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1. DARBA VISPARIGS RAKSTUROJUMS
Temas aktualitate

Parast priede Pinus sylvestrid..) ir visbieZk sastopam un saimnieciski
nozZimigaka koku suga Latvij. Tas kvalifate jau sen atta par vienu no izcikajam
visas Eiropas Broga. Priede uzskata par vienu no svagakajiem ntisu valsts
ekonomiskajiem resursiengpec tas produktiviites un kvaliites saglafisanas un
paaugstiaSanas name Latvig nav g@rvéertéjama. Glofalo klimata izmapu un
pieaugoSas antropawmis ietekmes apaitlos meZa koku popatdiju gergtisko
resursu apziBana ungeretiskas daudzveitbas saglaiana ir svags meza
selekcijas un ilgtsfiigas mezsaimni@eas uzdevums. Ligka popuiciju geretiska
daudzveitba saista ne tikai ar lafiku pieBgoSams sgju, kas ntisdieras Joti
nozmiga, bet arar augstku produktiviiti un kvalitti.

Lai aizsargtu popukciju geretiskos resursus un nepaeitu nepiergrotas
izcelsmegeretiska materila ieveSanu, Eiropas vaist tai skai Latvija, izstradati
meza koku reprodukta materila parvietoSanas noteikumi, galverik
pamatojoties uz fenotipiskuesejumu provenietiu izméginajumos. Meza koku
gergtisko resursu aizsarta un reprodukiva materila identifikacijas,
sertifikacijas un @rvietoSanas iegpu noteikSaa noamigu ieguldjumu var sniegt
an geretiskie Etjumi ar DNS molekwro makieru patdzibu, pie tam popéctiju
atiribu nowrteSara svafgi apvienot fenotipisis ungeretiskas izpetes metodes.

Priedes produktivites un kvalidtes pammju mainbu nosaka gan
geretiskie, gan ekolgiskie faktori, kas savstagp atrodas ne@rtrauké
mijiedartiba. Evolicijas proces priede pieigojusies konldtiem vides apakliem,
tapec tas popudcijas atgiras saa@ star@m pec produktividites, kvalistes,
fenologijas, ka ar rezistences pret nelafligiem vides faktoriem. Popadija ir
radnie@gu vienas sugagpatu kopums, kas ilgstosSi apgo noteiktu teritoriju, un
kas zirama mera ir izoléti no citam tas paSas sugapatu kopam; popuficijas
ipami brivi krustojas sa¥ starf@ un rada dwotsgEjigu pecnacgju paaudzi. T ka
neeksist kads noteikts popdtijas lieluma vai maiibas ierobezojums, tad
atsevi§a petijjuma ar jgdzienu ,popuicija” apZmejama viendatya pEtijuma
vieriba, kas ir atriga no ciim pstijuma vienbam (Paiit, 1978). Saj promocijas
darta ar jdzienu ,popuicija” apZmeti koki no vienas vai vafikam blakus
augodm mezaud@m, pamatojoties uz inforagiju par priedes puteks plismas
intensititi atkadba no atfiluma, k ar vairaku paaudzu koku radnigsu &das
teritorijas ietvaros (Koski, 1970; Tigerstedt et 41982; Robledo-Arnuncio et al.,
2004;YepHomy6oB, 1996).

Priedes selekcijas procgesiek \ertétas popudciju geogifiskas, ekotipu,
fenolagijas un rezistences &iibas. Selekcijasakotrgjais posms, kur notiek
labako popuficiju un individu atlase gc fenotipiskajm paZmem, saisits ar
geogafisko un ekol@isko apsiklu noteikem popukiciju atkirtbam. Nakamap
posna — pecnacgju parbauds — lkdzas vaimkam produktiviiti un kvalitati
raksturojodm paZmem ipaSa uzmaba tiek pieersta [gcraceju saglalasaras
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spejai, ko liela mera nosaka rezistence pret nelabgiem vides faktoriem, tai
skait slimibam. Turklat ssklu plantciju ierikoSanai atlagajiem kloniem gbit ne
tikai parakiem produktivifites, kvalifites un rezistences pai, bet ar sinhroni
ziedoSiem, lai sekrgi notiktu planicija parstavéto klonu savstaa
apputeksesSaras. Tatad nozmiga ir popuiciju ziectSanas fenolgisko Tpatribu
izpete. Pie tam selekcijas proaesvaiigi konstatt tieSi gergtisko faktoru noteikis
popukciju atkirtbas. To anati iesggjams veikt ar molekdaro DNS makieru
palidzibu. AtbilstoSi Siem popatiju at&kirtbu aspektiem izvifts promocijas darba
merkis.

Petijuma merkis

Novertet parasis priedes popatiju fenotipisko ungergtisko daudzveitbu
Latvija.

Pétnieciskie uzdevumi

1. Raksturot priedes popglju produktivitites, stumbra kvalites un
geretiskas struktiras atgirtbas daidos Latvijas rgionos.

2. Noskaidrot priedes edafisko ekotipu augSan&srdias.

3. Raksturot priedes popglju fenolasiskas ipatribas.

4. Nowertet priedes popakiju pecracgju izturibu pret skujbiri.

Zinatniska novitate

Ta ka jau vaikas desmitgades Lat&ijmeza atjaunoSantiek izmantots
maksligas izcelsmes priedesadimais matetils, tad promocijas dadbiegitie
rezultéti ir visai noZmigs ieguldjums tieSi dabisko priezu audzu fenotipisko un
geretisko 1padbu apziaSara. LidzSirgjos Etijumos priedes izie no fenotipisk
viedoKa Latvija vairak veikta g@cnacgju parbaudss juvenla vecuna. Promocijas
darlka raksturotas dafu resionu priezu audzu fenotipiak atgiribas, nogrtgjot to
produktivitati un kvalitati 85-95 gadu vecuan Pirmo reizi veikta tik liela apjoma
fenotipiski nowrtetu priedes popétiju gergtiska izgete.

Lidz Sim nebija noartéta €klu izcelsmes ietekme uzegrmacgju augSanu
relaivi liela vecuma (43 gadi) ekotipu iaginajuma, ki an analigta kmjas
kopSanas cigtiegito sortimentu strukira.

Pirmo reizi Latvig veikta priedes ziedanas fenolgisko grupugergtiska
anaize.

LidzSirgjie petijumi par skujbires rezistenci vak bija virziti uz rezistento
klonu atlasi otis kartas priezu &lu plantciju ierikoSanai, bet promocijas darb
analiztas skujbires rezistencesldt¥has populciju [imerr.



Praktiska noame

Petijuma rezuliti apstiprina reprodukta materila ieguves apgabalu
noteikSanas nepiecieS@u priedei Latvijas teritod, ka am izmantojami
selekcijas dar tadejadi sekngjot makshgi atjaunoto mezaudzu produktities un
kvalitates paaugsté@$anu. legtie gerstisko anaizu rezulsti ir svafga Latvijas
priedes popuakiju gerstiskas daudzveitbas un popuakiju geretisko atirtbu
izpetes darba samtdala. Priedes ziem$anas fenolgijas novrojumi izmantojami
seklu plantciju veidoSaa; pret skujbiri rezistentu popadiju izdakiSana ir
noZimiga praktisks meza atjaunoSanas vajd@m s slintbasipaSi apdraugtas
teritorijas.

Promocijas darba struktara un apjoms

Promocijas darbpirmaj a nodda apkopotasitizSirgjo petijjumu atzihas par
parasis priedes popatiju fenotipisko un gergtisko daudzveitbu. Pirmaj
apak3nodia raksturotageogafiskas izcelsmes ietekme uZgracgju produktivitti
un kvalitati, kas noertéta starptautiskajos proveni@nizméginajumos Eirofa un
Latvija, ka afm popukciju geretiskas daudzveitbas un diferenéacijas izggte ar
molekubrajiem makieriem. Otraj apakSnodia analiZta priedes augSana daq
vides faktoru ietek@y ka am nowrtetas priedes ekotipu epracgju pazmju
atkiribas, tos audjot vierados ekolgiskajos apgiklos. TreSa apakSnoda
analiztas normigako produktivi&iti un kvaliati raksturojoSo pamju savstargjas
sakatbas. Ceturtaj apakSnoda apkopoti priedes zie8anas fenolgjas
noverojumu rezulti, bet piektaj apakSnoda raksturotas skujbires rezistences
at&iribas.

Otraj a nodda apraksits pEtijuma matetils un metodika.

TreSaja nodda anali£ti petijuma rezuliti. Pirmag apakSnodia fenotipiski
un geretiski raksturotageogafiski atkirigas Latvijas priedes pogiaijas. Otraj
apakSnodia saidzinata dazdu priedes edafisko ekotipiEgiceju produktivitate
un kvaliite. TreSa&§ apakSnoda analiftas priedes ziedanas fenolgjas
ipatribas, bet ceturtaj- dazdu popudciju pecnacgju izturiba pret skujbiri.

Promocijas darbam ir 104 lappuses, infacija apkopota 41 tabalun
21 attla, izmantoti 185 literatras avoti.

Zinatniska darba aprobacija

Petijuma rezuliti apkopoti pieas publikacijas, no kuam divas ievietotas

starptautiskos unis — vietjos ziratniskajos izdevumos.

1. Neimane U. (2008) Estimation of productivity agdality of different
origin Scots pine in Latvia. InResearch for Rural Development 2008
International Scientific Conference Proceedings-2321 May, 2008,
Jelgava, Latvia University of Agriculture. Annuad™, p. 137-145.
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2. JansondA., Neimane U., Baumanis |. (2008) Paaspriedes skujbires
rezistence unat paaugstiiSanas iesjas. Mezzimtne Nr.18 (51), 3.-
18. Ipp.

3. Neimane U., Baumanis I., Veinberga Ikifgrs V., Ragis D. (2009)
Parasis priedes popatiju fenolgsisko atkirtbu gergtiskie aspekti.
Mezziratne, Nr.19 (52), 49.-63. Ipp.

4. Neimane U. (2009) Geographical differences iowgh and quality
characters of Scots pine Latvian populations. Research for Rural
Development International Scientific Conference Proceeding$-22
May, 2009, Jelgava, Latvia University of Agricukur Annual 18
(akceptts publi@sanai).

5. Neimane U., Veinberga |., Rgis D. (2009) Paraa$ priedes popactiju
geogufiskas atgiribas, to fenotipiskie ugeretiskie aspektiMeZzirmtne
(akcepéts publieSanai).

Petjuma rezuliti ieklauti ¢etros ziatnisko projektu prskatos, K an

prezengti divas starptautisés ziratniskaps konferengs.

1. 21.-23.05.2008., LLU, Jelgava, Latvija. Rafer

Neimane U. (2008) Estimation of productivity andality of different origin
Scots pine in Latvia. In:Research for Rural Development 2008
International Scientific Conference Proceedings-231 May, 2008,
Jelgava. Latvia University of Agriculture. Annuad™, p.137.-145.

2. 20.-22.05.2009., LLU, Jelgava, Latvija. Rafsr

Neimane U. (2009) Geographical differences in ghovand quality
characters of Scots pine Latvian populatiohs. Research for Rural
Development International Scientific Conference Proceeding$-22
May, 2009, Jelgava. Latvia University of AgricukurAnnual 15.

2. PETIJUMA MATERI ALS UN METODIKA

Pirma petnieciska uzdevumaistenoSanai - priedes popciju geogafisko
atiribu raksturoSanai - Latvijas teritariproporcionli priedes izplabai iefikots
21 parauglaukums (1. att.) 85-95 gadusaseraudZs (mezaudzes sast 10P)
lana meZa augSanas d&bgti tipa (AS ,Latvijas valsts mezi" dati). Katr
parauglaukumm ietverti aptuveni 100 numeéti valdaudzes koki, un
parauglaukumam dots nosaukums atbilstoSi valstsni@@lias nosaukumam
2007. gada vasar (turpniak tekst — popuficija). Popuicijas atkaiba no
geogafiska novietojuma Kklasifietas @c piedetbas Rietumu vai Austrumu
reprodukiva materila ieguves apgabalam (atbilstoSi Latvijas Republikhnistru
kabineta 2003. gada 19. novembra noteikumiem NB. @doteikumi par meZa
reprodukivo materélu”). Talakaja darba galt, Iidzgi ka iepriek&jos pEtijumos
(Baumanis u.c., 2001), pojaljas Kklasifiétas @c piedetbas vienam n&etriem
regioniem (popuiciju skaits noadits iekawds): Rietumu (8), Cendlais (6),
Dienvidaustrumu (2), Zienjaustrumu rgions (5).
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o LATVIJRS VALSTS MEZI

AS ,Latvijas valsts mezi” dati, 2007Data from ,Latvian State Forests”, 20(.—
- valsts mezi ar valdoSo sugu — priede |:| Rietumu rgions
state forests were pine is dominant species Western provenance region
S ierikotie parauglaukumi (popadijas) |:| Centilais rezions
established sample plots (populations) Central provenance region
Rietumu / Austrumu ieguves apgabalu robe2a|:| Dienvidaustrumu rgons
the border between the Western and Eastern South-eastern provenance region

seed zone |:| Ziemdaustrumu rgions
North-eastern provenance region
1-Nica 4-Skrunda 7-Ventspils  10-Salasgr 13-Ape 16-Daugavpils  19-RopaZi
2-Alsunga 5-Frande 8-Vandzene 11-Valka 14-Gulbene 17-Birzgale -Ja&jelgava
3-Renda 6-Ugle 9-Lielupe 12-Smiltene 15#ani 18-Ogre 21-Rvinas

1. att. Parauglaukumu (popukciju) atraSanas vietas.
Fig. 1. Thelocation of sample plots (populations).

Valdaudzes (numatajiem) kokiem noteikts stumbra caums 1.3 m
augstum no salu kakla (cm); koka augstums (m); stumbra bezzarlasda
augstums (m); vainagaaluma augstums (m); refadis zaru resnums — zaru
diametrs attietba pret stumbra caurgru, safdzinajuma ar citu Eda paSa cauréna
koku zaru resnumu §p tris ballu skalas), pi&fot vienu balli kokiem ar relati
tieviem zariem, divas balles — ar &i@m zariem, un s balles — ar relat
resniem zariem; zaru gis - stumbra un zaru veidotaisnkés (pec tris ballu
skalas), pidgrot vienu balli kokiem, kuru zari ar stumbru veithsnu leki
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(>80°), divas balles — aptuveni 80°-60%a gadjuma, un tis balles — ja lgis
Sauiks nekd 60°; stumbra taisnums gp tris ballu skalas), pigfot vienu balli
taisniem kokiem, divas balles - nedautkimainiem kokiem (ne vaik ka viens
Itkums, par kkumu uzskatot novirzi no iedatas vertikilas finijas gar stumbra
malu, kas prsniedz 10 cm), un 18 balles - izteikti tkkiem kokiem (vaitk neka
viens tkums); stumbra bezzaru lda kvalitite (psc tris ballu skalas), pig#ot
vienu balli kokiem ar pilfgi gludu bezzaru da un neizteikim zaru mieturu
vietam, divas balles — kokiem ar il izteiktam mieturu vieim, un tfis balles — ar
seviki izteiktam mieturu vieim (,punainiem” kokiem); vainaga platumsg(ptris
ballu skalas), piédrot vienu balli kokiem ar sazinoSi Sauru vainagu, divas
balles - kokiem ar viglu vainaga platumu, unig balles — kokiem ar lielu vainaga
platumu; vainaga forma - alé vai piramidils; kreves mizas das augstums (m);
kreves mizas veids - koki ar izteiktutgu mizu, koki ar izteiktu @kSpu mizu un
koki ar neizteiktu mizas veidu.

Parauglaukuma teritogijaugoSajiem starpaudzes kokiem (IV un V Krafta
klase) noteiktas divas pazes - koka augstums (m) un stumbra causnfcm).
Katram kokam aggkinats stumbra tilpumsae l.Liepas (1996) ieteiks stumbra
tilpuma sakabas. Uznarita parauglaukuma pibia un apikinata kija (ntha).
Kvantitativo pazmju at¥iribas analiztas ar vienfaktora dispersijas amzabk
palidzibu, bet kvalitatvo pazmju at&iribas noteiktas, izmantojot neparametissk
metodes — Kruskal-Wallis H-testu un Mann-Whitneytddtu SPSS progranam
Pielietota arklasteranakze SPSS progranan

Popukciju atkirtbu geretiska izpete veikta sadafba ar Latvijas Valsts
MeZzziratnes institita ,Silava” Gergtisko resursu izgtes centra gniekiem.
Popukciju geogafisko at&kirtbu gergtiska anafze veikta sef popudcijas, no
kuram tris parstav Rietumu ieguves apgabalu urst+ Austrumu ieguves apgabalu.
DNS izdafSana veikta no koksnes skaid (Ruwgis u.c., 2009). Paraugu
genotigSanai izmantoti pieci hloroplastu DNS mikros#ateimakieri (Vendramin
et al., 1996; Provan et al.,, 1999). Papiju geretiskas daudzveitbas izgtei
pielietota AMOVA anailze (The Analysis of Molecular Variance) - statisdis
procedira, kas dod iegu noteikt gergtiskas daudzveitbas sadaumu starp
popukcijam un starp r@oniem. lzmantojot Arlequin 3.1 programmu (Excoffest
al., 2005), noteiktigeretiskie attlumi starp haplotipiemGergtiskas distances
dendrogramma izveidota ar DARwin programmu (Perrilacquemoud-Collet,
2006). Talakai anaizei haplotipi sagrugi pec to frekvenem, ka anm gerstisko
atalumu rezulatiem, un analigti ar GenAlEx v6.1 programmu (Peakall, Smouse,
2006).

AtbilstoSi otrajam petnieciskajam uzdevumam, priedes edafisko ekotipu
atkirtbas nowrtétas [Etjumu objeké Ogres ap#rtné (eksperiments Nr. 7
liglaicigo pEtniecisko objektu rgstra), kurS ietkots nEtraja meza augSanas
apsak]u tipa, 20 x 30 m lieds parceds, ¢etros atirtojumos. $klas izneginajuma
veikSanai 1964. gadievaktas sefs mezauds, kas augusas &isgos apsik]os:
metraja (Zvirgzdes izcelsme); damakgisabiles izcelsme);abas (Mangdu
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izcelsme); Trelu puna, vismaz 700-1000 m attma no purva malas (ife]purva
izcelsme); purija, kas atrodas starp priezu a&lz minealaugsis (punaja
izcelsme), k anf torei£ja Ogres medpniedabas saimnieba meza atjaunosanai
izmantoto priezu &lu paraugs (Ogres izcelsme), kas izmantaiskkntroles
variants.
lepriek®ja uzneriSana veikta 5, 12 un 21 gada veaumosakot dadu
ekotipu Ecnacgju augstumu, stumbra caugm, saglabjoSos koku skaitu un kju
(Dreimanis, 1989). Pirt krajas kopSanas cirte izginajuma veikta 43 gadu
vecuna (2006. gad), promocijas darba ietvaros uzrot sagatavotos sortimentus.
AugSanai atgtie koki numueti, un tiem noteikts stumbra cauwtm 1.3 m
augstum no salu kakla (cm); koka augstums (m); stumbra bezzarlasda
augstums (m); relatais zaru resnums, zaruglgs, stumbra taisnums wdlzigi ka
pirmaja darba uzdevum ka af packlu un dubulto galaiu sastopaiba. Apgkinats
stumbra tilpums, kja, ka af nowertétas kvantitaivo un kvalitatvo paZmju
atXiribas fdzgi ka pirmaf darba uzdevum
Istenojot treSo petniecisko uzdevumu, priedes po@iciju ziedSanas
fenolagijas atkiribas gtitas, 2008. gada pavasaseicot atlirtotus noérojumus
divas priezu 8klu plan&cijas dazdos Latvijas rgionos — Dravu plaatija
Latvijas rietumd& un Sivienas plardcija Latvijas austrumda. Katra noverojumu
reize registréta sieviko un \risko strobilu fenolgiska faze, l& an viriSko strobilu
relatvais daudzums kak Sieviko strobilu nogroSanai izéletas un médtas
sieviko strobilu grupas koka vidusida dienvidu pus. Sieviko strobilu
fenologiska faze noteikta &i (Laura, 1975):
0.faze- ,ziemas miers”; sievi® strobilu aizmetus un augSanas konusuivbl
nosedz pumpuryas;
1.faze- ,atsegto pumpuruafe”; sieviko strobilu un augSanas konusu nesedz
pumpurzigas, sievikais strobils redzams blakus augSanas konusam,
cieSi tam pieglvai afl ir atvirzijies, garklats ar segzmam, konusveitgs;
2.faze- | brieSanasake”; sievikais strobils atvirgies no augSanas konusajvst
parakli tam, @ virsotne noapajas un pa#peniski atbivojas no
segzwnam;
3.faze- ,atwrto strobilu (ziedSanas) #ze” — sievigais strobils athwojies no
segzmam, spraugas stargldzvinam pilnigi atveru&s;
4.faze- ,skgto strobilu fize”; sklzvinas piebriest, spraugas stagklsvipam
aizveras, strobils maina zigghnas pakiju — noliecas parali zemei vai
an pilnigi uz leju.
Virisko strobilu afistibas fize noteikta &i:
1.faze- riskos strobilus piltba nosedz segiyas;
2.faze- Wriskos strobilus segayas nosedz dgi;
3.faze- Wriskie strobili pilriba atbiivojuSies no segayam;
4 .faze- dikusies WwiSko strobilu pugSana;
5.faze- WriSko strobilu puSanas kulmiacija;
6.faze- WIriSko strobilu puSana izbeigusies.
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V1rigko strobilu relatvais daudzums noteiktadi: 1 - maz wisko strobilu
salidzinajuma ar citiem tdziga lieluma plaricijas kokiem; 2 - vidji daudz \riSko
strobilu; 3 - daudzwisko strobilu.

Savienas 8klu planfcija parstavéti 86 Smiltenes popatijas kloni (Sm,
Pop, Cirg.pop) un 76 Misas popaijas kloni (M), bet Dravu plaatija - 65 Misas
popukcijas kloni (M), kas afis planicijas parsvas ir vairakos atlirtojumos. No
Misas popuicijas kloniem 58 grstavéti abos objektos. N@vojumi kata
planticija veikti 5-6 reizes laik no 12. maija iz 3. finijam. Rc sievikas
ziedkSanas fenolgjas kate noverojuma klons ieKauts kda no pieam grugm:
izteikti agri ziedoSs; agri ziedoSs; gjdziedoSs; @lu ziedosSs; izteikti #lu ziedoss.

Katras populcijas klonu gabais \ertgjums kate plantcija noteikts,
aprkinot vidgjo vertibu no klonam atsevi®s nowrojumos piegirtajam grupu
vertibam, par iz§iroSo uzskatot ziegfanas (3.azes) iestSaris bidi.

Pec viriskas ziedSanas fenolgijas kloni Klasifi&ti trijas grums: agri
ziedoSs; vidji ziedoSs; ®lu ziedoSs. Grugs ,agri ziedoSs” un #u ziedoSs”
ieskaitti kloni, kuriem vrisko strobilu puéSana (4.4ze) sikusies agik vai elak
neka vairumam attietgas popuicijas klonu plaricija.

Lai saidzinatu vienas popdkijas (Misas) klonu ziegsanaspatribas divos
ekolaziskajos fonos (8sienas un Dravu plaatijas), lietota Wilcoxon metode
SPSS programan Savulart, lai safdzinatu divu popuiciju (Misas un Smiltenes)
klonu zied&Sanas ipatribas vieados apgtklos (Sivienas 8klu plantcija),
izmantota Mann-Whitney U-testa metode 24. maigikta noverojuma datiem.
Analizétas af savstarpjas sakaibas starp sievi® strobilu fenolgiju, viriSko
strobilu fenolgiju un virisko strobilu relatvo daudzumu (Spearman koeficients).

Gergtiskaja izpete analizts, vai pagiv geretiskas atBirtbas starp daglam
ziekSanas fenolgjas grumm piederoSiem kloniem. DNS izd&kna veikta no
skuagm (Neimane u.c., 2009). Paraugu gergitgmai izmantoti pieci hloroplastu
DNS mikrosatatu makieri (Vendramin et al., 1996; Provan et al., 1999).
Geretiska anaize veikta ar GenAlEx v6.1 programmu (Peakall, Srap@806).

Lai veiktu ceturto petniecisko uzdevumu, dadu popuficiju pecnacgju
rezistence pret skujbiriLbphodermium seditiosynmo\erteta divos objektos —
Norupes priezugklu plantcijas klonu bivapputes pcracgju parbauzu stdjuma
(turpmek tekste - s&dijums) SIA ,Rgas mezi” Daugavas meznibg
(eksperimenta Nr. 441 llglaigo petniecisko objektu r@&stra) un pluskoku
brivapputes gcracgju gimerem Meza @gtiSanas stacijas Kalsnavas meza novada
kokaudztava (turpmik teksti — kokaudztava). Sidijums ieikots 2006. gada
pavasdr ar viengatgiem ietvargjeniem, stidiSanas aifums 2 x 1.5 m, 10 koki
katra parcef. Sadijuma parstaveti vairaku popuficiju pecracgji (gimenu skaits
noradits iekaws): Misa (46), Smiltene (6), Baldone (4), Zvirgzd2) un
Kalsnava (2). Skujbires b@pmi 2008. gada maijun jinija vertéti balles, nosakot
2007. gada pieauguma bty skuju ipatsvaru pc piecu ballu skalas, pikigot
1 balli kokiem, kuriem ir 0-5% skujbires ki skuju, 2 balles — 6-35%, 3 balles —
36-65%, 4 balles — 66-95% un 5 balles — 96-100%tbaikuju. Katram kokam
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uzmerits augstums 2008. gada gedacijas perioda akuma un & paSa gada
augstuma pieaugums. Afedi izmantoticetru atkirtojumu dati. Apékinos nav
ieklauti dati kokiem, kas 2008. gadaksma bija isaki par 10 cm. Kokaudava
vertets 2006. gada pavasariests un 2007. gad parskolots sidmaterils.
Eksperimert iesaisttas pluskoku un plaatiju klonu bivapputes pcnacgju
gimenes no dadlam popukicijam (gimenu skaits naadits iekawds): Ukene (49),
Smiltene (26), Tukums (22), Misa (70), Jaunjelgdt&), Rga-lirmala (14),
Mazsalaca (11)Geretisko faktoru ietekme anabita tikai popudcijas mern, jo
kokaudztava dazdas populcijas @rstavosas gimenes vig platiba izvietotas
randomizti, tacu katragimene tikai viea atkartojuma. Katraigimenei 2008. gada
maija, izmantojot iepriekS aprakgi skalu, noteikta skujbires izrais bojjumu
palapes vidgja vertiba, un ertejums izdarts @, lai tam atbilstu vaiikums
attieagas gimenes koku. Koka augstums 2008. gadgeteijas periodazkuma un
ta paSa gada augstuma pieaugums noteiktsgnmnkatia kokaudZtavas dobes
garuma meft vienu koku, kas vizli atbilst videjam Sajf platiba, bet ne maak ka
desmit kokus no katragimenes. Abos eksperimatdjos objektos skujbires
infekcijas pakpe bija augstajidz ar to tikai dazi koki nartéti ar 1 balli. Tade]
turpmakai anaizei materils ar \ertgjumu ,1 balle” pievienots mateafam ar
vertejumu ,,2 balles”.

3. REZULTATI
3.1. Priedes popuiciju produktivit ates, stumbra kvalitates un
genetiskas struktaras atkiribas dazados Latvijas regionos

Priedes geoggfisko at&iribu raksturoSanai Latvijas teritarij veikti
produktivitaites un kvaliites pammju neErijumi un nowrojumi 21 popudcija
(Neimane, 2009; Neimane u.c., 2009). Kokiejais augstums dadas popuiicijas
varie no 23.14 m (ika) dz 28.77 m (Valka), vigi izméginajuma 26.19 m;
stumbra caurgrs — no 27.45cm (Birzgale)idz 31.99 cm (Uge), vidji
izmeginajuma 29.67 cm; stumbra tilpums — no 0.76 (Birzgale) fdz 1.04 m
(Ugale), videji izmeginajuma 0.85 ni (1. tab.). Popakiju produktivitites atiribu
noverteSanai k& galvera paazme iz\elets koka augstums, kam raksgas augakas
iedzimstaribas koeficienta artibas nek stumbra cauréram un tilpumam. Visu
analizto popuficiju vidgjie koku augstumi, & ai stumbra bezzaru ths, sauso
zaru ddas un vainaga garumi paiti 2. atela.

Statistiski litiski (¢=0.001) atKiras koku vidjais augstumgetros rgionos:
Rietumu rgiona (25.12 m) tas ir vismakais, liekks — Centilaja (26.08 m) un
Dienvidaustrumu (26.65 m) gmna, bet vislieikais — Zieméaustrumu rgiona
(27.82 m). Vienfaktora dispersijas aizel veikta ar katra rgiona popudcijam
atsevigi. Noskaidrots, ka Rietumu gmna popukciju grupu ar mazko koku
augstumu veido Mas, Alsungas, Vandzenes, Ventspils wnafides popatijas
(23.14 midz 24.67 m). Skrundas (26.39 m) un Rendas (26.6popYEciju koku
augstuma &rtibas ir ltiski lielakas un savstagji statistiski idz\ertigas, savult
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Ugales popuicijas koku vi@ja augstuma &rtiba (27.66 m) #tiski parsniedz visu
paréjo Rietumu rgiona popuidciju koku augstumu artibas, k& an ta ir ceturs
lielaka izmeéginajuma kopuna. Starp Centla regiona popuicijam izcdas RopaZu
(26.90 m) un Rwinu (27.11 m) popdkijas, kuru koku augstumi ir savstajip
statistiski tdzvertigi un hutiski parsniedz jarejo popukciju (Birzgale, Ogre,
Lielupe, Jaunjelgava) koku augstumus (25.36ida 5.90 m), kas savstar@
butiski neat&iras. Dienvidaustrumu ggonu parstav divas popucijas (Livani,
Daugavpils), kuru koku vigie augstumi Qbtiski at¥iras. Popuciju Livani
(25.76 m) wertejot kopa ar Centllla regiona popudcijam, noskaidrots, kaas koku
augstums itiski neatgiras no Cen#la regiona liekkas popuiciju grupas koku
augstumiem, savakt popukcija Daugavpils (27.51 m) augstumaiidz\ertiga
divam Ziemdaustrumu rgiona (Gulbene, Smiltene) un dim Centgla regiona
(Ropazi, Ravinas) popudcijam. Zieméaustrumu rgiona un af visa izmeginajuma
kopunt vislielako vidgjo koku augstumu uadijuSas Valkas (28.77 m), Apes
(28.41 m) un Smiltenes (28.05 m) pajmijlas.

1. tabula/Table 1

Dazadu populaciju koku produktivit ates paamju statistiskie radutaji
Values of productivity traitsfor trees of different populations

Koku augstums, m Stumbra caurg@rs, cm Stumbra tilpums,
Popuficija | Regions Tree height, m Stem diameter, cm Stem volume,
Population | Region | vidgjais | standartiida | vidgjais | standartkida | vidgjais | standartiida

mean std.error mean std.error mean std.error

Nica R 23.14 0.21 30.32 0.56 0.80 0.03
Alsunga R 23.76 0.16 29.51 0.50 0.77 0.03
Renda R 26.65 0.22 30.00 0.57 0.89 0.04
Skrunda R 26.39 0.16 29.77 0.42 0.85 0.03
Terande R 24.67 0.19 30.36 0.55 0.8% 0.03
Ugale R 27.66 0.21 31.99 0.56 1.04 0.04
Ventspils R 24.50 0.20 30.48 0.55 0.8% 0.03
Vandzene R 24.24 0.14 29.01 0.46 0.76 0.03
Lielupe C 25.87 0.17 28.20 0.47 0.76 0.03
Birzgale Cc 25.36 0.14 27.45 0.39 0.70 0.02
Ogre Cc 25.44 0.17 28.19 0.38 0.74 0.02
RopaZi C 26.90 0.18 31.61 0.46 0.9¢& 0.03
Jaunjelgaval Cc 25.90 0.21 29.34 0.42 0.82 0.03
Plavipas C 27.11 0.16 28.63 0.49 0.87 0.03
Livani DA 25.76 0.16 28.74 0.50 0.79 0.03
Daugavpils DA 27.51 0.18 29.28 0.49 0.87 0.03
Salacgiva ZA 26.58 0.22 29.91 0.59 0.89 0.04
Valka ZA 28.77 0.18 28.48 0.46 0.85 0.03
Smiltene ZA 28.05 0.21 30.77 0.52 0.98 0.04
Ape ZA 28.41 0.20 30.70 0.59 0.99 0.04
Gulbene ZA 27.27 0.21 30.44 0.53 0.93 0.04
Vid./Average - 26.19 0.18 29.67 0.50 0.85 0.03

"Regioni/ Provenance regionsR— Rietumu Mestern C— Centilais / Central, DA- Dienvidaustrumu/

South-easterri/A- Ziemgaustrumu/ North-eastern.
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Austrumu reprodukva materila ieguves apgabala popaijam kopuna
(Centalais, Dienvidaustrumu un Zier@ustrumu rgions) konstats hitiski
lielaks vidgjais koku augstums nek Rietumu ieguves apgabala gi@na)
popukcijam (attiedgi 26.82 m un 25.12 m).

?
2

PEIIFTI I FTEFLPTESL PO F S
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~ P 9
Regioni ka 1.tabui:
e R c DA ZA

Regions as described in Table 1:
Bezzaru dls garums, m:
Length of branch-free section, m:

sauso zaru das garums, m: [ ESEEEE NN NN .

Length of dry branch section, m:

Vainaga garums, m:
Crown length, m:

2. att. Geografiski atSkir igu populaciju koku vid &jie augstumi, stumbra
bezzaru ddas, sauso zaru dias un vainaga garumi.

Fig. 2. The average tree height, length of branch-free section, length of dry

branch section and crown length of geographically different populations.

Nozimigs audzes produktiviti raksturojoSs aditajs ir tas kiaja. Popuiciju
valdaudzes un starpaudzesijur saidzimgjums redzams 3. @ta. Kopgja kraja
vairumam ptito popuiiciju ir robeZs no 300 iz 400 mha'. Tris Rietumu
ieguves apgabala pojudljas izcdas ar satizinoSi zemu Kiju — Ventspils
(289 nt ha'), Vandzene (296 frha') un Alsunga (298 fhha?), un tiis Austrumu
ieguves apgabala pojaudljas izcéas ar satizinoSi augstu kagpas krajas daudzumu
— Daugavpils (431 frha'), RopaZi (408 rhha'), Plavinas (401 mha®). Rietumu
ieguves apgabal videji mezaudzu kja ir mazka nele Austrumu ieguves
apgabal — attieagi 319 nf ha' un 373 mha’.
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
Popukcijas/Populations

W valdaudzes kija/ yield of dominant trees [ starpaudzes Eja/ yield of suppressed trees

Popubciju numuri ka 1. at€la/ Population numbers as described in Fig. 1.

3. att. Daz&du populaciju kr ajas (m® ha) salidzinajums.
Fig. 3. Comparison of yield of different populations (m® ha™).

Priedes ekonomiskoéxtibu vienidz noZmigi ietekne ka produktivitites
pazmju \ertibas, & am stumbra kvalidte. Stumbra kvalites raksturoSanai
izmantotas @adas pamnes kK stumbra bezzaru s garums (noteikts metros),
relatvais zaru resnums, zarunkgs, stumbra taisnums un bezzardagakvalitite
(noteiktas balls). Vienfaktora dispersijas afeds rezufiti (individualu koku
datiem) liecina, ka augdtas kvaliites kokiem rakstags lieEks augstums un
lielaks stumbra bezzaru @s garums, bet ne stumbra cagnsrvai tilpums. &tad
konstagta no selekcijas vieddk \Elama saigba starp koka augstumu un stumbra
bezzaru dms garumu, no vienas puses, undsalkrtetajam kvalitates pammem,
no otras puses (2., 3. tab.). Stumbra bezzalasdgaruma atfibas saistas ar
koku augstumu akiribam (=0.278, 0=0.01), tondr bitiska @©=0.001) ir
izcelsmes apgabala ietekme. Stumbra bezzafasdgarums Austrumu ieguves
apgabala popatijas ir batiski lielaks nek Rietumu ieguves apgabala pojmijas
gan absaita, gan relawa izteiksne (attiecirits pret koka augstumu): Austrumu
apgabal 6.57 m (25%), bet Rietumu apgaball4 m (20%).

15



2. tabula/Table 2
Produktivit ates paamju un kvalit ates paamju starpibas (1)
Differences of productivity and quality traits (1)

Starpibas starp pames \érttbam Starpbas starp pames \&rtibam
Paime dazdas zaru resnuma gragp daadas zaru leka grugs
. Differences between mean values nDifferences between mean values
Trait . )
branch thickness groups in branch angle groups
1-2 1-3 2-3 1-2 1-3 2-3
Koka augstums, m 0.75" 1.18" 0.44 047" 0.79 0.32
Tree height, m
Stumbra caur@rs, cm o o o - o
Stem diameter, cm -2.46 -5.29 -2.83 -1.83 -3.73 -1.90
Stumbra tilpums, th 012" | -027° | -016" | -009" | 018 | -0.09
Stem volume, n
Bezzaru dls garums, m
Length of branch-free 212" 3.89” 1.77" 1.88" 3.19” 1.317
section, m

Butiskums:'0=0.05," 0=0.01," ¢=0.001.
Significance: a=0.05, 0=0.01, " a=0.001.
3. tabula/Table 3
Produktivit ates paamju un kvalit ates paamju starpibas (2)
Differences of productivity and quality traits (2)

Starpibas starp pames \érttbam Starpbas starp pames \&rtibam
Pai dazdas stumbra taisnuma gragp bezzaru dias kvaliites grups
aime . . .
. Differences between mean valuesDifferences between mean values|in
Trait . ) ) .
in stem streightness groups branch-free section quality groups
1-2 1-3 2-3 1-2 1-3 2-3
Koka augstums, m 0.49 1.92 1.43 0.6T 0.51 -0.09
Tree height, m
Stumbra caurirs, cm 0.45 311 | -356| 071 | -0.68 0.03
Stem diameter, cm
Stumbra tilpums, m
Stem volume, In 0.04 -0.09 -0.14 -0.02 -0.02 0.01
Bezzaru dis garums, m
Length of branch-free 1.14" 2.55 1.41 2.30 3.21" 0.91"
section, m

Bitiskums: 0=0.05,” ¢=0.01,” «=0.001.
Significance’«=0.05, " «=0.01,™ ¢=0.001.

Viszenakas stumbra bezzaru @& garuma artibas uzidijuSas popuicijas
Vandzene (3.26 m; 13%), Alsunga (3.73 m; 16%]JcaN(4.09 m; 18%), bet
visaugsikas — popudcijas Birzgale (8.74 m; 34%), Wlg (7.62 m; 28%), Skrunda
(7.38 m; 28%). Ziemaustrumu un Cer#tla regiona popudciju vidgjais stumbra
bezzaru dias garums absuth izteiksn® savstarpji batiski neat&iras un ir liefiks
nelda Rietumu un Dienvidaustrumu giena popuiciju stumbra bezzaru ths
garums (R- 5.14m, DA- 571m, ZA- 6.70m, C:7%4m). Rietumu un
Dienvidaustrumu rgona popuiciju stumbra bezzaru tes garums relata
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izteiksne ir statistiski fdzvertigs un Iatiski atpaliek no Ziem@ustrumu un
Centala regiona popudciju stumbra bezzaru ks relaiva garuma (R - 20%, DA -
21%, ZA - 24%, C- 26%). Lai noskaidrotu édia resionu popuficiju koku
kvalitates atgirtbas, ko nosaka zaru resnums, zamkile stumbra taisnums un
stumbra bezzaru ¢ks kvalitite, veikti neparametriskie testiz it apgkinats koku
ipatsvars ka#r popukcija ar pazmes értgjumu 17, ,2” un ,3" balles (4. tab.).

4. tabula/Table 4
Priedes popuhciju kvalit ates paamju novert gjums
Assessment of quality traits for different populations

PaZmes un kokuapatsvars (%) ardrtgjumu 1, 2 un 3 balles
Populicija Traits and proportjon of trees (%) w_ith assessnigit, 3 points '
Population zaru resnums zaru lekis stumbra t_alsnums bezzaru dms k_vallﬁte _
branch thickness branch angle | stem straightness| branch-free section quality
1 2 3 1] 2 3 1 2 3 1 2 3
Nica 46 53 1 22 71 7 76 24 [0 32 62 6
Alsunga 54| 39 71 21 74 5 88 12 D 37 6Q 3
Renda 56 41 3 41 56 3 91 9 0 43 54 3
Skrunda 69 31 0 52 48 Q 87 1 0 33 57 10
Terande 14| 77 9| 38 58 4 97 3 D 60 40 0
Ugale 41 55 4 29| 70 1 98 2 a 68 30 2
Ventspils 34| 59 7| 28 69 3 84 14 P 33 61 6
Vandzene 16| 65 19 1y 78 6 81 19 0 38 54 13
Lielupe 83 17 0 78 21 1 94 6 ¢ 28 60 12
Birzgale 77| 22 1] 93 7 0 95 5 Q 90 10 0
Ogre 91 9 0 98 2 0 85 15 1 85 15 0
RopaZi 44 49 7 36 53 11 90 10 0 37 56 7
Jaunjelgava 64| 32 4 41 52 7 79 19 2 48 46 5
Plavinas 45 49 6 31 65 4 81 19 D 85 14 1
Livani 71 | 26 3| 43| 49 7 98 2 0 44 48 7
Daugavpils 74| 25 1] 62 37 1 80 2 0 56 36 8
Salacgiva 68 30 2 60 39 1 74 25 1 31 63 6
Valka 95 5 0| 99 1, O 88 12 Q 77 18 5
Smiltene 75 24 1 72 28 0 92 8 D 53 38 9
Ape 88 12 0 62 38 0 94 6 Q 43 51 6
Gulbene 83| 17 0 64 36 G 99 1 0 87 13 0
Vidgji/ Average | 62 35 4 52| 45 3 88 12 Q 53 42 5

Konstagts, ka Austrumu ieguves apgabala papijs koku kvalifite ir
butiski labaka nelkd Rietumu ieguves apgabala pomijas @=0.001), imemot
stumbra taisnumu, kas abos ieguves apgabaitiskbneat&iras (p=0.662). &
zaru resnuma un zarunl@a vislalikas (visliebkais kokuipatsvars ar artejumu
1 balle) ir Ziemgaustrumu rgiona (imemot Salacgvas popudciju ar vicju
raditaju) un vairums Cenfita regiona popuiciju. No Centila regiona popudcijam
ka labakas zaru resnuma un zarunka zipa atamgjamas Ogre, Birzgale un
Lielupe, bet RopaZzu un]&inu popuficijas Sai zja atpaliek no prejam Centala
regiona popuicijam. Rietumu popukijas uzada saidzinoSi zemu kvaliti zaru
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resnuma un zarujga zipa, bet Dienvidaustrumu pomdiju kvalitate \ertejama ka
vidgja. Art pec stumbra bezzaru fies kvalitites visura labakas ir Centdla regiona
(iznemot Lielupi) un Ziemiustrumu rgiona (izemot Salacgvu un Api)
popukcijas. Vairumam Rietumu pomdiju stumbra bezzaru s kvalitite ir
zema {pasi Vandzenes un Skrundas papijfim).

Popukcijas noteikts arkoku vainagaakuma augstums, kas masrobeis
no 13.55m (Ventspils)idz 20.00 m (Ape), abstth izteiksn€, un no 56%
(Ventspils) idz 72% (Birzgale), relata izteiksne (attiecirats pret koka
augstumu). Koku vainaga platums noteiktsc p3 ballu skalas. lzmantojot
neparametriskos testus, noskaidrots, kadiapopuiciju koku vainaga platums ir
statistiski fdzvertigs gan daddos regionos (p=0.633), gan abos ieguves apgabalos
(p=0.580). Rietumu apgabala pogijas hitiski vairak neka Austrumu apgabala
popukcijas sastopami koki ar alu vainagu, bet Austrumu apgabala papijis —
koki ar piramidilu vainagu, lai gan visu anaéio mezaudzu vecums iidkigs.

Noteikts at dazdu popuficiju koku kreves mizas augstums, kas rasin
robezs no 3.87 m (Ka) idz 6.76 m (Ugle), absaita izteiksng, un no 17%
(Nica) idz 27% (Erande), relava izteiksn (attiecirats pret koka augstumu).
Prieckm nowrojamas kreves mizas veida ldt¥has — sastopami koki ar izteiktu
plekS&au mizu, izteiktu zwmu mizu, K am koki ar neizteiktu mizas veidu.
Vienfaktora dispersijas anaes rezultti (individualu koku datiem) liecina, ka
kokiem ar zwmu mizu ir htiski (¢=0.001) liekks stumbra bezzaru @& garums
gan absdalta (6.86 m), gan relata (26%) izteiksra (attiecirats pret koka
augstumu) nek kokiem ar neizteiktu mizas veidu (6.14 m, 24%),-uib ipasi —
neka kokiem ar pékSpu mizu (5.19 m, 20%).

Veicot klasteranaki pec pie@m paameém - popuficiju videja koku
augstuma, vigja bezzaru dias relatva garuma, kokdpatsvara popétija ar zaru
resnuma &rtejumu ,1 balle”, kokuipatsvara popatija ar zaru leka \ertejumu
.1 balle” un koku ipatsvara popatija ar stumbra bezzaru @& kvalitites
vertegjumu ,1 balle”, konstaits, ka popuicijas iesgjams apvienot piecos ddteros
(5. tab.):

1) pirmo grupu veido vaikas Rietumu rgiona popuicijas — Nca,
Alsunga, Erande, Ventspils, Vandzene, kor rakstutgs saildzinoSi vismazkais
vidgjais koku augstums,akart slikta stumbra kvalite: vismazkais bezzaru das
relatvais garums, vismakais kokuipatsvars popatija ar zaru resnuma un zaru
lenka \ertgjumu ,1 balle”, ka an sangra zema stumbra bezzarulds kvalitite;

2) otro grupu veido Rietumugmna popuicijas (Renda, Skrunda), Ceiifr
regiona popuicijas (Lielupe, RopaZzi, Jaunjelgava), Dienvidausiuu resiona
popukcija (Livani) un Ziemgaustrumu rgiona popuicija (Salacgiva). Sm
popukcijam raksturgs vicEjs koku augstums,akai videja stumbra kvalitte zaru
resnuma un zaruiga zipa, bet sakdzinoSi mazs stumbra bezzaruatarelatvais
garums, K an viszendika stumbra bezzaru ths kvalitite;

3) treSo grupu veido Udes un Ravipu popukicijas, kuam ir sangra liels
koku augstums, vigs stumbra bezzaru fies relatvais garums, sagna zema
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stumbra kvaliite zaru resnuma un zarwmka zina, bet sarera augsta — stumbra
bezzaru ds kvalitites zha;

4) ceturto grupu veido vairums Zietaastrumu rgiona popuiciju (iznpemot
Salacgivu) un Daugavpils popatija. Sai grupai rakstigas vislieikas koku
augstuma &tibas, & aff sangra laba stumbra kvalite (videjs stumbra bezzaru
dalas garums un kvadite, augsts kokapatsvars ar tieviem zariem un taisnu zaru
lenki);

5) piekto grupu veido divas Cedl regiona popuicijas (Birzgale, Ogre),
kuram ir tikai nedaudz liaks koku vidjais augstums neékvairumam Rietumu
regiona popuiciju, kas veido pirmo lasteri, toties rakstaga vislalaka stumbra
kvalitate vis izmeginajuma kopunna.

5. tabula/Table 5
Populaciju kl asteranalizes rezultiti
Results of cluster analysis

Vidgjais kokuipatsvars (%) arartejumu ,1 balle”
Koku Bezzaru dias paamei:
T relatvais garums | Proportion of trees (%) with assessment 1 pointifait:
Klasteris | augstums )
. Relative length of bezzaru dias
Cluster Tree zaru resnums . N
height, m branch-_free stem branch zaru lexkis kvalitate
' section, % ; branch angle branch-free
thickness . .
stem section quality
1 24.1 17.3 32.8 25.2 39.0
2 26.3 22.7 65.0 50.1 37.7
3 27.4 25.5 43.0 30.0 76.5
4 28.0 24.8 83.0 71.8 63.2
5 25.4 30.7 84.0 95.5 87.5
Vid./Average 26.2 24.2 61.6 54.5 60.8

"Klasteri/Clusters 1 — Nica, Alsunga, rande, Ventspils, Vandzene;
2 — Renda, Skrunda, Lielupe, Salaegr Livani, RopaZzi, Jaunjelgava;
3 — Ugile, Havinas;
4 — Valka, Smiltene; Ape, Gulbene, Daugavpils;
5 — Birzgale, Ogre.

Promocijas darb iegitie rezulti visuma sakit ar provenietu
izmeéginajumu rezultiem (Baumanis u.c., 1986; Baumanis et al., 1998jrBanis
u.c., 2001;baymanuc u ap., 1982;Bbaymanuc u ap., 1990), kuros konsts, ka
Rietumu proveniefu pecmacgjiem satdzinagjuma ar Austrumu provenieil
pecracgjiem rakstutga zemaka produktiviite un stumbra kvalite. Kopuna
promocijas darb iegitie priedes popatiju produktiviates un stumbra kvaidites
pazmju fenotipisk vertejuma rezuliti apstiprina Rietumu un Austrumu
reprodukiva materila ieguves apgabalu izdshnas nepiecieSabu parastajai
priedei Latvijas teritor§.

Popukciju geogafisko atkiribu geretiska izfgte veikta sefs mezaudss -
Ventspils, Ugle, Skrunda (Rietumu ieguves apgabals), Ogre, VaRapaZzi
(Austrumu ieguves apgabals). Veigetretisko anaizi, visas seds popuicijas
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kopuna atrasti 112 haplotipi (haplotips - ar amal izmantotajiem pieciem
malikieriem atrasto &lu kombiracija). lzmantojotgeretiskos atilumus starp Siem
haplotipiem, tika izveidota dendrogramma, un bgsgjams identifit atsevigu
haplotipu grupu, kura igergtiski atkiriga no p@argjiem haplotipiem. Turpakai
anaizei (6. tab.) izmantoti 16 haplotipi ar frekven@isv0.015 un divas haplotipu
grupas: haplotipi ar frekvenci zem 0.015 (retie unikalie — grupa ‘hapA’) un
haplotipi, kuri izveidoja atsevi® at¥irigo haplotipu grupu (‘hapB’).

6. tabula/Table 6
Haplotipu un haplotipu grupu frekvences
Rietumu un Austrumu ieguves apgabalu popuicijas
Haplotype and haplotype group frequencies
in Western and Eastern seed zone populations

Haplotips Individu Frekvence

Nosaukums Haplotypé skaits Frequency

Name No. of Rietumi | Austrumi

A B c b E individuals | Western| Eastern

hapl 148 109 91 137 111 31 0.076 0.066
hap2 148 109 91 138 111 29 0.066 0.066
hap3 148 109 91 139 111 20 0.0338 0.05¢
hap4 148 109 92 138 111 20 0.043 0.048
hap5 149 109 91 138 112 17 0.028 0.048
hap6 148 108 91 137 111 14 0.019 0.044
hap7 147 109 91 138 110 14 0.019 0.044
hap8 148 109 92 137 111 12 0.024 0.031L
hap9 149 109 92 139 112 12 0.038 0.022
hap10 148 109 92 139 111 10 0.019 0.026
hap1l 148 108 91 138 111 11 0.019 0.031
hap12 149 109 92 138 112 9 0.038 0.009
hap13 147 109 91 138 111 8 0.019 0.018
hapl14 149 109 91 137 112 7 0.024 0.009
hap15 148 108 92 137 111 8 0.014 0.022
hap16 148 108 91 139 111 6 0.009 0.018
. , Unikalie un retie (f<0.015) haplotipi
hapA Unique and low f(requencil (f<po.055) haplotypes 176 0.398 0.405
. , Gergetiski at&irigie haplotipi
hapB Genetically differentiated haplotypes 34 0123 0.035

*legato fragmentu garumi @zu paros) ar magieriem/Amplified fragment lengths (base pairs)
with markers Pt71936 (A), Pt26081 (B), Pt63718 (C), PCP30277 HY)P71987 (E).

Veicot AMOVA anaizi, iedits geretiskas daudzveitbas sad&@ums
popukcija, starp popuicijam un starp apgabaliem. Kongtst ka starp
popukcijam ir 1% (p=0.029)eretiskas daudzveitbas atRiribu, 99% - populciju
iekSiere, un 0% - starp apgabalienGergtiskais atilums starp Rietumu un
Austrumu ieguves apgabalu pogeijam ir zems — 0.030 (Neergtiska distance),
tomer alglu frekvertu anaizé konstagts, ka Rietumu un Austrumu pogaljas ir
atirigas ‘hapB’ grupas ietvaros Isgrupas frekvence Rietumu apgabala
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popukcijas ir augsika (f=0.123) nek Austrumu apgabala pogacijas (f=0.035).
Atkartoti analigjot geretisko atilumu starp Rietumu un Austrumu ieguves
apgabalu popatijam bez ‘hapB’ grupas indidiem, Neigeretiska distance bija
0.010. Ttad tieSi § haplotipu grupa ierojami ietekng geretisko distanci starp
apgabaliem.

Popukcijas [Ec at%irigo haplotipu grupas ‘hapB’ frekvences var igdais
grupas. Augstkas frekvences konsg&tas Udgile (f=0.136) un Ventspil (f=0.147);
vidgjas frekvences - Skruadf=0.086), Ogg (f=0.071) un Valk (f=0.094); zema
frekvence - Ropazos (f=0.007).

legutie rezultti rada, ka Rietumu apgabala pogeijas ir lielaks @du
individu patsvars, kuriem ir dtfigas grupas (‘hapB’) haplotipi, kas liecina par
iesgjamam  Rietumu un Austrumu ieguves apgabalu pagjl izcelsmes
atirtbam.

3.2. Priedes edafisko ekotipu §cnaceju
produktivit ate un kvalitate

Priedes edafisko ekotipu izginajuma, saidzinot ekotipu pcracgju
produktivitati, konstagts, ka Zvirgzdes ekotipagpracgji, kuriem sklu izcelsmes
vietas ekolgiskie apsikli ir vistuvakie izmeginajuma vietas apskliem (nEtraja
meza augSanas afdu tips), uzada hitiski (0=0.05) liekkas koku augstuma
(20.43 m), stumbra causma (20.93 cm) un stumbra tilpuma (0.3%) meértibas
neka paréjo ekotipu @cracgji (7. tab.). Savulrt Tirelpurva ekotipa fcracgji,
kuriem €klas iewaktas no atfirigos ekolgiskajos apgiklos (puna) augoSiem
kokiem, produktiviites ziha batiski atpaliek no citu ekotipugenacgjiem (koku
augstums 17.18 m, stumbra cagrsnl7.64 cm, stumbra tilpums 0.23)m

7. tabula/Table 7
Dazadu ekotipu pecnaceju produktivit ates paamiju statistiskie radutaji
Values of productivity traitsfor progenies of different ecotypes

Koku Koku augstums, m Stumbra caurg@rs, cm Stumbra tilpums, m
Ekotips skaits Tree height, m Stem diameter, cm Stem volume, T
Ecotype | Number | vidgjais | standartkiida | vidgjais | standartkida | vidgjais | standartkida
of trees | mean std.error mean std.error mean std.error
Zvirgzde 168 20.43 0.07 20.93 0.32 0.3% 0.01
Ogre 179 18.49 0.07 19.26 0.31 0.27 0.01
Sabile 182 17.88 0.07 18.46 0.25 0.24 0.01
Mangdi 164 18.19 0.08 19.31 0.32 0.27 0.01
Tirelpurvs 129 17.18 0.09 17.64 0.35 0.22 0.01
Punajs 93 17.92 0.10 18.35 0.39 0.24 0.01
Vid./Average X 18.35 0.08 18.99 0.32 0.27 0.01
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Safidzinot priedes ekotipugpnacgju augSanu daga vecuna (59.; 12 g.;
21 g.; 43 g.), noyrots, ka visos vecumos Zvirgzdes ekotiggracgji uzradijusi
vislielakas, un Trelpurva ekotipa gcnacgji — vismazkas (izpemot 12 gadu
vecumu) relava augstuma &rtibas, attiecinot katras izcelsme&cpaceju videjo
augstumu pret Ogres izcelsmes (kontrolesgjuichugstumu (4. att.). & krajas
kopSanas cirtes veikSanas 43 gadu vecuwmAdu ekotipu pcraceju vidgjo
augstumu aidribas samazi#jusas, toner iepriek&ja tendence saglajas.

120
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100 4 — S
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80
70 4
60 — — — — — —
50 — — — — — —
40 +— — — — — —
30 — — — — — —
204
10 ~
0

Zvirgzde Sabile Manda Tirelpurvs Purdjs

05 m12 W21 @43 (vecums gados/ age)

4. att. Ekotipu pecnaceju augstums (%) saidzinajuma ar Ogres regiona meza
atjaunoSam izmantoto koku augstumu dazda vecumna.
Fig. 4. Height of progenies of ecotypesin comparison to trees used in forest
regeneration in Ogre region (%) in different age.

DaZdu ekotipu pcracgju kvalitati raksturo stumbra bezzarulda garums,
zaru relaivais resnums, zaru un stumbra veidotaikile stumbra taisnumsalan
packlu un dubulto galofu sastopafmba. Stumbra bezzaru Jda vicjais garums
varie no 1.15 m (Trelpurvs) idz 1.75 m (Zvirgzde), vatijas koeficients vidji
izmeginajuma ir augsts - 67%. Ar neparametrisko testuigmibu konstaitas
butiskas ¢=0.05) da#du ekotipu pcracgju relatva zaru resnuma, zaruglka un
stumbra taisnuma &fifibas. Zvirgzdes ekotipagpnacgjiem no\erots vismazkais
zaru relatvais resnums (72% koku ar auikst vertejumu — 1 balle). Zaru fga un
stumbra taisnuma evtéjums, K an packlu sastopanba Zvirgzdes izcelsmes
pecracgjiem praktiski neatdras no izmeginajuma vickjam vertibam. Tire]purva
ekotipa [gcnacgji uzradijusi vislielako relatvo zaru resnumu un zarunlg, an
stumbra taisnumaditajs ir zenmaks nek izmeginajuma vidgji (8. tab.).
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8. tabula/Table 8
Ekotipu péecnaceju kvalit ates paamju novert gjums
Assessment of quality traits for progenies of different ecotypes

PaZmes un kokudpatsvars (%) ardrtgjumu 1, 2 un 3 balles
Ekoti Traits and proportion of trees (%) with assessnigrt, 3 points
otips ; -
Ecotype zaru resnums zaru lexkis stumbra taisnums
branch thickness branch angle stem straightness
1 2 3 1 2 3 1 2 3
Zvirgzde 72 26 2 73 26 1 73 24 3
Ogre 52 45 3 63 37 0 66 30 4
Sabile 64 35 1 86 14 0 63 34 3
Mangdi 72 24 4 86 14 0 73 25 2
Tirelpurvs 54 40 6 63 36 1 66 31 3
Punajs 67 30 3 79 21 0 84 15 1
Vidgji/ Average 64 33 3 75 25 0 71 27 3

Veicot kiajas kopSanas cirti, izéginajuma katd parcef uznerits iedito
sortimentu izakums (skbaki, paprmalka, malka). Viam izcelsnam lielako
izcirstas krajas ddu - aptuveni 50% no k@ja izcelsmes izcirgtapjoma - sastla
papgrmalka (9. tab.). ®baku izrakums Zvirgzdes, Ogres, Sabiles un Mdnga
izcelsmju p@cracgjiem atkiras nedaudz (18-24%), betirdpurva ekotipa
pecracgjiem tas ir maaks — tikai 11% no BSekotipa kopjas izcirsas krjas.
Tirelpurva un purgja ekotipu @cracgjiem konstatts lielaks malkasipatsvars
saidzinajuma ar citu ekotipu pcracgjiem (aptuveni 40%). dtad, pirmo reizi
audz veicot kajas kopSanas cirti, starp dalli ekotipu pcracgjiem konstattas
at&iribas ie@to sortimentu ertibas zpa.

9. tabula/Table 9
Sortimentu strukt ara pirmaj a kr ajas kopSanas ciré
daZzadu ekotipu pecnacejiem
The assortment structure in the 1st commercial thinning
for progenies of different ecotypes

Ekotips ST_kbau(i_ Paprmalka 'Malka
Ecotype Small dimension logs Pulpwood Fire-wood
m? % nr % nr %

Zvirgzde 6.3 20.2 15.9 51.2 8.9 28.6
Ogre 3.3 17.7 9.8 52.9 5.5 29.4
Sabile 4.9 23.7 9.9 48.3 5.7 28.0
Mangdi 4.4 17.8 14.2 57.6 6.1 24.6
Tirelpurvs 1.0 11.0 4.6 49.3 3.6 39.7
Punajs 1.2 16.3 33 45.2 2.8 38.5

Pec krajas kopSanas cirtes Zvirgzdes ekotipgmacegju paliku$is audzes
daas kaja (243 miha') parsniedz Trelpurva ekotipa gcnacgju palikugis audzes
dalas kaju (133 nfha?) gandrz divas reizes, bet kejas kijas zha § atiriba ir
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vél lielaka (attieegi 372 nfha’ un 177 mha®). Tatad Zvirgzdes ekotipagpnacsji
produktivitates un kvaliites zha ieverojami parspgj citu ekotipu gcracgjus, bet
Tirelpurva ekotipa gcracgji bitiski atpaliek no tiem.

3.3. Priedes popuciju ziedeSanas
fenologisko 1patnibu raksturojums

Misas un Smiltenes pomdiju klonu zie&Sanas fenolgijas nowrojumi
Savienas un Dravu &lu plantcijas veikti 2008. gada pavasaKonstatts, ka
sievikas ziedSanas zia izteikti agri ziedoSo, agri ziedoSo, ¥jdziedoSo, €lu
ziedoSo un izteikti 8lu ziedoSo klonu vigjais ipatsvars ir attiagi 1%, 13%, 54%,
27% un 5%. \tiskas zied&Sanas zia vidgji ziedoSo klonuipatsvars ir aptuveni
57%, bet prejie kloni viriskas ziedSanas zia pieskaiimi agri ziedoSo klonu
grupai, izemot vienu Misas popatijas un vienu Smiltenes pojaaljas klonu, kas
ir vélu ziedosi.

No alss planscijas parstavetajiem Misas popidkijas kloniem vaigk nela
puse uzidijusi vieradu vai [dzigu sievikas zie&Sanas fenolgijas grupu, idz ar
to So klonu piedéba grugm Saubas nerada. Ggdja vertejuma 1pasi izcéas divi
kloni, kas at#i par izteikti \Elu ziedoSiem (M240, M254), un divi kloni, kas itz
par agri ziedoSiem (M170, M251). Kongtatairaki kloni, kas @vienas plaricija
ir relativi agrak ziedoSi nek Dravu plamicija, un kloni, kas Dravu plaatija ir
relatvi agrak ziedoSi nek Savienas plaricija. Jatame, ka klonu sadgums
grupas atkatba no ziedSanas fenolgijas ir nosatts paimes neprtrauki@s
mairibas @|, un vaigki kloni ienem starpgvokli starp iedajuma grupm, ka
noradits af agiak veiktajos ptijumos (Taypa, 1978). Novirzes Misas popadijas
klonu piedeiba ziedcSanas grugm starp abiem objektiem \&u bit skaidrojamas
ar mikrovides apskliem - idzgi ka citos Etijjumos (Laura, 1973a)akan dazdu
klonu at&irigu reakciju uz vides faktoru ietekmi. 8Hinot Misas popuakijas
klonu sievi&as zie&Sanas grupasa®ienas un Dravu plaitija ar Vilkoksona
testa padzbu, konstatts, ka nav statistiskittisku atiribu starp vienam un tam
pasam klonam pi&#to sievikas zie@&Sanas grupu (izteikti agrs, agrs, ajg] \els,
izteikti vels) divos ekolgiskajos fonos (p=0.386). 1tlzgi rezultti ieguti arn,
analizgjot viriskas ziedSanas fenolgiju (p=0.819) un wisko strobilu relavo
daudzumu (p=0.348). afad klonu sievikas un vriskas ziedSanasipatnbas
saglaljas at&irigos apgiklos, un var uzskat ka &s ir gergtiski noteiktas.

Visagiak sievika ziedkSana skusies Misas popétijas kloniem Dravu
plantcija, nedaudz &ak — Smiltenes popétijas kloniem Svienas plaricija,
visvélak — Misas popuicijas kloniem Svienas plaricija. Ka redzams 5. a3,
29. maip ziedoSo klonu (to klonu, kuriem gl plantacija fikséta 3. vai
4. fenolgiska faze)ipatsvars attiagi ir 97%, 90% un 75%.
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5. att. Misas un Smiltenes popuiciju sieviski ziedoSo klonuipatsvars (%)
divos nowrojumos Savienas un Dravu plantcija.
Fig. 5. Proportion (%) of female flowering clones of Misa and Smiltene
populationsin two observationsin Saviena and Dravas seed orchards.

Izmantojot Mann-Whitney U-testu un 24. naaijeikta nowerojuma datus,
saiidzinatas divu popuiciju — Misas un Smiltenes — klonu sigkd$ ziedSanas
ipatnbas @vienas 8klu plantcija. Konstagtas hitiskas ¢=0.001) sievikas
ziedgSanas fenolgijas atkirtbas starp a@m popuficijam un seciats, ka Smiltenes
popukcijas kloni kopura sievikas ziedSanas zia ir butiski agik ziedoSi nek
Misas popudcijas kloni, lai gan nav na@votas nommigas ekolgisko apsikiu
atiribas starp abu popdiju atraSaas vieem Savienas plaricija. Atskiriba no
sievikas zie&Sanas #&rtejuma, \risko strobilu fenolgijas zina nav konstatas
butiskas atBiribas starp am popuécijam (p=0.335). \#iSko strobilu relatvais
daudzums Smiltenes popaijas kloniem ir Iatiski (¢=0.001) mazks nela Misas
popukcijas kloniem, kas vatu bot skaidrojams drak ar nelieim koku vecuma
neka popukciju atkirtbam. Konstatta hitiska sakaba (Spearman koradijas
koeficients 0.292¢=0.01) starp sievi® un \risko strobilu atistibu (pieirtajam
ZiedeSanas grugm).

Geretiskas anaizes rezultti liecina, ka ar izmantotajiem hloroplastu DNS
maliieriem gergtiska diferencicija starp izdatajam ziedSanas fenolgjas
grupam nav konst&ta. Tatad zie@Sanas fenolgjas at¥iribas nav saighs ar
izcelsmes datibu; fs atkalgas no afdribam specifiskajos ziegbanu
kodgjoSajos gnos un to &lu kombiracijas.

25



3.4. DaAdu priedes popukciju pécnacgju
izturibas pret skujbiri novert gjums
Dazdu priedes popatiju pecracgju izturiba pret skujbiri nogrtéta
cetrgadgiem kokiem stdijuma un tisgadgiem stidiem kokaudztava, analizjot
vairaku priedes popatiju pecnacgju augSanu un skujbires lapjmu pakpi.
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6. att. Koku ipatsvars daadas skujbires bojajumu klases sadijuma.
Fig. 6. Proportion of treesfrom different populationsin various needle
cast damage grades in open-pollinated progeny trial.

Stadijuma visizturnigakie pret skujbires bajumiem iziadijusies Zvirgzdes un
Smiltenes popdkiju pecracgji, bet visvaiak no skujbires bajumiem cietusi
kontroles varianta (4 mezaudzu &jol paraugu) pcracgji (6. att.). Kokaudztava
gimenu patsvars ar naaigiem skujbires bajumiem (\ertgjums 5 balles) zeaks
ir Smiltenes,Ukenes un Mazsalacas pofmijam (7. att.). Smiltenes poyagijas
notuiiba pret skujbiri apstiprijusies abos eksperimatajos objektos, kas atbilst
iepriekEjo petijumu rezulitiem, kad augaka skujbires notdba tika konsta&ta
priecem no Smiltenes un Strém regiona (Baumanis, 1993), un liecina par
nozamigam regionalam at&kirtbam priezu notuiba pret skujbiri.

Novertejot skujbires infekcijas palpes ietekmi uz koku augstumu,
eksperimerit kokaudztava nav konstatas hitiskas vigjo augstumu aidribas
gimerem ar skujbires &tejumu 3 un 5 balles 2008. gadgksma (pirms skujbires
ietekmes), toties konstds Hhitiskas (=0.001) 2008. gadagimenpu vidgjo
augstuma pieaugumu Rigbas starp skujbires izraigs bogjumu pakipes grupm.
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Lidzigi arm stadijuma konstatts, ka vidjie augstumi gimerem ar da#dam

skujbires infekcijas papem 2008. gadaakuma biatiski neatgiras, t&u skujbires
ietekme uzgimenu vidéjo ta paSa gada augstuma pieaugumuiiiskia @=0.05).

Tatad skujbires infekcijas page hitiski ietekn& kartgja gada augstuma
pieaugumu. Ar citu autoru ptjumos konsta@ta hitiska negava skujbires
infekcijas ietekme uz koka augSanu (Baumanis, 1%¢yillace et al., 1975;
Martinsson, 1979; Ostry, Nicholls, 1989).

100%
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80% -

70% ~
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50% -

40% -
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10% -
0% T T T T T

Ukene Smiltene Tukums Misa Jaunjelgava 1g& Mazsalaca
Jirmala

02 @3 m4 @5

7. att. Gimenu 1patsvars daadas skujbires bojajumu klases kokaudztava.
Fig. 7. Proportion of families from different populationsin various needle cast
damage grades in forest nursery.

Analizgjot pecnacgju parbauzu stdijuma individualu koku datus, konstets,
ka koku augstumu d&ftbas 2008. gadaalkuma starp grupm ar skujbires
vertejumu 2 un 3 balles navubiskas, bet starp a@pejam gru@m ir batiskas
(10. tab.). Btad auggtka skujbires bajumu intensiste ir kokiem, kuru augstums
ir mazs un kuri aenredzot cieS arno kadu citu nelabgligu vides faktoru
ietekmes. Taj pa% laika koku augstumu stafipas (starp grugm ar daZdu
skujbires ertejumu) pirms infekcijas vigi ir ¢etras reizes makas nek kartgja
gada (skujbires ietekgtas) augstuma pieaugumu stangs.

Veicot dispersijas anai pecnacgju parbauzu stdijuma, konstagts, ka
butiska ietekme uz 2008. gada augstuma pieaugunmu geestiskajam faktoram —
gimenei (¢=0.001) un popdakijai (¢=0.001).
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10. tabulaTable 10
Vidgjais koku augstums pirms infekcijas un koku augstuma pieaugums
skujbires izraistto bojajumu gada stadijuma
Average tree height before needle cast infection and height increment
in the year of damagein trial

Skujbires Vidgjais Pieauguma un augstuma stags kokiem ar Vidaiais
VErtgjums, augstums 2008. atirigu skujbires grtgjumu, cm !

- . ? . s 2008. gada
balles gada skuma, cm | Differences in height and height increment for ieauquUMms. cm
Needle Average tree trees in various grades of needle cast P 9 ¢

cast height in the damage, cm _Average h_e ight
damage beginning of year ‘ increment in the
grade 2008, cm 2 3 4 5 year 2008, cm

2 215 X 0.6 14 3.3 24.7

3 20.9 -1.9 X 0.8 2.7 22.8

4 20.1 6.9 -5.07 X 197 17.8

5 18.2 -13.7 -11.37 -6.37 X 115

Virs diagorales — koku augstumu stabas 2008. gadalsuma; zem diagoales — augstuma pieaugumu
starpbas starp skujbires gjimu klagm. Bitiskums:"0=0.05," a=0.001.

Above diagonal — differences in height in the beigig of year 2008; below diagonal — differences in
height increment among trees in various grades eédie cast damage. Significance=0.05,

™ =0.001.

Biitiska @=0.001) popuicijas ietekme uz 2008. gada augstuma pieaugumu
konstagta aff eksperimentam kokaugava (11. tab.).
11. tabula/Table 11
Dazadu populaciju koku augstuma pieaugums un saglaisarnas saistba
ar skujbires izraistto bojajumu pakapi kokaudzetava
Average height increment and survival of trees from different populations
related to grade of needle cast damagein nursery

Popukiciia Pazme Skujbires ¥@rtgjums, balles Skujbires ietekmes
Po pulatijo n Trait Grade of needle cast damage bitiskums/Significance
P 2 3 4 5 of needle cast damage
augstuma pieaugums, cm 23 21 20 18 4>0.05
- height increment, cm
Ukene saglalasaras, %
survival, % 83 79 75 73 a>0.05
augstuma pieaugums, cm o5 26 22 22 «>0.05
. height increment, cm
Smiltene saglalaSaras, %
gie ' 7 87 | 86 | 84| 84 @>0.05
survival, %
augstuma pieaugums, cm 27 23 19 1<0.01
height increment, cm
Tukums saglalaSaras, %
oy 7 - | 88 | 80 | 65 <0.01
survival, %
augstuma pieaugums, cm 27 23 20 18 1<0.01
Misa height increment, cm
3 0,
saglalasaras, % 90 | 79 72| 56 4<0.01
survival, %
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Turklat populicijam ar auggtku rezistenci (Smiltene[Jkene) atiribas
augstuma pieauguinun saglabSarss sgja gimerem ar daidam skujbires
bojajumu pakipem nav litiskas ¢>0.05) un ir magkas nek tam popuficijam,
kuru rezistence ir zefka. Tatad pasiv popubliciju atkiribas rezisteri pret
skujbiri, kas saistas ne tikai ar sliibbas upeémibu, bet ar ar skujbires bajumu
ietekmes namigumu uz attiergas popudicijas koku saglai$anos un turpako
augSanu.

SECINAJUMI

1. Starp parass priedes popatijam Latvija konstatas noxmigas
fenotipiskas ungeretiskas at&irtbas @gc produktiviiti un kvalitati raksturojodm
pazmem, ka an pec ziedtSanas fenolgijas un rezistences pret skujbiri.

2. Nowrtejot geogafiski atirigas priedes popagijas 85-95 gadu vecuin
konstagts, ka Austrumu reprodukti materdla ieguves apgabml augods
popukcijas hitiski parspej Rietumu ieguves apgatiabugods popudcijas [Ec
produktiviates (piendram, koku vidjais augstums attiggi 26.82 m un 25.12 m,
=0.001) un kvaléites (piendram, stumbra bezzaru lda garums attiegi 6.57 m
un 5.14 m, 0=0.001). legtie rezuliti apstiprina Rietumu un Austrumu
reprodukiva materéla ieguves apgabalu izd&hnas nepiecieSabu parastajai
priedei Latvijas teritor§.

3. Bitiskas ir ar atkirtbas starp da@dlos regionos (Rietumu, Cerglais,
Dienvidaustrumu, Zienjaustrumu) augosSu popeiju koku vickjo augstumu,
stumbra bezzaru ths garumu un kvatfiti, relatvo zaru resnumu un zarulg, bet
ne stumbra taisnumu. Rietumu giena popuicijas uzadijuSas zemas
produktivitates pammju Vertibas (iziemot Ugles popuiciju) un stumbra kvaliti.
Centala regiona popudcijam rakstutgas vigjas produktivistes pammju vertibas
un parsvad laba stumbra kvalite. Vislielhka stumbra bezzaru ths garuma
vertiba via izmeginajuma konstatta Centla regiona Birzgales popactija
(8.74 m). Dienvidaustrumu gena popuicijam nowrotas vigjas produktivigtes
un kvaliates pammju Vertibas. Ziemgaustrumu rgiona popuiciju koku viceja
augstuma un stumbra kvaliés &ditaji ievérojami parsniedz @rgjo regionu
popukciju raditajus. Ziemédaustrumu rgiona un af visa izmeginajuma kopuna
vislielako videjo koku augstumu uzdijusas Valkas (28.77 m), Apes (28.41 m) un
Smiltenes (28.05 m) poadijas.

4. Veicot priedes popatiju gergtisko izpeti ar hloroplastu DNS
maikieriem, haplotipuseretiskas distances arnak atrasta viena dt§iga haplotipu
grupa, kuras frekvence Rietumu ieguves apgabalalfojas (f=0.123) ir augaka
neka Austrumu ieguves apgabala pamiilas (f=0.035), kas liecina par ieggamam
popukciju izcelsmes aidribam.
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5. Priedes &lu izcelsmes vietas ekalsko apsiklu ipatnbas ie@rojami
ietekn® pecracegju paaudzes produktivti un kvaliati citos audzSanas apsk]os.
Salidzinot daZdu priedes edafisko ekotipuegiceju augSanu R®traja meza
augSanas am#lu tipa 43 gadu vecum pec krajas kopSanas cirtes veikSanas,
konstaéts, ka Zvirgzdes ekotipaepnacejiem (sklas ievaktas n&traja) rakstuigas
butiski augsiikas produktiviites un kvaliites pamju \ertibas satzinajuma ar
citu ekotipu gcracgjiem (koku augstums 20.43 m, 72% koku ar tieviemera).
Turpret Tire]purva ekotipa fcracgji (seklas ievaktas purd) produktivitites un
kvalitates zpa batiski atpaliek no citu ekotipu genacgjiem (koku augstums
17.18 m, 54% koku ar tieviem zariem). Zvirgzdes tgdeo pecnacgji ir paraki
saidzinajuma ar Tire]purva ekotipa gcrmacgjiem af pec palikudis audzes das
krajas (attiedgi 243 niha® un 133 mha'), ka am pec kopSanas cigt iegito
sortimentu ¥rtibas (lietkoksnes sortimentipatsvars attiagi 71% un 60% no
attieagas izcelsmes izciras kiajas apjoma).

6. Sieviko un wrisko strobilu ziedSanas fenolgisko fazu nowerojumi
liecina, ka pasv noamigas ziedSanas fenolgjas atgiribas starp dadam
popukcijam. Nowrtejot divu priedes popatiju (Misa, Smiltene) klonu siev#s
zieckSanas fenolgju Savienas 8klu plantcija, konstagts, ka Smiltenes
popukcijas kloni zied fatiski (¢=0.001) agik nelka Misas popuicijas kloni.
Savulart vienas un @s paSas popatijas (Misas) kloni saglab sievikas un
viriskas ziedSanas fenolgjas ipatnbas divos ekolgiskajos fonos — Latvijas
austrumdiz (Savienas plardcija) un rietumd (Dravu planicija). Gergetiska
izpete ar hloroplastu DNS migieriem liecina, ka ziegbanas fenolgijas atiribas
nav saistas ar populciju izcelsmes aidribam.

7. Konstagtas popuciju atkiribas rezistericpret skujbiri, kas saigas ne
tikai ar slinibas upemibu, bet af ar skujbires bajumu ietekmes namigumu uz
attieagas popuiicijas koku saglaisanos un turpako augSanu. Da#u popuiciju
pecmacgju skujbires bdjjumu pakipe hitiski atkiras gan $tdijuma, gan
kokaudztava (0=0.05). Sidijuma visizturigakie pret skujbires bajumiem
izradijuSies Zvirgzdes un Smiltenes pojmiju pecnacgji, bet kokaudztava -
Smiltenes, Ukenes un Mazsalacas pofmiju pecnaceji. Meza atjaunoSanai
skujbires apdraudas viees rekomengiams izmantot matediu no <klu
plantcijam ar Smiltenes popatdijas kloniem.
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1. GENERAL DESCRIPTION
Topicality of the theme

Scots pine is the most widespread and economiaajiprtant tree species
in Latvia. Its superior quality has been recognifmda long time across the whole
Europe. Maintenance and improvement of productiaitgd quality of this species
are of high priority in Latvia. Inventory and preg&tion of genetic resources and
genetic diversity of Scots pine are important tasihin the activities of forest
tree breeding and sustainable forest managemeggciadly in context of growing
anthropogenic pressure and global climate changagh genetic diversity of
populations is associated not only with adaptatapacity, but also with high
potential for improvement of productivity and qdali

In European countries, including Latvia, in order protect genetic
resources of forest tree populations and limit ¢cbatamination with maladapted
genetic material, rules and regulations of foreproductive material transfer have
been developed and implemented. These rules aesl maginly on the evidence
from provenance trials. DNA molecular markers can used as an additional
substantial tool for the forest reproductive matieidentification and protection of
genetic resources of forest trees. Population rdiffees can be evaluated more
precisely when phenotypic measurements from trialed genetic marker
information are combined.

Phenotypic variation of traits which characterizeductivity and quality of
Scots pine is determined by genetic and environahdattors, as well as their
interaction. During the evolutionary process, ppwpulations have adapted to
local conditions. As a result, they differ in prativity and quality traits,
phenology, and also in resistance to unfavourabigrenmental factors. In this
thesis work, population is described as a groumdividuals of the same species
that occupies certain area continuously for sevggakrations, and at least to some
extent is isolated from other groups of individuaishe same species. Considering
the intensive, long-distance gene transfer withlgoolthis isolation of certain
groups of individuals in the centre of speciesrifigtion area can be viewed as
very relative. However, research indicates thattrabthe successful pollination of
certain tree is performed by its nearest neighb@oski, 1970; Tigerstedt et al.,
1982; Robledo-Arnuncio et al., 2004epHonyboB, 1996). Therefore, term
spopulation” can be applied to trees belongingte same stand or neighbouring
stands.

In the breeding process of Scots pine, geographécaltype, phenological
and resistance differences among populations aakiaed. In the first step, the
best populations and individuals are selected ey thhenotypic parameters in
context of geographical and ecological conditidnghe next step, progeny testing
of the selected individuals is carried out. Alonghvevaluation of productivity and
quality of progenies, also their survival capabpiliis evaluated, which is
determined by resistance to unfavourable enviromahdéactors, including
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diseases. For the clones in seed orchard, synamofiowering is essential to
ensure successful crossing among clones and minipolien contamination.
Therefore, it is important to gather data aboutwfiang phenology also in
population level, if individual tree flowering ha®t started. Molecular marker
analysis can provide important knowledge about tiendifferentiation of

populations. Based on these considerations, aitmeathesis work is stated.

Aim of the thesis

To assess phenotypic and genetic variation of SBo&spopulations in Latvia.

Research objectives

1. To characterize differences in productivity,nstquality and genetic structure
among Scots pine populations in different regidnisatvia.

2. To assess differences in productivity and quaperameters among pine
ecotypes.

3. To characterize flowering phenology differenagsong pine populations.

4. To estimate differences in resistance to needit for progenies of different
pine populations.

Scientific novelty

Differences among Scots pine ecotypes in relatioldytrial (43 years) have
not been assessed previously. The analysis prouigiesrtant information about
variations of productivity and quality parameters gnpowing trees, as well as
structure of roundwood assortments gathered ifirsteccommercial thinning.

Needle cast resistance screening has been a copnomadure in Scots pine
population breeding in several countries. Howewasalysis of population effects
on resistance to this disease was not performextéaef

Previously, analysis of phenotypic differences ag8nots pine populations
in Latvia was based on relatively young materiak #he first time in our country,
assessments of these differences were based orfroiate85-95-year-old stands
distributed across all the territory of Latvia. 8Jsthe most complete survey of
genetic differences was performed simultaneously.

Genetic differences of Scots pine flowering phegglgroups were assessed
for the first time in Latvia.

Practical significance

Research results will be used to adjust the boroesged zones and forest
reproductive material transfer requirements. Aisgsome cases, they will be used
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to clarify recommendations about the use of nattegeneration. Research data
provide important knowledge about the local adéamtatand they will be used in
the breeding program, thus enhancing successifi€iattregeneration. Success of
regeneration will be influenced also by the infotima about needle cast
resistance. In sites where risk of diseases is, higk of the progenies of less
susceptible populations will be recommended.

The data about population differences, both phenotgnd genetic, will be
an important source of information in creating meficient program of genetic
resource protection. The flowering phenology infation will be used in creating
more efficient seed orchards.

Structure and coverage of thesis

Chapter 1 contains summary of theoretical studies and erpartal results
covering phenotypic and genetic differentiation ®€ots pine populations in
different traits and causes of this diversity. I tfirst sub-chapter, results of
international provenance trials located in Latvial ather European countries are
covered. Phenotypic differences among distant prawees in growth and quality
traits are analyzed, as well as results of gemfitiersity and differentiation studies
by sets of various molecular markers across thellision range of Scots pine. In
the second sub-chapter, influences of differentirenmental conditions to
phenotypic parameters of pine and differences ifop@ance of progenies from
distinct ecotypes in common garden experiment a@yaed. In the third sub-
chapter, correlations and interactions between thest important traits
characterizing productivity and quality are desedblIn the fourth sub-chapter,
results of studies covering different aspects at&epine flowering phenology are
compiled. In the fifth sub-chapter, mechanisms imed in forest tree resistance to
diseases, especially genetic component of Scotsresistance to needle cast, are
reviewed.

Chapter 2 contains description of material, its collectiorethods and
methods of molecular and statistical analysis.

Results of studies are described Ghapter 3. In the first sub-chapter,
phenotypic and genetic differences of distant laatvBScots pine populations are
characterized. In the second sub-chapter, restilfgamluctivity and quality trait
analysis of different Scots pine ecotypes in comngamden experiment are
summarized. In the third sub-chapter, genetic diffees of Scots pine flowering
phenology are presented. In the fourth sub-chajpgeel of resistance to needle
cast of various Scots pine populations is analyzed.

This thesis contains 104 pages; information has saenmarized in 41 table
and 21 figure; 185 literature references are used.
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Approbation of research results

Research results have been presented in two itimmabconferences. Two
articles have been published in proceedings ofrnatéonal conferences. Two
articles have been published and one acceptedufdication in national scientific
journals. Research results have been includeduindimject reports.

2. MATERIAL AND METHODS

Accomplishment ofthe first objective — characterizing the differences in
productivity, stem quality and genetic structureoam Scots pine populations — is
based on 21 stand (population) located acrossaa¥idn territory, proportionally
to Scots pine distribution (Fig. 1). Only pure 8@ar-old Scots pine stands in
Myrtillosa forest type are selected. Each population is naceecespondingly to
the forest district where it is located (accordingsituation in 2007) and included
in one of two groups — Western and Eastern (acagrth division of forest seed
zones described by Regulations No. 648, issuedhbyQabinet of Ministers of
Republic of Latvia). For more detailed analysisurfgorovenance regions are
distinguished, as defined in earlier (Baumanis let 2001) studies (number of
populations belonging to region in brackets): West(8), Central (6), South-
eastern (2), North-eastern (5).

Within each of the selected stands, sample plotagwing no less than 100
dominant trees is established. For these treeghh@n), height to live crown
base (m), length of branch-free stem section (emgth of stem section with crust
bark (m), and breast height diameter (cm) are medsiRelative branch thickness
(branch diameter / stem diameter ratio), in congmerito other trees with similar
diameter, is assessed in three grades, where Gradein branches, Grade 2 —
averagely thick branches, Grade 3 — thick brancA&s, other qualitative traits
are assessed in three grades:

a) branch angle: Grade 1 — straight angle (>80f3d&2 — average angle
(80°-60°), and Grade 3 — narrow angle (<60°);

b) stem straightness: Grade 1 — straight, Graden@ more than one bend
(bend is considered if deviation from virtual veatiline along the edge of the stem
exceeds 10 cm), Grade 3 — two and more bends;

c¢) quality of branch-free stem section: Grade lithaut any visible defects,
Grade 2 — positions of healed branch whorls carslightly noticed, Grade 3 —
positions of healed branch whorls are clearly \sdn the stem surface;

d) crown width: Grade 1 — narrow, Grade 2 — aver&gade 3 - wide.

Additionally, shape of the crown (oval or pyramidahd type of crust bark
(explicitly scaly, slightly scaly, and typically aky) is described. For the
suppressed trees within sample plot, only height breast height diameter is
measured.
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Stem volume () is estimated (formula: Liepa, 1996) and yield ta") is
calculated. The traits are analyzed by SPSS sdftwguantitative traits — using
ANOVA, qualitative traits — using non-parametricstie (Kruskal-Wallis, Mann-
Whitney). The SPSS software also is used for dlustalysis.

Genetic analysis is performed in LFRI “Silava” GeoeResource Centre.
Genetic differences are assessed for three popuadatiom Western seed zone and
three populations from Eastern seed zone. DNA etktra from wood chips is
made according to previously adapted protocol nfiau et al., 2009). The
populations are genotyped using five chloroplasRk §Simple sequence repeat)
markers (Vendramin et al., 1996; Provan et al. 9J98MOVA (The Analysis of
Molecular Variance) is applied to calculate genetifferentiation between
populations and seed zones. The genetic distarieeede haplotypes is estimated
by Arlequin 3.1 software (Excoffier et al., 2008)d a minimum spanning tree is
created by DARwin software (Perrier, Jacquemoudef,o2006). Haplotypes are
grouped by frequencies and genetic distances;le@tanalysis is performed by
GenAlEx v6.1 software (Peakall, Smouse, 2006).

Accomplishment ofthe second objective — assessment of differences in
productivity and quality parameters among pine yoes — is based on experiment
No. 7 in “Long-term Forest Trial Register”, estabkd in Ogre region/acciniosa
forest type, using 20 x 30 m block plots in fouplieations. The pine seeds for this
experiment were collected in year 1964 from sixdsalocated inVacciniosa
forest type (denoted as Zvirgzdéjylocomiosaforest type (denoted as Sabile);
dunes (denoted as Marigalarge swamp, 700-1000 m from the edge (denated
Tirelpurvs); Sphagnosaforest type located between the forest stands gn dr
mineral soil (denoted as Piajs), and a sample of seeds used for routine forest
regeneration in Ogre region (denoted as Ogre), wisiaised as a control sample.
Denotations of stands (except “Pajs/) are chosen from geographical names
close to the stands used for seed collection.

Previous measurements of height, breast heighted@amsurvival and yield
of progenies from different ecotypes were perfornaécthe age of 5, 12 and
21 year (Dreimanis, 1989). The first commerciahtiing was performed at the age
of 43 years (in 2006). During this thinning, dat® &ollected for thesis work:
measurements of assortment structure and volumewedls as breast height
diameter (cm), height (m), length of branch-freenstsection (m), relative branch
thickness (3 grades), branch angle (3 grades), stemightness (3 grades), spike
knots (yes/no), double leaders (yes/no) for the aieing trees. Division in
different grades, as well as stem volume and yéttulation and analysis of
quantitative and qualitative traits is performeddascribed in methods of the first
objective.

Accomplishment of thethird objective — characterizing the flowering
phenology differences among pine populations —aisetd on repeated flowering
inventories during spring 2008 in two Scots pinedserchards: Dravas in Western
part and 8viena in Eastern part of Latvia. During each ineent phenological
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phases of male and female strobili, as well agivelabundance of male strobili

per tree, are assessed. For evaluation, group roélée strobili is chosen and

marked in the middle of crown, southern side; plagioal phases of female

strobili are characterized as follows (Laura, 1975)

Phase 0 - ,winter dormancy” - bud-scales are tigbtivering the bud;

Phase 1 - ,open bud” - female strobili can be s#esely to the growth cone and
are not covered with bud-scales; strobili have cshape;

Phase 2 - ,swelling strobili” - strobili are movextide apart from the growth
cone, parallel to it; strobili have rounded shape;

Phase 3 - ,open strobili (flowering)” - splits beten seed-scales are fully open;

Phase 4 - ,closed strobili” - seed-scales are sdelbplits between them are
closed, strobili are positioned horizontally or dovard.

Phenological phases of male strobili were charexetéras follows:

Phase 1 - bud-scales are tightly covering the bud;
Phase 2 - bud-scales are partially covering the bud
Phase 3 - strobili without bud-scales;

Phase 4 - pollen shedding has started;

Phase 5 - culmination of pollen shedding;

Phase 6 - pollen shedding is finished.

The relative abundance of male strobili is evaldatethree grades, relative
to other ramets with similar size in respective dsegchard: Grade 1 — low
abundance; Grade 2 — average abundance; GradgB allundance.

The Siviena seed orchard contains 86 clones from Smiltemulation
(denoted as Sm, Pop, Cirg.pop) and 76 clones frdsa Mopulation (denoted as
M). The Dravas seed orchard contains 65 clones ftiga population; of these
clones, 58 are the same as representedvieis seed orchard. During May 12 till
June 3, 2008, inventories are repeated 5-6 tinesgsaing 2-5 ramets from each
clone.

According to female flowering phenology, the clores grouped in five
classes: very early flowering; early flowering; eage flowering; late flowering;
very late flowering. Division into classes is maaléhin each population and seed
orchard separately, based on the average phenolagy from all inventories; start
of Phase 3 is considered as the decisive moment.

According to male flowering phenology, the clones grouped in three
classes: early flowering; average flowering; ldtavering. Division into classes is
made within each population and seed orchard seghardbased on the starting
time of Phase 4.

The comparison of flowering phenology for Misa aenin two different
environmental conditions &8iena and Dravas seed orchards) is performed by
SPSS software using Wilcoxon method. The comparifditowering phenology
of two populations - Misa and Smiltene - in the saemvironmental conditions
(Saviena seed orchard) is performed using Mann-Whittesst and data from
inventory in May 24.
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Analysis of connections between male and femaledting phenology and
male strobili abundance is performed by merging ftte two and the last two
female flowering classes (this way, also accordmfemale flowering phenology
clones are grouped into three classes), and ugiegrBian rank correlation.

Genetic differences among the clones in differdatvéring phenology
groups are evaluated using five chloroplast SSRcenar(Vendramin et al., 1996;
Provan et al., 1999). For this analysis, DNA exioac is made from needles
according to the established protocol (Neimanel.et2809). For data analysis,
GenAlEx v6.1 (Peakall, Smouse, 2006) software éxlus

Accomplishment of thefourth objective — estimation of differences in
resistance to needle cast for progenies of diffepéme populations — is based on
the data obtained in two trials: 1) open-pollinapedgeny test of pine clones used
in Norupe seed orchard, located in “Riga City Ftwés$d.”, Daugava forest district
(experiment No. 441 in “Long-term Forest Trial Rsgi”), denoted as
“Plantation”, and 2) open-pollinated progenies afepplus-trees, situated in the
nursery of Research forests in Kalsnava, denotéNasery”.

The level of needle cast damage is evaluated sndrades, where Grade 1
corresponds to 0-5% of needles damaged by needie Gaade 2 — 6-35%;
Grade 3 — 36-65%; Grade 4 — 66-95%; and Grade 56-209% of needles
damaged by needle cast in the shoots of last year.

“Plantation” was established in spring 2006, usimge-year-old container
seedlings collected from trees representing sepa@llations (number of families
in brackets): Misa (46), Smiltene (6), Baldone @jirgzde (2) and Kalsnava (2).
Initial spacing in this experiment - 2 x 1.5 m; tt8e block plots are established.
For the evaluation, four replications with the hagh survival level are chosen.
Trees shorter than 10 cm (beginning of 2008) ateused in further analysis. The
grade of needle cast damage is determined in MdyJane 2008. For the same
trees, also height and height increment of 2008dasured.

Sowing in “Nursery” was performed in spring 200€planting of seedlings
— in 2007, and needle cast damage assessment -ayn2B08. The material
contains open-pollinated families of pine plus$reend seed orchard clones,
representing several populations (number of famiilie brackets)Ukene (49),
Smiltene (26), Tukums (22), Misa (70), Jaunjelgéid), Riga-dirmala (14), and
Mazsalaca (11). Families are randomly placed irsewyr trial, but they are not
replicated; therefore, genetic differences areyaedl only in population level. The
grade of needle cast damage is estimated in eaciy,fdbased on proportion of
disease-damaged needles in majority of the seexdlihgr the average tree of each
meter of nursery bed, height and height increm&g008 is measured, but not less
than for 10 representative trees per family.

Needle cast infection level was high in both tridleerefore, only few trees
are included in Grade 1 needle cast damage, arfdriher analysis they are
assessed jointly with trees with Grade 2 needled=sage.
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3. RESULTS
3.1. Differences in productivity, stem quality andgenetic
structure of pine populations from various Latvianregions

Geographical differences of Scots pine productiaitg quality in Latvia are
characterized using data from 21 pine populatiblesrhane, 2009; Neimane et al.,
2009). Tree height in different populations varfiesn 23.14 m (Kca) to 28.77 m
(Valka), the average value across all territor2@s19 m; stem diameter — from
27.45 cm (Birzgale) to 31.99 cm (klg), on average 29.67 cm; stem volume —
from 0.70 ni (Birzgale) to 1.04 rh(Ugale), on average 0.85%Table 1).

To characterize productivity differences among pafions, tree height is
chosen as an indicator, mainly because it hasatgtichigher level of heritability
than stem diameter or stem volume. The averagelgipu data of tree height,
length of branch-free and dry branch sections, ali as crown length, are
summarized in Figure 2.

Statistically, tree height in all four provenanegions differs significantly
(0=0.001): in Western region it is the lowest (25mp followed by Central region
(26.08 m) and South-eastern region (26.65 m); #ilest trees grow in North-
eastern region (27.82 m).

For populations within each region, single factoN@VA reveals the
following: in Western provenance region, group opplations with the shortest
trees is represented byidd, Alsunga, Vandzene, Ventspils ancdrande
populations (from 23.14 m to 24.67 m); tree heightsSkrunda (26.39 m) and
Renda (26.65 m) populations are significantly lathan in the first group; trees of
Ugale population (27.66 m) are significantly tallerath trees from other
populations, and besides, they are the fourthstafiem all 21 population that was
sampled across the country. In Central provenaegiom, trees from RopaZi
(26.90 m) and Rwinas (27.11 m) populations are similar, and statifljichey are
significantly higher than trees from other popuas: Birzgale, Ogre, Lielupe,
Jaunjelgava (from 25.36 m to 25.90 m). South-easfi@rovenance region is
represented only by two populations 1ini, Daugavpils), which differ
significantly in tree height. Tree height of popida Livani (25.76 m) is similar to
that of the largest group of populations in Centegdion (differences are non-
significant); population Daugavpils (27.51 m) isngar to a pair of populations
from North-eastern (Gulbene, Smiltene) and Cei{RapaZi, Ravipas) provenance
regions. In North-eastern region and also in wiexdgeriment, the tallest trees are
from Valka (28.77 m), Ape (28.41 m) and Smilten8.0% m) populations. Trees
from populations representing Eastern seed zonsignificantly taller than trees
from Western seed zone (26.82 m and 25.12 m, régels?.

Stand yield characterizes growth and survival siamdously. Therefore, it
is also considered as an important trait. The yoéldominant and suppressed trees
for different populations is summarized in FigureTdtal yield for majority of
populations varies between 300 and 4Gtat; the lowest yield is found in three
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populations from Western seed zone (Ventspils — 28%a’, Vandzene —
296 nfha', Alsunga — 298 rtha'), the highest yield — in three populations from
Eastern seed zone (Daugavpils — 43hat, RopaZi — 408 ftha’, Plavipas —
401 niha'). Average yield in Western seed zone is lower timastern seed
zone — 319 rftha' and 373 mha’, respectively.

The economic value of Scots pine stands is affeatetl only by
productivity, but also by the quality of trees. Them quality is described by
following traits: length of branch-free section (melative branch thickness,
branch angle, stem straightness and quality ofdbrdiree stem section (evaluated
in grades). Results of single factor ANOVA (usimglividual tree data) show that
trees with quality Grade 1 are the highest but metessary with the largest
diameter and stem volume. From the point of vievireé¢ breeding, this indicates
that tree height has favourable relationship witbns quality traits (Table 2,
Table 3). Favourable relationship between the lemdtbranch-free stem section
and quality traits, evaluated in grades, has beend, too (Table 2, Table 3).

Differences in length of branch-free stem sectisa aghtly correlated
(r’=0.278, =0.01) with differences in tree height, but sigrafit is also the
influence of seed zon@£0.01). For trees of populations from Eastern samtk,
length of branch-free stem section is significantiyger than for trees of
populations from Western seed zone, both in absaad relative (proportion of
tree height) terms: in Eastern seed zone, thiseve6.57 m (25%), in Western
seed zone — 5.14 m (20%). The lowest values otheofjbranch-free stem section
in Western seed zone are found in populations Viamelz 3.26 m (13%), Alsunga
—3.73 m (16%), ita — 4.09 m (18%), the highest values — in poputatBirzgale
(8.74 m, 34%), Ugle (7.62 m, 28%), Skrunda (7.38 m, 28%). Lengttbanch-
free stem section of trees in populations of Nedistern (6.70 m) and Central
(6.74 m) regions does not differ significantly. Baif these values are larger than
in Western (5.14 m) and South-eastern (5.71 mpreghlso, the relative length of
branch-free stem section is similar for trees frpopulations of Western (20%)
and South-eastern (21%) provenance regions, andfisamtly lower than the
value found in North-eastern (24%) and Central (R68gions.

To describe differences between trees from padicupopulations
represented by relative branch thickness, brandajlearstem straightness and
quality of branch-free stem section, non-parametests are performed, and
proportional values of number of trees in Grades2land 3 are calculated
(Table 4). Almost all indicators of quality are msificantly better for trees from
populations of Eastern seed zone than for trees Yéestern seed zone=0.001);
stem straightness does not differ significantlyqi$62). The highest proportion of
trees with Grade 1 for branch thickness and branddie is represented by trees
from North-eastern provenance region (except pdipmsSalacgiva), as well as
several populations from Central region: Ogre, gate and Lielupe. Populations
Ropazi and Rwinas from Central region have lower branch thickreess angle
quality. The lowest quality for branch traits memngd above is shown by trees
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from Western region; trees from South-eastern regice ranked as average.
Similarly, the best values of branch-free stemisacguality are shown by trees
from North-eastern region (except populations Satea and Ape) and Central
region (except population Lielupe). The qualitytiefes from Western region falls
behind; especially inferior quality of branch-freem section is shown by trees
from populations Vandzene and Skrunda.

Average height of green crown base varies from BL.&5(population
Ventspils) to 20.00 m (population Ape), and relatstem length to green crown
base (related to total tree height) varies from §&%ntspils) to 72% (Birzgale).
Results of non-parametric tests demonstrate thatwrcrwidth (evaluated in
3 grades) is similar among different populationgd snnot significantly affected by
provenance regions (p=0.633) or seed zones (p=0.988es with oval crown
shape are more represented in Western seed zeas,viith conic crown shape —
in Eastern seed zone.

Average height of stem crust bark section variesnfr3.87 m (ca) to
6.76 m (Ugle); the relative length of crust bark sectiondtet! to total tree height)
varies from 17% (Ita) to 27% (Frande). Crust bark can be divided in three
types: explicitly scaly, slightly scaly and typilsaflaky. Results of single factor
ANOVA (using individual tree data) reveal that sewith explicitly scaly crust
bark have significantlyo=0.001) longer branch-free stem section (6.86 ng an
larger relative length of branch-free stem sec{ip@%) than trees with slightly
scaly (6.14 m, 24%, respectively) and typicallykflg5.19 m, 20%, respectively)
crust bark.

At the population level, cluster analysis is peried for five traits — height,
relative length of branch-free stem section (relat® total tree height),
proportional number of trees with Grade 1 brandbktiess, proportional number
of trees with Grade 1 branch angle, and proportionenber of trees with Grade 1
quality of branch-free stem section. As a reslilip@pulations can be assembled in
five groups (Table 5):

Cluster 1 — populations from Western provenancéoredica, Alsunga,
Terande, Ventspils, Vandzene; they show the lowest treight and quality (the
lowest relative length of branch-free stem sectzom the lowest proportional
number of trees with Grade 1 branch thickness arad& 1 branch angle; in
addition, the quality of branch-free stem sect®nuite low);

Cluster 2 — populations from Western (Renda, Skayn@entral (Lielupe,
Ropazi, Jaunjelgava), South-easternivihi) and North-eastern (Saladgm)
region; they show average values of tree heiglndr thickness and branch angle.
However, the relative length of branch-free sterotise is quite low, and its
quality is the worst;

Cluster 3 — populations from Western @) and Central (Rvinas)
regions; they show above-average value of treehheigd average relative length
of branch-free stem section. Their quality in tewhdranch thickness and angle is
quite low, but nevertheless, they have high qualitgranch-free stem section;
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Cluster 4 — majority of populations from North-east region (except
population Salac@va) and one population from South-eastern regicau¢avpils)
— the tallest trees with good quality in terms lbE&aluation criteria;

Cluster 5 — populations from Central region (BilegaOgre) — slightly
higher trees than in Cluster 1, but superior quailit comparison to all other
populations.

In overall, the described results of phenotypidedénces of geographically
distant populations correspond with conclusionsnffrovenance trials (Baumanis
et al., 1986; Baumanis et al., 1998; Baumanis.e2801;baymanuc u ap., 1982;
Baymanmc u 1p., 1990), where lower productivity and stem qudlidy progenies of
provenances from Western seed zone in relatiohdset from Eastern seed zone
have been found. Results of the thesis work conflien necessity to divide the
territory of Latvia into Eastern and Western seedes.

The genetic analysis is performed for six geogregdhi distant populations
— three from Western seed zone (Ventspilsalé€lgSkrunda) and three from
Eastern seed zone (Ogre, Valka, RopaZi). Altogettie2 haplotypes are detected;
haplotype is defined as a combination of alleleniidied with five SSR markers
used in analysis. A minimum spanning tree is cabdesed on genetic distances
between haplotypes, and one genetically distinatgrof haplotypes is identified
(group ‘hapB’). For further analysis, 16 haplotypggh frequency higher than
0.015 are used, and other two groups of haplotggesell: haplotypes with low
frequency (group ‘hapA’) and haplotypes forming gigeally distant group (group
‘hapB’). The results are shown in Table 6.

The AMOVA test reveals very little genetic diffetertion between
populations (1%, p=0.029) and seed zones (0%).sNghetic distance between
seed zones is low (0.030). However, analysis ofdtgpe frequencies shows that
the frequency of the ‘hapB’ group in Western popatss is higher (f=0.123) than
in Eastern populations (f=0.035). Repeating thelyasism of genetic distance
between populations from both zones without theBiagroup individuals, Nei's
genetic distance is 0.010, which indicates that thaplotype group has a large
influence on the genetic distance between the Wreared Eastern populations.

The frequency distributions of the ‘hapB’ groupimdividual populations
can be divided into three groups. The highest feegies are found in Ue
(f=0.136) and Ventspils (f=0.147), average freqienc in Valka (f=0.094),
Skrunda (f=0.086) and Ogre (f=0.071), while frequem the RopaZi population is
low (f=0.007).

These results demonstrate that the Western popusatin particular Ugle
and Ventspils, have a higher proportion of indiabdu with genetically
differentiated chloroplast haplotypes (‘hapB’ grpupnd indicate possible
differences of origin among populations of Westend Eastern seed zones.
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3.2. Productivity and quality of different pine ecdype progenies

Common garden experiments with different Scots pieeotypes
demonstrate that progenies of Zvirgzde ecotypechvbriginate from the closest
conditions to those in triaMacciniosaforest type), are significantly£0.05) more
productive than progenies of other ecotypes byhmght (20.43 m), breast height
diameter (20.93 cm) and stem volume (0.3% rithe results are summarized in
Table 7. Progenies ofifElpurvs ecotype, which have originated from explcitl
different ecological conditions (swamp), have digantly lower productivity than
progenies of other ecotypes by tree height (17.18breast height diameter
(17.64 cm) and stem volume (0.23)m

Data obtained in series of measurements in therewest (Fig. 4) clearly
show the following: at different age, in comparisaith control sample (Ogre),
progenies of Zvirgzde ecotype have the highestiveldree height, and progenies
of Tirelpurvs ecotype have the lowest relative tree heidliter commercial
thinning at the age of 43 years, height differenoesveen progenies of different
ecotypes have levelled out, but the relative retethip (trend) still remains.

The quality of different pine ecotype progeniesharacterized by length of
branch-free stem section, relative branch thicknebganch angle, stem
straightness, abundance of spike knots and dowadels. Average length of
branch-free stem section varies from 1.15 rire{purvs) to 1.75 m (Zvirgzde),
coefficient of variation is 67%. The application nbn-parametric tests reveals
significant ¢=0.05) differences among progenies of ecotypegrmg of relative
branch thickness, branch angle and stem straightfd® lowest relative branch
thickness (the thinnest branches) is shown by miegeof Zvirgzde ecotype (72%
of trees have Grade 1 branch thickness). Othertgusgdits (branch angle, stem
straightness, abundance of spike knots) for pregeaf Zvirgzde ecotype do not
differ notably from the average values of experimd®rogenies of iFelpurvs
ecotype are characterized by the largest relatimadh thickness and branch angle
(sharper branch angle); stem straightness of threses is lower than average
experiment value (Table 8).

During commercial thinning, assortment structuregl dimension logs,
pulpwood, firewood) was measured in every pardelcfoplot). The largest part of
assortment volume (about 50%) for progenies of ealbtypes is pulpwood
(Table 9). Proportion of small dimension logs faogenies of Zvirgzde, Ogre,
Sabile and Mandaecotypes differs only slightly (varying from 18 24%), while
for progenies of Telpurvs ecotype it is just 11%. The highest propaortuf
firewood compared to total timber volume gatheradthinning is shown by
progenies of Trejpurvs and Pumjs ecotypes (about 40%). Conclusion: in terms of
value of timber gathered in the first commerciainting, notable differences
among progenies of particular ecotypes can be found

After thinning, the yield of remaining stand forogenies of Zvirgzde
ecotype notably (almost twice) exceeds the yielteafaining stand for progenies
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of Tire]purvs ecotype (243 tha® and 133 rhha’, respectively). However, when
evaluating the total yield (both removed and renmgiryield), the difference is

even greater (372tha' and 177 ha’, respectively). The experiment
demonstrates that progenies of Zvirgzde ecotypew@erior to progenies of other
ecotypes both by productivity and quality, but moigs of Trelpurvs ecotype —

inferior to progenies of other ecotypes in bothmier

3.3. Flowering phenology differences of pine popul@ns

Flowering phenology inventories of clones from Misad Smiltene
populations in Dravas andiBena seed orchards were performed in spring 2008.
Female flowering phenology inventory data analysisals that overall proportion
of very early flowering, early flowering, averagevering, late flowering and very
late flowering clones is 1%, 13%, 54%, 27% and B8épectively. Based on male
flowering phenology, about 57% of clones can besiered as average flowering
ones. Other clones, with exception of one from gamtulation, can be considered
as early flowering ones.

Misa clones, represented in both seed orchardsclassified in the same
female flowering phenology group in more than Iadlthe cases, confirming the
robustness of classification method and approvitative phenological stability of
Misa clones in different ecological conditions. Hoxer, groups of labile clones
also are discovered — some of the clones flowdreean Dravas than in &iena,
and vice versa. In the inventory, two explicitlyddlowering (M240, M254) and
two explicitly early flowering (M170, M251) clonese revealed.

The grouping of clones according to flowering pHegyg is somewhat
relative due to continuous variation of this trdiherefore, several clones can be
considered as intermediate between two groupsoriesponds with findings in
earlier studies J{aypa, 1978). The inconsistency of several clones reaggrdo
flowering phenology group in both seed orchards lbanpartially explained by
variation in site microconditions (as found in atlséudies, e.g. Laura, 1973a) and
also by different reactions of clones to changeseivironmental conditions.
Female flowering phenology analysis of Misa popalatclones in 8viena and
Dravas seed orchards using Wilcoxon test reveatsdifferences among flowering
phenology groups (very early, early, average, latey late) of the same clone in
two ecological conditions are non-significant (B&6). Similar results are found
also for male flowering phenology (p=0.819) andatigk abundance of male
strobili (p=0.348). Based on this evidence, it banconcluded that characteristics
of male and female flowering of clones are mairgdinn different ecological
conditions and to large extent can be considereptastically determined.

The earliest female flowering start in absoluteniziis found for clones of
Misa population in Dravas seed orchard, slightlerda- for clones of Smiltene
population in Sviena seed orchard, and the latest — for clonédisé population
in Saviena seed orchard. This fact is illustrated inuFég5, where in May 29 the
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proportion of flowering clones (female floweringgse 3 or 4) is 97%, 90% and
75%, respectively.

Female flowering phenology among clones of differ@opulations is
compared using Mann-Whitney test, based on obsengin May 24 in Sviena
seed orchard. Clones of Smiltene population amedting significantly ¢=0.001)
earlier than clones of Misa population, even whewsiagical conditions in &iena
seed orchard are similar for both groups of clon@s.contrast, significant
differences of male flowering phenology among tlepuylations are not detected
(p=0.335). Relative abundance of male strobili iavi€na seed orchard is
significantly @=0.001) lower for clones of Smiltene populationrttiar clones of
Misa population, but most likely this could be edpked by minor differences in
age of ramets between populations. Significantticeiahip between female and
male flowering phenology of clones is detected ép@n rank correlation 0.292,
a=0.01).

When using chloroplast SSR markers, genetic difftaéon among various
flowering phenology groups of clones is not detdctét indicates that the
differences in flowering phenology are not directblated to dissimilarities of
historical origin of populations; they depend frepecific flowering coding genes
and combination of their alleles.

3.4. Resistance to needle cast of progenies
of different pine populations

The Scots pine resistance to needle cast is eedldiat progenies of several
pine populations, which are represented by four-pédtrees in “Plantation” and
three-year-old plants in “Nursery”. The evaluatioh based on data about
proportion of affected needles, height and heigbtament.

The lowest proportion of needle cast damaged nsefllee highest
resistance) in “Plantation” is shown by progenidstrees from Zvirgzde and
Smiltene populations, the lowest resistance — bgggmies of control lot,
containing an average seed sample from four stéffids 6). In “Nursery”, the
lowest proportion of families with highly damagededles (Grade 5) is found for
progenies of SmilteneUkene and Mazsalaca populations (Fig. 7). The high
resistance of progenies of Smiltene population een confirmed in both trials
and corresponds with previous investigations, wipengulations from Streand
Smiltene (involving progenies of other trees thantlis investigation) were
pointed out (Baumanis, 1993). It indicates notatdgional differences in the
resistance of pines to needle cast.

In “Nursery”, analysis of degree of needle castedtibn impact is
performed, comparing families with needle damagedér3 and 5. In the
beginning of 2008, before the effect of needle dashage, average tree height in
families of both groups does not differ; howevegight increment of 2008 (during
the effect of needle cast infection) differs sigraftly (@=0.001). Similarly, it is
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discovered in “Plantation” that in the beginning2®908 the average tree height in
families from different needle cast damage gradeugs does not differ
significantly, but the impact of needle cast infectto height increment of 2008 is
significant @=0.05). These results clearly demonstrate the negaifluence of
needle cast to the height increment of current.yB@nificant negative effect of
needle cast infection to tree growth at family lelves been demonstrated also in
other studies (Baumanis, 1975; Squillace et al751Martinsson, 1979; Ostry,
Nicholls, 1989).

In “Plantation”, individual tree height data anasys the beginning of 2008
demonstrates non-significant height differencesvben tree groups with needle
cast damage grades 2 and 3, but there are sigmifdifferences between tree
groups with lower grades (Table 10). It reveald teedle cast damages shorter
trees more heavily, and most likely those trees aready suffering from the
negative influence of other environmental factdf®wever, height differences
among trees in different needle cast damage graoepg before infection on
average are four times smaller than height incréndéferences in the year of
needle cast damage.

In “Plantation”, a significant effect of geneticctars both at family
(0=0.001) and populatiorn£0.001) level on the height increment in the yelar o
needle cast damage (2008) is found. Populatiorteesignificant ¢=0.001) also
in “Nursery” (Table 11).

The populations with higher resistance (lower grafieeedle cast damage),
such as Smiltene anfkene, additionally have also non-significant>(.05)
differences in height increment and survival améamilies with different needle
cast damage grades. Differences in these traitsngnfi@milies with different
needle cast damage grades are more explicit inlggagms with lower resistance. It
indicates that there are differences in populatésistance to needle cast not only in
terms of susceptibility, but also in terms of itiee damage influence on ability to
survive and recover.

CONCLUSIONS

1. Notable and significant differences at phenotyaic genetic level are
found among Latvian pine populations in producyivitquality, flowering
phenology and resistance.

2. According to phenotypic measurements at the aggbed5 years, it can
be concluded that pine populations from Easterrd seene are significantly
superior to those from Western seed zone in tthds characterize productivity
(e.g. average height 26.82 m and 25.12 m, respgédytin=0.001) and quality (e.g.
length of branch-free stem section 6.57 m and Bhl4espectively,0=0.001).
Results confirm the necessity to divide the teryitof Latvia into two pine seed
zones.
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3. Significant differences exist among pine populadiofrom different
provenance regions (Western, Central, South-easteidnNorth-eastern) in terms
of average tree height, length and quality of bhafiee stem section, relative
branch thickness and angle, but not in stem sthaégs. Populations from Western
region have low productivity (except &lg) and low stem quality; from Central
region — average productivity and good quality fBale population has the
longest branch-free stem section — 8.74 m); fronatlseastern region — average
productivity and average quality; from North-easteggion — superior productivity
(the tallest trees in populations Valka: 28.77 meA28.41 m, Smiltene: 28.05 m)
and superior stem quality.

4. Population analysis using chloroplast SSR markeveals a group of
haplotypes with notably higher frequency in Westeerd zone (f=0.123) than in
Eastern seed zone (f=0.035); that indicates passiififlerences of origin of pines
from those regions.

5. Ecological conditions of the original stand haigngicant influence on
productivity and quality of its progenies in otheonditions. During trial in
Vacciniosa forest type, at the age of 43 years, there arterdiices among
progenies of several ecotypes: progenies of stand/dcciniosa forest type
(2virgzde) have significantly higher productivityé quality (average tree height
20.43 m, proportion of trees with thin branches y29ogenies from trees located
in wide swamp (Tre]purvs) are significantly inferior to other ecotyplesth in
productivity and quality (average tree height 17i,8roportion of trees with thin
branches 54%). After commercial thinning, the yiefdemaining stand is almost
twice as high for progenies from Zvirgzde ecotypant for progenies from
Tirelpurvs ecotype (243 tha' and 133 mha’, respectively). The timber value of
assortments gathered in thinning is also higheZfargzde ecotype (proportion of
small dimension logs and pulpwood from total gagldetimber volume is 71% and
60%, respectively).

6. Notable differences exist between populations ialemand female
flowering phenology: at the same seed orchaagi€da), for clones from Smiltene
population, female flowering starts significantly=0.001) earlier than for clones
from Misa population. The same clones from Misa ytafion maintain their
relative ranking in flowering phenology in two difent ecological conditions —
seed orchards in Easternay#®na) and Western (Dravas) part of Latvia. Genetic
analysis using chloroplast SSR markers indicates$ thfferences in flowering
phenology are not directly related to dissimilasti of historical origin of
populations.

7. Notable differences among progenies of severallatipns are detected
in needle cast resistance, which are related nigt tonsusceptibility, but also to
negative impact of particular damage level to sualviand height increment.
Needle cast damage grade significaniyQ.05) differs between progenies of
populations both in “Plantation” and “Nursery”. ‘IRlantation”, the least affected
progenies are from Zvirgzde and Smiltene populatiom“Nursery” — from
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Smiltene, Ukene and Mazsalaca populations. Based on results fnis study,
reproductive material from seed orchards with ckboné€ Smiltene population is
recommended for establishment of plantations irasarpotentially affected by
needle cast.
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