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1. DARBA VISPARIGS RAKSTUROJUMS

1.1. Témas aktualitate

Parasta priedes ir saimnieciski nozimiga un plasi izplatita koku suga (p&c Meza
statistiskas inventarizacijas datiem 28 %). Priedi galvenokart atjauno stadot
(izmantojot selekciongtu stadmaterialu). Sada veida stadmaterialam biitiski ir laicigi
veikt agrotehnisko kopSanu, vairakuma gadijumu ar1 aizsardzibu pret dazadam
slimibam (piem., Lophodermium spp.), dzivnicku un kukainu bojajumiem, lai
nozimigi samazinatu sagaidamos riskus, jo izmaksas, veicot atkartotu meza
atjaunoSanu, ir augstas. V&l janem véra ari tas, ka miisdienas meza stada aizvien
mazakus (izméru zina) stadus, 11dz ar to jebkadi bojajumi klust aizvien nozimigaki.
Tadge] butiski samazinat jebkadus sagaidamos riskus. Ka galveno riska faktoru var
mingt: sagaidamas klimatisko (meteorologisko) apstaklu izmainas, kas paaugstina
un nakotn€ paaugstinas abiotisko un biotisko faktoru radita stresa biezumu un
intensitati kokiem, Tpasi to augSanas pirmajos gados. Ka vienu no sagaidamajiem
biotiskajiem riskiem var min&t (Lophodermium spp.) gints s€nes, kuru attistibu
labveligi ietekmeé pieaugosas temperatiiras un pieaugosSais nokrisnu daudzums,
precizak sakot, Lophodermium spp. sastopamibu un attistibu nozimigi ietekmé
pieaugosas temperatiiras un nokri$nu daudzums iepriek$gja gada rudeni, ziemas
meteorologiskie apstakli, ka arT kartéja gada gaisa temperatira un nokris$ni perioda
no maija lidz augustam. Savukart Lophodermium spp. gints sénu raditie bojajumi
batiski ietekmé koku augstumu, augstuma pieaugumu un saglabasanos.

Nakotné jaunaudzu noturibas uzlabosana pret skujbiri liela nozime ir noturiga
materiala atlasei selekcijas procesa un ta pielietoSanai meza atjauno$ana, jo, veicot
selekcijas procesu, ir iesp&ja noteikt un atlasit vides apstakliem pielagotus Ipatnus
(genotipus). Ipatnu pielagotibu nosaka at$kirigas Tpasibas - sp&ja saglabaties (t.sk.
tolerances norma, fenotipiskais plastiskums) un konkurét ar savas un citu sugu
Ipatniem par baribas resursiem, ka ar1 vairoties. L1dz ar to reala situacija noteica
promocijas darba aktualitati, jo nepiecieSami jauni petfjumi, lai var€tu izzinat
skujbires aktualiz€Sanas iemeslus parastas priedes jaunaudzgs.

1.2. Promocijas darba meérkis, uzdevumi un tézes

Promocijas darba mérkis: noveértét skujbires (Lophodermium spp.) ietekmi uz
parastas priedes jaunaudzu augSanas dinamiku un tas izraisltos mezsaimnieciskos
zaudgjumus. Atbilstosi p&tljuma mérkim izvirziti darba uzdevumi:

1. novertet skujbires ietekmi uz parastas priedes koku augstumu, saglabasanos

un pieaugumu jaunaudzes vecuma;



2. raksturot genétisko faktoru ietekmi uz skujbires raditajiem bojajumiem
parastas priedes jaunaudzes;

3. raksturot skujbires bojajumu ietekmi uz parastas priedes audzu finansialo
vertibu aprites cikla.

Promocijas darba tezes

1. Skujbires (Lophodermium spp.) bojajumi parastas priedes jaunaudzes
nozimigi ietekmé koku saglabasanos, augstuma pieaugumu un kumulativi —
arT augstumu, lidz ar to audzes finansialo vertibu.

2. Priedes genétikai ir nozimiga loma skujbires bojajumu pakapes
determingsana.

1.3. Darba zinatniska novitate un praktiska nozime (rekomendacijas)

Novitate

Promocijas darba pirmo reizi analizéta atkartotas skujbires (Lophodermium spp.)
infekcijas kumulativa ietekme uz koku saglabasanos un augSanu.

Pirmo reizi Latvija kompleksi analizéta skujbires ietekme uz parastas priedes
saglabasanos un augstuma picaugumu ka audzu finansialo vértibu nosakosi faktori.

Vertgjot parastas priedes pécnacgju parbauzu stadijumu noturibu pret skujbiri,
papildinata informacija par priedes genétikas lomu $§Ts slimibas ietekmes
determinésana.
Rekomendacijas

Nemot veéra skujbires negativo kumulativo ietekmi uz koku saglabasanos un
atraudzibu, ieteicams pecnac€ju parbauzu stadijjumos veikt bojajumi uzskaiti jau 2.
lidz 4. gada, lai atlasitu pret So slimibu noturigakos genotipus. Rezistence pret
skujbiri ieklaujama selekcijas indeksa.

Ilgtermina prognozu izstradei, ieteicams veikt skujbires bojajumu starpgadu
mainibas monitoringu un raksturot to ietekmé&josos faktorus.

Izmantos$anai meza atjaunos$ana un turpmakaja selekcijas darba rekomend&jami
9 jauni pret skujbiri rezistentaki kloni: Nr. 306, 146, 198, 348, 250, 261, 242,
K3xU10 un K18xK21.

1.4. Zinatniska darba aprobacija

P&tijuma rezultati apkopoti sesas publikacijas:

1. Polmanis, K., Gaitnieks, T., Belevi¢a, V., Rungis, D., & Baumane, A. (2017).
Occurrence of Lophodermium spp in Young Scots Pine Stands in Latvia.
Research for Rural Development, Annual 23rd International Scientific
Conference Proceedings, Jelgava, LLU, pp. 14-20.
DOI:10.22616/rrd.23.2017.002.



. Polmanis, K., Klavina, D., Gaitnieks, T., Baumanis, I., & Lazdins, A. (2016).
Genetic Differeces in Needlecast Damage of Scots Pine (Pinus Sylvestris L.).
Research for Rural Development, Annual 22nd International Scientific
Conference Proceedings, Jelgava, LLU, pp. 34-40.

. Polmanis, K., Miezite, O., Baumanis, I., & Lazdins, A. (2016). Impact of
Needlecast Damage on Sanitary Condition in Young Pinus Sylvestris L. Stands
in Central Latvia. Research for Rural Development, Annual 22nd International
Scientific Conference Proceedings, Jelgava, LLU, pp. 41-47.

. Jansons, A., Neimane, U., Polmanis, K., Gaitnieks, T., & Baumanis, |. (2016).
Cumulative effect of needle cast on Scots pine saplings. Forestry Studies.
Metsanduslikud Uurimused. 65, 5-15. ISSN 1406-9954. DOI: 10.1515/fsmu-
2016-0007.

. Jansons, A., Neimane, U., Polmanis, K., & Baumanis, |. (2016). Genetic
Differences Multi-Annual Impact of Lophodermium spp. Needle Cast on
Young Scots Pine. Proceedings of the Latvian Academy of Sciences. Vol. 70,
No. 6 (705), pp. 409-423. DOI: 10.1515/prolas-2016-0060.

. Polmanis, K., Baumane, A., Baumanis, I., & Luguza, S. (2015). Influence of
Meteorological Factors on Needle Cast Damage in Young Scots Pine Stands.
Proc.Latv.Univ.Agr., 33(328), 19-25. DOI:10.1515/plua-2015-0003.

Petijuma rezultati prezenteti 7 zinatniskajas konferences:
1. The Annual 23" International Scientific Conference ,,Research for Rural

Development 20177, May 17th — 19th 2017, Jelgava, Latvia. Polmanis, K.,
Gaitnieks, T., Belevica, V., Rungis, D., & Baumane, A. Prezentacija -
Occurrence of Lophodermium spp in Young Scots Pine Stands in Latvia.

. BaltDendro 2016 - 4" International Conference of Dendrochronologists and

Dendroecologists from the Baltic Sea Region August 22-25, 2016. Society of

Annas Tree School - ,,Gaitini”, Klives, Babites pagasts, Babites novads LV-

2107:

a) prezentacija - Jansons, A., Neimane, U., Polmanis, K., & Baumanis, I.
Cumulative effect of needle cast on Scots pine saplings;

b) stenda referats - Polmanis, K., Neimane, U., Klavina, D., Baumanis, I., &
Jansons, A. Occurrence of Needlecast on Young Scots Pine.

. The Annual 22" International Scientific Conference ,Research for Rural

Development 20167, May 18th — 20th 2016, Jelgava, Latvia:

a) prezentacija - Polmanis, K., Klavina, D., Gaitnieks, T., Baumanis, I., &
Lazdins, A. Genetic Differeces in Needlecast Damage of Scots Pine (Pinus
Sylvestris L.);

b) prezentacija - Polmanis, K., Miezite, O., Baumanis, 1., & Lazdins, A. Impact
of Needlecast Damage on Sanitary Condition in Young Pinus Sylvestris L.
Stands in Central Latvia.

. Starptautiska zinatniska konference ,ZinaSanas balstita meZa nozare”

(Knowledge Based Forest Sector), 2015. gada 4.-6. novembri Riga, akciju
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AST)

sabiedribas ,,Latvijas Valsts mezi” biroja telpas Vainodes iela 1. Stenda referats
—Polmanis, K., Neimane, U., Klavina, D., Baumanis, I., & Jansons, A. Skujbires
ietekme uz parastas priedes jaunaudzu augsanu. Influence of Needlecast on
Growth of Young Scots Pine Stands.

5. 25" NJF Congress - Nordic View to Sustainable Rural Development, Riga,
Latvia, 16th-18th June, 2015. Polmanis K., Neimane U., Baumanis I., Klavina
D., Gaitnieks T., & Jansons A. Prezentacija - Needle Cast Damages in Young
Scots Pine Stands.

6. 21 Annual International Scientific Conference ,Research for Rural
Development 20157, May 13th — 15th 2015. LLU, Jelgava, Latvija. Prezentacija
- Polmanis, K., Baumane, A., Baumanis, I, & Luguza. S. Influence of
Meteorological and Genetic Factors on Needlecast Damage in Young Scots Pine
Pinus Sylvestris L. Stands.

7. ,,The 9" Baltic Theriological Conference” 15.10.2014., Daugavpils, Latvija.
Polmanis, K., Neimane, U., Baumanis, 1., Klavina, D., Gaitnieks, T., & Jansons,
A. Prezentacija - Needle Cast Damages in Open-Pollinated and Control-Crossed
Trials of Scots Pine (Pinus Sylvestris L.).

1.5. Promocijas darba struktiira un apjoms

Promocijas darba struktiira ir pakartota darba uzdevumiem. Pirmaja nodala
analiz€ta literatlira un iepriek§ veiktie p@tljumi saistiba ar promocijas darba
tematiku. Otraja nodala aprakstitas darba izmantotas metodes un materiali. Tresaja
nodala izklastiti petijuma iegltie rezultati un no tiem izrietoSie secinajumi.

Promocijas darba apjoms ir 90 lappuses, informacija apkopota 6 tabulas, 42
att€los, izmantoti 341 bibliografiskie literattiras avoti. Darba nosléguma formuléti 5
galvenie secinajumi un sniegtas 3 rekomendacijas.



2. MATERIALS UN METODES

Promocijas darba skujbires ietekme verteta piecas eksperimentu serijas: Pirma
eksperimentu sérija — atkartoti (2012. un 2013. gada) vegetacijas perioda laika (no
aprila Iidz septembrim) uzméritas parastas priedes jaunaudzes (skaits 15 gab.,
vecums, 3-26 gadi). Pavisam kopa ierikoti 28 parauglaukumi. Kopgja uzmérita
jaunaudzu platiba 11.6 ha. Otra eksperimentu sérija — vienu reizi (2009. un 2016.
gada) vegetacijas perioda laika uzméritas jaunaudzes (skaits 12 gab., vecums, 3-12
gadi). Pavisam kopa ierikoti 50 parauglaukumi. Kopgja apsekota platiba 20.7 ha.
Tresa eksperimentu sérija (Ogre, Daugmale) — divi parastas priedes brivapputes
pecnacgju parbauzu stadijumi, kas I. Baumana vadiba ierikoti SIA ,,Rigas mezi”
teritorija, Ogré (56°50' Z pl.; 24°38' A gar.) un Daugmalg (56°47' Z pl.; 24°30' A
gar., Nr 441). Stadijumos ietverti vairaku populaciju pluskoku p&cnacgji (gimenu
skaits noradits ickavas): Misa (47), Smiltene (6), Baldone (4) Zvirgzde (2), Kalsnava
(2) un Ugales sveku (sv.) priede (Ugsv8 408) (1). Salidzinasanai ietverti arT stadi no
vairaku mezaudzu 20-30 koku vid€ja séklu parauga (Ogres, Daugmales, Ugales
audze) un Olaines plantacija vidéja séklu parauga. Abos stadijumos veikta koku
saglabasanas (2 gadu vecuma) inventarizacija, sakotngja augstuma (3 gadu vecuma)
uzmérisana, ka ari atkartoti augstuma mérjjumi un skujbires bojajumu pakapes
novertéjums 4, 5, 6 un 12 gadu vecuma (Seit un turpmak — koku biologiskais
vecums).

Ceturta eksperimentu sérija (Kalsnava, Zvirgzde) — divi parastas priedes
kontrol&to krustojumu p&cnaceju parbauzu stadijumi, kas I. Baumana vadiba ierikoti
agentliras Meza pétiSanas stacija (Kalsnava, 56°40' Z pl.; 25°57' A gar, Nr. 21) un
AS ,Latvijas Valsts mezi” apsaimniekotajos mezos (Zvirgzde, 56°41' Z pl.; 24°26'
A gar., Nr 22). Tajos ietvertas kopuma 10 klonu (7 Ugales un 3 Kalsnavas)
kontroléto krustojumu un brivapputes pécnacéju gimenes (kopa 72). Datus
analiz§jot, krustojumi apvienoti piecas grupas: Ugales klonu savstarpgjie
krustojumi, Kalsnavas klonu savstarpgjie krustojumi, Ugales un Kalsnavas klonu
krustojumi, Ugales klonu brivapputes pécnacgji, Kalsnavas klonu brivapputes
pecnacgji. Stadijumos veikta koku uzmérisana un skujbires bojajumu novértésana 5
gadu vecuma (I. Baumanis) un atkartota uzmeérisana 17 gadu vecuma.

Piekta eksperimentu sérija (Kalsnava, Tukums) — divi parastas priedes
brivapputes pécnacgju parbauzu stadijumi, kas I. Baumana vadiba ierikoti agentiiras
Meza pétisanas stacija (Kalsnava, 56°40' Z pl.; 25°58"' A gar.) un a/s ,,Latvijas Valsts
mezi” apsaimniekotajos mezos (Tukuma 57°00' Z pl.; 23°10" A gar.) Stadijumos
ietverti vairaku populaciju pluskoku p&cnacgji (gimenu skaits noradits iekavas):
Tukums (19), Bauska (17), Dundaga (21), Kalsnava (7), Jirmala (21), Jaunjelgava
(25), Mazsalaca (15), Mazsalaca sv. (21), Ugale (15), Smiltene (27), Strenci (11),
Jekabpils (19) un Lubana (15). Kopuma eksperimenta ietvertas 233 koku
brivapputes pécnacéju gimenes no 14 Latvijas priezu populacijam. Stadijumos

veikta koku uzmerisana un skujbires bojajumu novertésana 2 gadu vecuma.



Skujbires raditie bojajumi 1. 3., 4., 5. eksperimentu s€rija vertéti balles, nosakot
bojato skuju ipatsvaru pédgja gada augstuma picaugumam: 1 balle — 0-5 %; 2 balles
— 6-35 %; 3 balles — 36-65 %); 4 balles — 66-95 % un 5 balles — 96-100 % bojatu
skuju. Skujbires (Lophodermium spp.) bojajumu pakapes tresas eksperimentu sérijas
Ogres stadijuma vertétas 6 gadu vecuma, Daugmales stadijjuma no 4-6 gadu vecuma.

Patogénu (Lophodermium spp.) identificésana 1. un 3.-5. eksperimentu sérija
veikta, izmantojot morfologiskas ipasibas, piem., auglkermena forma, izmers, krasa
utt. Savukart otraja eksperimentu sérija identificéSana veikta ar gengtiskajiem
markieriem.

Visas eksperimentu s€rijas, lai novertétu dazadu faktoru ietekmi uz analizétajam
Tpasibam un uz $o pazimju savstarp&jo saistibu, izmantota aprakstosa statistika,
korelacijas analize, vienfaktora un divfaktoru dispersijas analize, T-tests, F-tests
(Liepa, 1974; Liepa, 1996, Arhipova & Balina, 2003). Pirmas, tresas, ceturtas un
piektas eksperimentu serijas veselibas stavokla raksturoSanai tika aprekinata
skujbires bojajumu sastopamiba un skujbires bojajumu intensitate. Lai raksturotu
skujbires sastopamibu 2. eksperimentu s€rija, izmantots jaukta tipa visparinats
linearais modelis. Lai noteiktu parastas priedes klonu noturibu pret skujbires
infekciju treSaja un ceturtaja eksperimentu sérija, veikta So klonu ranzgSana.

Skujbires kumulativa istermina ietekme uz parastas priedes augstumu (Hijk)
Daugmales stadijuma jaunaudzes vecuma raksturota, izmantojot jaukta tipa
kovariacijas analizi (mANCOVA). Ka novérojums $aja modeli izmantots koka
augstums. Faktora butiskums noteikts, izmantojot dispersijas analizi (Zuur et al.,
2009). Datu analize veikta datorprogramma R v 3.5.0 (RCore Team, 2018),
izmantojot pakotni ,,lem4” (Bates et al., 2015).

Lai izvertetu skujbires bojajumu finansialo ietekmi audzes aprites cikla tresas
eksperimentu sérijas Daugmales stadijuma visi koki iedaliti divas grupas: 1. grupa
pret skujbiri noturigi koki (<35 % bojatu skuju); 2. grupa pret skujbiri nenoturigi
koki (>65 % bojatu skuju) pgc vértéjuma 5 gadu vecuma. So grupu koku mérijumi
12 gadu vecuma lietoti ka audzes, kas sastav no pret skujbiri noturigam priedeém un
audzes, kas sastav no pret $o slimibu nenoturigam pried€m, parametri un izmantoti
ka ieejas dati $adu audzu augSanas gaitas modelé$ana ar LVMI Silava izstradatu
augSanas gaitas modelé$anas riku (Donis, 2016a,b). Sortimentu iznakums $adas
modelétas audzes aprékinats, izmantojot J. Dona modificétu R. Ozolina (Ozolins,
2002) izstradato stumbra sortimentacijas modeli. Sortimentu cenas aprékiniem
iegiitas no Centralas statistikas parvaldes (CSP) datu bazes datiem (Centrala
statistikas parvalde, 2017). Piem@ram, priedes zagbalki ar diametru lidz 14 cm to
zemaka cena pedgjo 10 gadu perioda ir 26.9 EUR/m3, vid&ja cena 43.4 EUR/m®, bet
augstaka 50.3 EUR/m3. Priedes zagbalki ar diametru 14-18 cm cenas, attiecigi, zema
36.9 EUR/m?, vidgja 59.8 EUR/m?®, bet augsta 75.1 EUR/m?®. Priedes zagbalki ar
diametru 18-26 c¢cm cenas - zema 39.2 EUR/m3, vidgja 62.8 EUR/m?, bet augsta
78.8 EUR/m?3. Priedes zagbalki ar diametru virs 26 cm cenas - zema 41.4 EUR/m3,
vidgja 67.4 EUR/m?®, bet augsta 86.7 EUR/m?®. Galvenas cirtes un starpcir$u vidgjas
statistiskas izmaksas par veiktajiem mezsaimnieciskajiem pakalpojumiem iegiitas
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no Centralas statistikas parvaldes (CSP) datu bazes datiem. Pieméram, vidgjas
kopgjas sortimentu sagatavosanas un transporté$anas izmaksas (izdevumi) galvenaja
cirte ir 23.1 EUR/m® bez PVN, bet vidgjas kopgjas sortimentu sagatavoSanas un
transporté$anas izmaksas (izdevumi) starpcirté ir 29.1 EUR/m® bez PVN (Centrala
statistikas parvalde, 2017). Meza atjaunosanas un kopsanas izmaksas ar1 iegiitas no
CSP datu bazes datiem: augsnes sagatavoSana 133.08 EUR hal, stadu izmaksas
328.23 EUR ha, stadiSanas izmaksas 82.12 EUR hal, agrotehniska kop$ana
103.35 EUR ha'l, jaunaudzu kopsana 124.05 EUR ha! (Centrala statistikas parvalde,
2017). Papildus pie izmaksam ieklauts ari nekustama ipaSuma nodoklis (NIN),
4.8 EUR ha' gada (Valsts zemes dienests, 2018). Skujbires bojajumu ietekmes uz
parastas priedes mezaudzu finansialo vertibu aprites cikla analizei, aprékinati sadi
finansialie raditaji - tira tagadnes vertiba (TTV, 4.24 %) un ekvivalentie ikgadgjie
iepémumi (EII, 0.01 %). Tie Sobrid ir vieni no plasak izmantotajiem raditaji
(Dubrovskis, 2007). Procentu likme 4.24 % izvéleta, jo agrak lietota AS ,,Latvijas
Valsts mezi” aprekinos.

3. REZULTATI UN DISKUSIJA

3.1. JaunaudZu augSana skujbires ietekme

Pirma eksperimentu sérija vértéta skujbires bojajumu sastopamibas un
skujbires bojajumu intensitates atSkiribas starp gadiem (2012. un 2013.),
sastopamibas un intensitates atSkiribas starp meza tipiem (Mr, Dm, As), audzes
biezuma grupam (1. grupa < 2000 gab.ha’; 2. grupa no 2001 lidz 3000 gab.ha™;
3. grupa 3001 < gab.ha?), koka vecuma grupam (koki vecuma lidz 15 gadiem un
koki vecuma virs 15 gadiem) un koku augstuma grupam (koki ar augstumu lidz 5 m
un koki ar augstumu virs 5 m).

Iegtitie rezultati no S§is eksperimentu serijas parada, ka skujbires bojajumu
sastopamiba (p < 0.001) un skujbires bojajumu intensitate (p < 0.0196) starp gadiem
(2012. un 2013.) atskiras bitiski, jo bojajumu sastopamiba 2012. gada bija 57.4 %,
bet 2013. gada ta jau sasniedza 73.6 %, savukart, bojajumu intensitate attiecigi
2012. gada 15.0 %, bet 2013. gada 17.3 %. No iegiitajiem rezultatiem var secinat, ka
skujbires bojajumu sastopamiba un bojajumu intensitate ir cieSi saistiti lielumi -
pieaugot skujbires bojajumu sastopamibai, pieaugs ar1 skujbires bojajumu intensitate
(skatit 3.1. att.). L1dzigi savos pétijumos konstatgjusi art citi zinatnieki (Hanso &
Drenkhan, 2007; Drenkhan, 2011; Hanso & Drenkhan, 2012).
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3.1. att. Skujbires sastopamiba un intensitate parastas priedes jaunaudzes/
Fig. 3.1. Incidence and intensity of needlecast in young Scots pine stands

Analizgjot skujbires bojajumu sastopamibu un skujbires bojajumu intensitati
starp meZa tipiem (Mr, Dm, As), konstatéts, ka at3kiriba nav bitiska (p = 0.13). Sads
rezultats liecina, ka meza tips neietekmé skujbires bojajumu sastopamibu un
skujbires bojajumu intensitati. Vel $ada nebiitiska atskiriba varetu bt skaidrojama
ar to, ka, visos analizétajos meza tipos (Mr, Dm, As), augsnes skabums O horizonta
ir Iidzigs (pH 3.4 - 5.5) (Bardule et al., 2009) un atbilst tam augsnes skabumam (pH
3.5 - 4.0), pie kura vislabak ir iespgjama sekmiga Lophodermium spp. sporu
parziemosSana un talaka attistiba (IlleBuenko & Ymirosuk, 1986).

Savukart, analiz€jot skujbires bojajumu sastopamibu un skujbires bojajumu
intensitati starp trim dazadam audzes biezuma grupam (1. grupa < 2000 gab.ha™;
2. grupa no 2001 Iidz 3000 gab.ha'; 3. grupa 3001 < gab.ha™), tika konstatéts, ka
nav bitisku (p = 0.51) atikiribu. Sads rezultats liecina par to, ka audzes biezums
neietekmé skujbires bojajumu sastopamibu un skujbires bojajumu intensitati. Citu
zinatnieku petijumos tiek minéts, ka, pieaugot koku skaitam mezaudzu stadijumos,
skujbires bojajumu sastopamiba un intensitate pakapeniski samazinas (Voroncovs
& Semenkova, 1982). Savukart petijuma Zviedrija konstatéts, ka katra atseviska
koka augSana un rezistence pret dazadam slimibam (ari Lophodermium spp.)
palielinas stadijumos, ja ir mazaks audzes biezums jeb koku skaits uz hektara
(gab.ha-1) (Lundqvist & Elfving, 2010). Iesp&jams, ka atskiribas starp promocijas
darba un iepriek§ minéto pétijumu rezultatiem, var€tu but saistitas ar dazadu
analiz€to audZu biezuma diapazonu.

Analizgjot rezultatus par skujbires bojajumu sastopamibu un skujbires bojajumu
intensitati starp vecuma grupam (t.i., koki vecuma lidz 15 gadiem un koki vecuma
virs 15 gadiem), konstatets, ka atSkiriba nav butiska (p = 0.41), attiecigi 59.2 % un
58.4 %. Sads iegiitais rezultats liecina par to, ka Lophodermium spp. var inficét
parastas priedes dazadas vecuma grupas. Tomer ietekme uz koka augstumu un
augstuma pieaugumu var atskirties atkariba no koka vecuma. To apliecina p&tijums
Igaunija, kur parastajam priedém vecuma no 3 Iidz 11 gadiem samazinajas koku
radialais pieaugums Lophodermium spp. epidémijas gada un 2 gadus péc epidémijas
— attiecigi par 12 un 18 %. Lidzigs samazinajums tika noverots arT ar augstuma
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pieaugumu — attiecigi 18 un 17 %. Tacu priedém vecuma no 22 lidz 33 gadiem p&c
Lophodermium spp. epidémijas (Hanso & Drenkhan, 2012) bitisks pieauguma
samazinajums registréts netika. Ari petijuma Danija iegati lidzigi rezultati, tikai taja
analizéta séne Chalara fraxinea, kura lidzigi ka s€nes Lophodermium spp.
ieverojami negativi ietekmé parasta osa (Fraxinus excelsior) augSanu lidz 15 gadu
vecumam (Skovsgaard et al., 2010).

Lidzigi ka vecums, ta arT koku augstums (audzes vidg€jais augstums) nav biitisks
faktors, kas ietekm& skujbires bojajumu sastopamibu un skujbires bojajumu
intensitati, to pierada veikta korelacijas analize. Taja konstatets, ka skujbires
bojajumu sastopamiba (p = 0.53) un skujbires bojajumu intensitate (p = 0.41) starp
koku augstuma grupam (t.i., koki ar augstumu Iidz 5 m un koki ar augstumu virs
5 m) nebija statistiski butiska. Tadu cita pétijuma, analiz§jot individualu koku
Itmeni, analize paradija, ka skujbires bojajumu intensitate ietekm& 3 un 4 gadus
vecus parastas priedes stadijumu augSanu (Jansons et al., 2008).

Otraja eksperimentu sérija analizéta skujbires bojajumu sastopamibas
atSkiriba starp austrumu un rietumu regioniem Latvijas teritorija, 2009. un 2016.
gada. legtie rezultati paradija, ka biutiskas (p < 0.001) atSkiribas skujbires
sastopamiba uz parastas priedes skujam bija noverotas starp noveérojumu gadiem
(2009. un 2016. gadi; 3.1. tabula), attiecTgi 58 + 8 % un 88 + 4 %. Lai arT skujbires
bojajumu intensitatei ir tendence samazinaties koku vecumam pieaugot (Jansons et
al., 2008), atskiribas starp gadiem (2009. gada analiz&ti nedaudz jaunaki koki;
2.2. tabula), visticamak, saistamas ar at$kirigiem meteorologiskajiem apstakliem
(Hanso & Drenkhan, 2007; Drenkhan, 2011; Hanso & Drenkhan, 2012). Atskiribas
starp regioniem nebija statistiski batiskas (p = 0.21; 3.1. tabula), un skujbires
sastopamiba bija lidziga, proti 82 + 3 %, noradot uz lidzigu sénes klatbiitni
mezaudzes.

3.1. tabula / Table 3.1.
Regiona, novérojuma gada un to mijiedarbibas ietekme uz skujbires
iespéjamibu parastas priedes jaunaudzes/
The effects of region, year of observation and their interaction on the probability
of needlecast in young Scots pine stands

Faktors / Factor i p-vertiba /
p-value
Regions / Region 1.59 0.21
Gads / Year 31.31 <0.001
Faktoru mijiedarbiba (Regions x Gads) /
Interaction (Region x Year) 2.42 0.12

Tre$aja eksperimentu sérija (Daugmale, Ogre) skujbires infekcija bija
konstatéta abos parastas priedes brivapputes pecnac€ju parbauzu stadijumos.
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Daugmales stadijuma vidgja skujbires bojajumu pakape 2008. gada bija 3.7 + 0.01
balles, 2009. gada 3.5 + 0.01 balles un 2010. gada 3.1 = 0.01 balles. Veicot
dispersijas analizi, tika secinats, ka vidgja skujbires bojajumu pakape starp gadiem
(2008., 2009., 2010.) Daugmales stadijuma ir butiski atSkiriga (p < 0.001) (skatit
3.2. att.).
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3.2. att. Koku ar dazadu skujbires bojajuma pakapi (= standartkliida)
ipatsvars pa gadiem Daugmales stadijuma/
Fig. 3.2. Proportion of trees with different damage grades
(xstandard error (SE)) in differing years in the Daugmale trial

Ogres stadijuma analize starp gadiem netika veikta, bet tika noteikta 2010. gada
vidgja skujbires bojajumu pakape, attiecigi 2.0 + 0.01 balles. Veicot dispersijas
analizi, tika konstatéts, ka starp vid&jo skujbires bojajumu pakapi Daugmales
stadijuma un vidgjo skujbires bojajumu pakapi Ogres stadijuma 2010. gada pastav
butiskas (p < 0.001) atskiribas. Bitiska (p < 0.001) atSkiriba konstatéta ari starp
skujbires bojajumu intensitati Daugmales stadijuma un Ogres stadijuma, attiecigi
55.7 % un 39.1 %. No iegiita rezultata var secinat, ka skujbires infekcija augstaka ir
Daugmale stadijuma neka Ogres stadijuma.

Ceturtaja eksperimentu sérija (Kalsnava, Zvirgzde) skujbires infekcija
konstatéta abos parastds priedes kontroléto krustojumu pécnacgju parbauzu
stadijumos. Kalsnava vid€ja skujbires bojajumu pakape bija 3.4 = 0.04 balles.
Zvirgzdes stadijuma vidgja skujbires bojajumu pakape bija 4.6 + 0.02 balles. Veicot
dispersijas analizi, tika konstatts, ka starp vid€jo skujbires bojajumu pakapi
Kalsnavas stadijuma un vidgjo skujbires bojajumu pakapi Zvirgzdes stadijuma ir
butiskas (p < 0.001) atskiribas (skatit 3.3. att.). Butiska (p < 0.001) atskiriba
konstatgta arT starp skujbires bojajumu intensitati Kalsnavas stadjjuma un Zvirgzdes
stadjuma, attiecigi 89.0 % un 64.9 %. No iegiitajiem rezultatiem var secinat, ka
skujbires infekcija augstaka ir Zvirgzdes stadfjuma neka Kalsnavas stadijuma.
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Ug x Ug - krustojumi starp Ugale kloniem/crosses between Ugale clones;
Ka x Ka - krustojumi starp Kalsnavas kloniem/crosses between Kalsnava clones;

Ug x Ka un Ka x Ug - krustojumi starp Ugales un Kalsnavas kloniem/crosses between
Ugale and Kalsnava clones; Ug — brivapputes gimenes no Ugale kloniem/open-pollinated
families from Ugale clones; Ka - brivapputes gimenes no Kalsnavas kloniem/
open-pollinated families from Kalsnava clones.

3.3. att. Skujbires bojajumu novértéjums (+ ticamibas intervals) dazadas
grupas kontroléto krustojumu stadijuma Kalsnava un Zvirgzde/
Fig. 3.3. Assessment of needlecast damages (x confidence interval) in different
controlled crossing groups in Kalsnava and Zvirgzde

Lidzigi ka ceturtaja eksperimentu sérija (Kalsnava; Zvirgzde) ari piektaja
eksperimentu sérija (Kalsnava, Tukums) skujbires infekcija konstatéta abos
parastas priedes brivapputes p&cnac€ju parbauzu stadijumos. Kalsnava vidgja
skujbires bojajumu pakape bija 4.6 £ 0.03 balles, bet Tukuma 4.7 £ 0.01 balles.
Veikta dispersijas analize paradija, ka atskiriba starp vid€jo skujbires bojajumu
pakapi Kalsnavas stadijuma un vidgjo skujbires bojajumu pakapi Tukuma stadijuma
bija butiska (p < 0.001) (skatit 3.4. att.). Butiska (p < 0.001) atskiriba konstatéta ari
starp skujbires bojajumu intensitati Kalsnavas stadijuma un Tukuma stadijuma,
attiecigi 91.2 un 87.9 %. No iegiitajiem rezultatiem var secinat, ka skujbires infekcija
augstaka ir Tukuma stadijuma neka Kalsnavas stadijuma.
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3.4. att. Skujbires bojajumu novértéjums (+ standartkliida) proveniencém
stadijuma Tukuma un Kalsnava/
Fig. 3.4. Assessment of needlecast damages (+ SE) for provenances in the
Tukums and Kalsnava trials

Nemot vera, ka tika konstatéta nozimiga skujbires infekcija tresaja, ceturtaja un
piektaja eksperimenta, tika nolemts analizét ari koku saglabasanos Sajos
eksperimentos.

Tresaja eksperimentu sérija (Daugmale, Ogre) parastas priedes brivapputes
stadijuma Daugmalé koku saglabasanas bija 89.9 %, bet Ogré 98.6 %. Atskiribas
starp Siem stadijjumiem bitiskas (p < 0.001). Saglabasanos virs 90.0 % uzradija
Zvirgzdes (94.4 %), Smiltenes (90.6 %) un Misas (90.2 %) kloni. Savukart, koku
saglabasanos zem 90.0 % uzradija Baldones (87.1 %), Ugales sv. (84.6 %) un
kontroles (88.1 %) kloni. Ogres stadijuma koku saglabasanas ipatsvaru virs 90.0 %
uzrada gandriz visi kloni (skatit 3.5. att.). Smiltenes, Misas un Zvirgzdes populaciju
noturiba pret skujbiri apstiprindjusies abos eksperimentalajos objektos. Sads
rezultats saskan ar iepriek$€jo petijumu rezultatiem, kuros konstatets, ka augstaka
skujbires noturiba bija priedém no Smiltenes, Misas un Zvirgzdes regiona
(Baumanis, 1993), kas savukart liecina par nozimigam regionalam atskiribam priezu
noturiba pret skujbiri, ko papildus vél ietekmé arT meteorologisko apstaklu kopums,
kas katra no Latvijas regioniem ir atskirigs.
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3.5. att. Saglabasanas atSkiribas starp proveniencém (pluskoku brivapputes
pécniacéju gimenu vidéjas vertibas un kontroles — meZaudZu pécnacéju —
vidéjas vertibas) stadijumos Ogré un Daugmalg/

Fig. 3.5. Differences in survival rate between provenances (mean values of plus
tree open pollinated progeny families) in the Ogre and Daugmale trials. Controls
were forest stand progeny

Ceturtaja eksperimentu sérija (Kalsnava, Zvirgzde) skujbires infekcija
nozimigi bija ietekm&jusi saglabasanos parastas priedes kontroléto krustojumu
stadijumos Kalsnava un Zvirgzdg, jo laika perioda lidz 5 gadi tie abos stadijumos
vél bija lidzigi, bet perioda no 6 lidz 17 gadiem saglabasanas augstaka bija Kalsnavas
stadijuma 53.8 %, bet Zvirgzde tikai 35.3 %, kas arT liecina par nozimigam
atskiribam priezu noturiba pret skujbiri. Sadas saglabasanas atikiribas starp Siem
stadijumiem skaidrojamas ar atSkirigajiem skujbires bojajumu intensitates
raditajiem, kas augstaki bija Kalsnavas stadijuma (89.0 %), Zvirgzdé attiecigi
(64.9 %), un vid&jo skujbires bojajumu pakapi, kura augstaka bija tie$i Zvirgzdes
stadijuma (4.2 £ 0.02), savukart Kalsnava (3.4 £+ 0.04).

Piektaja eksperimentu sérija (Kalsnava, Tukums) parastas priedes
brivapputes pécnacgju parbauzu stadijuma Kalsnava koku saglabasanas bija 78.0 %,
bet Tukuma 70.5 %, atSkiribas starp stadijumiem bitiskas (p < 0.0006). Kalsnavas
stadijjuma augstaka saglabasanas bija Lubanas un Dundagas populacijam, attiecigi
88.3 % un 81.5 %, bet zemaka saglabasanas Bauskas (67.1 %) un Jekabpils (73.8 %)
populacijam. Augstaku saglabasanos Tukuma stadijuma uzrada Ugales (78.6 %) un
Kalsnavas (78.4 %) populacijas, bet zemaku saglabasanos parada Strencu (64.1 %)
un Mazsalacas (64.9 %) populacijas (skatit 3.6. att.). Saglabasanas atskiribas starp
Siem stadfjumiem skaidrojamas ar atskirigajiem skujbires bojajumu intensitates
raditajiem, kas augstaki bija Tukuma stadijuma (91.2 %), Kalsnava attiecigi
(87.9 %), un vidgjo skujbires bojajumu pakapi, kura augstaka bija tiesi Tukuma
stadijuma (4.7 + 0.01), savukart Kalsnava (4.6 = 0.03).
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3.6. att. Saglabasanas atSkiribas starp proveniencém stadijumos Kalsnava un
Tukuma/
Fig. 3.6. Differences in survival rate between provenances in the Kalsnava and
Tukums trials

Tacu janem vera ar tas, ka koku saglabasanos un katra individuala koka augSanu
un attistibu tresaja, ceturtaja un piektaja eksperimenta vargja ietekmet ne tikai
skujbires infekcija, bet arT citas slimibas, kaitékli, genctiskie faktori (pieméram,
katra individuala klona rezistence pret slimibam un kaitekliem), ka ar1
meteorologisko faktoru kopums (nokris$ni, temperatiira un gaisa mitrums).

P&dgjo gadu laika prognozgto klimata parmainu rezultata nozimigi ir pieaugusi
skujbires infekcijas aktivitate, kas paradas ari analizétajos eksperimentos. Tadel
svarigi biitu noskaidrot, ka skujbires infekcijas pakape ietekmé koku augstumu, koku
caurméru un augstuma pieaugumu, jo tiesi Sie raditaji var paradit slimibu un kaiteklu
negativo ietekmi, jo tie ir mainigi un var atSkirties. Pieméram, pétijuma rezultati
Igaunija paradija, ka nopietnas Bupalus piniaria izraisitas defoliacijas 1930.-1932.,
1980.-1981. un 1990.-1992. gada; Neodiprion sertifer raditas defoliacijas - 1938. -
1939., 1948., 1950., 1958., 1960., 1962., 1965., 1966. un 2007. gada, ka ar1 Diprion
pini izraisitas defoliacijas - 1981.-1982. gada ievérojami samazina priedes radialo
picaugumu veél divus gadus péc defoliacijas. Savukart augstuma pieaugums
ievérojami samazingjas gan defoliacijas gada, gan nakamo 2 gadu laika péc tas. Tacu
priedém vecuma no 25 lidz 33 gadiem gan radialais, gan augstuma picaugums bija
ievérojami samazinats defoliacijas gados, bet augstuma pieauguma samazinajums
nakamajiem diviem gadiem bija nenozimigs (Hanso & Drenkhan, 2012).

TreSaja eksperimentu sérija (Daugmale, Ogre) Daugmales stadijuma koku
vidgjais augstums 2011. gada jeb 5. augSanas sezona bija 122.5 = 0.6 cm, Ogres
stadfjuma 214.3 + 1.1 cm, starpiba starp stadijumu koku vidgjo augstumu 2011. gada
bija 91.8 cm, kas ir statistiski butiska (p < 0.001). Analizgjot augstuma pieaugumus
starp Siem paSiem stadijumiem, secinats, ka atSkiriba ir butiska (p < 0.001), jo
Daugmales stadfjuma vidgjais augstuma pieaugums ir 31.8 + 0.2 cm, Ogres
stadfjuma 52.5 + 0.3 cm, bet starpiba 20.7 cm. Analizgjot ieprieks€jo gadu (no 2007.
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lidz 2010. gadam) koku vidg&jo augstumu un augstuma pieaugumu atskiribas starp
Daugmales un Ogres stadijjumiem, secinats, ka atSkiribas ir statistiski bitiskas
(p <0.001) (skatit 3.7. att.).
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3.7. att. Koku vidéja augstuma un augstuma pieauguma atSkiribas

(% standartkliida) starp Daugmales un Ogres stadijumiem pa gadiem/

Fig. 3.7. Differences in mean height and height increment (= SE) between

Daugmale and Ogres trials by years

Analizgjot koku augsSanu skujbires infekcijas ietekmé gan Daugmales, gan Ogres
stadfjumos, secinats, ka, palielinoties skujbires bojajumu pakapei, batiski (p < 0.001)
samazinas koku vidgjais augstums un augstuma pieaugums (skatit 3.8. - 3.11. att.).
Sadas sakaribas konstatétas, gan Latvija veikta p&tijuma (Jansons et al., 2008), gan
arT Igaunija veikta p&tijuma (Hanso & Drenkhan, 2007; Drenkhan, 2011; Hanso &
Drenkhan, 2012).
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3.8. att. Skujbires ietekme uz koku augstuma pieaugumu (+ standartkliida)
Daugmales stadijuma/
Fig. 3.8. Effect of needlecast on height increment (+ SE) in the Daugmale trial
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3.9. att. Skujbires ietekme uz koku vidéjo augstumu (+ standartklada)
Daugmales stadijuma/
Fig. 3.9. Effect of needlecast on average tree height (+ SE) in the Daugmale trial
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3.10. att. Skujbires ietekme uz koku vidéjo augstumu pieaugumu
(z standartklada) Ogres stadijuma/
Fig. 3.10. Effect of needlecast on height increment (+ SE) in the Ogre trial
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3.11. att. Skujbires ietekme uz koku vidéjo augstumu (+ standartkluda)
Ogres stadijuma/
Fig. 3.11. Effect of needlecast on average tree height (£ SE) in the Ogre trial
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Vel skujbires infekcijas negativo ietekmi uz augSanas raditajiem Daugmales un
Ogres stadijumos parada arT korelacija starp skujbires bojajumu pakapi un koku
augSanas raditajiem. Pieméram, Daugmales un Ogres stadijumos skujbires bojajumu
pakape statistiski biitiski korel€ ar koku augsSanas raditajiem gan individualu koku,
gan gimenu ITmeni. Batiski (p < 0.001), vidgji ciesi negativi Pirsona korelacijas
koeficienti stadijumos tika atrasti starp skujbires bojajumu pakapi un koku augstuma
pieaugumu gadu pirms skujbires verte$anas gan individualu koku Iimeni r = -0.42
un r = -0.37, gan gimenu limeni r = -0.40 un r = -0.29 (skatit 3.12. att.). Negativu
korelaciju starp skujbires bojajumu pakapi un koku augSanu savos petjjumos
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konstat&jusi arT citi zinatnieki (Baumanis, 1975; Squillace et al., 1975; Martinsson,
1979; Ostry & Nicholls, 1989). Sadas atikiribas ir skaidrojamas ar dazadu argjo
faktoru ietekmi: katra stada sakotngjie augSanas parametri un kvalitate; augsnes
sagatavoSana pirms stadijuma ierikoSanas un stadu iestadiSanas kvalitate; stadijuma
kopsana péc iertkosanas; stadijuma mikroreljefa, ekspozicijas un augsnes auglibas
atSkiribas stadijuma ietvaros; koku skaita izmainas stadijumos, kas saistita ar koku

saglabasanos.
h2 h3 h4 h5 Ah3  Ah4  AhS
0.00
-0.05
-0.10
-0.15
-0.20
-0.25
-0.30
:8'28 -0.33 031 Bo.33
' -0.38 | -0.38" .40 ™ 037

-0.39
045 043 039 042 -042 -042 040

Pirsona korelacijas
koeficientu veértibas / Values
of Pearson s correlation
coefficient

m Daugmale m Ogre

h2 - koku augstums 2 gadu vecuma/height of trees at age of 2 years; h3 - koku augstums 3
gadu vecuma/height of trees at age of 3 years; h4 - koku augstums 4 gadu vecuma/height of
trees at age of 4 years; h5 - koku augstums 5 gadu vecuma/height of trees at age of 5 years;

Ah3 — koku augstuma pieauguma 3. augSanas sezona/height increment of trees in the
3rdgrowing season; Ah4 - koku augstuma pieauguma 4. aug8anas sezona/height increment
of trees in the 4thgrowing season; Ah5 - koku augstuma pieauguma 5. augSanas
sezona/height increment of trees in the 5thgrowing season;

Bitiskas vertibas iekrasotas treknraksta/Significant values marked in bold.

3.12. att. Pirsona korelacijas koeficientu vértibu salidzinajums atkariba no
skujbires bojajumu pakapes un koku augsanas parametriem individualu
koku liment Daugmales un Ogres stadijumos/

Fig. 3.12. Comparison of Pearson correlation coefficients depending on
needlecast damage and tree growth parameters at the individual tree level in the
Daugmale and Ogre trials

Ceturtaja eksperimentu sérija (Kalsnava, Zvirgzde), analizgjot koku vid&jo
augstumu un augstuma picaugumu Zvirgzdes un Kalsnavas stadijuma, var secinat,
ka Zvirgzdes kontrol&to krustojumu stadijuma koku vidgjais augstums 5. augSanas
sezona bija 126.0 + 0.5 cm, augstuma pieaugums bija 36.9 + 0.2 cm, bet Kalsnavas
kontrol&to krustojumu stadijuma koku vid&jais augstums 5. augSanas sezona bija
attiecigi 129.4 + 0.5 cm, augstuma pieauguma raditajs 37.9 + 0.2 cm. Gan vid&ja
augstuma (p < 0.001), gan augstuma pieauguma (p < 0.001) raditaji starp Zvirgzdes
un Kalsnavas kontrol&to krustojumu stadijumiem at$kiras batiski.
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Arf ceturtaja eksperimentu sérija (Kalsnava, Zvirgzde) skujbires infekcijas
negativo ietekmi uz augSanas raditajiem parada korelacija starp skujbires bojajumu
pakapi un koku augsanas raditajiem. Zvirgzdes un Kalsnavas kontrol&to krustojumu
stadijuma skujbires bojajumu pakape statistiski nozimigi korel€ ar koku augsanas
raditajiem gan individualu koku, gan gimenu Iimeni. Batiska (p < 0.001), vidgji cie$a
negativa korelacija atrasta starp skujbires bojajumu pakapi un stumbra saknu kakla
caurmeru piecu gadu vecuma gan individualu koku Itmenir=-0.29 unr =-0.38, gan
gimenu Iimeni r = -0.48 un r = -0.69. ArT starp skujbires bojajumu pakapi un
augstuma picaugumu gadu pirms skujbires vértéSanas, tika konstatéti butiski
(p <0.001), vidgji ciesi negativi korelacijas koeficienti gan individualu koku liment
r=-0.28unr=-0.31, gan gimenu limeni r = -0.59 abos stadijumos (skatit 3.13. att.).

Ah4  AhS  d5

h2  h3  h4
0.00
-0.05 0.00 0.0
-0.10
-0.15 -0. 110
-0.130 133
) -0.146
0.20 -0.180
2
-0.35 :0.3110-2

correlation coefficient

Pirsona korelacijas
koeficientu vértibas /
Values of Pearson s

-0.25 221
-0.30 0238 -0 250,

-0.40 0378

m Kalsnava m Zvirgzde

h2 - koku augstums 2 gadu vecuma/height of trees at age of 2 years; h3 - koku augstums 3
gadu vecuma/height of trees at age of 3 years; h4 - koku augstums 4 gadu vecuma/height of
trees at age of 4 years; h5 - koku augstums 5 gadu vecuma/height of trees at age of 5 years;

Ah3 — koku augstuma pieauguma 3. augSanas sezona/height increment of trees in the
3rdgrowing season;Ah4 - koku augstuma pieauguma 4. augSanas sezona/height increment of
trees in the 4thgrowing season; AhS5 - koku augstuma pieauguma 5. augSanas sezona/height
increment of trees in the 5thgrowing season; d5 - saknu kakla caurmérs 5 gadu vecuma/ root

collar diameter of trees at age of 5 years;
Bitiskas vertibas iekrasotas treknraksta/Significant values marked in bold.

3.13. att. Pirsona korelacijas koeficientu vértibu salidzinajums atkariba no
skujbires bojajumu pakapes un koku aug§anas parametriem individualu
koku Iiment Zvirgzdes un Kalsnavas kontroléto krustojumu stadijumos/

Fig. 3.13. Comparison of Pearson correlation coefficients depending on
needlecast damage and tree growth parameters at the individual tree level in the
Zvirgzde and Kalsnava trials

Darba ietvaros tresas eksperimentu sérijas Daugmales stadijuma veikta

skujbires infekcijas kumulativa (tris gadu summara balle) istermina ietekme uz
parastas priedes augstuma pieaugumu jaunaudzes vecuma.
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3.2. tabula / Table 3.2.
Skujbires kumulativa (tris gadu summara balle) istermina ietekme uz
parastas priedes augstuma pieaugumu jaunaudzes vecuma Daugmales
stadijuma/
The short-term effect of the cumulative (three-year summary grade) of
needlecast infection on height increment at a young age in the Daugmale trial

Fikséetie efekti / Fixed effects

Faktors / Factor Koefic_ie_nts, cm/ p-vértiba / p-
Coefficient, cm value
Prognozéta vertiba / Predicted
value
Summiara balle / Summary grade <6 133+12.54 | <0.001
Prognozétas novirzes / Predicted
deviations
Summara balle / Summary grade 6 -25+12.64 0.053
Summara balle / Summary grade 7 -34+12.52 <0.007
Summara balle / Summary grade 8 -38+12.42 <0.002
Summara balle / Summary grade 9 -48+12.41 <0.001
Summara balle / Summary grade 10 -60+12.43 <0.001
Summara balle / Summary grade 11 -73+12.45 <0.001
Summara balle / Summary grade 12 -85+12.51 <0.001
Summara balle / Summary grade 13 -96+12.58 <0.001
Summara balle / Summary grade 14 -106+12.82 <0.001
Summara balle / Summary grade 15 -115+14.34 <0.001
Kovariacijas koeficients /
Correlation coefficient
Ho (koku augstums stadiSanas bridi;
(skaitliska l_<ovar1ante), _koef_ICIe.ts) / 2740.08 <0.001
(tree height at planting time;
(numerical covariance), coefficient)
Randoma efekti / Random effects
Variacija / Standartnovirze /
s Standard
Variation ..
deviation
Varianti / Variants 2.53 1.59
Atlikums / Residual 414.77 20.37
Atkartojums x Variants,
mijiedarbiba / Interaction (Repeat 211.45 14.54
X Variants)
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legiitie rezultati paradija, ka, atkartojoties skujbires bojajumiem tris gadus péc
kartas (trs gadu summara balle), btiski tiek ietekméts koku augstums, 11dz ar to ar1
augstuma pieaugums (skatit 3.2. tabula). Pieméram, ja skujbires bojajumu summara
balle ir <6 vai 6, tad koku augstums netiek bitiski ietekmets, bet ja skujbires
bojajumu summara balle ir 7 un augstaka, tad koku augstums tiek butiski ietekmets
(skatit 3.2. tabula).

Lidzigi rezultati treSas eksperimentu serijas Daugmales stadijuma par
skujbires infekcijas Tstermina ietekmi uz koku augSanu un saglabasanos iegiiti,
sadalot tris gadu vecuma visus kokus péc augstuma 2 grupas — 50 % augstakie un
50 % zemakie. Izmantojot $adu metodi, iegltie rezultati paradija, ka atSkiribas
bojajumu pakapés starp abam koku augstuma grupam (50 % augstakie (H1) un 50 %
zemakie (H2)) 4. augSanas sezona un 5. augSanas sezona atS$kiras statistiski bitiski
(p < 0.01) — attiecigi 17 % un 34 %. Batiska (p < 0.001) atskiriba bojato koku
Ipatsvara koku augstuma grupas (H1 un H2) tika konstatSta arT starp augSanas
sezonam.

g,$ 100% - - 600
E%g 80% - -5002
.&E" 40% | - 300 &
EEER 20% - 100 ¥
Sge 0%' '0
S .2 H1l | H2 H1 H2| |H1 H2| |H1 H2
S5

55 2 | 3 | 4 5

Balle 2009 / Grade 2009
m?2 m3 w4 m5 mNokaltusie/Dead ® Koku skaits/Number of trees

3.14. att. Koku izplatibas salidzinajums starp dazadam bojajumu pakapém
(2-5 un nokaltusie) 6. augSanas sezona (2010) un atbilstosi bojajumu pakapém
(2-5) 5. augsanas sezona (2009), ka ar1 atSkiribu novértéjums starp koku
augstuma grupam (augstakie koki (H1) un zemakie koki (H2)) un to
atSkirtbam 3. un 4. aug8anas sezona/

Fig. 3.14. Proportion of trees in damage grade classes in the 6th growing season
(2010), and the corresponding damage grade in the 5th growing season (2009),
as well as difference between tree height groups in the 3rd and 4th growing
seasons
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3.15. att. Skujbires infekcijas Tstermina ietekme uz koku augsanu un
saglabasanos Daugmales stadijuma/
Fig. 3.15. Short-term effect of needlecast infection on tree growth and survival in
the Daugmale trial

Pieméram, no koku augstuma grupas (H1) bojato koku 1patsvars ar balli 3
ceturtaja augsanas sezona vairumam (85 %) bija tads pats vai ar zemaku bojajuma
pakapi nakamaja sezona, savukart no koku augstuma grupas (H2) taja pasa bojajuma
pakapé 4. sezona bojato koku ipatsvars bija ievérojami mazaks (56 %) (skatit
3.14. un 3.15. att.).

Lidz ar to no iegiitajiem rezultatiem var secinat, ka atkartoti skujbires bojajumi
no 4. - 6. augSanas sezonai (ko raksturo augstaka summara balle) bitiski negativi
ietekmé€ koku augstumu 12 gadu vecuma. Lidzigas starpgadu saiknes starp skujbires
bojajumu pakapém tika konstatStas arl citd p&tfjuma, piemeram, tiem kokiem,
kuriem treSaja novert€Sanas sezona bija zemaka bojajumu pakape, ta zemaka
noverota ari petfjuma pirmaja noveérosanas sezona, tacu tiem kokiem, kuriem tresaja
novertéSanas sezona bojajumu pakape bija augstaka, ta bija augstaka arT pirmaja
aug8anas sezona (Martinsson, 1979). Vel citos pétijumos konstatéts, ka atkartota
(vairakus gadus péc kartas) defoliacijas kumulativa ietekme uz koku augSanu un
izdzivoSanu izpauzas ne tikai ar mingto tieSo iedarbibu, bet arT ar netiesi (sekundari).
Pieméram, atkartota defoliacija samazina oglhidratu razoSanu, tad€jadi pakapeniski
tiek samazinata ar to rezerve (Ericsson et al., 1980), tas gan ir izteiktaks kokiem ar
zemaku vidgjo koku augstumu (Shaw & Toes, 1977). V&l cita p&tijuma konstatéts,
ka, samazinoties oglhidratu daudzumam koka saknés, tiek negativi ietekméta baribas
vielu un idens uznemsana, I1dz ar to tiek ietekméeta arT koka augSana un attistiba (van
der Pas, 1981). Lidz ar to var apgalvot, ka sekundara ietekme, ko rada, piem&ram,
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skujbires infekcija, var paradities ne tikai uzreiz, bet arT ar laika nobidi (Lyr &
Hoffmann, 1967; Ericsson et al., 1980; van der Pas, 1981). So apgalvojumu
apstiprina Hanso & Drenkhan (2012) veiktais pétjjums, kura uz ilgtermina
vesturiskajiem datiem tika konstatéts ieverojams augstuma pieauguma
samazinajums 3-11 gadus vecam priedém Lophodermium spp. epidémijas gada un
divus gadus p&c tam, ka arT Kurkela et al. (2009) veiktais p&tjjums, kura 12 gadus
vecos parastas priedes provenienu izméginajumos konstatés, ka skuju
samazinajums par 50 %, kas radies Lophodermium spp. ictekmé tris gadus péc
kartas, samazina koku pieaugumu par 35 %.

3.2. Genetisko faktoru ietekme

Klonu atskirTbu noturiba pret skujbiri raksturosanai veikta So klonu ranz&Sana,
izmantojot $adas pazimes: treSaja eksperimentu sérija (Daugmale, Ogre) -
skujbires bojajumu pakape, koku vidgjais augstums un saglabasanas, bet ceturtaja
eksperimentu sérija (Kalsnava, Zvirgzde), izmantojot pazimes - skujbires
bojajumu pakape un koku vidgjais augstums.

Tresaja eksperimentu sérija (Daugmale, Ogre) iegiitie rezultati paradija, ka
Ogres stadijuma augstakas vietas pec rangu sadales ienem kloni Nr. — 262, 303, 198,
146, 306, 250 un 252 jeb pret skujbires infekciju noturigi kloni (<35 % bojatu skuju),
bet zemakas vietas ienem kloni Nr. — 503, 108, 501, 304, 246, 249 un 113 jeb pret
skujbires infekciju nenoturigi kloni (> 65 % bojatu skuju). Salidzinot koku vidéjo
augstumu starp §im divam klonu grupam, var secinat, ka atSkiribas ir batiskas (p <
< 0.001), jo koku vidgjais augstums pret skujbires infekciju noturigiem kloniem ir
234.8 + 3.5 cm, bet pret skujbires infekciju nenoturigiem kloniem ir 193.0 + 3.9 cm.
Bitiskas atskiribas tika konstatétas (p < 0.001) arT starp stadijuma vid€jo augstumu
214.3 + 1.1 cm un koku vidg&jo augstumu pret skujbires infekciju noturigiem kloniem
234.8 + 3.5 cm, ka arT starp stadijuma vid€jo augstumu un koku vidgjo augstumu
pret skujbires infekciju nenoturigiem kloniem 193.0 + 3.9 cm (skatit 3.16. att.).
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3.16. att. Koku vidéja augstuma atSkiribas starp skujbires infekciju
noturigiem, skujbires infekciju nenoturigiem kloniem un Ogres stadijuma
vidéjo augstumu (+ standartklada)/

Fig. 3.16. Differences in the mean height of trees between resistant and
susceptible clones and the average height of trees in the Ogre trial (= SE)

Analizgjot vidgjas skujbires bojajumu pakapju atSkiribas starp abam klonu
grupam Saja stadijuma, secinats, ka atSkiribas ir bitiskas (p < 0.001), jo zemaka
vidgja skujbires bojajumu pakape ir pret skujbires infekciju noturigiem kloniem -
1.9 balles, bet pret skujbires infekciju nenoturigiem kloniem 2.2 balles. Salidzinot
koku saglabasanos starp abam klonu grupam, secinats, ka atskiriba nebija butiska,
jo pret skujbires infekciju noturigiem kloniem saglabasanas bija 85.2 %, bet pret
skujbires infekciju nenoturigiem kloniem 88.6 %.

Tre$a eksperimenta sérijas Daugmales stadijuma augstakas vietas péc rangu
sadales ienem kloni Nr. - 255, 306, 239, 348, 146, 198 un 242 jeb pret skujbires
infekciju noturigi kloni (<35 % bojatu skuju), bet zemakas vietas ienem kloni Nr. -
346, 503, 248, 245, 408, 246 un 254 jeb pret skujbires infekciju nenoturigi kloni
(> 65% bojatu skuju). Salidzinot koku vid&jo augstumu Daugmales stadijuma starp
§tm divam klonu grupam, var secinat, ka atSkiribas ir bitiskas (p < 0.001), jo koku
vidgjais augstums pret skujbires infekciju noturigiem kloniem ir 136.6 + 1.9 cm, bet
pret skujbires infekciju nenoturigiem kloniem ir 106.5 + 2.0 cm. Biitiskas atskiribas
(p < 0.001) ir arT starp stadfjuma vid&jo augstumu 122.5 + 0.6 cm un koku vidgjo
augstumu pret skujbires infekciju noturigiem kloniem 136.6 + 1.9 cm, ka arT starp
stadijuma vidgjo augstumu un koku vidgjo augstumu pret skujbires infekciju
nenoturigiem kloniem 106.5 + 2.0 cm (skatit 3.17. att.).
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B Vidéjais H, cm pret skujbires infekciju noturigiem kloniem/Mean height of trees

needlecast resistant clones
B Vidéjais H, cm pret skujbires infekciju nenoturigiem kloniem/Mean height of trees

needlecast susceptible clones
Stadijuma videjais H, cm/Average height of trees in the Daugmale trial

3.17. att. Koku vidéja augstuma atskiribas starp skujbires infekciju
noturigiem, skujbires infekciju nenoturigiem kloniem un Daugmales
stadijuma vid€jo augstumu (+ standartkluda)/

Fig. 3.17. Differences in the mean height of trees between resistant and
susceptible clones and the average height of trees in the Daugmale trial (+ SE)

Analizgjot vidgjas skujbires bojajumu pakapju atSkiribas starp abam klonu
grupam, secinats, ka atskiriba ir statistiski biitiska (p < 0.001), jo zemaka vidgja
skujbires bojajumu pakape ir pret skujbires infekciju noturigiem kloniem ir 2.9
balles, bet pret skujbires infekciju nenoturigiem kloniem ta ir 3.4 balles. Salidzinot
koku saglabasanos starp abam klonu grupam, secinats, ka atSkiribas ir butiskas
(p <0.001), jo pret skujbires infekciju noturigiem kloniem saglabasanas bija 95.4 %,
bet pret skujbires infekciju nenoturigiem kloniem saglabasanas ir 82.0 %.

Apvienojot ranz€Sanas procesa iegiito informaciju gan no Ogres, gan no
Daugmales stadijumiem, tika secinats, ka pret skujbires infekciju noturigi (<35 %
bojatu skuju) ir kloni ar Nr. 306, 146, 198, 348, 250, 261 un 242. Savukart citos
Latvija veiktajos p&tijumos noskaidrots, ka augstaka noturiba pret skujbiri ir priedém
no Smiltenes un Strencu regiona (Baumanis, 1993). Pé&tijuma 2008. gada
noskaidrots, ka pret skujbires bojajumiem noturigi un koku augstuma zina paraki ir
Zvirgzdes un Smiltenes populaciju pécnacgji, ipasi noturigi ir Misas 255., 232., 106.,
259 un Zvirgzdes 306 gimenes kloni (Jansons et al., 2008). P&tijuma 2012. gada pret
skujbiri izturigaki, 11dz ar to arT koku augstuma zina paraki, ir kloni Nr. 308, Bal303,
Zv305, M198, Nr. 307 un M241 (Neimane et al., 2012).

Ceturtaja eksperimentu sérija (Kalsnava, Zvirgzde) iegitie rezultati paradija,
ka Kalsnava péc rangu sadales augstakas vietas ienem kloni - K3 x K18, K3 x U8,
K3 x U4, K3 brivappute, U8 brivappute, K3 x U7, K18 x U7, K3 x K21, K3 x U10
un U6 brivappute jeb pret skujbires infekciju noturigi kloni (<35 % bojatu skuju),
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bet zemakas vietas ienem kloni - K21 x U8, U7 x K3, U9 x K21, U9 x U5, K21 x
U4, U7 x U9, U7 x K21, U9 x U7, U7 x U5 un K21 x U7 jeb pret skujbires infekciju
nenoturigi kloni (> 65 % bojatu skuju). Salidzinot koku vid&jo augstumu Daugmales
stadijuma starp §Tm divam klonu grupam, var secinat, ka atSkiribas ir butiskas
(p < 0.001), jo koku vidgjais augstums kloniem ar augstakiem augSanas raditajiem
ir 146.5 = 2.1 cm, bet kloniem ar zemakiem augSanas raditajiem tas ir 110.1 +
+ 1.8 cm. Bitiskas atskiribas konstatétas ar1 (p < 0.001) starp stadfjuma vidgjo
augstumu 129.4 £ 0.5 cm un koku vidgjo augstumu kloniem ar augstakiem augSanas
raditajiem 146.5 £ 2.1 cm, ka arT starp stadijuma vid€jo augstumu un koku vidgjo
augstumu Kkloniem ar zemakiem augSanas raditajiem 110.1 + 1.8 cm (skatit
3.18. att.). Analiz€jot vidgjas skujbires bojajumu pakapju atSkiribas starp abam
klonu grupam, secinats, ka atskiribas ir statistiski butiskas (p < 0.001), jo zemaka
vidgja skujbires bojajumu pakape ir pret skujbires infekciju noturigiem kloniem -
2.8 balles, bet pret skujbires infekciju nenoturigiem kloniem vidgja skujbires
bojajumu pakape ir 4.0 balles.
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3.18. att. Koku vidéja augstuma atSkiribas starp skujbires infekciju
noturigiem, skujbires infekciju nenoturigiem kloniem un Kalsnavas stadijuma
vidéjo augstumu (+ standartklada)/

Fig. 3.18. Differences in the mean height of trees between resistant and
susceptible clones and the average height of trees in the Kalsnava trial (= SE)

Ceturta eksperimenta sérijas Zvirgzdes stadijuma p&c rangu sadales augstakas
vietas ienem kloni - K3 x U10, K3 brivappute, U8 x K3, K18 x U4, K18 x U6, K3 x
U9, K18 x U5, U4 x K18, U10 x K3 un U4 x U10 jeb pret skujbires infekciju noturigi
kloni (<35 % bojatu skuju), bet zemakas vietas ienem kloni - U6 x U9, K21 x U5,
U9 x U6, K3 x U8, K21 x U9, U5 x U6, U5 brivappute, U5 x U9, U9 x U5 un U5 x
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K21 jeb pret skujbires infekciju nenoturigi kloni (> 65 % bojatu skuju). Salidzinot
koku vid&jo augstumu Zvirgzdes stadijuma starp §im divam klonu grupam, var
secinat, ka atSkiribas ir batiskas (p < 0.001), jo koku vidgjais augstums kloniem ar
augstakiem augSanas raditajiem ir 151.2 + 2.6 cm, bet kloniem ar zemakiem
augSanas raditajiem tas ir 108.2 = 2.2 cm. Biitiskas atSkiribas (p < 0.001) ir arT starp
stadfjuma vidgjo augstumu 126.0 £ 0.5 cm un koku vid&jo augstumu kloniem ar
augstakiem augSanas raditajiem 151.2 £ 2.6 cm, ka arT starp stadijjuma vid€jo
augstumu un koku vid€jo augstumu kloniem ar zemakiem augSanas raditajiem
108.2 + 2.2 cm (skatit 3.19. att.). Analizgjot vid&jas skujbires bojajumu pakapju
atskiribas starp abam klonu grupam, secinats, ka atSkiribas ir statistiski batiskas
(p <0.009), jo zemaka vidgja skujbires bojajumu pakape ir pret skujbires infekciju
noturigiem kloniem - 4.6 balles, bet pret skujbires infekciju nenoturigiem kloniem
vidgja skujbires bojajumu pakape ir 4.8 balles.
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Stadijuma vidéjais H, cm/Average height of trees in the Zvirgzde trial

3.19. att. Koku vidéja augstuma atSkiribas starp skujbires infekciju
noturigiem, skujbires infekciju nenoturigiem kloniem un Zvirgzdes stadijjuma
vidéjo augstumu (+ standartklada)/

Fig. 3.19. Differences in the mean height of trees between resistant and
susceptible clones and the average height of trees in the Zvirgzde trial (+ SE)

Apvienojot ranz€Sanas procesa iegiito informaciju gan no Kalsnavas, gan no
Zvirgzdes kontroléto krustojumu stadijumiem, tika secinats, ka pret skujbires
infekciju noturigi (<35 % bojatu skuju) ir - K3 brivapputes, K3 x U10, K3 x U4, K3
x U9, K18 x U5, U8 brivapputes, K3 x U5, U8 x K3, K18x K21 un K18 brivapputes
kloni, no kuriem turpmakajam selekcijas darbam izmantojami raZigaki neradniecigie
kloni K3xU10 un K18xK21.
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No visiem iepriek$ ieglitajiem rezultatiem gan treSaja eksperimentu sérija
(Daugmale, Ogre), gan ceturtaja eksperimentu sérija (Kalsnava, Zvirgzde) var
secinat, ka pret skujbires infekciju rezistentam proveniencém ir raksturiga augstaka
produktivitate, to norada ari citi autori (Liesebach & Stephan, 1996). leprieks iegtitie
rezultati arT parada, ka pastav pret skujbires infekciju vairak rezistentas un mazak
rezistentas gimenes un kloni. To apstiprina ari iepriek$ veiktie pétjjumi Latvija un
Igaunija. Ka vienas, ta ar1 otras valsts pétijumos iegiita informacija liecina, ka pret
skujbires infekciju pilnigi noturigas gimenes un klonus atlasit nav iesp&jams
(Baumanis, 1975; Jansons et al., 2008; Drenkhan, 2011), jo parastas priedes
selekcijas procesu papildus apgritina tas, ka gan pasaulé, gan Latvijas teritorija
skujbirei ir raksturiga augsta genétiska daudzveidiba (Morocko-Bicevska et al.,
2010).

Tres$a eksperimenta sérijas Daugmales stadijuma, izmantojot daudzfaktoru
linearo regresijas modeli (GLM) individualiem kokiem, kura ka kovariante ietverts
koku augstums 3 gadu vecuma, analizéta attieciba starp gimenu vid&o koku
augstumu 12 gadu vecuma un bojato koku Ipatsvaru ar summaro balli > 9.
Konstatéts, ka gimenu vidéjas augstums bija robezas no 291 + 37.3 c¢m lidz 446 +
+ 26.3 cm. Bojato koku ipatsvars (summaraja ballé > 9) uz vienu gimeni bija robezas
no 20 % lidz 86 %. Koku vid&jo augstumu 12 gadu vecuma biitiski (p < 0.001)
ietekmé - genétiskais faktors (gimene) un skujbires bojajumu pakapes summara balle
(skatit 3.20. att.).
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3.20. att. Attieciba starp Daugmales stadijuma gimenu vidéjo koku augstumu
(£ ticamibas intervals) 12 gadu vecuma un bojato koku Ipatsvaru ar summaro
jeb kopgjo balli > 9/

Fig. 3.20. Correlation of average tree height in families (+ confidence intervals)
at 12 years of age and proportion of trees with a summary damage score > 9 in
the Daugmale trial
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Savukart gimenu vidgja korelacija starp bojato koku ipatsvaru (summara balle ir
> 9) un koku augstumu pirms pirmas infekcijas sakuma (sakotngjais augstums) bija
mérena un zemaka neka korelacija starp bojato koku Ipatsvaru un koku augstumu 12
gadu vecuma (attiecigi r = -0.35 un r = -0.58, p < 0.001). Tas liecina par genctikas
nozimigo lomu noturibas pret skujbiri nodrosinasana, ko iesp&jams praktiski realizet
selekcijas procesa, atlasot atraudzigas un rezistentas gimenes (skatit 20. att.).
Nozimigu genétisko (gimenu) efektu attieciba uz koku augstumu un to izturibu pret
Lophodermium spp. infekciju 2 - 8 gadus vecam priedém Niderland@ konstatgjusi ar
Squillace et al., (1975), bet 9 gadus vecam priedeém Vacija — Stephan & Krusche
(1986).

Kopuma no iegiitajiem rezultatiem var secinat, ka ir nozimigas atskiribas
infekcijas pakapé€ un ietekméto koku Ipatsvara starp gimeném, turklat gadu no gada
vairak tiek ietekm@tas vienas un tas paSas gimenes. Jaunajiem kokiem, kuru vitalitate
jau samazinata viena gada, atkartota infekcija nakamaja gada ieverojami biezak
izraisa nokalSanu. Lidz ar to rezistentako genotipu atlase var nozimigi samazinat
kopgjo bojajumu apjomu jaunaudzes, ka arT to, ka, mainoties klimatam, selekcijas
darba loma audzu noturibas un vitalitates nodro$inasana picaug.

3.3. Skujbires bojajumu ietekme uz parastas priedes meZaudZu
finansialo vertibu aprites cikla

Modelgjot (pamatojoties uz tresa eksperimenta sérijas Daugmales stadijuma
datiem) mezaudzu ar dazadu noturibu pret skujbires bojajumiem juvenila vecuma
(bojatas <35 % un >65 % skuju) augSanas gaitu, novertéta skujbires ietekme uz
finansialajiem raditdjiem rotacijas perioda.

Iegiitie rezultati paradija, ka ekvivalentie ikgad&jie ienemumi (ElI), pie procentu
likmes 0.01 %, mezaudzgEs ar augstu noturibu (bojatas <35 % skuju) pret skujbires
bojajumiem juvenila vecuma, neveicot krajas kopSanas cirti, zemu kokmaterialu
cenu gadijuma bija 64 EUR ha™, vidéju kokmaterialu cenu gadijuma 194 EUR ha?,
bet augstu kokmaterialu cenu gadijuma 287 EUR ha™. Turpreti meZaudz&s ar zemu
noturibu (bojatas >65 % skuju) pret skujbires bojajumiem juvenila vecuma, neveicot
krajas kopsanas cirti, ekvivalentie ikgadgjie ieneémumi bija nedaudz zemaki - zemu
kokmaterialu cenu gadijuma 49 EUR ha?, vidéju kokmaterialu cenu gadijuma
162 EUR ha?l, bet augstu kokmaterialu cenu gadijuma 240 EUR ha? (skafit
3.21. att.).

Savukart EIl mezaudzgs ar augstu noturibu (bojatas <35 % skuju) pret skujbires
bojajumiem juvenila vecuma, veicot krajas kopsSanas cirti Iidz biezibai 0.7, zemu
kokmaterialu cenu gadijuma bija 92 EUR ha?, vid&ju kokmaterialu cenu gadijuma
300 EUR ha?, bet augstu kokmateridlu cenu gadijuma 446 EUR ha?. Tac¢u EEI
mezaudz€s ar zemu noturibu (bojatas >65 % skuju) pret skujbires bojajumiem
juvenila vecuma, veicot krajas kopSanas cirti Iidz biezibai 0.7, tie bija mazaki,

32



attiecigi - zemu kokmaterialu cenu gadijuma 58 EUR hal, videju kokmaterialu cenu
gadijuma 204 EUR ha'!, bet augstu kokmaterialu cenu gadijuma 305 EUR ha* (skatit
3.21. att.).

Ekvivalentie ikgadgjie ien€mumi mezaudzes ar augstu noturibu (bojatas <35 %
skuju) pret skujbires bojajumiem juvenila vecuma, veicot krajas kopsanas cirti Iidz
biezibai 0.6, zemu kokmaterialu cenu gadfjumd bija 82 EUR ha?, vidgju
kokmaterialu cenu gadfjuma 275 EUR ha’l, bet augstu kokmaterialu cenu gadfjuma
410 EUR hal. Savukart ekvivalentie ikgadgjie ienémumi meZaudzés ar zemu
noturibu (bojatas >65 % skuju) pret skujbires bojajumiem juvenila vecuma, veicot
krajas kopSanas cirti lidz biezibai 0.6, zemu kokmaterialu cenu gadijuma bija
61 EUR ha?, vidgju kokmateridlu cenu gadijuma 205 EUR ha?, bet augstu
kokmaterialu cenu gadijuma 305 EUR ha? (skatit 3.21. att.).
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KKC nav — kops$ana veikta netika/without thinning; KKC1 — kop$ana veikta lidz biezibai
0.7/thinning to a density of 0.7; KKC3 — kopsana veikta lidz biezibai 0.6 thinning to a
density of 0.6; Izkliedes raditajs — standartnovirze/Distribution index- standard deviation;
<35 % - bojatas <35 % skuju/damaged <35% of needles; >65 % - bojatas >65 %
skuju/damaged >65 % of needles
3.21. att. Model&tie ekvivalentie ikgadgjie ienémumi (EII) kokaudze pie
procentu likmes 0.01 %/
Fig. 3.22. Modelled equivalent annual annuity (EAA) at a 0.01% interest
rate in the stand

Ell / EAA, EUR ha't

No iegiitajiem rezultatiem var secinat, ka sortimentu cenu svarstibu ietekme uz
EIl bija nozimigaka neka noturibas pret skujbiru atSkirtbu ietekme, tacu, pie
vienadas sortimentu cenas un kopsanas reZima, skujbires noturigu mezaudzu EII
vienmer bija augstaki neka skujbires nenoturigu mezaudzu ElI.

Analizgjot tiro tagadnes vertibu (TTV) pie AS LVM agrak izmantotas procentu
likmes 4.24 %, iegiti sekojosi rezultati: tira tagadnes vertiba mezaudz€s ar augstu
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noturibu (bojatas <35 % skuju) pret skujbires bojajumiem juvenila vecuma, neveicot
krajas kopSanas cirti, zemu kokmaterialu cenu gadijuma bija -1209 EUR ha, vidgju
kokmateridlu cenu gadfjuma -1016 EUR ha', bet augstu kokmaterialu cenu gadijuma
-878 EUR ha. Savukart TTV meZaudzes ar zemu noturibu (bojatas >65 % skuju)
pret skujbires bojajumiem juvenila vecuma, neveicot krajas kopSanas cirti, zemu
kokmateridlu cenu gadijuma bija -1231 EUR hal, vidgju kokmaterialu cenu gadijuma
bija -1064 EUR ha, bet augstu kokmateridlu cenu gadijuma -948 EUR ha? (skatit
3.22. att.).

TTV mezaudzEs ar augstu noturibu (bojatas <35 % skuju) pret skujbires
bojajumiem juvenila vecuma, veicot krajas kopSanas cirti lidz biezibai 0.7, zemu
kokmaterialu cenu gadijuma bija -1009 EUR hal, videju kokmateridalu cenu
gadijuma 309 EUR ha, bet augstu kokmaterialu cenu gadijuma 1128 EUR ha™.
Savukart TTV mezaudz&s ar zemu noturibu (bojatas >65 % skuju) pret skujbires
bojajumiem juvenila vecuma, veicot krajas kopSanas cirti lidz biezibai 0.7, zemu
kokmaterialu cenu gadijuma -1144 EUR ha’, videju kokmaterialu cenu gadijuma ir
no -665 EUR ha’, bet augstu kokmaterialu cenu gadijuma -349 EUR ha? (skatit

3.22. att).
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density of 0.6; Izkliedes raditajs — standartnovirze/Distribution index- standard deviation;
<35 % - bojatas <35 % skuju/damaged <35% of needles; >65 % - bojatas >65 %
skuju/damaged >65 % of needles

3.22. att. Modeléta tiras tagadnes vértiba (TTV) kokaudze pie procentu
likmes 4.24 %/
Fig. 3.22. Modelled net present value (NPV) at a 4.24% interest rate in the stand
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Savukart, veicot krajas kopSanas cirti [1dz biezibai 0.6, TTV mezaudzges ar augstu
noturibu (bojatas <35 % skuju) pret skujbires bojajumiem juvenila vecuma zemu
kokmateridlu cenu gadijuma bija -1082 EUR hal, vidgju kokmaterialu cenu gadijuma
201 EUR ha'?, bet augstu kokmaterialu cenu gadijuma 982 EUR ha’. Ta¢u meZaudzes
ar zemu noturibu (bojatas >65 % skuju) pret skujbires bojajumiem juvenila vecuma,
veicot krajas kopSanas cirti 11dz biezibai 0.6, zemu kokmaterialu cenu gadijuma bija
-1147 EUR ha?, vidgju kokmaterialu cenu gadijuma -663 EUR ha?, bet augstu
kokmateridlu cenu gadijuma -348 EUR ha! (skatit 3.22. att.).

Neveicot KKC, modeléto mezaudzu TTV ir negativa. Veicot KKC, vid&u un
augstu sortimentu cenu gadijuma pret skujbiri noturigu mezaudzu TTV ir pozitiva,
savukart nenoturigu — negativa. Kopuma no iegiitajiem rezultatiem var secinat, ka
skujbires bojajumiem ir ilgstosa, palicko$a un nozimiga finansiala ietekme, tadel ir
batiski tos turpinat vertet un nemt véra meza selekcija.

SECINAJUMI

1. Skujbires nozimigi (atmirusas >65 % skuju) bojato koku ipatsvars priede
jaunaudz@s svarstjas no 20 I1dz 98 % neatkarigi no jaunaudzes biezuma (1200 —
6900 koki ha'l), meza tipa, ka arT vecuma (2-23 gadi).

2. Skujbires bojajumu pakape bitiski (p < 0.001) ietekmeé koku saglabasanos un
augstuma pieaugumu. Atkartotai infekcijai 3 gadu perioda ir talit€ja, ka art
ilgstosa (6 gadus pec infekcijas) kumulativa negativa ietekme.

3. Genétiskie faktori (gimene, provenience) butiski ietekmé skujbires bojato koku
ipatsvaru, lidz ar to ari priedes saglabasanos un atraudzibu (augstuma
picaugumu, augstumu un saknu kakla caurméru). Skujbires intensitatei noverta
neizteikta genotipa-vides mijiedarbiba.

4. Tedzimstamibas ietekmi uz noturibu pret skujbiri apliecina cieSaka korelacija
starp bojato koku Tpatsvaru un augstumu genétiski viendabigakam materialam
(kontrol&to krustojumu vs. brivapputes gimenes, attiecigi r = -0.72 un r = -0.40).

5. Skujbires bojajumu pakape juvenila vecuma butiski ietekmé audzes finansialo
vertibu (tiro tagadnes vertibu un ekvivalentos ikgadgjos ien€mumus) aprites
cikla. Maksimalas atdeves nodro$inasanai no ieguldijumiem meza atjauno$ana
un kopSana bitiski izmantot kokus, kuriem skujbires bojajumi ir <35 % skuju.
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1. GENERAL DESCRIPTION OF THE THESIS

1.1. Relavance of the topic

Scots pine is an economically important and widespread tree species (according
to the Forest Statistical Inventory 28 %). Scots pine is mainly renewed by planting
(using germplasm from breeding programs). Timely agrotechnical measures for this
type of plant material is important, and, in the majority of cases, protection against
various diseases (e.g. Lophodermium spp.), and animal and insect damages, in order
to significantly reduce the expected risks, as costs for reforestation are high. In
addition, younger and smaller seedlings are utilised for reforestation, therefore any
damages become increasingly significant. Therefore, it is essential to reduce any
expected risks. The main risk factor is expected changes in climatic (meteorological)
conditions that currently and in the future will increase the frequency and intensity
of stress caused by abiotic and biotic factors in trees, especially in the early years of
their growth. One of the expected biotic risks are fungi of the genus Lophodermium
spp., whose development is favourably influenced by increasing temperatures and
precipitation. More precisely, the occurrence and development of Lophodermium
spp. are significantly influenced by increased temperatures and precipitation in the
autumn of the previous year, winter weather conditions, and the air temperature and
precipitation in the period from May to August. The damage caused by
Lophodermium spp. significantly affects the height, height increment and survival
of trees.

In the future, in order to improve the resistance of renewed forest stands to
needlecast, it is important to select resistant material during the breeding process for
use in reforestation, because during the breeding process it is possible to identify and
select environmentally adapted individuals (genotypes). Adaptation of genotypes is
determined by different traits - survival (including tolerance norm, phenotypic
plasticity) and the ability compete with their own and other species for feed
resources, as well as the ability to reproduce. Consequently, the actual situation
determined the relevance of the doctoral thesis, because new research is needed in
order determine the factors influencing the occurrence of needlecast in young Scots
pine stands.

1.2. The aim, tasks and theses of the doctoral thesis
The aim of the thesis was to evaluate the impact of needlecast (Lophodermium

spp.) on the growth dynamics of young Scots pine stands and the incurred forestry-
related losses. The objectives of the study were:
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1. toevaluate the impact of needlecast on the height, survival and growth of young
Scots pine trees;

2. to characterize the influence of genetic factors on the damage caused by
needlecast in young Scots pine stands;

3. to characterize the impact of needlecast on the financial value of Scots pine
stands over the lifecycle of the stand.

Proposed theses

1. Needlecast (Lophodermium spp.) damages in young Scots pine stands
significantly affect tree survival, height increment and cumulative height,
therefore impacting the financial value of stands.

2. Scots pine genetic factors have a significant influence on the degree of damage
inflicted by needlecast.

1.3. Scientific novelty and practical significance of the work
(recommendations)

Scientific novelty
The cumulative effect of repeated needlecast (Lophodermium spp.) infection on

the survival and growth of trees was analysed for the first time in this doctoral thesis.

For the first time in Latvia, an integrated analysis of the effect of needlecast on
the survival and height increment of Scots pine as factors determining the financial
value of the stands were analysed.

Assessing the resistance of controlled crosses to needlecast, information about
the role of pine genetic factors in determining the effect of this disease has been
supplemented.

Recommendations

Taking into account the negative effects of needlecast damage on tree survival
and growth, it is recommended to assess needlecast damage 2-4 years after planting,
to identify the most tolerant genotypes. Assessment of needlecast resistance is also
to be included in breeding indices.

In order to develop long-term models, it is recommended to monitor the
interannual variability of needlecast damage and to characterize the factors affecting
it.

Nine new needlecast resistant Scots pine clones were identified for further
utilisation in the breeding program. Nr. 306, 146, 198, 348, 250, 261, 242, K3xU10
and K18xK21.
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1.4. Approbation of the research, publications

Research results have been summarised in six publications and presented at
seven scientific conferences.

1.5. Structure of the doctoral thesis

The structure of the doctoral thesis organised according to the work tasks. The
first chapter analyses the literature and previous studies related to the topic of the
dissertation. The second chapter describes the methods and materials used in the
research. The third chapter presents the results of the study and the conclusions that
follow from them.

The volume of the dissertation is 90 pages, including 6 tables, 42 figures, 342
sources of bibliographical literature were cited. Five key conclusions are formulated
and three practical recommendations are presented.

2. MATERIALS AND METHODS

In this thesis, the effect of needlecast on Scots pine was analysed in five
experimental series. In the first experimental series, 15 young Scots pine stands
(age 3-26 years) were repeatedly measured during the 2012 and 2013 vegetation
seasons (April to September). A total of 28 trial plots were established, and 11.6 ha
of young Scots pine stands measured. In the second experimental series, 12 young
Scots pine stands (age 3-12 years) were measured a single time during the 2016
vegetation period. A total of 50 trial plots were established, and 20.7 ha of young
Scots pine stands measured. In the third experimental series (Ogre, Daugmale),
two open pollinated progeny trials, established in “Rigas Mezi” Ltd. territories in
Ogre (56°50' N.; 24°38' E) and Daugmale (56°47' N.; 24°30" E., Nr 441), were
analysed. The trials include progeny of plus trees from several populations (number
of families indicated in brackets): Misa (47), Smiltene (6), Baldone (4) Zvirgzde (2),
Kalsnava (2) and Ugales resin (sv.) pine (Ugsv8 408) (1). For comparison, seedlings
from the average seed sample of several forest stands (20-30 trees) were included
(Ogre, Daugmale, Ugale) and the Olaine plantation average seed sample. In both
plantations, tree survival (at 2 years of age), initial height (at 3 years of age) was
determined, as well as re-measurement of the height and the degree of needlecast
damage at 4, 5, 6 and 12 years of age (here and thereafter - the biological age of the
trees).

In the fourth experimental series (Kalsnava, Zvirgzde), two controlled cross
progeny trials, established in the Forest Research Station territory in Kalsnava
(56°40' N; 25°57' E, Nr. 21) and the JSC “Latvijas valsts mezi” managed territory in
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Zvirgzde (56°41'N; 24°26' E, Nr 22) were analysed. These trials include the progeny
of controlled crosses and open pollination of 10 clones (7 from Ugale, 3 from
Kalsnava) (a total of 72 families). For analysis, the families were divided into 5
groups: crosses between Ugale clones, crosses between Kalsnava clones, crosses
between Ugale and Kalsnava clones, open-pollinated Ugale clones, open-pollinated
Kalsnava clones. Measurement of trees and assessment of needlecast damage was
done at 5 years of age (I. Baumanis), with repeated measurement and assessment at
17 years of age.

In the fifth experimental series (Kalsnava, Tukums), two open pollinated
Scots pine progeny trials, established by I. Baumanis in the Forest Research Station
territory in Kalsnava (56°40' N; 25°58' E) and the JSC “Latvijas valsts mezi”
managed territory in Tukums (57°00' N; 23°10' E) were analysed. These trials
include the progeny of plus trees from several populations (number of families
indicated in brackets): Tukums (19), Bauska (17), Dundaga (21), Kalsnava (7),
Jurmala (21), Jaunjelgava (25), Mazsalaca (15), Mazsalaca sv. (21), Ugale (15),
Smiltene (27), Strenci (11), Jekabpils (19) and Lubana (15). In total, 233 open-
pollinated families from 14 Latvian Scots pine populations were analysed.
Measurement of trees and assessment of needlecast damage was done ay 2 years of
age.

Needlecast damage in the experimental series 1, 3, 4, 5 was determined on a scale
from 1-5, by assessing the proportion of damaged needles in the most recent year’s
height increment: 1 point - 0-5 %; 2 points - 6-35 %; 3 points - 36-65 %; 4 points -
66-95 % and 5 points - 96-100 % damaged needles. In the third experimental series
needlecast (Lophodermium spp.) damage was assed in the Ogre trial at the age of 6
years, and in the Daugmale trial at the age of 4-6.

Identification of the pathogen (Lophodermium spp.) in the experimental series 1,
3, 4 and 5 was performed using morphological features, such as fruiting body shape,
size, colour, etc. In the second experimental series, identification was done using
genetic markers.

Descriptive statistics, correlation analysis, single factor and two-factor variance
analysis, T-test, F-test (Liepa, 1974; Liepa, 1996; Arhipova & Balina, 2003) were
used for analysis of all experimental series. Health status in the first, third, fourth
and fifth experimental series, was determined by assessment of the incidence and
severity of needlecast damage. The incidence of needlecast in the 2nd experimental
series was characterised using a mixed generalized linear model. To determine the
resistance of Scots pine clones to needlecast infection in the third and fourth
experimental series, the ranking of these clones was performed.

Short-term cumulative effects of needlecast on the height (Hij) of Scots pine
individuals in the Daugmale trial at a young age were characterized by mixed
covariance analysis (MANCOVA). Tree height was utilised as an observation in this
model. Significance was determined using a dispersion analysis (Zuur et al., 2009).
Data analysis was performed in R v 3.5.0 (RCore Team, 2018) using the “lem4”
package (Bates et al., 2015).
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In order to evaluate the financial impact of needlecast damage over the rotation
period of a stand, all trees in the third experimental series Daugmale trial were
divided into two groups: Group 1 - needlecast resistant trees (<35 % of damaged
needles); Group 2 — needlecast susceptible trees (>65 % of damaged needles),
evaluated at 5 years of age. Measurements of these groups of trees at the age of 12
were analysed as separate needlecast resistant and susceptible stands, and used as
input data for the modelling of growth rates using the growth process modelling tool
developed at the LSFRI Silava (Donis, 2016a, b). Timber assortments in these
simulated stands was calculated using the stem assortment model developed by R.
Ozolins (Ozolins, 2002), and modified by J. Donis. Assortment prices were obtained
from the Central Statistical Bureau (CSB) database (Central Statistical Bureau,
2017). For example, the lowest price for pine logs with a diameter of up to 14 cm
the last 10 years is 26.9 EUR/m?, the average price is 43.4 EUR/m?, and the highest
is 50.3 EUR/mS. The price of pine saw logs with a diameter of 14-18 cm, were:
lowest 36.9 EUR/m®, average 59.8 EUR/m3, highest 75.1 EUR/m?®. Prices of pine
saw logs with a diameter of 18-26 cm - lowest 39.2 EUR/m?, average 62.8 EUR/m?,
highest 78.8 EUR/m®. Prices of pine saw logs with a diameter above 26 cm - lowest
41.4 EUR/m?, average 67.4 EUR/m?®, highest 86.7 EUR/m®. Average costs of the
main felling and intermediate thinning were obtained from the Central Statistical
Bureau (CSP) database. For example, the average total preparation and transport
costs for main felling is 23.1 EUR/m? without VAT, and 29.1 EUR/m? without VAT
for intermediate thinning (Central Statistical Bureau, 2017). Forest renewal and
maintenance costs were also derived from the CSB database: soil preparation 133.08
EUR hal, plant costs 328.23 EUR ha%, planting costs 82.12 EUR ha'!, agrotechnical
treatment 103.35 EUR ha!, maintenance of young stands 124.05 EUR ha* (Central
Statistical Bureau, 2017). In addition, costs include real estate tax of 4.8 EUR ha!
per year (State Land Service, 2018). The financial indicators Net Present Value
(NPV, 4.24 %) and equivalent annual annuity (EAA, 0.01 %) were calculated for
analysis of the impact of needlecast damage over the rotation period of Scots pine
stands. These are currently among the most widely used indicators (Dubrovskis,
2007). The interest rate 4.24 % was chosen as it was previously used for calculations
by the JSC "Latvian State Forests".

3. RESULTS AND DISCUSSION

3.1. Influence of needlecast on growth of young stands
In the first experimental series, the incidence and intensity of needlecast

damage was compared between years (2012 and 2013), forest type (Mr, Dm, As),
stand density classes (Group 1 <2000 ind.ha*; Group 2 2001-3000 ind.ha’*; Group
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3>3001 ind.hal), stand age classes (stands less than 15 years of age and stands older
than 15 years of age) and tree height classes (up to 5m and over 5m).

The results obtained from the first experimental series indicated that there were
significant differences between 2012 and 2013 in the incidence of needlecast damage
(p < 0.001) and the damage intensity (p < 0.0196), as the incidence of damage in
2012 was 57.4 %, but in 2013 it was 73.6 %, while the damage intensity was 15.0 %
in 2012 and 17.3 % in 2013. From the results obtained, it can be concluded that
needlecast incidence and damage intensity are closely related and, as damage
intensity increases, the proportion of damaged trees will increase (see Figure 3.1).
Similar conclusions have been reported previously (Hanso & Drenkhan, 2007;
Drenkhan, 2011; Hanso & Drenkhan, 2012).

The incidence of needlecast damage (p = 0.13) and the damage intensity
(p = 0.11) did not differ significantly between forest types (Mr, Dm, As), indicating
that forest type did not influence needlecast incidence or damage intensity. The fact
that the no differences were found in the incidence and intensity of needlecast
damages in the analysed forest types could be due to the fact that the soil acidity
(pH) in the O horizon was similar in all forest types (pH 3.4 - 5.5) (Bardule et al.,
2009) and corresponds to conditions (pH 3.5 - 4.0), which favour Lophodermium
spp. hibernation and further spore development (IlleBuenko & Ynnrosuk, 1986).

In turn, analysing the incidence rates of needlecast damage between the three
different forest stand density classes (Group 1 up to 2000 trees ha*; Group 2 from
2001 to 3000 trees ha't; Group 3 over 3001 trees ha), it was found that there were
no significant differences (p = 0.51), indicating that stand density did not influence
needlecast incidence or damage intensity. Other studies have reported that as the
number of trees increases in forest stands, the incidence and intensity of needlecast
damage gradually decreases (Voroncov & Semenkova, 1982). However, studies in
Sweden found that the growth of each individual tree and the resistance to various
diseases (including Lophodermium spp.) increases in plantations with lower
densities (trees ha) (Lundqvist & Elfving, 2010). It is possible that the differences
between our research results and the results of other studies may be related to the
range of forest stand densities analysed.

Analysis of the incidence and intensity of needlecast damage in the Scots pine
stands in the central part of Latvia between two age groups (i.e., trees up to 15 years
of age and trees older than 15 years old) do not differ significantly (p = 0.41),
respectively 59.2 % and 58.4 %. This result shows that Lophodermium spp. can
infect Scots pine trees in different age groups. However, the effect on the height and
height increment of the tree may vary depending on the age of the tree, as evidenced
by the study in Estonia where the radial increment of 3 to 11 year old Scots pine
trees declined in the Lophodermium spp. epidemic year and 2 years after the
epidemic - by 12 % and 18 % respectively. A similar decrease was observed in height
increment - 18 % and 17 % respectively. However, trees aged 22 to 33 years did not
show a significant decrease in growth after Lophodermium spp. epidemics (Hanso
& Drenkhan, 2012). Similar results have also been obtained in a study in Denmark,
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where the fungus Chalara fraxinea similarly to Lophodermium spp. has a
significantly negative effect on the growth of common ash (Fraxinus excelsior) up
to the age of 15 (Skovsgaard et al., 2010).

Similarly to age, the tree height (average height of stands) is not a significant
factor affecting the incidence and intensity of needlecast damages, as shown by
correlation analysis, as the differences between the two tree height groups (i.e. trees
with a height of up to 5 m and trees with a height of over 5 m), for the incidence of
needlecast damage (p = 0.53) and damage severity (p = 0.41) were not statistically
significant. However, in another study, analysing individual trees, the analysis
showed that there is a relationship between tree height and needlecast damage: the
damage intensity affects the height increment of 3-4 year old Scots pine trees
(Jansons et al., 2008).

In the second experimental series, differences in incidence of needlecast
damage between the eastern and western regions were assessed in 2009 and 2016.
Significant differences (p < 0.001) in the incidence of needlecast on Scots pine
needles were observed between observation years (2009 and 2016; Table 3.1),
58 + 8 % and 88 + 4 %, respectively. Although the intensity of needlecast damages
tends to decrease with increasing age of trees (Jansons et al., 2008), differences
between the years (slightly younger trees were analysed in 2009, Table 2.2) are likely
to be associated with different meteorological conditions (Hanso & Drenkhan, 2007;
Drenkhan, 2011; Hanso & Drenkhan, 2012). The differences between regions were
not statistically significant (p = 0.21; Table 3.1), and the incidence of needlecast was
similar, namely 82 + 3 %.

In the third experimental series (Daugmale, Ogre), needlecast infection was
detected in both open-pollinated progeny trials. The obtained results showed that in
the Daugmale trial in 2008, the average grade for needlecast damage was 3.7 £ 0.01
points, in 2009, 3.5+ 0.01 points and in 2010, 3.1 + 0.01 points. Analysis of variance,
indicated that the average damage grade between years (2008, 2009, 2010) in the
Daugmale trial were significantly different (p < 0.001) (see Figure 3.2)

Inter-year analysis was not done in the Ogre trial, but the average damage grade
for 2010 was 2.0 = 0.01. In the analysis of variance between the two (Daugmale and
Ogre) trials, it was concluded that there is a significant difference (p < 0.001)
between the needlecast damage grade in the Ogre trial and the average damage grade
in 2010 in the Daugmale trial. Significant (p < 0.001) differences were also observed
between needlecast damage intensity in the Daugmale and Ogre trials, 55.7 % and
39.1 % respectively. From the obtained results it can be concluded that the needlecast
infection level was higher in the Daugmale trial than in the Ogre trial.

In the fourth experimental series (Kalsnava, Zvirgzde), needlecast infection
was detected in both controlled cross progeny trials. In the Kalsnava controlled cross
trial, the average damage grade was 3.4 £ 0.04. In the Zvirgdze controlled cross trial,
the average damage grade was 4.6 = 0.02. Variance analysis showed that there were
significant differences (p < 0.001) between the damage grades (see Fig. 3.3). In
addition, there were significant differences (p <0.001) in the average damage
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intensities between trials (Kalsnava 89.0 %, Zvirgzde 64.9 %). From the obtained
results it can be concluded that the needlecast infection level was higher in the
Zvirgzde trial than in the Kalsnava trial.

Similarly to the fourth experimental series (Kalsnava, Zvirgzde), needlecast
infection was detected in both open-pollinated progeny trials in the fifth
experimental series (Kalsnava, Tukums). In Kalsnava, the average needlecast
damage grade was 4.6 =+ 0.03 points, while in Tukums it was 4.7 + 0.01. Dispersion
analysis showed that the differences between the damage grades in these trial were
significant (p < 0.001) (see Figure 3.4). In addition, there were significant
differences (p < 0.001) in the average damage intensities between trials (Kalsnava
91.2 %, Tukums 87.9 %). From the obtained results it can be concluded that the
needlecast infection level was higher in the Tukums trial than in the Kalsnava trial.

Considering that a significant needlecast infection was detected in the third,
fourth and fifth experimental series, it was decided to analyse tree survival in these
experiments.

In the third experimental series (Daugmale, Ogre), the survival in the open-
pollinated progeny trials was 89.9 % in Daugmale and 98.6 % in Ogre, and the
difference was significant (p < 0.001). Survival above 90.0% were found in the
Zvirgzde (94.4 %), Smiltene (90.6 %) and Misa (90.2 %) clone families. In contrast,
survival rates below 90.0 % were found in the Baldone (87.1 %), Ugale sv. (84.6 %)
and control (88.1 %) clone families. In the Ogre trial, almost all clones had a survival
of over 90 % (see Figure 3.5). The higher needlecast resistance of the Smiltene, Misa
and Zvirgzde populations was confirmed in both experimental sites, which is in line
with the results of previous studies, when higher resistance to needlecast was
detected in the pine stands in the Smiltene, Misa and Zvirgzde regions (Baumanis,
1993). This indicates significant regional differences in the resistance to needlecast,
which in addition is further affected by meteorological conditions, which are
different in each region of Latvia.

Needlecast infection significantly influenced tree survival in the fourth
experimental series (Kalsnava, Zvirgzde). Survival in the controlled cross trials in
Kalsnava and Zvirgzde up to 5 years of age was similar in both plantations, while in
the period from 6 to 17 years of age, survival was higher in the Kalsnava trial 53.8 %,
while in Zvirgzde it was only 35.3 %, which also indicates significant regional
differences in the resistance of pine to needlecast. The difference in survival can be
explained differences between the damage intensity in the Kalsnava (89.0 %) and
Zvirgzde (64.9 %) controlled cross trials and the average damage levels in the
Zvirgzde (4.2 +£ 0.02) and Kalsnava (3.4 £ 0.04) trials.

In the fifth experimental series (Kalsnava, Tukums), trees survival in the
open-pollinated progeny trial in Kalsnava was 78.0 %, while in Tukums it was
70.5 %, the difference between the trials was significant (p < 0.0006). In the
Kalsnava trial, the highest survival rates were found in the Lubana and Dundaga
provenances, respectively 88.3 % and 81.5 %, while the lowest survival were found
in the Bauska (67.1 %) and Jekabpils (73.8 %) provenances. The highest survival
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rate in the Tukums trial was found in the Ugale (78.6 %) and Kalsnava (78.4 %)
provenance, while the lowest survival were found in the Strenci (64.1 %) and
Mazsalaca (64.9 %) provenances (Figure 3.6). Differences in the survival between
these trials can be explained by the differences in the intensity of the needlecast
infection, that were higher in the Tukums trial (91.2 %), than in Kalsnava (87.9 %)
and the needlecast damage grade, which were higher in the Tukums trial (4.7 +£0.01),
compared to Kalsnava (4.6 = 0.03). However, it should also be taken into account
that tree survival and the growth and development of each individual tree in the third,
fourth and fifth experimental series could have been affected not only by needlecast
infection but also by other diseases, pests, genetic factors (for example, the resistance
of each individual clone to diseases and pests), as well as meteorological factors
(precipitation, temperature and humidity).

As a result of climate change in recent years, needlecast infection has increased
significantly. Therefore, it is important to determine how the level of needlecast
infection affects tree height, tree diameter and height increment, because these
indicators can show the negative effects of diseases and pests on yield. For example,
the results of a study in Estonia showed that severe defoliation caused by Bupalus
piniaria in 1930-1932, 1980- 1981. and 1990-1992; Neodiprion sertifer defoliations
in 1938-1939, 1948, 1950, 1958, 1960, 1962, 1965, 1966 and 2007, as well as
defoliation caused by Diprion pini in 1981-1982 significantly reduced radial
increment of pine for two years after defoliation. In addition, the height increment
significantly decreased both during the defoliation year and in the following 2 years.
However, for pine trees aged 25 to 33 years, both radial and height increments were
significantly reduced during defoliation years, but the decrease in height increment
for the following two years was negligible (Hanso & Drenkhan, 2012).

In the third experimental series (Daugmale, Ogre), the average height of trees
in the Daugmale trial in 2011 or the 5th growing season was 122.5 + 0.6 cm, in the
Ogre trial it was 214.3 + 1.1 cm, the difference between the average height of the
trials in 2011 was 91.8 cm, which is statistically significant (p < 0.001). When
analysing the height increment in the same trials, it was concluded that the difference
was significant (p < 0.001), since in the Daugmale trial the average height increment
was 31.8 £ 0.2 cm, and in the Ogre trial it was 52.5 £ 0.3 cm, a difference of 20.7
cm. The difference between the average height and height increment of the
Daugmale and Ogre trials in previous years (2007-2010) were statistically
significant (p < 0.001) (Figure 3.7). When analysing the effect of needlecast
infection on tree growth parameters in both the Daugmale and Ogre trials, it was
concluded that as needlecast damage levels increase, the mean height and height
increment of trees is significantly reduced (p <0.001) (Figures 3.8 — 3.11). Such a
relationship was also found in a study conducted in Latvia (Jansons et al., 2008) and
in an Estonian study (Hanso & Drenkhan, 2007; Drenkhan, 2011; Hanso &
Drenkhan, 2012).

The negative impact of needlecast infection on growth rates in the Daugmale and
Ogre trials was demonstrated by the correlation between needlecast damage grade
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and the growth parameters of the trees. For example, in the Daugmale and Ogre
trials, the degree of needlecast damage is statistically significantly correlated with
the growth parameters of trees, both at the individual trees and family level.
Significant (p < 0.001), moderate negative Pearson correlation coefficients were
found between the degree of needlecast damage and the height increment of trees
during the year before the assessment of needlecast, at the level of the individual
trees r = -0.42 and r = -0.37 and at the family level r = - 0.40 and r = -0.29 (Figure
3.12). Negative correlations between the degree of needlecast damage and growth
parameters of trees have been reported previously (Baumanis, 1975; Squillace et al.,
1975; Martinsson, 1979; Ostry & Nicholls, 1989). Such differences can be explained
by the influence of various external factors: the initial growth parameters and quality
of each individual tree; site preparation prior to planting and planting quality; site
maintenance after planting; variations in microenvironment, exposure and soil
fertility within the site; changes in tree numbers within the plantation, associated
with survival rates.

The negative impact of needlecast infection on growth rates was also
demonstrated in the fourth experimental series (Kalsnava, Zvirgzde) by the
correlation between needlecast damage grade and the growth parameters of the trees.
In the Zvirgdze and Kalsnava controlled cross trials, the needlecast damage level
was statistically significantly correlated with tree growth parameters at both
individual tree and family level. Significant (p < 0.001), moderate negative Pearson
correlation coefficients were found between the degree of needlecast damage and
the stem root collar diameter at the age of five years, both at the individual tree level
r=-0.29 and r = -0.38 and at the family level r = -0.48 and r = -0.69. Also, significant
(p < 0.001), moderate negative correlation coefficients were found between the
needlecast damage level and height increment in the year prior to needlecast
assessment, both at the individual tree level r = -0.28 and r = -0.31 and at the family
level r = -0.59 in both trials (Figure 3.13).

In the third experimental series, the short-term effect of the cumulative (three-
year summary score) of needlecast infection on height increment at a young age in
the Daugmale trial was also investigated. The results showed that tree height and
height increment were significantly affected by needlecast damage for three
consecutive years (see Table 3.2). For example, if the total needlecast damage grade
is <6 or 6, then tree height was not significantly affected, but if the total damage
grade was 7 and higher then tree height is significantly affected (Table 3.2).

In the third experimental series, similar results were obtained from the
Daugmale trial on the short-term effect of needlecast infection on the growth and
survival of trees were obtained by dividing 3 year old trees in 2 height groups — 50 %
higher and 50 % lower. Differences in the degree of damage between the two tree
height groups (50 % higher (H1) and 50 % lowest (H2)) in the 4th and 5th growing
seasons differed significantly (p <0.01) - 17 % and 34 %. A significant difference
(p < 0.001) in the proportion of damaged trees in tree height groups (H1 and H2)
was also observed between growing seasons. For example, the proportion of trees in
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tree height group (H1) with a damage score of 3 during the fourth growing season
for most (85 %) was the same or with a lower degree of damage in the following
season, while in the tree height group (H2), the proportion of trees at the same
damage level as in the 4th growing season was significantly lower (56 %) (Figure
3.14, 3.15).

From the results obtained, it can be concluded that repeated needlecast damage
from the 4th to the 6th growing season (characterized by a higher summary grade)
has a significant negative effect on tree height at the age of 12 (see Figure 3.21).
Similar inter-year associations between the needlecast damage grade were also
found in other studies, for example, those trees that had a lower damage grade during
the third assessment season, also had a lower assessment in the first observation
season, but for trees that had higher damage grade during the third assessment
season, also had higher damage grade in the first growing season (Martinsson, 1979).
Other studies have found that the cumulative effect of repeated defoliation on tree
growth and survival does not only have a direct effect, but also indirect (secondary)
effects. For example, repeated defoliation reduces carbohydrate production, thus
gradually reducing their reserves (Ericsson et al., 1980), although it is more
pronounced for trees with lower average tree height (Shaw & Toes, 1977). Another
study found that, as the amount of carbohydrates in the roots decreases, nutrient and
water intake is negatively affected, and thus the growth and development of the tree
is affected (van der Pas, 1981). It can therefore be argued that secondary effects
caused by, for example, needlecast infection may appear not only immediately but
also with a delayed effect (Lyr & Hoffmann, 1967; Ericsson et al. 1980; van der Pas,
1981). This assertion is corroborated by a study by Hanso & Drenkhan (2012), which
found a significant decrease in height increment for 3-11 year old Scots pine trees
during a Lophodermium spp. epidemic year and two years afterwards, as well as a
report by Kurkela et al. (2009), in which 12-year-old Scots pine provenance trials
revealed that a 50 % reduction in needles caused by Lophodermium spp. for three
consecutive years reduces tree growth by 35 %.

3.2. Influence of genetic factors

For the characterization of differences between clones in needlecast resistance
the following parameters were for ranking clones — in the third experimental series
(Daugmale, Ogre) - needlecast damage grade, average tree height and survival, and
in the fourth experimental series (Kalsnava, Zvirgzde) - needlecast damage grade
and average tree height.

Results obtained from the third experimental series (Daugmale, Ogre) showed
that the highest ranked clones or clones resistant to needlecast infection (<35 %
damaged needles) in the Ogre trial were 262, 303, 198, 146, 306, 250 and 252, but
clones 503, 108, 501, 304, 246, 249 and 113, were the lowest ranked or clones
susceptible to needlecast infection . Comparing the average height of trees between
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these two clone groups, it can be concluded that the differences are significant
(p <0.001), as the average height of needlecast resistant clones was 234.8 + 3.5 cm ,
and 193.0 = 3.9 cm for susceptible clones. Significant differences (p < 0.001) were
also observed between the average height of the clones (214.3 = 1.1 c¢cm) and the
average height of needlecast infection-resistant clones (234.8 = 3.5 cm), as well as
between the average height of susceptible clones (193.0 £ 3.9 cm) (Figure 3.16)

(> 65 % damaged needles). The differences in the average needlecast damage grade
between these the resistant and susceptible clones are significant (p < 0.001), the
average damage grade was 2.9 in-resistant clones, whereas it was 3.4 in susceptible
clones. Comparing the survival of trees between the two clone groups, it was
concluded that the difference was not significant because the survival of resistant
clones was 85.2 %, while the survival of susceptible clones was 88.6 %.

In the third experimental series, the highest ranking or clones resistant to
needlecast infection (<35 % damaged needles) in the Daugmale trial were 255, 306,
239, 348, 146, 198 and 242, but the lowest ranked or clones susceptible to needlecast
infection (> 65 % damaged needles) were 346, 503, 248, 245, 408, 246 and 254.
Comparing the average tree height in the Daugmale trial between these two clone
groups, it can be concluded that the differences are significant (p < 0.001), since the
average tree height of resistant clones was 136.6 + 1.9 cm, and 106.5 = 2.0 ¢m for
susceptible clones. Significant differences (p < 0.001) were also found between the
average tree height in the trial of 122.5 £+ 0.6 cm and the average height of resistant
clones (136.6 + 1.9 cm), as well as between the average tree height in the trial and
the average height of susceptible clones (106.5 + 2.0 cm) (Figure 3.17). The
differences in the average needlecast damage grade between these the resistant and
susceptible clones are significant (p < 0.001), the average damage grade was 2.9 in-
resistant clones, whereas it was 3.4 in susceptible clones. Comparing tree survival
between the two clone groups, it was concluded that the differences were significant
(p < 0.001), because the survival for resistant clones was 95.4 % and
82.0 % for susceptible clones.

Combining the information obtained from the rankings from both the Ogre and
Daugmale trials, it was concluded that the clones most resistant to needlecast
infection (<35 % damaged needles) were 306, 146, 198, 348, 250, 261 and 242. In
other studies in Latvia, it was found that higher resistance to needlecast was found
in pine trees from the Smiltene and Strenci region (Baumanis, 1993). The progeny
of the Zvirgzde and Smiltene populations are superior in terms of resistance to
needlecast damage and tree height, with the most superior are clones of the 255, 232,
106, 259 families in Misa and the 306 family in Zvirgzde (Jansons et al. 2008). In a
2012 study, the clones most resistant to needlecast and therefore superior in height
were clones 308, Bal303, Zv305, M198, 307 and M241 (Neimane et al., 2012).

Results obtained from the fourth experimental series (Kalsnava, Zvirgzde),
show that highest ranked or resistant to needlecast infection (<35 % damaged
needles) clone families in the Kalsnava trial were - K3 x K18, K3 x U8, K3 x U4,
K3 open-pollinated, U8 open-pollinated, K3 x U7, K18 x U7, K3 x K21, K3 x U10
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and U6 open-pollinated, while the lowest ranked or susceptible (>65 % damaged
needles) clone families were K21 x U8, U7 x K3, U9 x K21, U9 x U5, K21 x U4,
U7 x U9, U7 x K21, U9 x U7, U7 x U5 un K21 x U7. Comparing the average height
of trees in the Daugmale plantation between these two clone groups, it can be
concluded that the differences are significant (p < 0.001), since the average height
of trees for clones with higher growth parameters is 146.5 + 2.1 cm, whereas for
clones with lower growth parameters it is 110.1 + 1.8 cm. Significant differences
were also observed (p < 0.001) between the average tree height in the trial of
129.4 + 0.5 cm and the average tree height of clones with higher growth parameters
of 146.5 = 2.1 cm, as well as between the average tree height in the trial and the
average height of trees for clones with lower growth parameters of 110.1 = 1.8 cm
(Figure 3.18). Analysing the difference between the two clone groups for needlecast
damage, it was concluded that the differences are statistically significant (p < 0.001),
the average needlecast damage was 2.8 for needlecast infection-resistant clones and
the average damage of susceptible clones was 4.0.

In the fourth experimental series, highest ranked or resistant to needlecast
infection (<35 % damaged needles) clone families in the Zvirgzde trial were - K3 x
U10, K3 open-pollinated, U8 x K3, K18 x U4, K18 x U6, K3 x U9, K18 x U5, U4 x
K18, U10 x K3 un U4 x U10, while the lowest ranked or susceptible (> 65%
damaged needles) clone families were U6 x U9, K21 x U5, U9 x U6, K3 x U8, K21
x U9, U5 x U6, U5 open-pollinated, U5 x U9, U9 x U5 un U5 x K21. Comparing
the average height of trees in the Zvirgzde plantation between these two clone
groups, it can be concluded that the differences are significant (p < 0.001), since the
average height of trees for clones with higher growth parameters is 151.2 + 2.6 c¢m,
whereas for clones with lower growth parameters it is 108.2 + 2.2 cm. Significant
differences were also observed (p < 0.001) between the average tree height in the
trial of 126.0 £ 0.5 cm and the average tree height of clones with higher growth
parameters of 151.2 £ 2.6 cm, as well as between the average tree height in the trial
and the average height of trees for clones with lower growth parameters of
108.2 £2.2 cm (Figure 3.19). Analysing the difference between the two clone groups
for needlecast damage, it was concluded that the differences are statistically
significant (p < 0.009), the average needlecast damage was 4.6 for needlecast
infection-resistant clones and the average damage of susceptible clones was 4.8.

Combining the information obtained during the ranking process from both
Kalsnava and Zvirgzde-controlled cross trials, it was concluded that clones most
resistant to needlecast infection (<35 % damaged needles) were - K3 open-
pollinated, K3 x U10, K3 x U4, K3 x U9, K18 x U5, U8 open-pollinated, K3 x U5,
U8 x K3, K18x K21 and K18 open-pollinated, of which the most productive
unrelated clones K3xU10 and K18xK21 are recommended for utilisation in further
breeding efforts.

From the results obtained from the third experimental series (Daugmale,
Ogre) and the fourth experimental series (Kalsnava, Zvirgzde), it can be
concluded that provenances with higher resistance to needlecast infection are
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characterized by higher productivity, as indicated by other authors (Liesebach &
Stephan, 1996). The previously obtained results show that there are Scots pine
families and clones more and less resistant to needlecast infection. This is confirmed
by previous studies in Latvia and Estonia. Information obtained from studies in both
countries indicates that it is not possible to select families and clones completely
resistant to needlecast infection (Baumanis, 1975; Jansons et al., 2008; Drenkhan,
2011), since resistance breeding of Scots pine is further complicated by the fact that,
both globally and within of Latvia, needlecast is characterized by high genetic
diversity (Morocko-Bicevska et al., 2010).

In the third experimental series, analysing results from the Daugmale trial,
using a multifactor linear regression model (GLM) for individual trees, in which the
covariate includes tree height at the age of 3 years, the relationship between the
average height of trees at the age of 12 and the proportion of damaged trees with an
aggregate grade > 9 was analysed and the following results were obtained. The
average height of the families varied from 291 + 37.3 cm to 446 + 26.3 cm. The
proportion of damaged trees (summary score > 9) per family was between 20 % and
86 %. The average height of trees at 12 years of age is significantly (p < 0.001)
effected by genetic factors (family) and the summary needlecast damage score
(Figure 3.20).

In turn, the average family correlation between the proportion of damaged trees
with a total score of > 9 per family and height of trees before initial infection (initial
height) was moderate and lower than the correlation between the proportion of
damaged trees and the height of trees at 12 years of age (r = -0.35 and r = -0.58,
respectively, p < 0.001), which shows the long-term effects of the disease.
Significant genetic (family) effect on the height of 2-8 year old pine trees and their
resistance to Lophodermium spp. in the Netherlands was reported by Squillace et al.,
(1975), and for 9-year-old pines in Germany (Stephan & Krusche 1986).

In general, it can be concluded from the obtained results that there are significant
differences in the level of infection and the proportion of affected trees among
families, moreover, the same families are more affected over several years. For
young trees whose vitality has already been reduced in one year, recurrent infections
in the coming year are more likely to cause death. Consequently, the selection of the
most resistant genotypes can significantly reduce the total damage levels in young
stands, and in changing climatic conditions, the role of breeding in ensuring the
sustainability and vitality of forest stands is increasing.

3.3. Impact of needlecast damage on the financial value of pine stands
over the rotation period

Growth rate modelling (based on data obtained from the third experimental
series Daugmale trial) of forest stands with differing needlecast resistance (<35 %
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and >65 % damaged needles) at a juvenile age was used to assess the impact of
needlecast damage on the financial value of pine stands over the rotation period.

Equivalent annual annuiity (EAA), at an interest rate of 0.01 %, for resistant
(<35 % damaged needles) forest stands at a juvenile age, without thinning was
64 EUR ha' in the case of low timber prices, 194 EUR ha in the case of medium
timber prices, and 287 EUR ha in the case of high timber prices. In contrast, EAA
in susceptible (>65 % damaged needles) forest stands at a juvenile age, without
thinning was 49 EUR ha! in the case of low timber prices, 162 EUR ha in the case
of medium timber prices, and 240 EUR ha' in the case of high timber prices
(Figure 3.21).

The EAA for resistant (<35 % damaged needles) forest stands at a juvenile age,
with thinning to a density of 0.7, was 92 EUR ha'! in the case of low timber prices,
300 EUR ha! in the case of medium timber prices, and 446 EUR ha in the case of
high timber prices. In contrast, EAA in susceptible (>65 % damaged needles) forest
stands at a juvenile age, with thinning to a density of 0.7, was 58 EUR ha™ in the
case of low timber prices, 204 EUR ha in the case of medium timber prices, and
305 EUR ha! in the case of high timber prices (Figure 3.21).

The EAA for resistant (<35 % damaged needles) forest stands at a juvenile age,
with thinning to a density of 0.6, was 82 EUR ha! in the case of low timber prices,
275 EUR ha! in the case of medium timber prices, and 410 EUR ha in the case of
high timber prices. In contrast, EAA in susceptible (>65 % damaged needles) forest
stands at a juvenile age, with thinning to a density of 0.6, was 61 EUR ha in the
case of low timber prices, 205 EUR ha! in the case of medium timber prices, and
305 EUR ha' in the case of high timber prices (Figure 3.21). From the results
obtained, it can be concluded that the impact of timber price fluctuations on the EAA
was more significant than the effect of needlecast resistance, but, with the same
timber prices and thinning regime, the EAA of resistant forest stands was always
higher than the EAA of susceptible forest stands.

Analysing the net present value (NPV) using the LVM interest rates of 4.24%,
the following results were obtained - for resistant (<35 % damaged needles) forest
stands at a juvenile age, without thinning was -1209 EUR ha'! in the case of low
timber prices, -1016 EUR ha in the case of medium timber prices, and -878 EUR
hal in the case of high timber prices. In contrast, NPV in susceptible
(>65 % damaged needles) forest stands at a juvenile age, without thinning was
-1231 EUR ha' in the case of low timber prices, -1064 EUR ha* in the case of
medium timber prices, and -948 EUR ha! in the case of high timber prices
(Figure 3.22).

NPV for resistant (<35 % damaged needles) forest stands at a juvenile age, with
thinning to a density of 0.7 was -1009 EUR ha in the case of low timber prices,
309 EUR halin the case of medium timber prices, and 1128 EUR ha! in the case of
high timber prices. In contrast, NPV in susceptible (>65 % damaged needles) forest
stands at a juvenile age, with thinning to a density of 0.7 was -1144 EUR ha in the
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case of low timber prices, -665 EUR ha! in the case of medium timber prices, and -
349 EUR hal in the case of high timber prices (Figure 3.22).

NPV for resistant (<35 % damaged needles) forest stands at a juvenile age, with
thinning to a density of 0.6 was -1082 EUR ha in the case of low timber prices, 201
EUR ha in the case of medium timber prices, and 982 EUR ha* in the case of high
timber prices. In contrast, NPV in susceptible (>65 % damaged needles) forest stands
at a juvenile age, with thinning to a density of 0.6 was -1147 EUR ha in the case of
low timber prices, -663 EUR ha! in the case of medium timber prices, and -348 EUR
ha! in the case of high timber prices (Figure 3.22). Without thinning, the modelled
NPV of forest stands was negative. With thinning, in the case of medium and high
timber prices, the NPV of resistant forest stands was positive, but was negative for
susceptible forest stands. In general, from the obtained results, it can be concluded
that needlecast damage has a long-term, lasting and significant financial impact,
therefore it is essential to continue research on needlecast resistance and to include
needlecast resistance assessments in forest tree breeding programs.

CONCLUSIONS

1. The proportion of trees significantly damaged by needlecast (>65 % of necrotic
needles) varied from 20 to 98 %, and there was no statistically significant
influence of stand density (1200 - 6900 trees ha'), forest type or stand age (2-23
years).

2. The degree of needlecast damage significantly (p < 0.001) affects tree survival
and height increment. Repeated infection over a 3-year period has an immediate
as well as a long-lasting (6 years after infection) cumulative negative impact.

3. There are significant genetic (family, provenance) effects on the proportion of
trees significantly damaged by needlecast, subsequently impacting tree survival
and growth (height increment, height and root collar diameter). Genotype-
environment interactions did not have a significant effect on needlecast intensity.

4. The heritability of needlecast resistance was demonstrated by genetically
homogeneous germplasm (progeny of controlled crosses) having a closer
correlation with the proportion of needlecast damaged trees and tree height
compared to less homogeneous germplasm (open-pollinated progeny), r = 0.72
and r = 0.40, respectively.

5. The degree of needlecast damage at juvenile age has a significant impact on the
financial value of the stand (EAA and NPV) over the rotation period. To
maximise returns on investments in forest stand renewal and thinning, it is
essential to utilise Scots pine trees, with <35 % of damaged needles.
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