistic scenario is from 1.2 to 3.2 %, while in the optimistic scenario, the
IRR of the pulpwood plantation is 4.6 %. Cost-effectiveness of plantations in
the examined management models are directly affected by prices of obtainable
wood assortment at the moment of felling. For instance, as the price of chips
and pulpwood increases, the cost-effectiveness of plantation management
models may change. Although the current analysis is based on the prices in
Latvia, the results cannot be assessed as local, since prices in the region are
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affected by common tendencies through the Baltic region, Scandinavia, and
Finland. Furthermore, also the overall integration in the European wood market
cannot be excluded (Hénninen et al., 2007).

The highest LEVs of saw log plantations have been calculated at a
discount rate of 1% (Table3.7), and they exceed the current price of
agricultural land in Latvia multiple times. LEV of pulpwood and energy wood
plantations is negative in both scenarios, except for the optimistic scenario
when the discount rate is 1% and the LEV of pulpwood plantations is
3527 EUR and the LEV of the energy wood plantations — 383 EUR, while in
the realistic scenario, when the discount rate is 5 %, the LEV of saw log
plantations is 765 EUR and of the saw log plantation with thinning — 660 EUR
that approaches to the price of forest land in Latvia.

The growth objectives in the scenarios examined during the calculation
period are not changing. It is possible that upon selling the first rotation as a
saw log plantation and the next rotations as the energy wood or pulpwood
plantations, the growing is economically reasoned also in the case of the prices
of chips and pulpwood that are used in the calculations. In studies, carried out
in Sweden, it was concluded that the volume of biomass obtained from the
hybrid aspen shoots slightly exceeds 9 t of dry substance per year, with a four-
year rotation without fertilisation (Rytter, 2006). The biomass obtained is
similar to the biomass that can be acquired when growing willow plantations to
obtain the energy wood in Sweden (Ledin, 1996, Larsson, 2001). Thus,
different plantation management types can be combined depending on a market
situation, as well as on the plantations’ productivity, vitality, and other factors.

Overall, the results obtained approve that the use of former agricultural
land in Latvia for growing hybrid aspen plantations is one of the economically
reasoned alternatives.
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CONCLUSIONS

The average difference of standing volume of hybrid aspen clones at
the age of 15 reaches 16.4 +£2.31 m® ha’!, while at the age of 18
(6 years after the thinning) — 22.6 = 4.74 m® ha’! in a year, exceeding
productivity of the common aspen clones almost twice.

Tree height and stem straightness, for which the highest heritability
ratios (H? > 0.40) have been established, are the traits for selection of
the hybrid aspen clones.

Annual height increment of the hybrid aspen clones is significantly
affected by height increment intensity and length of the used
vegetation period. The main factors, which affect height increment
intensity, is the average daily temperature that points at potential
increase in productivity under the impact of climate change.

At the peak of growth intensity, in July, annual ring width of hybrid
aspen is positively affected by volume of precipitation and
negatively — by the range of daily temperature. It was established that
the average temperature in March and range of daily temperature in
September negatively affect the annual ring width, and this indicates
that positive impact of a longer period of the expected vegetation in
the climate change scenarios on the growth of hybrid aspen should be
considered in the context of impact of late frost and autumn frost.

The hybrid aspen clones, which have grown in former agricultural
land, regarding the wood properties are equal or outwork the common
aspen grown under similar conditions.

Area and proportion of rot (the rotted area against the total surface
area) differ among the hybrid aspen families, as well as trees with
larger diameter had a larger rot area, while the rot proportion was
smaller. In case of infecting, more productive clones will have higher
yield of efficient wood, and it is possible to find crossing
combinations with higher resistance.

The average distance in common aspen shoots among the ramets of
single genotype is 48.0 +£9.54 m, the maximum-— 169.4 m that
approves ability of aspen to distribute with coppice shoots in a
relatively long distance.

The saw log plantations of hybrid aspen in former agricultural land
potentially is the most profitable type of land use, with their internal
return rate of 6.2 to 8.8 %.
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RECOMMENDATIONS

According to clone productivity, stem quality, branching indicators,
and wood properties, clones No.4, 44, 16, 28, and24 are
recommended for saw log plantations, while clones No. 25, 9,
and 10 — for pulpwood and energy wood plantations.

During the first growth cycle in the former agricultural land, it is
recommended to arrange hybrid aspen plantations with an aim to
obtain saw logs.

As tests of the hybrid aspen clones allowed establishing that, at the age
of 15, the standing volume has not reached the peak, amendments
need to be made to the definition of “ligneous plant stands”, the term
used in the law On Agriculture and Rural Development, by changing
the maximum growth cycle from 15 to 25 years.

Considering the limited information on growth risks of hybrid aspen
plantations, it is recommended to use, in plantation creation, as large
number of clones as possible. Based on the size of the area covered by
ramets in forest stands of common aspen, the size of a continuous
plantation of single clone should not exceed 2 to 2.5 ha.
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