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1. DARBA VISPAREJS RAKSTUROJUMS
Teémas aktualitate

lepriekEja priedes selekcijas poamveikta pluskoku atlase, iotas sklu
plangcijas un iedzinbas garbauzu stdijumi. S posma rezudti nodrosina selekcijas
materila un infornicijas @zi darba turpiaSanai, vienlaikus demongjot ilgo laika
periodu no selekcijas ciklaalluma idz iesgjai ta rezulitus realizt prake —
razojodm <klu plantcijam. Tadel ir aktuali uzsakt nakamo selekcijas ciklu, lai
nodroSiratu augsikas gergtiska uzlabojuma paipes klonu pieejathu jaunu 8klu
plantciju iertkoSanai tad, kadts nepiecieSams aizstSobid razojods. Skandiavija,
kur meza sektora nome ir ipasi svaiga &s valstu (Zviedrijas, Somijas) ekonorik
jau uzakts 2. selekcijas cikls. Svai Sos darbus uzkt af Latvija, lai nakotre
nezaudtu konkugtspeju stadama materila tirgt — vagtu piedivat atbilstoSageretiska
uzlabojuma padpes saidus — k& afn ilgtermina nodroSiatu koksnes resursu
palielinaSanos. Koksnes resursu nodraSars nakotneé selekcijas darba loma tikai
pieaugs. Migtais secigjums saists ar visaréjam tendenem — palielinoties cileku
skaitam pieaug patstas koksnes apjoms,akai vienlaikus palielias rekrécijai un
dabas aizsardzai at\létas platbas un samazis koksnes razoSanai akstas.

Nakamajam selekcijas ciklam mat#ti jaizvélas, analizjot 21-36 gadus vecus
iedzimtbas @rbauzu stdijumus, kas iakoti ar augtu akotngjo biezumu, itad tajos ir
augsta koku savstagja konkurence un zema sagi&hras. Lidz ar to ir aktali
izstradat pamatotus atlases Wiijus brivapputes pcracgju gimenu ranZSanai Sajos
stadijumos. Rc atlasta augstertigaka materila kontroEtas krustoSanas nepiecieSama
iedzimtbas @arbauZzu stdijumus ietkoSana, kas ir darbietigs un drgs process.
Nosakims arf optimalais iedzimtbas @rbauzu stdijumu vietu skaits, kas nodroSina
iesfEju atlast gan specifiskiem apstliem, gan plasai klimatisko un augsnes alst
variacijai piermerotus kokus.

Globhalo klimata izmapu konteksi janem \era, ka tikai akivs selekcijas darbs
nodroSina iesfju atlagt materiilu ar: 1) auggiku iztuibu pret sagai@majiem,
produktivitati nelab\eligi ietekn€joSajiem, faktoriem (piefram, sausumu); 2)
augsikam adapicijas sgjam dazdos, saskg@ ar klimata scedrijiem sagaidmos,
apstklos. Tadgjadi iesgjams nodroSiit augstu raksligi atjaunotu mezaudzu
produktivitati arr nakotre.

Selekcijas cikla izpildei nepiecieSami ilgstoSi ui@verojami finansilie
ieguldjumi. Turklat maksinalo atdevi (augstu selekcijas efekisa laika posma)
iesfgjams  sashiegt tikai tad, ja tiek nodragm visu nepiecieSamo EksIMu
planveidiga izpilde. &del vel pirms rakama selekcijas cikla uzkSanas no
ekonomisk viedoKa aktali ir salidzinat atkirigas & izpildes alternavas, iz\éloties
pienerotako, ka an defiret turpnikos fEtnieabas virzienus ekonomisk efektiviates
paaugstiaSanai.



Pettjluma merkis

Izvertet un rekomengt metodes praegai un ekonomiski izdegai paragts priedes
nakama selekcijas cikla izpildei Latvij

Peétnieciskie uzdevumi

1. Noteikt kriterijus koku produktiviites un kvalites noertgjumam, veicot laliko
gimenu atlasi selekcijas darba turpsanai.

2. Noteikt nepiecieSamo eksperimentu vietu skaitu fgeecgergtisko parametru
nowerteSanai un konkitam resionam piendrotako gimenu atlasei.

3. Nowertet selekcijas darba ekonomisko efek@titun rekomendt ekonomiski
izdevigako selekcijas alternatu nakanma selekcijas cikla izpildei.

Zinatniska novitate

Lidz Sim nav publigti dati par tik liela skaita kvantitsi uzmeritu zarojumu
raksturojoSo pamju gergtisko parametru artibam, kuras kompleksi analias
vairakos relalvi vecos (vi&ji 30 gadi) iedzinibas prbauzu stdijumos. Jauna
informacija ir dati par genotipa-vides mijiedabas ietekmi uz kvantitati vertetam
(uzneritam) zarojumu raksturoj@g pazmem Sda vecuma priedes iedziipas
parbauzu stdijumos. Priedes selekcijas ekononaisinaize veikta Somij (Ahtikoski,
2000), t&u tag nav ieRauts atBirigu selekcijas darbu izpildes alterivat
sakdzinajums.

Latvija lidz Sim nav veikta kompleksa visu priedes pluskokikvalitaivu audzu
koku bivapputes pcraceéju gimenu anaize, ar geretisko parametru arttbam un
geretiskajgm korehcijam pamatojot atlases pazu iz\eli, ka an atlases veidu,
kvalitaiva un produkiva materila iz\elei nakamajam selekcijas ciklam urgkdu
plan&cijam. Latvija lidz Sim nav veikta argenotipa-vides mijiedatbas &ditaju
anaize, noertgjot nepieciesamoaenacsju parbauzu eksperimentu skaitui gEtjuma
ietvaros pirmo reizi Latvlj veikta ekonomisk anaize, vienod sisema ietverot
selekcijas darbu,gklu plantciju iertkoSanu, apsaimniekoSanu, &1 gala produktu —
mezaudzi, ar grki savstarpji salidzinat daZzidas selekcijas alternaas un rekomerad
izdevigako rakami selekcijas cikla izpildei.

Praktiska noAame

Promocijas darb izklastitas atzpas tiks izmantotas selekcijas programmas
izstradei a/s ,Latvijas valsts mezi” vajadi@m, nodroSinot augaka geretiska
uzlabojuma palpes meza reprodulkti materiila pieejarfbu un reiz ar to — meza
kapitala vertibas paaugsti$anu.



Promocijas darba struktira un apjoms

Promocijas darbpirmaj a nodda galvenokrt apkopotas teétiskas atzihas, kas
vitali svaiigas selekcijas cikla izpildesaploSanai. letverti galvenak tie aspekti, par
kuriem nav iesgiams iedit emgrisku informaciju no Latvijas paradt priedes
iedzimibas prbauzu <tdijumiem. Pirmaj apakSnoda raksturots pieejamais
materils naikama selekcijas cikla uzgSanai; otraj — analiztas iespjamas selekcijas
stEmas kontekat ar to pielietojumu ciis valsis; treSaj — pamatots nepiecieSamais
koku skaits selekcijas popaija; ceturtaj — veikts sabzimajums starp krustoSanas
stemam un atlases meterh, iz\&loties Latvijas sitacijai pienerotako un
rekomendjot tas izmantoSanu; piek@j analizti ar pecracgju parbauzu ietkoSanu
saisttie aspekti; sestaj— nowrtets atlases laiks, rekomegjdt optimalo priedei
Latvija; septtaja — analizts selekcijas indekss, rmot uz nepiecieSamajiem
papildirsjumiem atlases pamju iz\ele.

Otraj a nodda detali£ti apraksits pEtijumiem izmantotais matets, lauku darbu
un kametlo darbu metodika.

TreSaja nodda atspogioti anafzes rezultti. Pirmag apakSnoda, analiZjot
produktivitati un kvalifati raksturojoSo pamju gergtisko parametru artibas un to
korelicijas, rekomengti atlases kririji augst\ertigaka materila izvelei otrajam
selekcijas ciklam. Otraj apakSnoda anali#ti genotipa-vides mijiedatbu
raksturojoSie aditaji, ka an no viena vai vaiiku eksperimentu kompleksas amabk
iegutas geretisko parametru &tibas, rekomergjot nepiecieSamogenacgju parbauzu
vietu skaitu. Tresajapak3Snoda veikta teogtisko un emprisko atzihu apkoposana,
planojot rakama selekcijas cikla izpildes alternass un ¥ertgjot selekcijas darba
ekonomiskos aspektus.

Promocijas darba apjomu veido ir 110 lappusesyimdoija apkopota 22 tabag
un 26 attlos; izmantoti 270 literatas avoti.

Zinatniska darba aprobacija

Petijuma rezuliti apkopoti 8 publikcijas, no kuem 4 ievietotas starptautiskos un 4

vietgjos ziratniskajos izdevumos.

1. Baumanis, |, Jansons). (2004) Priezu klonu hibdo pEcnacgju novertgjums.
Mezzimtne, Nr. 14, 28.-37. Ipp.

2. JansonsA. (2005) Distinguish between the effect of of seeaterial and forest
type on Scots pine stand productivity. Proceeding of international scientific
conference Research for Rural Development 200520 of May LLU, Jelgava,
Latvija, pp. 227-233.

3. JanonsA. (2005) Scots Pine Breeding Strategy in Latviastrzt. In: Status,
monitoring and targets for breeding prograrRsoceeding of the meeting of
Nordic tree breeders and forest geneticists, 2A@b15 of September, Syktyivkar,
Russia., pp. 104.
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JansonsA., Baumanis, I., Dreimanis, A., Gailis, A. (2006anability and Genetic
Determination of Scots Pine Quantitative Traitstts¢ Age of 32 Years. In:
Proceeding of international scientific conferenaesBarch for Rural Development
2006 LLU, 17-20 of May, Jelgava, Latvia, pp. 289-295.

JansonsA. (2006) Augstunmiknes izmantoSana parast priedes Pcracsju
parbauzu stdijumos,Mezziritne Nr. 16, 91. — 101. Ipp.

JansonsA., DZerp$, A. (2008) Parass priedesRinus sylvestrid..) fenotipiskie
parametri atkaba no audzes biezuma juvighvecuna. LLU Rakstj Nr. 20, 66.-
75.1pp.

JansonsA. Baumanis, I., Haapanen, M. (2008) Klonu atlasegts priedes 2.
kartas plaricijai Kurzemes zonai un sagaidais gergtiskais ieguvums.
MeZzimtne Nr. 17, 88.-116. Ipp.

Jansons,A. (2008) Genotype-environment interaction in LatviScots pine
growth and quality traits and its impact to progéesting (akcepgts publi€Sanai
starptautisks ziratniskas konferences Research for Rural Development 2008
rakstu kajuma).

Petijuma rezuliti apkopoti 3 ziatnisko projektu prskatos, B ai prezengti 6

starptautiskajs un 2 vietjas ziratniskaps konferengs.

1.

17.-20.05.2005., LLU, Jelgava, Latvija. Retsr ,Distinguish between the effect
of of seed material and forest type on Scots piardsproductivity” starptautisk
konferene ,Research for Rural Development 2005".

13.-15.09.2005. Siktivkara, Krievija. Stenda refer ,Scots Pine Breeding
Strategy in Latvia” starptautiskkonferené ,Status, monitoring and targets for
breeding programs”.

16.03.2006. LLU, Jelgava, Latvija. Refts: ,Parasts priedes mezsaimnieciski
NnoZmigo paZmju varacija un geretiska nosattiba 15 gadu vecuah LLU Meza
fakultates ziratniski praktiskaj konferen€ ,Zinatne un prakse nozaresiafibai”.
06.-10.04.2006. BrnoCehija. Stenda reféts: ,Improvement of Scots Pinéifus
sylvestrisL.) in Latvia” starptautiskmeZsaimnieibas izside ,Silva Regina”.
17.-20.05. 2006. LLU, Jelgava, Latvija. Retsr ,Variability and Genetic
Determination of Scots Pine Quantitative Traits tae Age of 32 Years”
starptautisk konferené ,Research for Rural Development 2006”.
26.-28.09.2007. Umea, Zviedrija. Stenda ratfer,Pollen contamination effect on
growth of Scots pine clone progenies” starptaatikknferené “Seed Orchard
Conference”.

16.-17.04.2008. LLU, Jelgava. Refexr Priedes zarojuma kvaltes uzlaboSana
selekcijas proc@és LLU MeZza fakultites ziriitniski praktiskaj konferené
»Zinatne un prakse nozaresiatibai”.

21.-23.05.2008. LLU, Jelgava, Latvija. Rafsr “Genotype-environment interaction in
Latvian Scots pine growth and quality traits arsl ifnpact to progeny testing”
starptautisk zinatniska konfereng ,Research for Rural Development 2008”.



2. FETIJUMA MATERIALS UN METODIKA

Petijuma ietvaros uzgriti un analizti 22 skdijumi, kuros iekauti Latvijas
parasis priedes pluskoku un kvalitatt mezaudzu koku brapputes pcracgji. Taja
skaii 17 eksperimenti izvietoti Latj(vecums 21-36 gadi, vfh koku saglabSaras
35%) un 5 Zviedr§ (vecums 14-17 gadi, wfh saglalSaras 65%). Stdijumu
apazmeSanai tekst un tabuis lietoti to numuri llglaiggo petniecisko objektu
registra”, kur af atrodama plaka informacija par katru no eksperimentiem (Baumanis
u.c., 2006), k ar ,Zviedrijas meza selekcijas objektusigtra”.

Eksperimenti Latvj ierikoti ar gikotréjo biezumu 5000 koki h (stididanas
atilums 2x1m), Zviedrij: eksperiments Nr. 1111 ar biezumu 2500 kokt, hargjie
stadijumi ar biezumu 6600 koki Ha Lielakaja dda (17 no 22) eksperimentu pirms
uzneriSanas nav veiktas kopSanas cirtes.

Petijuma ieklautajos dtdijumos pavisam Fstaveétas 834 koku hwvapputes
pecnacgju gimenes, kas ir 97% no visa LatipsoSo par 5 gadiem \ie priezu
iedzimtbas prbauzu stdijumu gimegu skaita. Btjjuma ietvaros uzgriti 36400 koki
vecuna no 14 1dz 36 gadiem.

Eksperimentos uzenits katra koka augstumb,(m) un caurrérs 1.3 m augstuan
(d, cm). Eksperimentos Latdijvizuali novertéts stumbra taisnumssl) un zaru
resnums Zb) 3 ballu skad, kur 1 — tievi zari, taisns stumbrs, 3 — resni,zsumbram
vairak neld 1 ikums. Parikumu tiek uzskata novirze no iedoatas vertiklas nijas
gar stumbra malu, kasagsniedz 5 cm. Zaru resnuma Rogjums izdatts relatvi —
saidzinot ar citiem idzga caurmra kokiem konkgta sfdijuma ietvaros.
Eksperimentos Zvied#j koku stumbra taisnumaslf) nowertéSanai izmantota 5 ballu
skala, kur 1 — taisns stumbrs, 5 — stumbrs amkaiela 2 likumiem. Zaru resnums
(zb) nowertets 9 ballu skal, kur 1 —]loti tievi, 9 — loti resni zari. Lieilkaja dda
eksperimentu (20 no 22) uzrits resaka zaraidz 2 m augstumam diamet=d( mm).
Detalakai anaizei (5 eksperimentos) 1.3 m augstumantkajam zaru mieturim, bez
pactliem vai citiem defektiem, uzeniti visi zaru diametri parali stumbra asij, 1 cm
attaluma no & (zd1, mm — resakais zars mietdrzd2, mm — otrs resikais utt.;), k an
izmerits zemaka zda zara augstumshgz, m). No iegitajiem datiem agikinats:
stumbra tilpums t{p, m®) péc |. Liepas (1996) formam, vidgjais zara diametrs
mietui (zdvid, mm), zaru diametru summadsum mm), ka aif zara diametra/stumbra
caurngra attiegba dprocx, %).

Visos apgkinos izmantoti tikai valdaudzes (1.-3. Krafta klpkeku dati, ja nav
noradits citadi. ledzimstartbas koeficients, ko izmanto selekcijas efektagldpam
gadjuma, ja atlase tiek veiktago fenotipa kontratas krustoSanagimenes ietvaros,
tapat gimegu iedzimstartbas koeficients, ko izmanto selekcijas efektaldipam, ja
atlase veikta saska ar ecnacgju parbauzu rezuiitiem, ka ar citi gerstiskie parametri
aprkinati saskaa ar kvantitaivas gergtikas formuém (Falconer, Mackay, 1996; Lu et
al., 2001; Roff, 2001).



Gimenes selekcijas évtiba, kas raksturoas novirzi no eksperimenta \dgs
vértibas, apgkinata, izmantojot SAS proc mixezilutionfunkciju, BLUP (Best Linear
Unbiased Prediction) metodiku (White, Hodge, 1989).

Dispersijas komponenti agkinati ar SAS proc mixed procadi, saskaa ar
aditivu, linearu modeli:

) Y =pAti+D () +HiHfty b (D +ej, 1)
ur

Yik— individuls fenotipisks rarjums;

n— pazmes vidja vertiba vig analiztaja eksperimerit

t — stdijuma vietas (ja eksperimentsilets vaigkas stdijuma viets) ietekme;
b(t); — atlartojuma (sidijuma vietas ietvaros) ietekme;

f— aditva gergetiska efekta gimenes) ietekme;

ftx —  adiiva geretiska efekta gimenes) un atfijuma vietas mijiedafbas ietekme;

fb(t) — aditva gerctiska efekta gimenes) un atiktojuma (sidijuma vietas
ietvaros) mijiedartbas ietekme;
ik — nekontradto (modei neietverto) faktoru ietekme.
Vidgjas geretisko parametru artibas no vaikiem eksperimentiem agkinatas
pec formulas (Haapanen et al., 1997):

Thxwt
x==14H @
w
kur
Xi — geretiska parametra &tiba i-tai eksperimerat
w; — geretiska parametra standaiftidas értiba i-tag eksperimerit

Aprekinot cv, CV, CVy Videjo vertibu starp eksperimentiem izmantgiemenu
iedzimstaribas koeficienta standattida.

K-koeficients, ko izmanto nosakot nepiecieSamo imtthas p@arbauzu
eksperimentu skaitu (Lindgren, 1984), &nats pec formulas:

K=oio,”, 3
kur
o’s—  adilva gerctiska efekta noteiktaisgfmenu) dispersijas komponents;
o’ —  gimenu un sidijuma vietas mijiedafbas dispersijas komponents.

Pamatojoties uz vigpatatiem ekonomiskiem krérijiem, tadiem la tira tagadnes
vertiba (Klemperer, 1996) un pielietojot diferedias pieejas metodi (Ahtikoski, 2000),
izveidots modelis selekcijas alternat safdzinaSanai pc to ekonomisks \ertibas.
Diferencilas pieejas metodesitiba: identifi€ti un apgkinos izmantoti tikai tie
izdevumi un i@&mumi, kuri starp sadizinramajiem variantiem ir akdrigi. Diferencilo
ieguvumu modélveido ar selekcicitu materilu ierikotas mezaudzes papildusijer
un lalika kvaliite saidzinajuma ar dabiski atjaunojuSos meZzaudzi. MeZaudzes
atfisttbas gaita un kopSanas cirSu veikSanas laildléavsaskaa ar prof. P. ZliSa
izstradato modeli tradicioali (augsts 8kotrgjais biezums, &a pirma kopSanas cirte)
un nerktiecigi (zems 38kotngjais biezums vai relati agra pirma kopSanas cirte)
apsaimniekam dazdu boniiSu mezaudm. AtbilstoSi boniltei noteikts rarka
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caurners, [Ec kura paredds kailcirtes izpildes laiks. Sortimentu cenas imehsijas
(garums un tievda caurmars) piepemtas atbilstoSi ,LVM MeZzs” sniegtajai
informacijai (2006. gada cenas), saduksortimentu izakums apgkinats, izmantojot
prof. R. Ozoha izstadato ,Virtualas dastlapas” prototipu. Izmantota konstanta
proporcionala palieliijuma metode, t.i., pieemts, ka neatkagi no koku vecuma
procentdla selekcijas stafpa ir konstanta.

Diferencilas izmaksas ietver &lmaterila, augsnes sagatavoSanas adiSanas
izmaksas, selekcijas darbu izmaksas, &i <seklu plantcijas iefkoSanas un
apsaimniekoSanas izdevumus. Selekcijas darbu apfatnai no alternagam un to
izpildes laiks, kas izmantos &ginos, atspogiots 2.1. un 2.2. tabal

2.1. tabula/ Table 2.1.
Selekcijas materala apjoms atseviku alternativu izpildei
Breeding material needed in different breeding alternatives

Selekcijas alternata /

Materials / Material Breeding alternative

FEN VEG GEN
Gimenu skaits / Number of families 160 160 16
Koku skaitsgimere / Number of trees per family 250 100 12
Kandidati / Number of candidates per family 40 25

Pecnacgji vai rameti / Number of progenies or ramets per
candidate 20 30

FEN — fenotipisk atlase / phenotypic selection; GE— gimenu-klonu atlase / selection
according to family-clone test§EN —gimenu atlase / selection according to family tests.

2.2. tabula / Table 2.2.
Modelt izmantotie selekcijas cikla izpildes laiks (gados)
Time for accomplishment of breeding cycle used in model (years)

Selekcijas alternata /
Posms / Period Breeding alternative
FEN VEG GEN
Rekombiricija’ / Recombinatioh 6 6 6
Stadmaterila ieguve / Raise of test plants 2 4 2
Parbaudes / Testing period 25 12 14
Rekombiracija / Recombination 7
Stadmateriila ieguve / Raise of test plants 2
Parbaudes / Testing period 12
IzverteSana / Evaluation 1 2 2
Kopa / Total 34 24 45

1 _ kontrobta krustoSanagerstiski materiila rekombigSanai / controlled crossing for

recombination of genetic material;
citi sasinajumi ka 2.1. tabud / other abbreviations as in Table 2.1.
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3. REZULTATI
3.1. Atlases krieriji

Atlases krigriju defineSana ir galvenais priekSnofams koku izeélei nakama
selekcijas cikla uzkSanai. Koku produktivitti iespgjams raksturot ar tieSi
uzneramam paZmem — augstumu, caum@ru — vai ap&inamam — stumbra tilpumu,
kraju. Vieglakai produkivu un vienlaikus kvalitatu gimenu atlasei svagi izvélgeties
tadu produktiviites indikatoru, kam ir no selekcijas viedmkpoziiva vai vismaz
iesggjami zema kordalkija ar koku kvaliites parametriem. Kvaiiti raksturojoSo
paZzmju detla anaize Latvijas prieZzu iedzirias grbauzu stdijumos idz Sim nav
veikta, t&u, stdijumu vecumam tuvojoties 1/3 no #oijas perioda un uzkot jaunu
selekcijas ciklu, #a anake ir gan izdaama, gan arnepiecieSama. I2vwtejumam
jasniedz priekSstats par selekcijas darba &j@sp zaru resnuma un citu dabisk
atzaroSass intensiiti nosakoSo pamju uzlaboSam Zarojuma kvalites raksturoSanai
svaigi noteikt mininilo nepiecieSamo uzgramo paimju skaitu.

PaZmei, kas tiek izeleta par galveno atlases krifu, jabat ar iesgjami augstu
iedzimstaribas koeficientu un aditis gerétiskas mainbas varicijas koeficientu. Sie
priekSnosaumi nodroSina iesju veikt uzlabojumus (paaugsiin vai samaziat
pazmes értibu rikamap paaudg) ar selekcijas met@d.

Vertejot produktivititi raksturojoiis paimes (h, d, tilp) redzam, ka augst
iedzimstaribas koeficienta artiba ir koku augstumam (3.1. tabula). Sabar
saglahjas ar tad, ja analigti tiek visu koku dati, tikai absolos skailos
iedzimstaribas koeficienta &rtibas ir zerakas: vidtji eksperimentos Nr. 33, 34, 36,
37, 38, 39, 46, 234, 235, 351 koku augstumam0[20, caurreram H=0.07 un
stumbra tilpumam %0.11. Augstumujpasi valdaudzes kokiem, nizneki citas
produktivitati raksturojods pazmes, ietekrd koku savstargja konkurence, atad &
dispersija ir zermka, reiZ ar to aditva gergtiska efekta noteikt dispersija sastla
proporcionli lielako ddu no kogjas. Tadel predzakai geretiski labako (atraudZgako)
koku atlasei k galveno pauni ieteicams izmantot augstumu.

Kvalitati raksturojoSas pames: stumbra taisnuma iedzimstbhas koeficients 14-
17 gadus vecos eksperimentos, kuripgznowrteta 5 ballu skal, ir idzigs k& stumbra
diametram, t&u 21-36 gadus veco eksperimentu @rukur izmantota 3 ballu skala,
stumbra taisnuma iedzimst#mas koeficients ir aptuveni 2 reizes zd neld
diametram. Tas liecina, ka 3 ballu skahav pietiekama prérai 3s pazmes
nowerteSanai. Bds pats secijums izdadms ar analizjot zaru resnuma néxegjumu 3
ballu skala, kas izmantota 21-36 gadus veco ekspatu grup (3.1. tabula). Taj
pa% laika, izmantojot 9 ballu skalu (14-17 gadus veco ekspaEmtu grug),
iedzimstaribas koeficients zaru resnuma adgjumam balés pat @rsniedz uzrerita
resrika zara iedzimstathas koeficientu. leggamais skaidrojums: zaru resnums &all
tiek nowertéts kompleksi daddas stumbra das, turpret zaru diametrs tiek uzernts
stumbra lejasda (Iidz 2 m augstumam)atad atspogio tikai noteiktu koka augSanas
periodu.
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3.1. tabula / Table 3.1.
Valdaudzes kokugengtisko un fenotipisko parametru vertibas 14 — 36 gadu vecos
priezu iedzimtibas parbauzu stadijumos
Values of genetic and phenotypic parameters of dominant treesin 14-36 year old
Scots pine progeny tests

Nr.’\l(x(a(c;;gs) / P_el}rz;nite/ h(se) i (se) Cw | oy | X s
h 0.38(0.09)] 0.43(0.07) 9p 92 127 28
d 0.19 (0.04)| 0.34(0.06) 114 98 131 26
33, 34, 36, 37, | tilp 0.21(0.04)| 0.35(0.06) 24p 202 0.11 0J5
38, 39, 46, 234, | zd 0.12(0.02)] 026(0.09) 9B 9|3 152 21
235, 351 (21-36)| zdprocx | 0.18 (0.03)) 0.33(0.04) 120 113 1p.6 B.0
zb 0.13(0.02)| 0.26(0.04) 13f 13]9 15 0.2
sb 0.09 (0.03)] 0.22(0.09) 112 144 12 0.4
1217, 1218,
1111, 204A, | zb 0.28 (0.03)| 0.45(0.05)| 18.6 | 14.0| 4.8 1.8
204B
(14-17) sb 0.22 (0.04)| 0.39 (0.04)| 155| 125| 25| 0.8
hzz 0.20(0.07)] 027009 7|8 75 d6 11
z1 0.17 (0.02)] 0.31(0.04) 12]1 1102 123 B.9
28, 30, 31, 32, 41 22 0.17 (0.02)] 0.29(0.09) 125 120 10.8 B5
(27-33) z3 0.12(0.03)] 0.23(0.06) 11j0 12694 | 3.3
zdvid 0.15(0.03)] 0.28(0.09) 115 114 86 £8
zdsum | 0.12(0.01) 0.23(0.04) 125 138 548 19.3
zdprocx | 0.14 (0.04) 0.25(0.0%) 104 10.1 114 R.9

*Eksperimentu Nr.; iekas vecums, gadi / Number of experiments; age, yeatsackets;
PazZmju sasinajumi 2. nodda / Abbreviations of traits in “Materials and Metts3d
h%(se) — iedzimstafhas koeficients (standaltikla) / individual tree heritability (standard error)
h% (se) —gimenu vidgjo vertibu iedzimstarbas koeficients / family heritability;

CVy—
CVpi —
X —

S_

zara 1dz 2 m augstumam
eksperimentos idzigas koku caurgram

aditvas geretiskas mainbas vaticijas koeficients / coefficient of additive geneficiation;
gimenu vidgjo Vertibu fenotipisks varicijas koeficients / coefficient of family mean etion;
videja vertiba / average value;
standartnovirze / standard deviation.

NovertéSanas vecumvisos eksperimentos kokiermdz 2 m augstumam zari jau
nokaltusi, konst&famie zaru caurdri ir maksinilie Safp stumbra posi tadel
izmantojami & kvalitates indikators augstvtigako gimenu un koku atlasei. Reska
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iedzimstdvas koeficienta artibas analiztajos

iedzimstanbas koeficienta artibam.
Analizgjot zaru diametrus vienmietufl (tuvakaja 1.3 m augstumam) konsttd, ka
I1dzigas iedzimstambas koeficientaartibas ir 2 resiko zaru diametriem un visu zaru
vidgjam diametram. Zenka iedzimstaribas koeficienta &rtiba ir tred resraka zara



diametram, kas liecina, ka Sigditajs navisti pientrots koku kvaliites gergtiski
noteikto atgiribu raksturoSanai.

Resnka zaru diametra/stumbra caudra attiegbai vieri no eksperimentu gram
iedzimstaribas koeficients ir zefks un otdi nedaudz augsts nek resrikajam
zaram. $ attiedba ir svargs koku kvaliites &ditajs — ja tiewiki zari ir resakam
stumbram, tas noxg, ka dabisk atzaroSaf@s notiksisaka laika period un,nemot \era
intengvaku radilo pieaugumu, arzara Bta apaugsatrak. Tatad veidosies biaks
bezzaru koksnesaslis un gafka atzarojusies stumbralda

CirSanas vecumbezzaru dias garuma indikators 14-36 gadusaseaudzs ir af
pirma zda zara augstums. Jo jakam kokam zars nokalst, jo valir laika dabisks
atzaroSams procesam -atad auggika varhitiba, ka cirSanas vecun$ zara Eta jau
bus apaugusi. Pirinzaa zara augstuma iedzimstayas koeficients valdaudzes kokiem
27-33 gadu vecos eksperim@lajos sidijumos nedaudz 3Fpsniedz caurgra
iedzimstaribas koeficientu, kas nata uz ie€rojamu selekcijas darba potedioi
efektu 3s pazmes uzlaboSan

Par dabisks atzaroSais procesa intengies indikatoru stumbra lejas ldavar
uzskatt ai zaru skaitu 1.3 m augstumam akgja mietuf: konstagts, ka 14-17 gadus
vecos sdijumos tas ir vidji 7.2, bet 27-33 gadus vecos — 6.1.c0Ta3 raditaja
iedzimstaribas koeficients 21-36 gadus vecos eksperimentos, j&u $ikuSies
dabiskis atzaroSars procesi, ir zems th0.07).

Pussibugimegu vidgjo vertibu iedzimstaribas koeficientu izmanto, akinot
selekcijas efektu, ja atlase notiek balstoties @ezrgeeju parbauzu rezulttiem.
Attiecibas starp 18 parametra &tibam atsevigam pazmem atbilst &m padm
tendeném, kadas jau aprakgtas analizjot iedzimstartbas koeficienta &rtibas. Tad
pad laika redzam, ka pussibgimenu iedzimstartbas koeficientaartibas ir vidji 1.6
reizes auggkas par iedzimstaibas koeficienta arttbam — kas atspoda papildus
ieguvumu no pcnacgju parbauzu izmanto3anagdpasi izteikta % starpba ir koku
kvalitati raksturojodm pazmem.

Zarojuma kvalidti un zirama mera an produktivitati raksturojosis pazmes {paSi
d un tilp) nozmigi var ieteknat atkirigi saglalaSaras raditaji. Augsta saglafisaras ir
svafiga ar no praktisk viedoKa — & pazemina meza atjauno3Sanas izmakyzesi
nemot \era tendenci samazih sakotréjo stdijuma biezumu. SaglaBanos pirmajos
gados nounigi ieteknt tadi ar selekcijas darbu nesaiistaktori ka: stadu un augsnes
sagatavosanas kvalig, stdiSanas laiks unipigums, agrotehnigls kopSanas izpildes
[Tmenis, klimatiskie apskli, ipaSi pirmaj vegeticijas period. Tatu to ieteknd an
geretiski noteika rezistence pret digiem biotiskajiem un abiotiskajiem faktoriem.
Saglalasaras pirmajos gidijuma augSanas gados var oigi ietekn&t koku skaitu
20-30 gadu vecum pientram, viem no sidijumiem (Nr. 34) konstata cieSa
korelacija (r=0.78,a =0.01) starp to pasgimenu koku skaitu 6 un 34 gadu vecam
Tadu, ja nav ziami koku skaita atdribu &loni (kas liek méra var kit ar sidmaterila
geretiskajgm ipadbam nesaigti), tad So paumi nav rekomengams izmantot &
atlases kritriju ari nemot \Era relaivi augsto koku saglaBaris iedzimstartbas
koeficienta ertibu: H=0.24 (vicji no eksperimentiem Nr. 17, 30, 32, 37, 39, 41 un
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1111). Jauno gmcgju parbauzu stdijumu pirmajos augSanas gados rekonsgmds
veikt vairakkarteju koku atmirSanas inventaficju, raksturojot ar galvenos bdaiejas
célonus, bet esoSajos iedziilpds prbauzu stdijumos (kur &du inventarizciju dati
nav saglafjusies) izéleties &du atlases krériju, kas ar koku skaitu thu saisits
iesgEjami mazk.

Sakatbas starp koku skaitu un produktitit raksturojoSiem aditajiem vertétas,
aprkinot gimenu videjo vertibu koreficijas. K@ja cieSi saigta ar koku skaitu
(determinicijas koeficients 30.73), vidji ciesi — ar koku vidjo augstumu @=0.27),
bet \aji — ar koku caurreru un tilpumu (f=0.1). Tatad analiztajos eksperimentos ar
nelielu koku skaitu daZi papildus kokiimenei nodroSigjusi noZmigu kiEjas
parakumu. Tas nommg, ka kogja kraja nav izmantojama 2k atlases Kkririjs.
Valdaudzes koku &ja ar koku skaitu (saglabanos) saiga loti vaji (r’=0.16) un is
saistba ar koku vidjo augstumu, caurénu un tilpumu &t ir zema (f attiedgi 0.22,
0.14 un 0.19), toties sdilsa ar valdaudzes koku iem parametriem ir cieSa?(r
attieagi 0.52 0.96 un 0.98). dpat gimenes vidjam valdaudzes koku augstumam
rakstutga zema korétijas ar s koku skaitu =0.14-0.24), té&u cie$a — ar vigo visu
gimenes koku augstumu?40.87).

Gimenes vidjo vertibu fimen valdaudzes koku augstumam irdesjami zenaka
korelcija ar zaru diametru neékcaurntram vai kopgjai krajai, tau [dzga la
valdaudzes lkijai. Analizjot eksperimentu Nr. 28, 30, 31, 32 datus, konstatka
valdaudzes koku augstuma pozitkorekcija ar zaru resnumu raksturcjo$ pazmem
(zd1, zd2, zd3, zdvid) ir ievojami (vickji 2.8 reizes) ®jaka nek valdaudzes koku
krajai, caurngram vai vicjam stumbra tilpumam. apat valdaudzes koku augstumam
ir ari nedaudz cie&ka negawa korekcija ar zaru diametra/stumbra ca@re attie@bu
un noamigi (4 reizes) cieidka pozitva korekcija ar pirni zda zara augstumu nek
citam produktivi@iti raksturojodm pazmem. Nemot \era, ka selekcijas @rkis ir gan
mezaudzes produktidiies, gan kvalites uzlaboSana,akatlases krériju ieteicams
izvéleties valdaudzes koku augstumu, kam ir rakgiuno selekcijas viedik pozitva
korelacija ar zaru resnumu un dabisk atzaroSais intensiiti raksturojoSajm
pazmém. Koksnes masas &i8bu raksturoSanai stargimerem rekomendjams
izmantot nevis kogjo, bet valdaudzes koku #Hu, kas mazk saistta ar saglafjusos
koku skaitu.

Pilnigaku priekSstatu par atsei$ pazmju geretisko saistbu, titad atlases o
vienas paunes ietekmi uz citu pamju \ertibam rakamap paaudz, sniedzgeretiskas
korekcijas koeficienti (§), kas apkopoti 3.2. tatiulKoku augstuma pozita gergtiska
korelacija ar liekko ddu zaru diametru raksturojgrh paimem (zd, zd2, zd3, zdvid) ir
gandiz 2 reizes ®aka nekd caurngra koreficija ar 3m paimem. Tapat koku
augstuma negata geretiska korekcija ar relaivo zara diametru (zdprocx) ir
ievérojami ciedka nek caurngra koreficija ar So paSu p@mi. Lidziga sakaba
konstatta af 14-17 gadus veco eksperimentu dgrugapat So stdijumu anaize
secirits, ka koku augstuma negat geretiska korekcija ar zaru resnuma nénggjumu
balles ir ciedka neld caurngram.
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3.2. tabula / Table 3.2.

Gengtiskas korelacijas koeficienti produktivit ati un kvalit ati raksturojoSo

pazmju veérttbam parastas priedes iedzimtbas parbauzu stadijumos 27-33 gadu

vecunma

Genetic correlation among traitsin 27-33 year old Scots pine progeny trials

Eksperimentu Nr. / Experiments Nf. P?_Z;Zi]f/ h d

d 0.90 (0.03)
hzz 0.94 (0.02) 0.76 (0.07)
z1 0.53 (0.27) 0.49 (0.38)
z2 0.41 (0.31) 0.85 (0.22)

28,30, 31,32, 41 23 0.33 (0.42) 0.79 (0.05)
zdvid 0.53 (0.28) 0.94 (0.15)
zdsum 0.47 (0.32) 0.30 (0.35)
zdprocx -0.63 (0.05) 0.17 (0.43)

lekavas standartkida / Standard error in brackets

Pirma zda zara augstums ar koka l&@ augstumu korél cie$k nela ar
caurneru. Gara stumbra ¢ lidz pirmajam zmjam zaram jaunaudzes vecurn
nozmiga, jo palielina varitibu iedit galiku bezzaru zonu cirSanas vedajnkas ir
viens no galvenajiem priedes stumbgatibu noteicoSajiemaditajiem. Tap pad laika
gar$ zgais vainags nodroSina lidu radilo pieaugumu, reiz ar to af atraku zaru
vietu aizaugSanu.atg] atlases procaspriekSroka dodamgimerem ar liebku koggjo
augstumu un pirtn zda zara augstumu, pat gadna, ja to zd vaihaga garums
aiznem relalvi lielaku ddu no koku kopja garuma. Tpat cieSa negata koreficija
konstagta starp pirra zda zara augstumu un zara diametra/stumbra czrarattiegbu
(r==-0.72), kas papildus akcentepiecieSaifiu atlagd kokus ar relatvi tieviem zariem,
tadejadi veicinot intens/u dabisko atzaroSanos. Samn ciedi negaiva gergtiska
korelicija konstatta af starp z@ vainaga relavo garumu un zaru skaitu mietur
stumbra lejas da (r, =-0.62), kas atbilst ar ieprieks izteiktajai atdj ka garS Zais
vainags veicina atmiruso zaru vietu aizaugSanu.

Gergtiska korekcija starp zaru resnumu raksturojadajpaimem (zd1, zd2, zd3,
zdvid, zdsum, zdprocx) 27-33 gadus veco eksperimgnifz ir cieSa (5=0.71-0.99).
Lidzigi 14-17 gadus vecajos eksperimentos kogistatieSa geretiska korehcija
(rs=0.77) visa koka zaru resnuma adgumam 9 ballu skalar resaka zara idz 2 m
augstumam diametru. Tas liecina, ka B#anzara idz 2 m augstumam diametru
iesggjams izmantot & indikatoru kogja koka zaru resnuma raksturoSanai.

Atlases krigriju izvéles ietekmi un selekcijas darba potaf@i rezulatu
vispilnigak atspogilp selekcijas efekts. Svgr nowerteét & raditaja \ertibu pie 10%
atlases intendgites, kas, balstoties uz pieefmmaterila apjomu, vadtu bit reala,
iesggjami izmantojama izvéloties kokus &klu planfciju iertkoSanai. Apgkinats
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selekcijas efekts atlasei starp sec kokiem, ko pamato goracgju parbauzu
izmeginajumu rezulgti.

Veicot atlasi tieSi (tikai gc vienas izelétas paimes), konstats, ka selekcijas
efekts Ag%) zaru resnumu raksturofw8 paimem (zd, zd1, zd2, zd3, zdvid, zdsum)
svarstas no 8.4 1dz 12.4% (vidji 11.1%), kas ir idzgi ka koku augstumam (9.4-
13.8%) un caurgram (8.5-11.5%). Proceriids zara diametra/stumbra ca@ra
attieabas un augstumadz pirmajam zkjam zaram selekcijas efekts ir Z&® nek
zaru diametru raksturoja®h pazmem (Ag=7%).

Veicot atlasi pc koku augstuma, selekcijas efekts kgjodai pazmei (Acg) — zara
diametram — ir zesks, nek veicot atlasi pc caurndra (attie@gi videji 6.5 un 7.7%),
iznemot resaka zara diametru 1.3 m augstumam @keja mietud. Tapat atlase §c
koku augstuma nodroSina noEgu resi@ka zara diametra/stumbra cauima attietbas
samaziasanos (vidji Acg= -10.5%), augsku pirmo zdo zaru (vidji Acg= 8.9%) un
zeniku balkEs norteto vispargjo zaru resnumu (Vg Acg= -11.7%), kas ir namigi
priekSnoteikumi sekfgam dabisks atzaroSaas procesam. Migos atzaroSas
indikatorus atlasege caurngra ietekn@ maz. Stumbra taisnumu atlaséc caurngra
vai augstuma ietekénlidzgi: 14-17 gadus vecosasijumos no selekcijas viedtk
negaivi, 21-36 gadus vecos — paxit (samazinot vidjo nowertgjumu atla®ajam
gimerem satdzimajuma ar visu selekcijas popadiju). Veakajos eksperimentos (21-36
gadi), kur caurrgra un stumbra tilpuma iedzimstaéimas koeficientu &tibas ir zemas,
konstatts, ka atlase & koku augstuma nodroSinamspazmem (d un tilp) augsku
selekcijas efektu nakie& atlase.

No ieprieks teikt secirams, ka atlase ¢ koku augstuma nodroSina makaim
selekcijas efektu produktivites parametriem (h, d, tilp),akaf atseviku zarojuma
kvalitates parametru (dzprocx, hzz, zb) uzlaboSanos. &flemd palielias af zaru
resnums stumbra lejasldatatu ne tik liek mera, ka veicot atlasi pc caurndra. Tadgl
ka galveno atlases keiju ieteicams izmantot koku augstumu. Lai nodragin
vérttbas samazijumu zaru diametram stumbra lejadeka papildus krigriju
rekomendjams izmantot resika zara idz 2 m augstumam diametru.apat
nepiecieSams iz&jt no turpnaka selekcijas darba kokus aklimainiem stumbriem.

3.2. Genotipa-vides mijiedarliba

Lielaka dda (73%) no analitajiem priezu iedzinibas @rbauzu stdijumiem
izvietoti 3 meza tipos sais minedlaugsis (SI, Mr, Ln). Pamatojoties uz $So
eksperimentu rezditiem, iz\Eletie koki tiek izmantoti 8klu plantcijas, kas paredzas
visam priedes &diSanai pierdrotam platbam, t.i., 10 meza tipos.agem \era, ka
zinamas atRiribas padiv afi starp nogabaliem viena meZa tipa ietvar@asak starp
stadiSanas gadiem.

Koku kvalitati un produktiviiti raksturo kvantitavas (liela skaita @nu
kompleksas ietekmes noteik) pazmes. lespams, ka vienu un to pasu
produktivitates imeni (ko raksturo, piednam, koku augstums konstanvecunz)
atXkirigos apsiklos nodroSina dadu ggnu iedarfiba. Tade] nepiecieSams noskaidrot,
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vai atsevikos meza tipos atlass laklmkas gimenes ks piengrotakas meza
atjaunoSanai acitos apsiklos.

Gimenu rangu koreicijas anaize starp eksperimentiem Nr. 34 un Nr. 234 lieciaa p
potencili nozimigu genotipa-vides mijiedattias ietekmi uz rezuaitiem iedzimibas
parbauzu stdijumos. s ietekmes delai anafzei izmantoti kopur 10 eksperimentu
pari ar vismaz 25 kojgam gimerem (kopgo, anaize ietverto,gimenu skaits naadits
iekavas) Nr. 34-Nr.234 (30); Nr. 36- Nr.39 (27); Nr. 38:B9 (27); Nr. 41- Nr.235
(34); Nr. 39-Nr.235 (48); Nr. 28-Nr.29 (234)afat apekinos izmantots viens 80 koku
brivapputes pcracgju gimepu stdijums 3 vieis (Nr. 30, 31 un 32). Kviens no
verteSanas kritrijiem izveleta B-tipa geretiska korekcija — noteikta pames ‘értibu
korelcija vieram un &m padm pecnacgju gimerem dazdas shdiSanas vieis.
Analizes rezultti liecina, ka B-tipageretiskas korekcijas \ertibas valdaudzes koku
augstumam ir augstas,£0.80-0.89), kas nada uz nelielugergetiska ieguvuma
samazigjumu, atlasi veicot vien eksperimemnt, bet rezulitus izmantojot citam
eksperimentam atbilstoSos ajidbs (3.3. tabula). Koku causmam B-tipageretiska
korelacijas \ertibas ir ie¥rojami zenakas (;=0.26-0.86) nek augstumam. Jo zeks

ir iedzimstaribas koeficients, jo vaik gimenu vidgjas \ertibas dotajai pamei
ietekme nejausi (ngeretiski) faktori, tidefadi samazinot vaiditibu iedit augstu
korekciju starp sidijumu vieam. Tas liecina, ka tikai ar kvalitau eksperimentu
rezulitiem pamatotas ,r vertibas ir izmantojamas éinuma piaemSanai par
nepiecieSamo eksperimentu skaitu vai atgevgelekcijas r@onu izdaiSanu.

Zaru resnumam (zd, zdl, zd2, zd3) koresiat B-tipa geretiskas korehcijas
vertibas (p=0.55-0.61), ir ze@kas nek koku augstumam. Ginm zaru resnumu
raksturojodm pazmem (zdvid, zdsum),rir 0.45-0.46. No kvalittes pazmem ausiko
rangu koredciju dazdos augSanas apklos uzida stumbra taisnums,£0.83), no &
var seciat, ka So pauni vides apdikli ieteknE mazk neld zaru resnumu
raksturojods. ApEkinos, izmantojot visu koku datus, i€gs B-tipa gergtiskas
korekcijas \ertibas ir zerakas nek lietojot tikai valdaudzes koku datupasi izteikta
§i starpba ir resiika zara diametra/stumbra ca@ra attie@bai (zdprocx): ¢ attiedgi
0.57 un 0.82.

Gimegu selekcijas &rtibu korekcijas koeficienti starp atijumu vieam ir
aptuveni 2 reizes zeaki par B-tipageretiskas korefcijas \&ertibam, turkht izteiktaka
8 starpba ir tieSi zaru resnumu raksturgjos paimem. Zemas selekcijas &tibu
korekcijas liecina par nepiecieSanu, iz\eloties mateilu ssklu plangciju ierikoSanai
un selekcijas darba turgianai, izmantot inforatiju no vaikiem pECnacgju
parbauzu stdijumiem atgirigas viets.

17



3.3. tabula / Table 3.3.
Genotipa-vides mijiedarkabas indikatori 21-36 gadus vecos parass priedes
iedzimtibas parbauzu stadijumos
I ndicators of genotype-environment interaction in 21-36 year old Scots pine progeny

trials
Selekcijas ertibu Gergtiskas
Eksperi- korehcijas korehcijas Selekcijas efekta
mentu Nr./ | Paime / koeficients / koeficients (rb) /| samazigjums, %*
Experiments|  Trait Coefficient of Coefficient of / Reduction of
Nr. correlation for genetic genetic gain, %*
breeding values | correlation (rb)
h 0.42 0.76 30
28,29,34, | d 0.22 0.43 61
36, 38, 39, | tilp 0.32 0.38 61
41, 234, 235| zd 0.17 0.55 75
zdprocx 0.27 0.82 65
h 0.43 0.89 19
d 0.26 0.86 43
tilp 0.29 0.67 N
hzz 0.26 N 27
z1 0.20 0.56 50
30,31, 32 z2 0.18 0.60 N
z3 0.15 0.61 N
zdvid 0.15 0.46 59
zdsum 0.12 0.45 62
zdprocx 0.24 N 56

* selekcijas efekta samazjnms, %, izmantojot tikai 3 (eksperimentiem Nr. 3Q, 32) vai 2
(pargjiem eksperimentiem) aijumu vietas satlzinajuma ar bezgabi daudzu eksperimenta
vietu izmantoSanu, afiinats saskaa ar Xie (2003) / Reduction of genetic gain due $e of
only 3 (in case of data from experiments 20, 3),82nly 2 (in all other experiments) planting
sites in comparison with utilization of infinite mibber of experimental sites, calculated according
to Xie (2003).

N — parametrs nav agkinams / parameter can not be calculated.

Izmantojot tikai 2 stdijuma vietas, selekcijas efekta samagims valdaudzes
koku augstumam ir 30%, sdrinot ar selekcijas efektu nada eksperimentu skaita,
kas aptvertu visu pgona parstavéto augsnes un klimatisko apkiu dazdibu.
Aprekinus veicot pc visu koku datiem, selekcijas efekta samamims ir ieErojami
lielaks — 49%. Mazka ietekme tikai 2 eksperimenta vietu izmantoSanaiz koku
augstuma selekcijas efektu 14-17 gadus veadijsiu gruf@ (samazigjums 26%).
Vairaku s&dijumu vietu izmanto3ana reducgergtiska ieguvuma samazijumu.
Vecako eksperimentu (21-36 gadi) dati liecina, ka, intogot 2 vai 3 stdijumu vietas,
zaru resnumu raksturojoSo pau sagaidmais selekcijas efekta samagjirms nav
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maziks par 50%, taj pa% laika 14-17 gathos eksperimentos rema zara diametra
geretiska ieguvuma samazijums, anakei izmantojot tikai 2 adijumus, ir idzgs la
koku augstumam (24%). Tas apstiprina jau ieprietdizeto sakaibu, ka zarojumu
raksturojods paimes jitigi rege uz atkirigu konkurences apiu ietekmi, kas
apgftina geretiski noteikto atgiribu konstaSanu vegkajos sidijumos. No K&
secimims, ka pretzaku rezulitu iegiSanai iedzintbas prbauzu stdijumi batu
iertkojami vismaz 4 vidis.

NepiecieSamo iedzinifas @arbauzu vietu sakaitu Lindgren (1984) rekomend
noteikt, izmantojot K-koeficientagvtibu. Latvijas parasto priezuastjumos K \ertiba
koku augstumam ir vigi 0.34 (swvrstas no 0.2 idz 0.6), kas liecina par tikai 1
stadijuma vietas nepiecieSabu. Koku caurreram 14-17 gadus vecos eksperimentos
un stdijumos Nr. 30, 31, 32 koeficienta Keniba ir idziga, bet vegkajos sidijumos
K=4.5, fitad S&j gadjuma izmantojamas 3 eksperimentu vietas.

Zema K \értiba ir pirma zda zara augstumam (Mg 0.1) un zaru skaitam mietur
(vidgji 0.2), augsika — stumbra tilpumam (véfl 1.4) un zaru resnumu raksturojoSiem
parametriem (vigi 1.7), kas liecina par nepiecieS#am parbaudes veikt vismaz 2
eksperimenta viés. Gan kvaliti, gan produktiviiti raksturojoSo parametru grig
(iznemot koku augstumu) Kertiba vismaz 1 eksperimentuirpm parsniedz 2, kas
liecina par nepiecieSabu izmantot vismaz 2 &tijumu vietas. \értgjot Latvijas priezu
iedzimtbas prbauzu stdijumu rezulitus, ppem \era, ka neviea gadjuma
eksperimentu igkoSanai nav izmantotas plaas slagjs vai Kidras augsts, kas,
iesggjams, atRiribas palielidtu. Rezulitu interpreiciju saregi an tas, ka atlase tiek
veikta [Ec vairakam pazmem, ka af ir grati preazi noteikt pilmgu kada [Ecracgju
parbauzu stdijuma zaudSanas variitibu biotisku vai abiotisku faktoru ietekmes
rezulta. Balstoties uz faktu matatu un mirgtajiem argumentiem, var seéin ka
pecraceju parbauzu stdijjumus nepiecieSams ik&ot vismaz 4 vidts. Ja izeléta kada
no 2 pakpju selekcijas skmam, tad pirmaj etap — fenotipiski lalako kandiditu
atlag gimenu ietvaros —izmantojamas 1-Zidfjuma vietas, bet ligks stidijuma vietu
skaits (4-6) nepiecieSams tieSi oirajafm — kandiditu iedzimitbas @rbaudcm.

ledzimstaribas koeficienta &rtibas ir atkaigas ne tikai no eksperimentu vecuma,
dizaina u.c. aditajiem, bet ar no eksperimentu skaita. Viena eksperimenta ies/aro
aprkinatas iedzimstanbas koeficientaartibas vaiskuma gadjumu parsniedz s, kas
aprkinatas veicot vaitku sadijumu kompleksu andi: valdaudzes koku augstumam
par vicji 25%, caurndram un stumbra tilpumam — &l attiecigi 67% un 72%.
Aprekinos izmantojot visu koku datus, i#@gs starfbas ir idzigas (augstumam 21%,
caurngram 68%, stumbra tilpumam 92%). Viena eksperim@ttaros, iekaujot visu
koku datus, apkinatas resi@ka zara diametra un zara diametra/stumbra caam
attieabas iedzimstaibas koeficienta artibas ir vicji attieagi par 86% un 77%
augsikas nek uz vaiaku eksperimentu kompleksas amek balstas, bet, izmantojot
tikai valdaudzes koku datus, starpba ir attiedgi 78% un 39%. Citm zaru resnumu
raksturojo8m paZmem anali£tas iedzimstanibas koeficientu ak¥ribas @rsniedz 2
reizes, tau zaru skaitam mietuun pirng zaa zara augstumanag ir nelielas. Seit
apraksitas videjas atseviku eksperimentu un vaku sadijumu kompleksas anakes
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atkirtbas produktiviti raksturojodm pazmém vairuna gadjumu un kvalifti

raksturojoSam atsevifos gadiumos (hzz, zdprocx) n@gsniedz iedzimstathas
koeficienta standarfiidas ‘értibu. Bitiskas vidjas at&iribas konstatas zaru
diametru raksturoj@$n paimem (z1, z2, z3, zdvid, zdsum). Thapad laika svalgi

atcekties, ka maksilas novirzes, izmantojot tikai viena eksperimentausdatir
ieverojami lielakas nek apraksitas vidgjas (3.1. att.).

Augstas iedzimstathas koeficienta artibas viena &tiijuma ietvaros var it
saisttas ar noumigam at&kirtbam gimenu notuiba pret noteiktuargjas vides faktoru,
pieneram, dnu bogjumiem. Ja adas atkiribas ir, tad, i@kojot eksperimentu viét
kur augsts lmu popukcijas bivums, selekcijas staifpas starpsimerem bis izteiktas
un iedzimstarbas koeficients augsts. Turgretta regiona, kur So davnieku skaits ir
neliels, iedzimstambas Kkoeficients #s zenmaks. AnaliZjot pientra minctajos
apstklos iefkotos eksperimentus kagkompleksi), fau boajumu noamiga ietekme
uz at¥iribam starpgimerem tikai viera stdijuma atspoglosies & genotipa-vides
mijiedariiba. Reiz ar to kompleks anaizé iegiata iedzimstartbas koeficienta artiba
buis mazka nek katra eksperimenta viatatsevigi, tatu preGzak raksturos raéo
situaciju, kas ir svaigi, izmantojot selekcijas darba reztlts prak8 — meza
atjaunoSamdazdos apstklos.

Gimegu vidgjo vertibu iedzimstanbas koeficents ir i@rojami augstks, ja
apekini veikti kompleksi — analigot vairakus, ne tikai vienu eksperimentu.
Likumsakarba ir sgka gadjumos, kad apkinos izmantoti visu koku dati,akar tad,
ja anaizei iz\el&ti tikai valdaudzes koki. atad, iefkojot pecracgju parbaudes vaitkas
eksperimenta vies, latako gimenu atlases precizte ir augsika.

Izteikto apgalvojumu, ka vienaasijuma ietvaros aidribas starpgimerem ir
augsikas, nek kompleksi @rtgjot vairakus eksperimentus, apstiprina fakts,gkaenu
videjo vertibu fenotipisiks varicijas koeficients viena eksperimenta ietvaros
produktivitati raksturojodm pazmem par ir 60% augsks un kvalifiti raksturojoim
paZzmem aptuveni 2 reizesapsniedz vaiiku eksperimentu kompleksnaize iegato.
Lidzaga tendence &ojama at Veértgjot adifivas geretiskais mainbas varicijas
koeficientu (cy), kas ir selekcijas darba poteiiaiefekta indikators. Vienasasfijuma
vietas ietvaros apkinatas cv, vertibas @rsniedz no vaiiku eksperimentu kompleksas
anaizes ie@tas: koku augstumam par @i 12%, caurmdram un stumbra tilpumam
par — 30%, zaru resnumu raksturoj@dajpaimem — par 50%, zara diametra/stumbra
caurnera attiebai — par 10%.ahem \era, ka ar §s ir tikai vikjas at&iribas — itad
starpbas atsevigs gagiumos var It an ieverojami lielakas.
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eksperimenta Nr. 30 dati / data from experiment3Qr.
eksperimenta Nr. 31 dati / data from experiment3dr.
eksperimenta Nr. 32 dati / data from experiment3gr.
kompleksa visu 3 eksperimentu amal/ joint analysis of all 3 experiments.
3.1. att. ledzimstanibas koeficienta ¥rtibas 27 gadus vecos paras priedes
pecnaceju parbauzu stadijumos
Fig. 3.1. Individual tree heritabilitiesin 27 year old Scots pine progeny tests

Hre

Safdzinot iedzimstanbas koeficientu # un pussibugimenu vidgjo vertibu
iedzimstartbas koeficientu (f), redzam, ka zarojuma kvalies uzlaboSanai, veicot
atlasi @c pecrmaceju parbauzu rezufitiem, ir idzigas iespjas K& produktiviaites
parametru §rtibu paaugsti#iSanai: izmantojot vaiku stdijumu kompleksas anaks
datus, R valdaudzes koku h, d, tilp ir i 0.63, zaru resnumu raksturojodiaj
pazmeém (zd, z1, z2, z3, zdvid, zdsum) — 0.53, ejam zara diametram (zdprocx) —
0.58. lidziga tendence neéwjama anakei izmantojot visu koku datus (3.2. att.). & aj
pad laika, veicot atlasi starp geracgjiem gimepu ietvaros (pc fenotipa),
produktivitati raksturojoSo pamju \ertibas {pasi koku augstumu) ie§ams ietekrat
ievérojami vaik nela zarojumu raksturojoso pemju Vertibas: K valdaudzes kokiem
ir attiedgi 0.21 un 0.09. Sie rezatt saskan ar ieprieks apraitet ka produktivigti
raksturojods pazmes, ipaSi koku augstumu, malz neld zarojumu raksturojas
pazmes ietekra nevienmdriga saglabSaris vai augsnes aubhs atRiribas.

Dati liecina: lai selekcijas procesoamigi uzlabotu ne tikai produktiviti, bet ar
zarojuma kvaldti raksturojods paimes, nepiecieSams izmantot rezwis no
vairakam stdiSanas vieim, ka an atlasi pamatot argsnacgju parbauzu stdijumu
rezul&tiem.
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valdaudzes koku dati no viena eksperimenta / data dominant trees, single experiment;
valdaudzes koku dati, agkins no 2 eksperimentiem / data from dominant trg¢est
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3.2. attels. Gimenu vidgjo vertibu iedzimstanibas koeficients 21-36 gadus vecos
parastas priedes iedzimtbas parbauzu stadijumos
Fig. 3.2. Family heritabilitiesin 21-36 year old Scots pine progeny tests

|

Izmantojot vaiiikas sidiSanas vietas un, ja iggams, af sadijumu iefkoSanas
gadus, zemka ir varhitiba zaudt visa darba rezuitus kadu ekstemu klimatisku
faktoru vai cihneka darfibas rezuftta. Turklat &di var nortet aim konkietu faktoru
ietekmi uz gimegu ranZjumu. Nemot \&ra prognozes par sagaiagm glokalajam
klimata apstklu izmaham rakotre, koggja gimenu ranZjuma veidoSah rezulétiem
no sfdijuma ar attietgo apsiklu kombiraciju iesggjams piegirt augsiiku vertibu
(koeficientu), idgjadi atlasot paredzamajiem afiidiem piengrotaku materilu.

3.3. Ekonomiskais ert &jums

Ekonomisk anaize vienoi sisema apvieno selekcijas darbusskii plangciju
iertkoSanu, apsaimniekoSanu; &1 gala produktu — mezaudzi. Matgtiskais modelis
paredzts viena selekcijas cikla nentéSanai, pc kontroEtas krustoSanas Sdkinot 3
alternaivas koku atlaseie&lu planticijam un selekcijas darba turgsanai:

1) fenotipiski (FEN) atlase tiek veikta kont@tfis krustoSanasepracgju gimenu
ietvaros pc koku fenotipa;
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2) gimegu-klonu (VEK;) atlases gaguma katras kontraitas krustoSanagimenes
ietvaros tiek iz@leti kandidati, veikta to veetaiva pavairoSana, klaio
iedzimibas @rbauzu ietkoSana un § So @rbauzu rezufitiem lataka
kandidita (1 no katragimenes) atlase;

3) gimenu (GEN) atlases gajima katras kontrditas krustoSanagimenes ietvaros
tiek izweleti kandidhti, veikta to ziedSanas stim@Bana &klu ieguvei un
brivapputes gcnacgju iedzimibas prbauzu stdijumu iefkoSanai. Labka
kandidita atlase tiek veiktage So prbauzu rezuiitiem.

Turpnek tekst atirigie atlases gagimi (FEN, VEG, GEN) tiks apzmgti ka
selekcijas alternatas, jo anakes markis ir izraudities vienu no tiem akana (otra)
selekcijas cikla izpildei.

Modelis veidots vienam pilnam selekcijas ciklamtas ietver:

1) kontrokto krustoSanu (matata atlasi, identifiliciju, ziecSanas fenolgjas
noverojumus, puteksu ievakSanu, krustoSanugldu ievakSanu);

2) pecrmacgju parbauzu ieikoSanu (plabu izweli, markéSanu, augsnes
sagatavoSanu, asfiSanu stdu identifikaciju, saglaSaras kareSanu, stdijuma
papildinraSanu, plabu stacioaro makeSanu);

3) pecnacgju parbauzu kopSanu (saskear meZsaimniecisko darbu praksi);

4) pecracgju parbauzu uzrariSanu (ieskaitot datu ievadi un apsij.

Konstatts, ka sklu plantcijas izmaksu diskostas \ertibas 2-6 reizesapsniedz
selekcijas izdevumu diskaitss \ertibas, reiz ar to planicijas optinalais razoSanas
laiks ir samgra 1ss (apraram 20 gadi). Turkit, jo augsiks selekcijas efekts un lia
platba tiek izmantots no plaatiju ssklam ieditais sidmaterils, jo 1saks ir sklu
planticijas optinalais izmantoSanas periodstrak atmaksgjas ieguldtie fidzeKi un
izdevigaka ir eso8s nomapa ar jaunu — augiitas uzlabojuma pakes plariciju.
Tade] ai jaunas &klu plantcijas ieftkoSana ginota vienlaikus ar selekcijas cikla
pabeigSanu. @ raZzoSanaaksies (iespja no €klam iedit pirmos sidus) — gc 12
gadiem. Tas namg, ka €klu ieguves nefrtraukibas nodroSiisanai jauna plaatija
jaieriko 12 gadus pirms vas planicijas izmantoSanasagraukSanas, Sajperiodi
uzturot gan jauno,d nerazojoso, gan veco, razojoso piaijt (3.3. att.).

Aprekinos pimemts, ka papildus izmaksas, idalnot ar dabisko atjaunosanos,
ietver: uzlabota stimaterila cenu, augsnes sagatavoSanadidanu, 2 papildus
agrotehnisks kopSanas. &imaterila cena palieliaita &, lai ar &s paidzibu 10 gadu
periodi (diskonta likme 11%) pie esbdriezu sidu razoSanas apjoma nosegtu
selekcijas darba ureldu plantciju iertkoSanas un uzte$anas diskogtas izmaksas.
Reiz ar to gala rezuita (mezaudg) apekinata diferenciila starpiba ir mezapasnieka
diferencilais ieguvums (paa vai samaziati zauctjumi), kaner stadu audztajam un
selekcijas procesa uztijam tas nerada papildus izdevumus, bet aedod
ienakumus. KopSana un papildana atsevi®s gadjlumos var kit nepiecieSama ar
platbas ar dabisko atjaunoSanosguatas navpemts éra. Tadejadi modet tiek
safdzinaita maksinla izmaksu affiriba: starp atjaunoSanu adbt un dabisko
atjaunoSanos.

23



leriko jaunu plariciju / Plantcija sk razot /
Establishment of new seed orchardStart of seed
l production in orchard

Plangciju cikls /

Seed orchard cycle | R
Selekcijas cikls / | | 12  laiks, gadi/
Breeding cycle time, years

Sakas jauns selekcijas cikls /
New breeding cycle begins
*selekcijas cikla garums (24 gadi) pemts atbilstoSi gimegu-klonu atlasei (VE)
nepiecieSamajam / length of breeding cycle (24 sjeas necessary for selection according to
family-clone tests (VE).
3.3. atiels. Selekcijas cikla un &klu plantaciju ierikoSanas cikla sasaiste
Fig. 3.3. Connection between breeding cycle and seed orchard cycle

Aprekinot iegistamo papildus Eju no meZaudzes, kas atjaunota ar selelgtion
materilu, safdzinagjuma ar dabiski atjaunojuSos mezaudaemts ¥éra gan tieSi 2.
selekcijas cild sasniegtais, gan jau 1. dkliegitais selekcijas efekts. Pirmaaj
selekcijas cild iegutais efekts Kijai pienemts 15% (Baumanis u.c., 2002). Ja 2.
selekcijas cikd tieSi ieditais selekcijas efekts ir, pi@mam, 20%, tad kojais,
aprkinos izmantotais, ir 20%+15%=35%.

Tabuls 3.4., 3.5., un 3.6. atspdgta tieSi 2. selekcijas cikliegita selekcijas
efekta rtiba.

Diferencila ieguvuma @rtibu ietekng vairaki faktori, viens no tiem ir borite.
Augstikas bonitites plaibas diferencilais ieguvums no 1 ha ir lighs nekd zentkas
bonitates platbas (3.4. tabula). Tas nome, ka auggtka augsnes produktigie ne tikai
nodroSina stradku meZaudzes augSanu, bet palielina selekcijas darba paxid
rezulatu. Tapat redzams, ka, neatkgir no bonifites un izmantas selekcijas
alternatvas, diferendlais ieguvums mrktiecigi apsaimniekdls meZaudes
(kombirgjot selekcijas un mezkdipas darba efektu) ir i€wojami (vickji gandiiz 2
reizes) auggks neld tradiciorali apsaimniekats. Saldzinot selekcijas alternahs
redzam, ka visos ggdmos augdgikais diferendlais ieguvums tiek sasniegts, izmantojot
klonu ecracgju parbaudes (VE).

Gimequ-klonu atlase (,VE” selekcijas altern@a) izmantota, nartgjot atikiriga
selekcijas efekta un diskonta likmes (%) ietekmdiferencéla ieguvuma ertibu (3.5.
tabula). Tabulas sastiSanai vidjais diferencilais ieguvums agkinats no katras
atsevikas boniites diferencila ieguvuma proporciai tas parstavnieabai kofgja
izcirtumu platba 2001. — 2007. gad
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3.4. tabula / Table 3.4.
Diferencialais ieguvums Ls h& no krajas un kvalitates uzlabojuma da#das
bonitates aud#s
Differential gain Lsha™ from improvement of yield and quality in stands of
different yield classes

Selekcijas efekts 15% Selekcijas efekts 25%

Mezkopbas modelis / | Genetic gain 15% | / Genetic gain 25%

Silvicultural model

Bonitate* /
Yield class?

FEN | VEG | GEN | FEN | VE; | GEN
tradicioralais / traditional I 48 56 30 114 147 79
merktiecigais / targeted 106 134 72 227 297 160
tradicioralais / traditional 0 71 87 47 159 204 11D
merktiecigais / targeted 90 113 60 295 388 208
tradicioralais / traditional | 71 88 47 169 214 11
merktiecigais / targeted 133 170 91 338 446 240

*bonitate pimemta Kk nogabala apaklus raksturojoSs parametrs un nav rmaiselekcijas efekta
rezul&ta / yield class according to classification used_avia, where | — best (highest); V —

worst (lowest); in this case used to classify gitality and not changed in calculations as result
of height growth improvement;

pienemts, ka &klu plantcijas razoSanas (un igk8anas) periods ir 24 gadi un ik gadas t
pecnacgjus izmanto 1000 ha meZa atjaunoSanai / assumegdsekds production (and collection)

in orchard continues for 24 years and plants frbesé¢ seeds are used to regenerate 1000 ha
annually.

Konstatts, ka gan tradiciati, gan nerktiecigi apsaimniekoto mezaudzu gaupie
5% diskonta likmes difereraais ieguvums # ir pozitivs, bet pie augskas likmes
vairs re. Likumsakaiba ir sigka an fenotipiskis ungimenu atlases gapima, turklat
relafvi inerta pret atg§rigam selekcijas efektagvtibam.

Nemot \&ra, ka izmantoti tikai diferenalie iepemumi un izdevumi (bet ne visi),
pozifiva \ertiba pie 5% likmes nentmé, ka, izmantojot selekci@u materilu,
iesggjams mezsaimnigbas cikli pelnt 5% gad, bet gan, ka pat pie 5% likmes
selekciogta stidmaterila izmantoSana mezapaSniekam ir izdagaka (mazki
zaudtjumi vai lielaka pdna) nek pdausafs uz dabisko meza atjaunoSanos.

Gimegu lielumi un @cmacgju parbauzu laiki (2.1., 2.2. tabula) &i§gam
selekcijas alternatam iz\el&ti ta, lai maksimiztu ieguvumu no 1 selekcijas darba
gada, ide] absoiitas gergtiska ieguvuma ertibas ir atgirigas. Daidu alternawu
savstarpja saidzinaSana veikta pie 20%ergetiska ieguvumaGEN alternatvai, nolasot
atbilstodis selekcijas efektaeribas FEN (13%), un V& (20%) alternavai no
datorprogrammas (Danusevicius, Lindgren, 2002)n3ielekcijas efektiem atbilstss
vértibas izmantotas selekcijas altefaatsavstargai saidzinaSanai (3.6. tabula).
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3. 5. tabula / Table 3.5.
Diferencialais ieguvums Ls h& no papildus krajas saisiba ar diskonta likmi un
selekcijas efektu
Differential gain Lsha™ from improvement of yield in relation to from discount rate
and genetic gain values

MeZkopbas modelis / r Selekcijas efekts, % / Genetic gain, %
Silvicultural model % 5 10 15 20 25 3
1 197 446 669 836 | 1092 | 1294
. . 3 27 71 96 138 193 218
Tr.?‘rj;‘gi‘t’if:gf / 5 1 7 11 18| 26| 30
7 -2 -1 -0 1 2 3
9 -2 -2 -2 -1 -1 -1
1 283 566 933 1272 1537 1839
s . 3 56 93 143 257 356 400
Me%:;‘eif’ez's / 5 6 12 20 41 67 69
7 -1 -0 2 5 9 10
9 -2 -2 -1 -1 0 0

*r, — diskonta likme / discount rate;

atspogiotagimenu-klonu (VEj) atlase / family-clone selection alternative desimted;

pienemts, ka &lu plantcijas razoSanas (un i@k8anas) periods ir 24 gadi un ik gadas t
pecnacgjus izmanto 5000 ha meZa atjaunoSanai / assumegtdselds production (and collection)

in orchard continues for 24 years and plants frbesé¢ seeds are used to regenerate 5000 ha

annually.

Selekcijas efekts 20% izhets, jo ids konstadts pirmaf selekcijas cild dazdam
koku sugm, t.sk. parastajai priedei (Andersson et al., 20D#sson, 2007). Nav
pamata uzsk#t ka ar pielietotajm selekcijas metagn viena selekcijas cikla laik
batu noplicirats selekcijas darba pamatsgeretiska daudzveitba; turkkt kontrokta
krustoSana papildus nodroSinang rekombigciju. Tatad nav iemesla uzskit ka
otraja selekcijas cikl sasniedzamaigerttiskais ieguvums i zenaks nekd pirmaga
uzraditais, ko apliecina akontrokto krustojumu eksperimentu rezitit

Konstatts, ka gimenu-klonu atlase nodroSina augjets diferencila ieguvuma
vértibas: pie diskonta likmes 3%stir robe#s no 751dz 288 Ls ha, turklat vidgji 2.6
reizes lieikas par atbilstadn fenotipiskes un 1.9 reizes — paifimenu alternaivas
diferencila ieguvuma ertibam. Tadel, cik iesggjams, rekomengjams praks pielietot
S0 skmu, kas nodroSina mfissko laika periodu no selekcijas ciklaksima idz
rezulétu realiacijai praks.
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3. 6. tabula / Table 3.6.
Diferencialais ieguvums Ls h& at&kirigu selekcijas alternalvu sakdzinajumam ar
dabisko atjaunoSanos
Differential gain Lsha™ while using one of breeding alternativesin comparison to
relying on natural regeneration

Ikgadsja Selekcijas alternata / Breeding
. . apshdita alternatives
Mezkopbas modelis / FEN V] EN
Silvicultural model pf:ﬁﬁéﬁ];/ EG g
planted area, ha P P+Q P P+Q P P+Q
500 | 29 35 75 91 40 49
Tradiciorlais / 1000 | 49 55 110| 126 59 68
Traditional 2500 | 61 67 131 147 70 79
5000 | 65 71 138| 154 74 83
10000 | 67 73 141| 157 76 85
500 | 57 71 194| 222 104 119
Marktiegaais / 1000| 76 90 229 256 128 138
Tar etged 2500 | 88| 102 250 277 134 149
9 5000 | 92| 106 257| 284 13B 153
10000| 94| 108 2600 288 14D 155

P —pemta \éra tikai papildus kiija / only gain in yield considered;
P+Q —nemta \ra gan papildus Kja, gan kvaliite / gain both in yield and quality considered;
aprkinos izmantota 3% diskonta likme / interest rate B$éd;

pienemts, ka &lu plan&cijas razoSanas (un i#kSanas) periods ir 24 gadi / assumed, that seeds
production (and collection) in orchard continuesZd years.

Otra izdewgaka ir GEN selekcijas alternata, ta&u tas realizcijai nepiecieSams
gandiz 2 reizes ilgks laika posms. Tajpad laika nepiecieSambas gaguma 3. kartas
planfcijas iespjams iefkot jau [Ec 22 gadiem - vienlaikus ar fenotipiski
augstertigako kandiditu atlasi. Apgkini liecina, ka selekcijas efekts no 3artas
plan&cijam ir aptuveni 50% naat kadu iesggjams iedit selekcijas cikla beis. Tatad,
ja kopgjais selekcijas efekt§EN alternatvai tiek prognozts 20%, tad iakojot 3.
kartas plardcijas, tas sagaidans 10% apiera.

JaataZme aii, ka rezulitus nogimenu atlases tik liel méra neietekng iesggjamas
eksperimenta neprecizies, Kk rezulaitus no fenotipisks atlases. K nomadits 3.2.
nodda, atlasi veicot pc pecracgju parbauzu rezufitiem, daudz efekvak nelda pec
fenotipa iespjams nodroSiat kvalitates parametru uzlabojumu. Kvatis uzlabojums
Sap modet apgkinats, palielinot @rtigakas stumbra das (bezzaru jiga) procentalo
apjomu no stumbra tilpuma, &wojot 3.1. nodl& aprakstto saikni starp koku
augstumu un pirt zda zara augstumu. Sis kvalies uzlabojums nodrosina
diferencila ieguvuma palieliljumu vicgji par 12%, téu prak§ ieguvums no
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kvalitates pazmju uzlabojuma selekcijas progegrctu bit an lielaks, pemot \&ra, ka
aprkina nav ietverti &di kriteriji ka ltkumainba, zaru resnums un zarulés.

Augstku diferencillo ieguvumu no hekta iesgjams sasniegt, ja selekcijas darba
rezulits — uzlabots meza reprodisktis materls — tiek pielietots meza atjaunodan
iesgEjami plagika teritorija.

SECINAJUMI UN IETEIKUMI PRAKSEI

1. Valdaudzes koku augstumam kondtat augstka iedzimstarbas koeficienta
vértiba (H=0.43) nek koku caurraram (H=0.18) un stumbra tilpumam0.21).
Pirma zda zara augstumaiedzimstaribas koeficients @0.20), nedaudz
parsniedz zaru diametru un r@ga zara diametra/stumbra cawma attiegbu
raksturojo$o pamju videjo iedzimstartbas koeficienta artibu (=0.16).
Konstattas iedzimstanbas koeficienta artibas kontekat ar aditvas gergtiskas
mairibas varcijas koeficientiem liecina par ieéojamu selekcijas darba
potencilu ne tikai prieZu audZu produktigtes, bet arkvalitates paaugstiasara.

2. Gimenu vidgjo vertibu iedzimstarbas koeficients, ko izmanto @&ginot selekcijas
efektu no atlasesep pecracgju parbauzu rezulitiem, ir vidgji 1.6 reizes augsks
neka iedzimstartbas koeficients, ko izmanto selekcijas efektagldpam no
fenotipiskis atlases. Afidriba ir ipaSi izteikta koku zarojuma kvalit
raksturojodm paiZmem. Tade] materila atlasi turpraka selekcijas procés
ieteicams veikt, pamatojoties uzgoaceju parbauzu rezuittiem.

3. Koku skaits gimere sfadijumos ar vi@djo vecumu 28 gadi cieSi saist ar
saglatiSanos pirmajos gadog@iestidiSanas, ko var ietekdhdaudzi negergtiski
(vides) faktori. Ja ieaugSam at&iribu &loni nav zirami vai aff tie nav saisti ar
selekcijas rarkiem, par galveno atlases kriju jaizvelas ar saglai$anos
iesgejami nesaigtu pazmi.

4. Atlase gc koku augstuma nodroSina maksimselekcijas efektu produktivdtes
parametriem, & af atsevigu zarojuma kvalittes parametru uzlabo3anos:
augstumam rakstiga cieSa negata gerctiska korekcija ar resaka zaraidz 2 m
augstumam diametra/stumbra cagnemattietbu (;=-0.65) un cieSa pozita — ar
pirma zda zara augstumu £0.94). Gergtiska korekcija starp koku augstumu un
zaru resnumu stumbra lejaslalaaksturojo8m paimem ir zenika nek koku
caurngra koreficija ar 3m paidm paimem (attiedgi r,=0.46 un £=0.71). Tadel
koku augstumu rekomes@dms izmantot & galveno atlases pami. Lai
nodroSiratu \ertibas samazijumu zaru diametram stumbra lejas lagjair
nepiecieSami un pietiekami lpapildus atlases kéitiju izmantot resaka zara idz
2 m augstumam diametruagdat no turpraka selekcijas darba izglzami koki ar
[tkumainiem stumbriem.

5. @Geretiska korehcija starp vienas una$ paSas pames rtibam dazdos
eksperimentos ir augsta valdaudzes koku augstunzrB0-0.89 un regka zara
[1dz 2 m augstumam diametra /stumbra cauanattiegbai ,=0.82. Tas liecina par
nelielu selekcijas efekta samagimmu, atlasi veicot vien eksperimerit, bet
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10.

11.

rezulaitus izmantojot citam eksperimentam atbilstoSosaijist. Zemasgeretisko
korelcijas koeficientu grtibas koku caursram ({=0.26-0.86) un zarojuma
kvalitati raksturojoim paiamem (r,=0.47-0.61) liecina, ka prezikai lakiko
gimenu atlasei pc §m paimeém nepiecieSams ligks iedzimibas prbauzu
stadijumu skaits.

Selekcijas darba rezatt tiek izmantoti meza atjaunoSamlazdos augsnes un
klimatiskajos apaklos (ekolgiskajos fonos). Nemot \Era genotipa-vides
mijiedariibu raksturojoSo parametru lielumus, Vs adaptta selekcijas
materila atlasei rekomerfams izmantot ne mak ka cetrus atgirigas vietis
ierikotus [Ecnacgju parbauzu stdijumus.

Zarojuma kvaliites uzlaboSanas iegas veicot atlasi g fenotipa ir iegrojami
zenakas nek produktivitti raksturojodm pazmem. Veicot atlasi pc pecracgju
parbauzu rezulftiem, uzlabo$anas iegjps ir dzigas (attieti h% =0.63 un R
=0.53 — 0.58). Ja selekcijas darbarkis ir gan produktivites, gan kvalites
parametru uzlaboSana, rekomgaths iz\El&ties gimenu-klonu vaigimenu atlasi.
Augstika atdeve no selekcijas darfeguldtajiem resursiem ursakais selekcijas
cikls — 24 gadi — rakstigs gimenu-klonu atlasei. Tas liecina, ka ir lietdgr
turpinat petjjumus priedes Jgetaivas pavairoSanas metozu pilnveidosa®tru
augstko diferencilo ieguvumu iesgjams iedit no gimenu atlases izmantoSanas,
tau tas realizcijai nepiecieSami 45 gadi. Veicot darb@cp3s alternavas,
iesfEjams jau pc 22-24 gadiem igkot 3. kartas plaricijas, kuas var realizt pusi
no kofEja sagaidma selekcijas efekta.

Ekonomiski optinalais €klu ievakSanas periods plauija ir san€ra iSs un to
rekomendjams aizstt ar jaunu, augska selekcijas efekta, plaaiju, tiklidz
materils tas iefkoSanai las pieejams.

Meza audzSanas cild diferencilais ieguvums no meza atjaunoSanas ar
selekciortu sadamo materilu, saidzingjuma ar dabisko atjaunoSanu, ir paeg.
Sakatba ir sgka pat tad, ja selekcijas darbu ugklsl planficiju izmaksas tiek
segtas paaugstinotadtl cenu un meza atjaunofamvesttajiem kdzeliem
pielietojot 5% diskonta likmi.

Selekcijas darb un €klu plantcijas ieguldto invesiciju ienesgums pieaug,
palielinoties ikgadjai makskgi atjaunoto mezaudzu pibai. MeZa atjaunoSanai ar
selekciortu materilu prioritaras ir auggikas boniites platbas.
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1. GENERAL DESCRIPTION
Topicality of the theme

Scots pine breeding in Latvia is close to the efdto first cycle: plus tree
selection, establishment of progeny tests and sesrds is accomplished. Results of
this cycle provides a base of material and inforomator continuity of breeding work,
demonstrating at the same time the length of parexkssary from outset of breeding
cycle until realization of results in practice -neeproducing seed orchards. In order to
secure availability of seeds with higher valuesgefetic improvement at the time
when current orchards will come to an end of theaductive life, it is urgent to start
the next breeding cycle. Second breeding cycle haen already started in
Scandinavian countries with high economical impuréaof forest sector: Finland and
Sweden. Therefore it is important to start this kvalso in Latvia in order to secure
competitive capacity in market of forest reproduetmaterial (could offer plants with
appropriate degree of genetic improvement), ardriger term — increase of available
wood resources. The role of tree breeding in piogidufficient wood resources for
society in future is expected to increase. Thiselated to global tendencies — human
population growth in numbers of people and incregsivealth is rising, therefore
demand of wood products is also increasing; simatiasly demand to allocate forest
areas for recreation and nature protection are ials®asing, therefore leaving less
forest area for productive function.

Material for the next breeding cycle should be celé from 21-36 year old
progeny trials, established with high initial dépsind therefore having high effect for
tree competition and low survival. It is urgentdevelop sound selection criteria for
ranking of families in these experiments. After ttolled crossing of selected material
new progeny trials must be established, this iserge process. It is therefore
important to determine optimal number of test sftasselection of breeding material
with specific and general (in relation to soil aridnatic conditions) adaptation.

It is important to notice, that only active treeebding can offer material with: 1)
high adaptability and productivity in a variety different conditions, predicted in
scenarios of Global climatic changes; 2) high aalaipity to tolerate predicted extreme
weather events, like severe droughts.

Long term, continuous and considerable investmargsequired to accomplish a
tree breeding cycle and a achieve higher leveleoietic gain in the shortest period of
time. It is therefore important before beginning thext breeding cycle to compare
different alternatives from an economic perspectind select the most appropriate, as
well as to define further research directions thatld increase efficiency and
profitability of tree breeding.
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Aim of the thesis

To evaluate and recommend methods for accurateeandomically profitable
implementation of a second breeding cycle for Spits in Latvia.

Research objectives

1. to provide criteria for evaluation of tree produityi and quality for selection of
best families as material for second breeding ¢ycle

2. to estimate number of progeny test sites necedearaccurate calculation of
genetic parameters and selection of families apatepfor a particular region;

3. to evaluate economic efficiency of tree breedingknand recommend the most
profitable alternative for next breeding cycle.

Scientific novelty

Results from complex analysis in a number of reddyi old (on average 30 years)
Scots pine open pollinated progeny trials for ehhigimber of quantitative measured
branch traits have not been published previoustidittonal novel information is data
about the influence of genotype-environment intéoac on quantitative measured
branch traits in Scots pine trials at this age.rBooic analysis of tree breeding has
recently been performed in Finland (Ahtikoski, 2POBowever in this work
comparison among different tree breeding altereativas not made.

Joint analysis of data from all Scots pine plug-@ed qualitative stand tree open-
pollinated progeny trials, estimating values ofg@nparameters, selection criteria and
methods for selection of qualitative and productiaterial for seed orchards and
breeding populations has not been performed inihat#lso analysis of genotype-
environment interaction in order to estimate numtdifetest sites needed has not been
previously performed in Latvia. In this study fdret first time in Latvia economic
analysis, linking tree breeding and seed orchativies with their aim — improved
forest stand and comparing different tree breedlteynatives, has been performed.

Practical significance

Results of research carried out in this thesis béllused in the elaboration of tree
breeding program for joint-stock company “Latviaiat® Forests”, providing effective
methods for the implementation of the next breedigygle. It will result in cost-
effective continuity of tree breeding work, secgrawvailability of material with higher
genetic value for establishment of next generatieed orchards and through that —
improvement of growth and productivity of plantexdtests.

31



Structure and coverage of thesis

Chapter 1 contains summary of theoretical studies and pplasi essential for
development of Scots pine breeding plan. In thegtér mainly aspects, that cannot or
need not to be solved based on data from progéalyg tn Latvia, are covered. In the
first sub-chapter material available for initiatiofi second breeding cycle has been
described; in the second — tree breeding schemegntext with their use in different
countries are analyzed; in the third — the numberees in breeding population and
division into sub-populations is justified; in tfieurth — comparison among crossing
schemes and selection methods are made and theapmsipriate for the situation in
Latvian are recommended, in the fifth — aspectprofjeny trials are analyzed; in the
sixth — issues related to selection age are covamnddecommendations made for Scots
pine trials in Latvia; in the seventh — the devetegnt of selection index is analyzed
and aspects that need further studies indicated.

Chapter 2 contains detailed description of trials includedthis study, methods
used for data collection and statistical analysis.

Results of studies are describedcimpter 3 In the first sub-chapter, based on
analysis of values of genetic parameters and @iioek for traits describing tree
productivity and stem quality, criteria for selectiof material for the second breeding
cycle have been recommended. In the second sultechaglicators of genotype x
environment interaction effect have been analyzetl recessary number of test sites
recommended. In the third sub-chapter theoretical ampirical results have been
combined and economical comparison of alternatieeshe second breeding cycle of
Scots pine in Latvia carried out.

This thesis contains 110 pages; information has keenmarized in 22 tables and
26 figures; 270 literature references used.

Approbation of research results

Research results have been presented in six ititanahand two national conferences.
Three articles nave been published and one accémtguliblication in proceedings of

international conferences. Four articles have bpeblished in national scientific

journals. Research results have been includedée throject reports.

2. MATERIAL AND METHODS

Research work is based on data from 22 experimeatgaining open-pollinated
progenies of Latvian Scots pine plus-trees anditatiak stand trees. It includes 17
experiments located in Latvia (at the age of 2ly8érs, average survival 35%) and 5
in Sweden (at the age of 14-17 years, averagealréb%). Experiment numbers,
used in text and tables, are derived from “Registdéong term scientific experiments”
(Baumanis et al., 2006) and “Register of Swedish breeding experiments”.

32



Trials in Latvia were established with initial dégs5000 trees ha (spacing 2x1
m), in Sweden: experiment Nr. 1111 with density@B@es ha, other — with density
6600 trees Ha Thinning had never been carried out in most (1 of 22)
experiments.

Altogether open-pollinated progeny families of 8Bdes were assessed, that is
97% from total number of Latvian pine families irperiments older than 5 years.
Together 36400 trees at the age of 14 to 36 years bheen measured.

Height (, m) and diameterd( cm) at breast height (1.3 m) of all trees intalls
have been measured. In experiments in Latvia steaigktness gb) and branch
thickness £b) have been assessed in 3 grades, where 1 — Hriohes, straight stem, 3
— thick branches, stem with more than 1 bend. Bendounted, if deviation from
supposed vertical line along stem edge exceeds.3Bcamch thickness is evaluated
relatively — in comparison with other trees withm#ar diameter in the same
experiment. In experiments in Sweden evaluatiostei straightnesslf) heave been
made in 5 grades, where 1 — straight stem, 5 — stiélmmore than 2 bends. Branch
thickness was assessed in 9 grades, where 1 —thiery9 — very thick branches.
Diameter of thickest branch up to 2 m heigid, (mm) has been measured in most (20
out of 22) of experiments. For more detailed analys5 experiments diameters of all
branches in whorl, closest to breast height (1.3without spike knots and other
defects, have been measured parallel to stem bxis from stem edgezdl, mm —
diameter of thickest branch in whorld2, mm — diameter of second thickest branch in
whorl etc.). In these experiments also height ugfitst living branch (zz) was
measured. Stem volumgl§, ) has been calculated according to equation debiyed
| Liepa (1996); also average branch diameter innvfmdvid, mm), sum of branch
diameters in whorlZdsum mm) and branch (thickest) diameter/stem diametgon
(zdprocx, %) were calculated.

Variance components calculated with SAS proc mixsihg linear model:

Y =p+t+Ho () +HiHty o 2+, 1)
where:
Yiu — measurementin trial i, blockj, for family k;
n— trial mean;
t— fixed effect of trial (if replicated in several trials);
b(t); — fixed effect of replicatiofp (within trial i);
fi— random effect of famili
ftiy — random effect of famili and traili interaction;
fb(t) — random effect of famili and blockj (within trail i) interaction;
ik — random error term for measuremigkit

Calculations were made using only data from dontifan3. Kraft class) trees, if
not noted otherwise. Individual tree heritabilitysed for calculation of genetic gain
from within-family forward selection, family heritdity, used for calculation of
genetic gain from backward selection, as well aseotgenetic parameters are
calculated according to principles and formulasqofntitative genetics (Falconer,
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Mackay, 1996; Lu et al., 2001; Roff, 2001). Breephimlues calculated with SAS proc
mixed/solution function, using BLUP (Best Linear li@sed Prediction) method
(White, Hodge, 1989).

Average values of genetic parameters from sevellts of single experiment
analysis calculated according to formula (Haapaateal., 1997):

xwt
X — | )<I71I , (2)
W
where:
Xj — value of genetic parameter fhéxperiment;
w; — standard error of genetic parametef"imiperiment.

Family heritability standard error were used fotcakations of average value for
coefficient of additive genetic variation (vcoefficient of phenotypic variation (gy
and coefficient of family mean phenotypic variati@m).

K-coefficient, used to estimate number of necessprggeny testing sites,
calculated according to formula (Lindgren, 1984):

K=oio:, 3
where:
o4 — family variance;
o — family-trial interaction variance.

Economic comparison of alternative plans for nexieling cycle was carried out
according to models based on universally recognemmhomical criteria such as net
present value (Klemperer, 1996) and using a diffiee approach (Ahtikoski, 2000).
The differential approach is based on the principf only positions of incomes and
expenses, which differ between compared alterrgtame considered. Differential gain
(income) in the model is represented by additi@mbunt (yield) and quality of raw
material from stand regenerated by breeding mat@miacomparison to naturally
regenerated stands. Stand development and thinegige are predicted according to
models developed by professor Rili#s for traditional (high initial density, late §it
thinning) and targeted (low initial density, eafilgt thinning) silvicultural systems for
sites of different yield classes.

Clearcutting time (stand age) is defined by tadiemeter in particular yield class
according to current legislation in Latvia. Assoemmh prices and dimensions (length
and top diameter) of assortments stated accordirigformation from JSC “Latvian
State Forests” (prices from year 2006) and amotidifferent assortments calculated
according to algorithm developed by professor Rol@g. Differential gains are
calculated with the assumption, that selectionedéfitial for yield and quality (in
percent) is constant in thinnings and clear-cuts.

Differential costs are represented by expenses lafhtipg material, soil
preparation, planting, and two extra cleanings &l w&s by the expenses of tree
breeding and seed orchard establishment and mamten Scale and timing of tree
breeding works used for calculations in differergdaling alternatives are represented
in tables 2.1 and 2.2.
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3. RESULTS
3.1. Selection criteria

Defining selection criteria is the main prereqeidivr selection of parent-trees for
next breeding cycle. Tree productivity can be ctimrézed by directly measured traits
— height, diameter — or calculated traits — sterturwe, yield. It is important is to
choose a productivity indicator, which has positifrem a breeding perspective
positive or week correlation with quality traitgy facilitate easy selection of both
gualitative and fast growing families and trees€élquality traits in Scots pine progeny
trials in Latvia have not been studied in greatilieto far, however, now, when trials
are approaching 1/3 of rotation age and materialulshbe selected for the next
breeding cycle, such analysis is both possible @ndial. Evaluation should give an
idea about the extent to which branch thicknessadinelr traits influencing intensity of
natural pruning can be influenced via tree breedinig also important to estimate the
minimal number of traits necessary to measureliaracterization of external (branch)
quality of tree.

Main selection criteria could be only trait havihggh heritability and additive
genetic coefficient of variation. These prereqgatsisecure the possibility to change
(increase or decrease) trait values in the nextigeion via selection.

Highest heritability from traits characterizing gdretivity (h, d, tilp) is for tree
height (Table 3.1.). It is the same also if datanfrall trees (not only dominant) are
included in analysis, however then heritabilities mwer: in average from experiments
Nr. 33, 34, 36, 37, 38, 39, 46, 234, 235, 351 fiee theight f=0.20, diameter #0.07
and stem volume?®10.11. Height, especially for dominant trees, sslafluenced by
competition among trees than other traits aregfoee phenotypic variance of this trait
is lower and genetic variance — proportionally leighConclusion: for accurate
selection of the most productive families and tréwsght should be used as the main
trait.

Heritability of stem straightness in experimentsreg age of 14-17 years, where
this trait is evaluated in 5 grade scale, is simita heritability of stem diameter.
However, in experiments at the age of 21-36 yeatsere 3 grade scale is applied,
heritability of stem straightness is almost 2 tinmser than for stem diameter. This
result indicates that a 3 grade scale has to lamumracy for proper evaluation of this
trait. A similar conclusion can be drawn from résuf branch evaluation in 3 grades
in experiments at the age of 21-36 years (Tablg Atlthe same time application of a
9 grade scale resulted in higher heritability foarich thickness evaluated in grades as
for measured diameter of thickest branch. This c¢dog result of a fact, that visual
assessment of branch thickness is based on braattéferent heights, but measured
— just in the lower part of trunk (up to 2 metetts)t represents mainly one particular
growth period (stage).

Diameter of thickest branch up to 2 m height repmés maximal branch thickness
in this stem section, since at the age of evalndtio all trees in all experiments only
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dry branches in this part of trunk can be founder€fore diameter of thickest branch
can be considered as good indicator of qualithalowest (most valuable) part of tree
and used as selection criteria. Heritability foicklest branch up to 2 m height is
similar as for stem diameter. Analysis of diamet&frall branches in whorl closest to
breast height reveal that heritability for diamstaf the 2 thickest branches and
average branch diameter in this whorl are similaxwer heritability is detected for
diameter of the third thickest branch, indicatihgttit has lower relevance in detection
of genetic differences in branch quality among fasi

Branch diameter/stem diameter ratio has approximndbe same heritability as
diameter of thickest branch. This ratio is an int@ot indicator of branch quality —
thinner branches for thicker stem is related tdéigintensity of natural pruning and
faster healing over of branch scars. It meansahihicker layer of branch-free wood
and a longer branch-free stem section will be farme

Indicator for length of branch-free section at matage can also be height up to
first green branch at young (14-36 years) ageh@ayounger the tree when a particular
branch dries up, natural pruning will occur earliend therefore increase the
probability, that at mature age the scar of thianbh will be already healed over.
Heritability of height up to first green branch fdominant trees at the age of 27-33
years is slightly higher than heritability for diatar, indicating high potential of
breeding work to improve this trait and throughtthmaost likely, also increasing the
branch-free part for trees at mature age.

Another indicator of the intensity of natural pnugican be the number of branches
per whorl: it was found that in experiments at #ge of 14-17 years the average
number of branches in the whorl closest to breasght is 7.2, but at the age of 27-33
years — 6.1. However, heritability of this trait aider experiments, where natural
pruning has already started, is lo¥=<0.07).

Family heritability is used to calculate geneticingfrom backward selection
(based on progeny test results). Values of famdsitabilities follow the same trend
but are in average 1.6 times higher than valueimdifidual tree heritabilities. This
ratio reflects additional gain obtained by usinggany testing and backward selection
in comparison to phenotypic section. Most pronodnd#ferences in this respect are
for quality traits (Table 3.1.).

Differences in survival (and therefore in competiticonditions) can have notable
influence to quality and growth (d, tilp) traitsigh survival is important from practical
perspective — to minimize investment in forest regation, especially since number of
trees planted per ha is low and costs of suppleah@teanting high. In the first years
after plantation establishment survival can be i@mtly influenced by factors not
related to genetics: quality of plants and soil paration, quality and timing of
planting, quality of cleaning, climatic conditiortdowever, survival to same extent is
influenced also by genetically controlled resist@aragainst biotic and abiotic stress
factors. Survival in the first years can notablffuance number of trees at the age of
20-30 years: for example, in experiment Nr. 34rggrand significant (r=0.78, =0.01)
correlation for number of trees at the age 6 and/&ts was found. Heritability of
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survival, calculated in experiments Nr. 30, 32, 39, 41, 235 and 1111 is rather high
h’=0.24. Even so, survival is not recommended to d& was selection criteria unless
cause of differences in survival is known and eglab breeding objectives. Therefore
it is recommended in new progeny trials to map isahvin the first years, denoting
also causes of death of plants, and to utilize thisrmation at the time of their
evaluation. In older trials, where causes of swalvim most cases are not known,
selection criteria having weaker association witinber of trees should be preferred.

Connection between number of trees and other isa#valuated based on family
mean correlations. Yield is strongly determinechiynber of trees $£0.73), less — by
mean tree height %0.27), average diameter of tree$=(.1) and stem volume
(r’=0.1). It means that in trials with high initial mity, high competition among trees
and low survival, even a few additional trees canse notable changes in calculated
family yield, therefore total yield can not be reooended as main selection criteria.
Yield of dominant trees is much more weakly rela@eaumber of trees%0.16), this
trait has also week connection with average heaid diameter of all trees and
average stem volume of all tree$=(10.22, f=0.14 and 7=0.19 respectively), but
strong — with height, diameter and stem volume ahihant trees {0.52, f= 0.96
and f=0.98 respectively). Average height of dominanesréas weak connection with
the number of trees %¢0.14-0.24), but strong — with average height df tedes
(r=0.87).

Height of dominant trees at family mean level issleconnected with branch
diameter than diameter of dominant trees or tofeldy Analysis of data from
experiments Nr. 28, 30, 31, 32 reveals that pasitberrelation among height of
dominant trees and traits characterizing branchkit@ss (zd1, zd2,zd3, zdvid) is
notably (on average 2.8 times) lower than correfatamong traits characterizing
branch thickness and yield, stem volume or diamefedominant trees. Similarly
height of dominant trees has a slightly strongegatige correlation with branch
diameter/stem diameter ratio and notably (4 tinsg)nger positive correlation with
height up to the first green branch than othertdraiharacterizing productivity.
Considering the aim of Scots pine breeding — siamglous improvement of both
productivity and quality — height of dominant tre@s a selection criteria is
recommended, since it has from a breeding persgeptsitive correlation with traits
characterizing branch thickness and natural prumitgnsity. Wood volume among
families can be compared using yield of dominaggdrthat is much less influenced by
number of trees than total yield.

Influence of selection by particular trait on valuef other traits in the next
generation can be calculated using genetic coiveldt)), summarized in Table 3.2.
Tree height has an almost twice weaker positiveetiertorrelation with most traits
characterizing branch thickness (zd, zd2, zd3, d)dthan diameter. Also negative
genetic correlation with branch diameter/stem di@meatio (zdprocx) is notably
stronger for tree height than for diameter. A samilelationship has been found also in
group of 14-17 year old experiments, where alsole®s noted, that negative genetic
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correlation among branch diameter assessed in gi@bt¢ and height is stronger than
among zb and stem diameter.

Tree height has a stronger genetic correlation hétight up to first green branch
than diameter. Long stem section up to first greeanch in young age is important
because it increases probability to gain long bnanee stem part in mature age, which
is one of the most important character for highugabf logs. At the same time long
green crown ensures faster radial growth, therefster over-healing of branch scars.
Therefore priority in selection process should beg to families with a larger total
tree height and height up to the first green brasebn if also heaving a higher
proportion of green crown of total tree height. ¢feiup to the first green branch has a
strong negative genetic correlation with branchrditer/stem diameter ratio£r0.72)
that emphasizes the need to select trees withuetiatthin branches in order to have
intensive natural pruning. Also number of brancheswhorl and height up to the first
green branch has negative genetic correlatiper0.62). That is in accordance with
previously described facts and indicates that g Igreen crown contributes to faster
over-healing of branch scars.

Genetic correlation among traits characterizinghbhathickness (zd1, zd2, zd3,
zdvid, zdsum, zdprocx) in experiments at the ag@®%B3 years is strong.£0.71-
0.99). Similarly in experiments at the age of 14ygdars strong genetic correlation has
been found among diameter of thickest branch up o height and branch thickness
evaluated in grades £0.77). From these facts it can be concluded, dieheter of
thickest branch up to 2 m height can be used asdiocator to characterize overall
branch quality of trees and consequently also lastsen criteria.

Choice of selection criteria has a notable inflgena the result of breeding work
that can be demonstrated as changes in genetic @aimetic gain at 10% selection
intensity has been evaluated, since it is the sitgithat can be applied in practice for
selection of material (progeny tested parent trémsthe next round seed orchards.
Direct selection (only by particular trait) ensurgenetic gain £g,%) for traits
characterizing branch thickness (zd, zd1, zd2, zd8id, zdsum) from 8.4 to 12.4%
(average 11.1%). That is similar as for tree hei@ht#-13.8%) and diameter (8.5-
11.5%). Genetic gain in branch diameter/stem diamgitio and height up to first
green branch is loweA§=7%).

Correlated genetic gainA€g,%) for traits characterizing branch thickness on
average is lower if selection is performed by heigdther than by stem diameter
(Acg=6.5% andAcg=7.7% respectively), with the exception of catetl gain for
diameter of thickest branch in the whorl closedbrteast height. Similarly selection by
height ensures notable decrease of branch diastetartiameter ratioAcg=-10.5%),
increase of height up to first green brandtg= 8.9%) and decrease in branch
thickness evaluated in gradesc@=-11.7%), therefore improving intensity of natura
pruning. Selection by diameter has negligible iefloe to mentioned indicators of
natural pruning.

Stem straightness is similarly affected by selectiy height or diameter: in
experiments at the age of 14-17 years from a treeding perspective negative, in
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older trials — positive (higher frequency of tregth straight stems in selected material
compare to test average).

In the group of older experiments (21-36 years) rehhberitability of stem
diameter and stem volume is low, selection by treight ensures higher genetic gain
for these traits than direct selection (by stenmaiter and volume respectively).

It can be concluded, that selection by tree heggts#ures maximum genetic gain
for traits characterizing productivity (h, d, til@s well as improvement in several
branch quality traits (dzprocx, hzz, zb). Simultaungly branch thickness in lower part
of stem is increasing; however, the increase idlemthan if selection would be made
by stem diameter. Therefore tree height is recond@eéms the main selection criteria.
To ensure the decrease of branch thickness irother|part of the stem, the diameter
of the thickest branch up to 2 m height should $eduas additional selection criteria.
Also trees with crooked stems should be marked exmuded from further tree
breeding activities.

3.2. Genotype-environment interaction

Scots pine progeny trials in Latvia are mostly (78%tcases) established on 3
forest types on dry, relative poor sandy soils.d8lasn analysis of data from these
experiments trees are selected for establishmes¢ed orchards, which are supposed
to produce seeds for all sites suitable for pirentshg — 10 forest types. It must be
considered also, that variation exists among cotmpants in one forest type as well as
among years of planting, further increasing diffees in conditions where material
from seed orchards will be utilized.

Quality and productivity of trees are characterizeg quantitative traits —
influenced by large number of genes. Probably #meslevel of a particular trait, e.g.
height at certain age, in different conditionsnfiuenced by a different complex of
genes. Therefore it is even more important to sifidgmilies selected as the best in
several forest types will be also the most appedgrin other forest types.

Analysis of family rank correlation among experirteeNr. 34 and 234 indicates a
potentially important influence of genotype-envinent interaction on results in
progeny trials. For detailed analysis of this iefiage 10 pairs of experiments have been
used, having at least 25 families in common (nundfdamilies in common noted in
brackets): Nr. 34-Nr.234 (30); Nr. 36- Nr.39 (2. 38-Nr.39 (27); Nr. 41- Nr.235
(34); Nr. 39-Nr.235 (48); Nr. 28-Nr.29 (234). Indition, calculations have also been
made also in a set of 3 experiments (Nr. 30, 3},h3®ing 80 families in common.
Type B genetic correlation (genetic correlationvafues of traits among the same
families in different planting sites) is used asiadicator of genotype-environment
interaction. Strong type B genetic correlation faight of dominant trees,&0.80-
0.89) indicates small decrease of genetic gairtHese trait if selections are made in
one experiment and results utilized in sites simitaother experiment (Table 3.3.).
Tree diameter has notably lower values of type Betje correlation ¢=0.26-0.86)
than height. Partly this could be explained by loaritability of diameter: the lower the
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heritability is, a larger proportion of total vam@e is influenced by random, non-
genetic factors, decreasing probability to detaghh;, values. Therefore only data
from experiments with high accuracy (well replichthigh number of trees per family,
low variation of non-genetic factors) can be used dalculation of type B genetic
correlations for decisions about the necessary eurob trials for precise progeny
testing.

Branch diameter (zd, zd1, zd2, zd3) has lower f3pgenetic correlation values
(r=0.55-0.61) as tree height, but slightly highero#izer traits characterizing branch
thickness (zdvid, zdsum,#0.46). Stem straightness has highest values of 8p
genetic correlation 0.83) from all traits describing stem qualityindicates that this
trait is less affected by site conditions.

Utilization of data from all trees leads to notakdyver values of type B genetic
correlations as if only data from dominant trees @sed. Especially pronounced is this
difference for branch diameter/stem diameter r@te0.57 and y=0.82 respectively).

Family mean correlations among trials are on avegggproximately 2 times lower
than type B genetic correlations; especially prowed are these differences for traits
describing branch thickness. Low correlations pomit the necessity to use
information from several progeny trials in diffetdacations as the basis for selection
of the best trees for seed orchards and furthexdimg work.

Application of results from 2 trials when selectitige best families reduces
genetic gain for height of dominant trees by 30%cdmparison to the theoretical
maximum (number of experiments representing alliati@n of soil and climatic
conditions in region). If data from all (not onlpmhinant) trees are used, reduction is
notably higher (49%), but in younger (14-17 yeagperiments reduction is lower
(26%). Similarly analysis of experiments (21-36 ng@alemonstrate, that utilization of
data from 2 or 3 trials reduces the expected gegein for traits characterizing branch
thickness by at least 50%, but analysis of youreggreriments (14-17 years) shows
reduction of only 24% (similar to reduction of géoegain for height). It confirms an
already previously indicated trend: traits chamdzieg branch thickness are more
sensitive to differences in competition status dherefore it is harder to reveal
genetically determined differences, especially laep trials. Analysis shows, that in
order to minimise reduction of expected geneticngprogeny trials should be
established in at least 4 planting sites.

To estimate the number of planting sites neces&araccurate progeny testing,
Lindgren (1984) recommends using K-coefficient iffofa 3). In Latvian Scots pine
trials for tree height average K value is 0.34 (esl in range from 0.2 to 0.6), that
indicated the necessity for only one trial. Simialues of K coefficient are noted in
younger (14-17 years) experiments and experiment8W 31, 32; however, in older
trials K=4.5, indicating the necessity for 3 tegtsites. Low values of K coefficient is
for height up to first green branch (0.1), numbebm@anches per whorl (0.2), higher —
for stem volume (1.4) and traits characterizingnbha thickness (on average 1.7),
indicating the necessity for progeny testing att@ss K value for all traits for at least

40



one pair of experiments exceeds 2, indicating #edrfor progeny testing in at least 2
experimental sites.

It is important to note, that none of progeny tiahcluded in analysis is
established on wet mineral or peat soils, whichtriiksly would increase differences
in family ranking. Additional difficulties for intgretation are: practical selection is
made simultaneously for several traits; additignait is practically impossible to
calculate the probability of total loss of an expwmtal site due to biotic or abiotic
damages.

Based on the above-mentioned results and arguritecdsild be concluded, that
progeny trials should be established in at leasxgerimental sites. If a two stage
selection strategy (phenotypic pre-selection fo#dvby progeny testing of candidates)
has been chosen, then for the first stage 1-2stest can be used, but for the second
stage a larger number of sites (4-6) is necessary.

The value of heritability is dependent not only the design, age and other
characteristics of experiments and characteristficanalyzed material, but also from
the number of experiments the calculation is basedHeritability values calculated
from data of a single experiment in most cases ekoalues obtained from joint
analysis of several experiments: for height of dwni trees on average by 25%, for
diameter and stem volume on average by 67% andr@gpectively. A similar trend is
also found when data of all trees are used forutation (21% for height, 68% for
diameter, 92% for stem volume). Using data fromtedes, obtained heritability of
diameter of thickest branch and branch diameten/stiameter ratio in average exceed
heritability values obtained from joint analysis jdirs of experiments by 86% and
77% respectively; if only dominant trees are usié@mnces are slightly smaller: 78%
and 39% respectively. Small differences among tegbkritabilities) from single and
multiple experiments are found for height up tacstfigreen branch and number of
branches per whorl, large (exceeding 2 times) -ofber traits characterizing branch
thickness. The above-mentioned discrepancies fodymtivity describing parameters
in most cases and for quality describing paraméteseme cases (hzz, zdprocx) does
not exceed the standard error of heritability. 8igant differences among heritability
values obtained from a single experiment and frasintj analysis of several
experiments are found for traits characterizingnbhathickness (z1, z2, z3, zdvid,
zdsum). It is important to note, that maximal diéfieces might actually be much larger
as average differences that are reported here3Hig.

High heritability in a single experiment might belated to notable differences
among families in resistance against a particutass factor, e.g. browsing by moose.
In this case if the experiment is established iregion with high density of moose
population without fencing, selection differentainong families will be pronounced
(families having lowest browsing frequency or fastecovery rate will also have the
best total growth rate) leading to inflated heiiiabvalues. In contrast, in regions with
low density of moose population, the selection edghtial and heritability will be
lower. Complex analysis of both experiments memibim this example would help to
separate out differences in resistance against dingwby moose as genotype-
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environment interaction. In this case heritabiliyl be lower, but would better reflect
expected genetic gain in practical situations, whaaterial will be utilized in areas
with different moose population densities.

Family heritability obtained from joint analysis eéveral experiments is higher
than if calculated from single-experiment data.sTihénd is the same if data only from
dominant or from all trees are used. This indicaditional precision of selection and
genetic gain from progeny testing if more experitaksites are used.

Conclusion, that differences among families arehéigif only one experimental
site is used, is supported by following result: fiornt of family mean phenotypic
variation from a single experiment for traits désioag productivity is by 60% higher
and for traits describing branch thickness aroundin®s higher than the same
coefficient obtained from joint analysis of severéalls. A similar tendency can be seen
also from coefficients of additive genetic variati(cv,), which is an indicator of the
potential magnitude of the influence from selectidfalues obtained in a single
experiment are higher than those obtained front pialysis of several trials: for tree
height by 12%, for diameter and stem volume by 3f#f¥otraits characterizing branch
thickness by 50%, for branch diameter/stem diametio by 10%. Here mentioned
are average differences, which means, that in szases differences can be notably
larger.

Values of family heritability () reveal similar possibilities of improvement for
both branch quality and productivity traits via kaerd selection: from joint analysis
of several trials #=0.63 on average for h, d and tilg;0.53 on average for zd, z1, z2,
z3, zdvid, zdsum; %=0.58 for zdprocx. A similar situation can be olvser if data
from both only dominant and all trees are usechalysis (Fig. 3.2.). In contrast, when
using within family forward selection, values foaits describing productivity can be
notably more influenced than for traits describimgnch quality (f=0.21 and f=0.09
on average). Results are in line with previouslytedo tendencies, that traits
characterizing productivity (especially height) #&es affected by uneven competition
and soil productivity than traits characterizingafich quality. The data proves the
necessity to utilize backward selection and joimhlgsis of several trials in order to
improve both productivity and quality in the bresglprocess.

Several trial locations and several different yeafs planting are notably
decreasing the probability of total loss of allules due to extreme weather conditions
or anthropogenic influence. Trials in different ddions can also serve as a basis for
the evaluation of influence of specific factors faamily ranking (and values of
particular traits). According to predictions abduture weather conditions (or other
factors) it is possible to add different weightsésults from different trials and in this
way from joint analysis select for better adaptexamal for future conditions.

3.3. Economic evaluation

Economic analysis binds together tree breeding weekd orchard establishment and
maintenance and the end product — a forest stanchathematical model has been
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constructed for evaluation of next breeding cyademparing 3 alternatives after

controlled crossing:

1) phenotypic (FEN) selection of best individuals iitfamily;

2) family-clone (VEj;) selection: at first selection of candidates witfamily, their
vegetative propagation, followed by establishmeitlonal progeny trials and
backward selection of one best candidate from daafily according to test
results;

3) family (GEN) selection: at first phenotypic selection of digates within family,
their flowering stimulation to obtain seeds, folledvby establishment of open-
pollinated progeny trials and backward selectioriné best candidate from each
family according to test results.

Further in the text these options (FEN, VE;EN) are referred to as tree breeding
alternatives, because the aim of the analysis isdcommend one of them for the next
breeding cycle.

This model is constructed for a complete breedyae; including:

1) controlled crossing (selection of material, genddientification, observations of
flowering phenology, pollen collection, crossinged collection);

2) establishment of progeny trials (cultivation oftks selection of area, marking of
area and plants, preparation of soil, plantation);

3) maintenance of progeny trials (cleaning, marking,apping survival,
supplementary planting);

4) evaluation of progeny trials (measuring, data sig)y
Discounted value of seed orchards establishmentnaaidtenance is 2-6 times

higher as discounted values of tree breeding wddpénding upon the alternative);

therefore the optimal seed collection period inhard is relative short: around 20

years. Besides, the higher genetic gain and laaggwal utilization area of seed

orchard material (newly established forest startti) faster investments pay off and it
becomes beneficial to replace existing orchardé wiw ones, having even higher
genetic gain. Therefore, the establishment of red ©rchards in the model is planned
immediately after completion of the breeding cyclhe first crop of new seed

orchards can be obtained after 12 years. It mdaats in order to ensure continuous
seed production, new orchards must be establist®edehrs before ending seed
collection in old seed orchards; in this period y&ars) orchards of two different stage must

be maintained (Fig. 3.3.).

Differential costs, comparing regeneration by plemtselected material with
natural regeneration, includes: the price of geaél{i improved regeneration material,
costs of soil preparation, planting, and two addil cleanings. The price of
genetically improved plant material has been insedato cover discounted value of
investments in tree breeding work and seed orchstablishment and maintenance in
10 year period, using an 11% discount rate andiderisg no changes in annual plant
production. Therefore the final result is differi@hgain or costs for forest owners, and
does not create additional revenues or expensesefed orchard owners or plant
producers. Additional cleaning and supplementahtplg can sometimes be also
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necessary in areas of natural regeneration, thastnot been considered, in this way
comparing maximum differences in cost between aategeneration and regeneration
by planting.

Calculations of additional yield from forests regeated with genetically
improved material and via natural regenerationudel genetic gain obtained directly
in the second breeding cycle as well as results fiee first breeding cycle that serves
as basis for material for the second cycle. Gerggtin from the first cycle is assumed
to be 15% (Baumanis et al., 2002). Therefore, ifegie gain obtained directly from
breeding work in the second cycle is for exampl&2B8en total genetic gain, used for
calculations of additional yield, is 20%+15%=35%.tables 3.4., 3.5. and 3.6. only
gain obtained directly in second breeding cycléesoted.

Value of differential gain is influenced, among @t by yield class of areas,
where seed orchard progenies are planted. In aséths higher yield class also
differential gain is higher (Table 3.4.), ensurihighest benefits from tree breeding
work. Independently from vyield class and breedinigeraative, if a targeted
silvicultural model is applied (combining gain frobest practice in silviculture and
genetic improvement) differential gain is notabanfost 2 times in average) higher
than if a traditional silvicultural model would hesed. Comparison among breeding
alternatives reveals that in all cases higheseuwdfitial gain is achieved using family-
clone (VHj) alternative.

The family-clone alternative is used to evaluatedffect of different genetic gains
and interest rates (%) on value of differentialngéiable 3.5.). Average differential
gain is calculated by multiplying gain in differegield classes by proportional
representation of particular yield class in areh€lear cuts (potential regeneration
areas) in the years 2001 — 2007 and summing upethéts. Results demonstrate that
while applying either a traditional or targetedvisililtural model, differential gain is
positive unless interest rate does not exceed 5R& Same outcome is also for
phenotypic and family breeding alternatives. Tlekationship is also stable in a range
of different genetic gains.

Taking into account that only differential expensasl revenues, rather than all
expenses and revenues, are considered in this pmgbesitive value of gain at 5%
interest rate does not mean that by using genkgtitaproved material it is possible to
earn 5% per year from investments in forestry.dans that even if 5% interest rate for
investments is applied, it is more profitable (Ergevenues or smaller losses) for
forest owner to regenerate areas with geneticaifyroved material and not to rely on
natural regeneration.

Sizes of breeding material (number of families, didates per family etc.) and
timing of different breeding activities, presentiedtables 2.1. and 2.2., are chosen
(with some constraints) in order to maximize gengtin per year, therefore values of
total genetic gain are different. To compare dédfdralternatives (Table 3.6.), a genetic
gain value of 20% for the family alternative hagbehosen and respective values for
other alternatives (13% for phenotypic, 20% for ifgralone) found by computer-
program (Danusevicius, Lindgren, 2002). A genetingof 20% as a base has been
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chosen since it has been found in the first breedytle for several species, including
Scots pine (Andersson et al., 2006, Jansson, 2@dd)there is no reason to assume
that genetic diversity could be depleted to suclexent, that the same level of gain
could not be realized in a second breeding cyctiditfonal genetic combinations are
introduced via controlled crossing. Preliminary ules from experiments with
controlled crossing demonstrate a high potentialadélitional genetic gain to be
obtained in a second breeding cycle.

The family-clone breeding alternative secures tsghvalues of differential gain:
with interest rate 3% it is from 75 to 288 Ls™havhich is 2.6 times higher than
differential gain from phenotypic alternative an® limes higher than from family
alternative. On top of that, the family-clone atigtive also ensures the shortest time
from start of breeding cycle until realization ¢$ results in practice and therefore is
recommended for the second breeding cycle for Sioésin Latvia.

The second highest revenues can be achieved Wartiily alternative; however,
its realization requires an almost twice longeretispan as realization of the family-
clone alternative. It is possible to obtain mafefida third round seed orchards in the
middle of the breeding cycle (after 22 years), whenphenotypically best candidates
are selected. Values of genetic gain from thiscsiele would be around half of the
total (obtained from material at the end of theebirg cycle).

Accuracy of selection in the family or family-clomdternative is higher and less
dependent from small deviations in competition @it factors in experiments than in
the phenotypic alternative. As demonstrated in thaf 2., backward selection is more
efficient to ensure improvement in quality tratisn forward selection.

Value of quality improvement, shown in table 3i8.,calculated as increase of
volume of most valuable assortment — branch-frest fiog — based on genetic
correlation among height and height up to firsiegreranch. This quality improvement
causes 12% increase in differential gain. In pcactadditional gain from quality
improvement can be higher, since other importaatitutraits (like stem straightness,
branch thickness) are not included in the calantatihe highest differential gains can
be achieved, if the result of tree breeding — gealty improved forest reproductive
material is used for regeneration in a maximaltgéearea.

CONCLUSIONS AND PROPOSALS

1. Heritability of dominant tree height 0.43) is higher than for diameter€0.18)
or stem volume (&0.21). Heritability of height up to first greendmch (K=0.20)
slightly exceeds heritability of traits charactérg branch diameter and branch
diameter/stem diameter ratio’{0.16). Values of heritability in context with
values of additive genetic coefficient of variatidemonstrate high potential of
breeding work to improve not only productivity, kalso quality of pine stands.

2. Values of family heritability are on average 1.6hdés higher than values of
individual tree heritability. Differences are esjadly pronounced for traits
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describing branch quality. Therefore further seétecbf material is recommended
to be based on progeny testing and backward setecti

Number of trees per family in trials with an averaage of 28 years is strongly
connected with survival in the first years afteanglng, which can be influenced
by number of non-genetically controlled (environtadn factors. If causes of
differences in survival are not known or not coriedado breeding objectives, the
trait having the possibly lowest connection withmher of trees should be chosen
as the main selection criteria.

Selection by tree height ensures maximum genefic fga traits characterizing
productivity as well as improvement of some qualitgits: height has strong
negative genetic correlation with branch diametemsdiameter ratio {-0.65)
and strong positive — with height up to first grebranch (5=0.94). Traits
describing branch thickness in lower part of tregehweaker genetic correlation
with height than with diameter£0.46 and &=0.71 respectively). Therefore tree
height is recommended as the main selection @itdid ensure possibilities for
selection of trees with thinner branches, it isassary and sufficient to use
diameter of thickest branch up to 2 m height asdditional criteria. Also trees
heaving crooked stems must be excluded from fuliheeding work.

Genetic correlation of values of the same traiflifferent experiments is high for
height of dominant trees,&0.80-0.89) and for branch diameter/stem diameter
ratio (,=0.82). It indicates low reduction of genetic g#iiselections are carried
out in one experiment and results utilized in ctods similar to other
experiment. Low values of type B genetic correlaioin contrast, are for tree
diameter ($=0.26-0.86), and for traits characterizing brankitkness @=0.47-
0.61) indicating the necessity for a higher numbg&rexperiment for accurate
selection for these traits.

Results of tree breeding are utilized in differecdlogical conditions. Considering
values of indicators of genotype-environment intéoa, for selection of widely
adapted material progeny testing in at least &bfit sites is recommended.
Possibilities to improve branch traits via phenatygelection are notably lower as
possibilities to improve traits describing produitti, but via backward selection
based on results from progeny test, the possdslitif improvement are similar for
both groups of traits, indicated by similar valwgstamily heritability (H; =0.63
and H; =0.53 — 0.58 respectively). If the aim of breediisy simultaneous
improvement in both productivity and quality, fayadlone or family selection is
recommended.

Highest values of differential gain from investnwint tree breeding in the shortest
period of time (24 years) can be achieved using fdraily-clone breeding
alternative. Therefore it is appropriate and recemded to continue
investigations to improve pine vegetative propamatnethods. Second highest
differential gain can be achieved by the family dalieg alternative, but its
realization requires an almost twice longer periodt5 years. Following this
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10.

11.

alternative it is possible to select material faird round seed orchards after half
of the breeding cycle (22-24 years), realizing loftthe genetic gain.
Economically optimal time of seed collection in anchard is relative short
(around 20 years) and it is recommended to be ceglawvith a new orchard
producing seeds with higher genetic gain as soomaerial for that becomes
available.

Differential gain from forest regeneration with @énally improved material
compared to relying on natural regeneration istp@seven if investments in tree
breeding and seed orchards are covered by incegsine of plants and for
investments in forest regeneration 5% interestisaépplied.

Investments in tree breeding and seed orchard ls$taient and maintenance
become more profitable as annual regeneration aita genetically improved
material increases. Highest priority for regenemativith bred material should be
given for areas with highest yield class.
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