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Kopsavilkums. Darba vértétas priezu séklu kvalitativas un genétiskas atskiribas tris
dazadas priezu seklu plantacijas atskirigos razas gados. Divas 23-gadigas (Dravas, Saviena)
un viena astongadiga (Norupes) priezu séklu plantacija analizéti 18 priezu klonu 2011. gada
¢iekuri un séklas. Noteikti un salidzinati ¢iekuru vidéjie raditaji, pilngraudaino séklu skaits
¢iekura un 1000 séklu svars. Skaidrotas klonu pazimju korelativas sakaribas starp dazadam
plantacijam. Salidzinats plantaciju un mezaudzu reproduktivais materials.

Genétiskas daudzveidibas izvérté$anai ar molekularas genétikas metodém salidzinati
dazadu gadu séklu razas paraugi no Savienas (2011, 2006., 1999.g.) un Dravu (2011,
2010. g.) plantacijam.

Ciekuru un séklas raksturojo$o pazimju absolatie lielumi dazada vecuma priezu seklu
plantacijas ar vienadu klonu sastavu ir atgkirigi, bet $o raditaju korelacija starp vienada vecuma
un klonu sastava plantacijam ir augsta un statistiski batiska (roo, = 0,6-0,8). Priezu kloni
at$kiras péc pilngraudaino seklu skaita ¢iekura un to svara (a = 0,001). Seklu plantaciju ¢iekuri
ir statistiski batiski lielaki un tiem ir vairak un smagakas pilngraudainas séklas salidzinajuma
ar mezaudzu ¢iekuriem.

Séklu plantacijas ar vienadu klonu sastavu, bet kuras atrodas geografiski un klimatiski
at$kirigas vietas, batiska genétiskas daudzveidibas samazinasanas nav novérota.

Nozimigakie vardi: priezu séklu plantacijas, ¢iekuri, séklas, heterozigotate.
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Abstract. The results of tree breeding programs are realised through seed orchards.
The reproductive cycle of Scots pine is spread over 3 vegetative seasons. Intensity of flowering
is dependent on the formation of the female and male strobili precursors during the first year
of the cycle, and meteorological conditions during flowering can significantly affect the seed
production in the following year. Significant differences in phenology have been observed
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both between populations and within populations (Neimane ef al., 2009). Seed production
differs between clones, and is dependant on the phenological characteristics of the
population.

Seed quality parameters have been determined in individual clones and groups of
clones in pine seed orchards (Gailis et al., 1973; Dreimanis, 1974, 1988; Laura, Bérzina, 1978).
Seeds obtained from seed orchards have higher seed weight and germination in comparison
to seeds obtained from natural stands. However, no comparisons have been made of cone
and seed quality parameters between seed orchards, established with identical clones in
various locations within Latvia.

Alow number of male strobili is characteristic of newly-established pine seed orchards,
which negatively affects seed quality. These parameters improve as the seed orchards mature.
Meteorological conditions can also significantly affect seed production and quality. One of
the most important parameters which characterizes the adaptive potential of stands is genetic
diversity, and studies have indicated that genetic diversity in progeny is not negatively affected
if the effective clone number is more than 15-20 (Prescher, 2007). These diversity studies, as
well as comparisons of diversity in seeds collected in different years have not been done in
Latvia.

The aim of this study was to compare seed quality and genetic diversity parameters of
seeds collected from pine seed orchards located in different regions of Latvia, and in different
years.

In autumn 2011, seed material was collected from 18 Misa provenance plus tree clones,
located in three seed orchards: Saviena (orchard age 23 years), Dravas (23 years old) and
Norupe (8 years old). Cone length and diameter were measured, and full seed number per
cone and 1000 seed weight were determined.

48 seeds from each seedlot were germinated and DNA extracted for genetic
diversity assessment. Additionally, bulked seed lots were obtained from Saviena (1999,
2006) and Dravas (2010). DNA extraction was done using a modified CTAB method
(Doyle, Doyle, 1990). Genotyping was done with 6 SSR markers: PtTX3107, PtTX4001,
PtTX4011, PtTX2146 (Elsik et al, 2000), SPAC11.6, SPAC12.5 (Soranzo et al., 1998).
Results were analysed using GenAlEx v6.1 (Peakall, Smouse, 2006) and DARwin (Perrier,
Jacquemoud-Collet, 2006).

Cone parameters were compared between the two 23 year old pine seed orchards.
The largest cones were collected from the Dravas seed orchard: average diameter 24,3 mm
(cv 10,3 %) and average length 49,5 mm (cv 10,3 %). Differences in cone diameter between
Dravas and Saviena were small, but significant (a =0,01), while cone length did not differ
significantly. Average cone diameter (20,9) and length (40,1) collected from the 8 year old
Norupe seed orchard, differed significantly from the Dravas and Saviena seed orchard.

The number of full seeds per cone also varied significantly between the Dravas
(average 22,8) and Saviena (average 16,5) seed orchards (a=0,001). The meteorological
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conditions during pine flowering at the Saviena seed orchard were predominantly overcast
and rainy, inhibiting pollination. In the 8 year old Norupes seed orchard, where male strobili
were not fully developed, the average number of full seeds per cone was 14,5, which is
significantly less than in the Dravas seed orchard. There was no significant difference in the
number of full seeds per cone between the Saviena and Norupe seed orchard. 1000 seed
weight was not significantly different between Dravas and Norupe, but was significantly lower
in the Norupe seed orchard (Table 1).

Significant differences in cone and seed parameters were also found between the
Misa natural stand and the seed orchards (Table 2), confirming previously obtained results
(Zviedre, 1981). Over the past decades, an increase in seed orchard 1000 seed weight has
been observed, reaching 9-10 grams in Latvia, which is similar to data from central Turkey
(Sivacioglu, Ayan, 2008). However, in Scandinavia, Scots pine seeds are smaller (6-7 g)
(Prescher ef al., 2005). These changes could be attributed to seed orchard clone maturation
as well as the possible effects of climate change.

Pairwise Nei genetic distance was determined, and a neighbor-joining dendrogram
constructed (Figure2). The seeds collected in 2011 clustered together, and this was
confirmed by AMOVA, where 1 % of the genetic polymorphism was found between the seed
lots collected in 2011. In comparison, 2% of polymorphism was found between the seed lots
collected from Savienain 1999,2006 and 2011, while 3 % of genetic polymorphism was found
between the seed lots collected from Dravas in 2010 and 2011.

No large differences in genetic polymorphism parameters were found between the
analysed seed lots. The largest differences were in the observed heterozygosity (Ho) values
(Table 4), which indicates a higher rate of self-pollination. The highest Ho values were found
in the Dravas seed orchard, while the values were lower in the Savienas and Norupes seed
orchard. This correlates with the number of full seeds per cone found in 2011. The decrease in
Ho in the Norupe seed orchard could be attributed to the young age of the seed orchard, while
in Saviena this might be explained by the unfavourable meteorological conditions prevailing
during flowering.

Cone and seed size parameters in seed orchards established with identical clones, were
similar in the two 23 year old seed orchards, but lower in an 8 year old seed orchard.

Cone and seed size from seed plantation clones increases with ramet age.

In 23 year old seed orchards (Dravas and Siviena), seed size was similar, but the
number of full seeds per cone differed significantly (a = 0,001).

Genetic diversity parameters of seeds obtained from seed orchards established with
identical clones were similar to each other and between seed collection years.

The most genetically similar seeds were those collected in a single year (2011), from
3 different seed orchards, which were more similar than seed lots collected from the same
seed orchards in different years.

The most variable genetic diversity parameter was observed heterozygosity (Ho),
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which indicated the level of self-pollination, and which was correlated with the number of full
seeds per cone in 2011.

The level of self-pollination in seed orchards can be influenced by a variety of factors,
including seed orchard age (Norupe) and meteorological conditions (Saviena).

Key words: pine seed orchards, cones, seeds, heterozygosity.

eos

Baymanuc, 1. 3, Beitn6epra, 1. 3, Arobunckuc, A. 3, Pynruc, A. 3, Inconc, A. ** Kauecrso
M reHeTHYeCKOe Pa3HOoOOpa3me CeMsIH CeMEHHBIX MAAHTANUI COCHBI OOBIKHOBEHHOM
(Pinus sylvestris L.) B mepeMeHHBIX YyCAOBHSIX CPeAbL.

Pesrome. OrjeHeHbl KadeCTBeHHble U TeHETHYeCKMe Ppa3AMYMs CeMSH COCHBI
OOBIKHOBEHHO!, COOPAaHHBIX B TPEX PasHBIX CEMEHHBIX IAQHTALMSIX KU B Pa3HBIX TOAAX
ypoxaitnoctu. B AByx 23-aetnux (Apasac, CaBrena) u B opHoi1 8-aetreit (Hopyre) cemenHoit
MAAQHTAIMAX IPOAHAAM3UPOBAHbl MIMIIKK M ceMeHa ypoxkas 2011 ropa y 18 xA0OHOB cOCHBIL
OrmnpepereHBl U CpaBHEHBI CpepHME IOKa3aTeAH IIUIIEeK, YHCAO MOAHO3EPHHUCTBIX CeMsSH B
oaHolt mumke 1 Bec 1000 ceMsaH. YcTaHOBAGHBI KOPPEASTUBHbIE CBS3H XapaKTePUCTHK KAOHOB
MEXAy padHbIMH HAaHTansIMU. CpaBHEH pPeNpPOAYKTHBHBIN MaTepHaA, IOAYYEHHBIH B
MMAQHTALMSIX H HACAKAESHUIX.

AAs  BBIACHEHMS TE€HETHYECKOTO PasHOOOPAasHs MOAEKYASPHO-TeHEeTHIeCKUMHU
MeTOAAMH CpaBHeHBI 00pasnpl ceMsiH maaHTanuit CaBueHa (2011., 2006., 1999.) u Apasa
(2011.,2010.) B Pa3HBIX TOAAX YPOXKAUHOCTH.

AGCOAIOTHBIE BEAMYHHBI, XAPAKTEPHU3YIOIN¥e IPH3HAKOB IIHINIEK M CEeMSH B
Pa3HOBO3PACTHBIX CEMEHHBIX IIAAHTAIIMIX C OAMHAKOBBIM COCTABOM KAOHOB, UMEIOT Pa3AMYH,
HO 9TH PasAU4Ms OIpeAeAeHbl TeHeTHYeCKH, IOTOMY YTO COXPAHSIEeTCsI BBICOKAsI KOPPEASIIHs
MeXAy MAAHTAIlMSAMM CTapliero Bo3pacTa (roy01 =0,6-0,8). Pazmep mmmex u ceMsaH B
CeMeHHBIX IIAAHTALMX YBEAUYHUBAETCS C BO3PACTOM paMeTOB. B maaHTanusax 0AHOTo BO3pacTa
obpasyercst ceMeHa OAHOTO pa3Mepa, HO YHCAO IIOAHO3EPHUCTBIX CEMSH B INMINKE HUMeeT
pasanyus (a = 0,001). Iunmky ceMeHHbIX MAAHTALIMNA M A€CHBIX HACAXKAECHHN OTAMYAIOTCS
cymectsenno (a = 0,001): B maanranusx Apasa u CasreHa UK [0 pasMepy 6OAbIIe, B HUX
TaKKe OOAbIIIe TOAHO3ePHUCTHIX CeMsH, BeC KOTOPHIX 7,9 T, 9T0 Ha 28% BbIlile YeM BeC y CeMsH
HaCa>KACHHM.

He BbIsIBAEHBI CyLjeCTBEHHbIE PA3AMYUS TeHETHIECKOTO Pa3HOOOpasusi B MAAHTALIVSX
C OAMHAKOBBIM COCTABOM KAOHOB, KOTOpPbIe HAXOASTCS B pa3HBIX TreorpaduyecKux H
KAMMaTHYeCKUX ycaoBusx. Ompepesennas rereposurotaocts (Ho), koTopas moxasbiBaeT
BKAAA CAMOOIBIACHHS, KOPPEAHPYET C KOANYECTBOM IOAHBIX CEMSH B IIMIIKE.

Katouesvie cA06a: ceMeHHBIE IAAHTALIUH COCHBI, IIMIIKH, CEMEHA, [€TePO3UTOTHOCTb.

3 ATHIA «CuaaBa>, ya. Purac 111, Casacnimac, LV-2169, Aatusi; *aa. moura: aris.jansons@silava.lv

77



MezZzinatne 26(59)'2012

Ievads
Meza selekcijas darba rezultatus
mezsaimnieciba realizé, ierikojot séklu

plantacijas ar atlasitu un parbauditu klonu
vai hibridu vegetativo materialu, no $im
plantacijam ievac genétiski augstvértigas
seklas stadu razo$anai. Pirmas kartas priezu
séklu plantaciju ieriko$ana sakas pirms
piecdesmit gadiem, vecakajas no tam séklas
vairs neievac, bet dala no tam tiek saglabata
ka klonu arhivi.

Priedei generativais attistibas cikls
aptver tris vegetacijas sezonas (Laura, 1975).
Pirmaja gada vasaras perioda izveidojas
sievisko un virisko strobilu aizmetni, kas

nosaka ziedéanas intensitati nakamaja
gada. Meteorologiskie apstakli ziedé$anas
laika var batiski ietekmét nikama gada
séklu razu. Sievisko un virisko strobilu
ziedé$anas dinamikas novérojumi liecina,
ka pastav nozimigas fenologiskas atskiribas
starp kloniem no dazadam populacijam, ka
ari vienas populacijas ietvaros (Neimane
et al., 2009). Séklu iznakums, salidzinot ar
potenciali iesp&jamo, dazadiem plantacijas
kloniemirat$kirigsunzinamaméraatkarigsno
populacijas klonu ziedésanas laika novirzém.
Ka agri, ta vélu ziedo$ajiem kloniem, it
seviski pasiem agrakajiem un veélakajiem
salidzinot ar paréjiem kloniem, ir mazaks
pilno séklu iznakums, ko veicina paréjo klonu
ziedputek$nu trakums apauglo$anas laika
(Laura, Bérzina, 1978). Agri ziedosie kloni
biezak apsalst, nelabvéligos meteorologiskos
apstaklos nepilnigi apauglojas, ka rezultata
palielinas tuk$o séklu ipatsvars, kas atstaj
negativu ietekmi uz nakama gada razu.
par  klonu

Lidzg8inéjie  pétijumi
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ziedé$anas intensitati, séklu iznakumu un to
kvalitati veikti pirmas kartas séklu plantacijas
séklu razoSanas fazé. Pétijjumos izvertéti
atseviski kloni vai klonu grupas no dazadam
plantacijam, nosakot Cciekuru parametrus,
séklu iznakumu un kvalitati (Gailis et al.,
1973; Dreimanis, 1974, 1988; Laura, Bérzina,
1978). Informacija par séklu razam un to
kvalitati pieejama Baltijas séklu kontroles

stacijas  vaditajas A.Zviedres parskatos
(Zviedre, 1981; Zviedre, Dzintare, 1982;
3Bueape, 1985). Salidzinitas mezaudiu

un séklu plantaciju séklas un konstatéts, ka
plantaciju seklam ir vidéji lielaks svars un ari
dig$anas energija. Lidz $im nav salidzinati
dazadu Latvijas regionu vienadu klonu
sastava séklu plantaciju ¢iekuri un séklas.
Jaunas séklu plantacijas pirmajos
loti

viriSko strobilu skaits. Tam ir negativa

ziedé$anas gados raksturigs mazs
ietekme ne tikai uz séklu genétisko kvalitati
(apputeksnésanas ar mezaudzu putekiniem),
bet ari séklu iznakumu un fiziologiskajiem
parametriem. Pieaugot plantacijas vecumam
un viri$kas ziedésanas intensitatei, palielinas
ari séklu raza un pilngraudaino séklu skaits
¢iekura.

Meteorologiskie apstakli var nozimigi
ietekmét plantaciju séklu razas apjomu un
genétisko kvalitati. Tadé] sagaidams, ka
jau notieko$as un prognozétas klimatiskas
izmainas var atsaukties uz séklu ieguvi un
plantaciju pécnacéju genétiskajam pazimém,
taja skaita adaptacijas sp&jam. Viens no
nozimigiem audzes adaptacijas potencialu

raksturojos$iem raditajiem ir genétiska

daudzveidiba. Parastas priedes mezaudzu
un séklu plantaciju pécnacéju genétiskas
daudzveidibas salidzina$ana saméra plasi



l. Baumanis, I. Veinberga, L. Lubinskis, D. Rungis, A. Jansons

veikta Skandinavijas valstis, kopuma secinot,
ka konstatétas at$kiribas nav butiskas, ja
efektivo klonu skaits plantacija nav mazaks
par 15-20 (Prescher, 2007). Tatu Latvija
$adi pétijumi nav izdariti, nav ari analizéta
plantacijupécnacéjugenétiskasdaudzveidibas
raditaju starpgadu mainiba.

Genétiskas daudzveidibas pétijumos
saméra plasi lieto selektivi neitralus
molekularos markierus, kas nav saistiti ar
fenotipiskajam pazimém; mikrosatelitu - SSR
(no angl. Simple sequence repeats) markierus.
Tie ir informativi, uzrada daudz alélu, labi
atkartojami, un to genotipéSana tehniski
ir salidzino$i vienkar$a (Ritland, Ritland,
2000). SSR markieri izmantoti putekinu
plasmas noskaidro$anai parastas priedes
audzés (Rodledo-Arnuncio et al.,, 2004), ka
ari genétiskas daudzveidibas noteik$anai
atjaunotisklinskalnu priedes audzés (Thomas
et al., 1999).

Darba séklu

kvalitativas un genétiskas atskiribas dazadas

mérkis - noveértét

séklu plantacijas un dazados razas gados.

Materials un metodika
Pétijuma materials ievakts 2011. gada
rudeni no 18 Misas proveniences pluskoku
kloniem, kas parstavéti visas trijas séklu
plantacijas:

a) Saviena (Jaunkalsnavas novads), kur
80 Misas kloni izvietoti vienkopus
atseviska plantacijas dala (bloka);

b) Dravas (Kuldigas novads), kur atseviska
bloka izvietoti 66 Misas kloni;

c) Norupes (Ogres novads), kur visa
plantacija sastav no 64 kloniem (t.sk.
47 Misas kloni).
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Savienas un Dravu plantacijas 23 gadu
vecuma no katra klona 4 rametiem vainaga
vidusdala dazadas pusés rendomizéti ievakti
30 c¢iekuri, bet Norupes plantacija 8 gadu
vecuma — 20 ¢iekuri. Kontrolei Misas mez-
niecibas I bonitates pieaugu$a mezaudzé
ievakti ¢iekuru paraugi no 23 kokiem
(30 ¢iekuri no koka).

Uzmeérits ¢iekuru garums un caurmeérs,
noteikts vidéjais pilngraudaino séklu skaits
viena ¢iekura un 1000 séklu svars.

Datu apstradei pielietoti MS Excel
datu analizes riki, nosakot pazimju vidéjas
vértibas un variacijas koeficientus; klonu
reproduktivo pazimju atskiribas pa aug$anas
regioniem izvértétas ar dispersijas analizi.
Atlasitajiem kloniem skaidrotas pazimju
korelativas sakaribas pa séklu plantacijam.

Ievaktais plantaciju séklu materials
izmantots arl genétiskas daudzveidibas
vérté$anaiar molekularas genétikas metodém.
Genétiskas daudzveidibas izmainu analizei
izmantoti dazadu séklu razas gadu — Savienas
(1999., 2006., 2011.g.) un Dravas (2010.,
2011.g.) - priezu séklu plantaciju vidéjie
séklu paraugi.

No katra plantacijas parauga iz-
diedzétas 48 séklas, no digstiem izdalitas
DNS, pielietojot modificetu CTAB metodi
(Doyle, Doyle, 1990). Genotipésana veikta
ar 6 SSR markieriem: PtTX3107, PtTX4001,
PtTX4011, PtTX2146 (Elsik et al., 2000),
SPAC11.6, SPAC12.5 (Soranzo et al., 1998).

Genotipésanas polimerazes kédes
reakcijas (PKR) rezims: 95°C S min, 38 cikli
95°C 30sek, 55°C 30sek, 72°C 30 sek,
72°C 10min. PKR reakcijas maisijums:
kopéjais tilpums 20 pl, kas satur 50 ng izejas
DNS, 1xPCR bufer$kiduma, 2mM MgCl,,
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0,2mM dNTP mix, 0,5U Taq polymerase
(“Fermentas”), 0,2 ul ar fluorescéjosu kras-
vielu ieziméta tie$a un reversa praimera.

Fragmentu analize: apvieno pa
1yl katru PKR amplificéto fragmentu ar
at$kirigam  krasvielu iezimém (6-FAM,
HEX, NED), pievieno 0,7 pl GeneScan
TM-350 ROX Size Standard un 8yl
Hi-Di TM formamida. Denaturé termociklera
aparata 95°C temperatira S minttes. Strauji
atdzesé lidz 0°C temperatarai. Genotipé ar
Applied Biosystems genétisko analizatoru
3130XL.

Iegato genotipu datu analize veikta ar
GenAlEx v6.1 (Peakall, Smouse, 2006) un
DARwin (Perrier, Jacquemoud-Collet, 2006)

programmam.

Rezultati un diskusija

Ciekuru un seklu analize
Divas 23-gadigas séklu plantacijas, kas
atrodas geografiski un klimatiski at$kirigas
vietas, salidzinata 2011. gada ¢iekuru raza
18 priezu kloniem. Lielakie ¢iekuru diametri
un garumi konstatéti Dravas séklu plantacijas

kloniem, kuru vidéjais ¢iekuru diametrs —
24,3 mm, garums - 49,5mm, variacijas
koeficients starp kloniem — 10,3 % (1. tab.,
1. att.). Klonu ¢iekuru diametru atskiribas
starp Dravas un Savienas plantacijam ir ne-
lielas, bet statistiski batiskas — F = 6,4 > F,,
(2. tab.), turpreti ¢iekuru garumu atgkiriba
nav batiska.

Norupes 8-gadigaja séklu plantacija,
kur séklu raZo$anas faze tikko sakusies,
20,9 mm
un garums 40,1 mm, kas bitiski (Fg)

vidéjais ¢iekuru diametrs ir
at$kiras no vecakajas — Dravas un Savienas
plantacijas — konstatéta. Sie mérijumi atbilst
datiem, kas iegati no lidziga vecuma séklu
plantaciju ¢iekuriem (Dreimanis, 1974). Tas
norada, ka ¢iekuru izméri pieaug lidz ar séklu
plantacijas vecuma palielinasanos.

Priezu kloni at$kiras ari péc tada
butiski séklu razu ietekméjosa raditaja ka
pilngraudaino seéklu skaits ciekura (Fggp)-
Dravas plantacija pilngraudaino séklu skaits
¢iekura, atkariba no klona, svarstas no 13 lidz
33 gab,, vidéji ¢iekura ir 22 séklas, ar augstu
variacijas koeficientu (31,3 %). Savienas

1. tabula / Table 1

Priedes ¢iekuru vidéjie raditaji un séklu raksturojums dazadas plantacijas un mezaudzé

Average pine cone and seed parameters in seed orchards and forest stand

Ciekuri Pilngraudaino
Ve- Cones seklu skaits 1000 sakl
Plantacija | cums, Giekura S
Seed gadi Diametrs Garums No. of full seeds per 1000 seed weight
orchard Age, Diameter Lenght e
years
mm cv% mm cv% gab. cv% g cv%
Dravas pl. 23 24,3 10,3 49,5 10,3 22 31,3 7,8 9,6
Savienas pl. 23 22,7 12,1 47,2 13,1 15 41,3 7,9 13,0
Norupes pl. 8 20,9 10,5 40,1 11,8 13 47,2 6,7 14,8
Misas audze 100 19,0 6,2 38,4 7,2 9,9 39,2 5,7 15,8

pl. — séklu plantacija / seed orchard; audze — forest stand.
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1. attéls. Misas klonu ¢iekuru un séklu raksturojums (2011. gads).
Figure 1. Cone and seed parameters of the Misa clones (2011).
pl. - séklu plantacija / seed orchard; audze - forest stand.
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2. tabula / Table 2

Ciekuru un séklu atskiribas dazadas séklu plantacijas un mezaudzé

Differences in cone and seed parameters between seed orchards and natural stand

Dispersijas
Variance
Plantacijas / audzes ik
Seed orchards / stands dizlsnggls Ciekuru garums Seklu skaits 1000 seklu svars
Cone diameter Cone length No. of seeds 1000 seed weight
Saviena — Dravas 6,4** 35 10,3*** 0,1

Saviena — Dravas — Norupes 17,3 35,17 8,1 8,0%**

Dravas — Misas audze 139*** 131,0** 38,3*** 45,7

Saviena — Misas audze 54,5 63,6™* 8,8%* 45,57

E223 23 *
Fo,ool} Fo,ol; Fo,os

Alpziméjumi / Legend:
pl

planticija uzskaititas S lidz 25 (vidgji 15)
pilngraudainas séklas ¢iekura, ar vél augstaku
varidcijas koeficientu (41,3 %). Savienas
plantacija priezu ziedé$anas laika parsvara
bija apmakusas un lietainas dienas, kas varéja
ietekmét apputeksné$anos. Lidzigas séklu
razas sakaribas novérotas arl 197S.gada
Skaistkalnes un Olaines plantaciju kloniem
ar atgkirigu ziedéSanas laiku (Dreimanis,
1988.).

Jaunakaja - Norupes plantacija, kur
visi kloni vél nezied un virisko zied-
pumpuru attistiba ir neliela, ¢iekura vide-
ji ir 13 (5-26 gab.) pilngraudainu séklu.
Vidéjais 1000 séklu svars $aja plantacija ir
6,7 grami, kas ir batiski mazaks neka vecakajas
seklu plantacijas, bet variacijas starp kloniem
5,5-9,6 g. Séklu lielumu vairak ietekmé klonu
rameta vecums un genétiskas ipasibas, bet
mazak — plantacijas atraganas vieta. Konsta-
tétas klona ¢iekuru un séklu raksturojoso
pazimju absolato lielumu atskiribas starp
rametiem dazada vecuma plantacijas (Fog01),
bet klonu vidéjo vértibu limeni starp
plantacijam pastav augsta korelacija (3. tab.).
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— séklu plantacija / seed orchard; audze — forest stand.

Séklu skaitu ¢iekura nosaka gan
klona genétiskie faktori, gan klimatiskie un
meteorologiskie apstakli priezu ziedé$anas
laika, kas ietekmé sievisko strobilu appu-
teksnésanos un séklu attistibu (Apefimanuc,
1978; Laura, Bérzina, 1978; Zviedre, 1981;
1962).
1000 pilngraudaino

Séklu lielumu raksturo
séklu Seklu
lielumu ietekmé klonu genétiskie, klimatiskie
un edafiskie apstakli (Dreimanis, 1988;
Prescher, 2007).
Vienvecuma

Sarvas,

svars.

Dravas un Savienas
plantacijas klonu 1000 séklu vidéjais svars
butiski neatskiras, attiecigi — 7,8 un 7,9 grami.
Turpreti at$kiribas starp kloniem ir lielas,
un 1000 seklu svars ir robezas no 6,6 lidz
10,0 gramiem. Jaunakaja, 8-gadigaja Nor-
upes plantacija, 1000 séklu svars ir mazaks —
6,7 grami, kas atbilst agrak veikto pétijumu
datiem (Dreimanis, 1974). Vecakajas planta-
cijas novérotas nelielas sakaribas starp
¢iekuru parametriem un 1000 séklu svaru
(005 = 0,4-0,6).

Konstatétas butiskas atskiribas starp

séklu plantaciju un mezaudzes ciekuru un
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3. tabula / Table 3

Ciekuru un séklu vidéjo paraugu korelativas sakaribas dazadas plantacijas

Correlation of cone and seed parameters between seed orchards

Plantacija Norupes Saviena
Seed orchard
¢iekuru diametrs / cone diameter
Saviena 0,67**
Dravas 0,67** 0,62**
¢iekuru garums / cone length
Saviena 0,67**
Dravas 0,81 0,77**
pilngraudaino séklu skaits ¢iekura / no. of full seeds/cone
Saviena 0,71*
Dravas 0,70* 0,58**
1000 séklu svars / 1000 seed weight
Saviena 0,49*
Dravas 0,34 0,69**

Apziméjumi / Legend: ** - 0,01; * - 0,05;

korelacijas aprékinatas, izmantojot klonu vidéjas vértibas / corelations calculated from clone mean values.

séklu paraugiem. Mezaudzes kokiem atskirigi
ir ¢iekuru izméri (2. tab.) — vidéjais diametrs
19 mm, garums 38,4 mm, un tie varié robezas
no 32,1-42,5. Vidéji viena ¢iekura ir 10 piln-
graudainu séklu, kas ir ievérojami mazak
neki plantacijas (Dravas-22; Saviena-15
un Norupés-13). Vidéjais 1000 séklu svars
mezaudzé (ar lielam atgkiribim starp ko-
kiem - 4,3-8,1 g.) — 5,7 grami, kas ir par 28 %
mazaks neka Savienas un Dravas plantacijas.
Lidzigus datus pirms ~30 gadiem publicéjusi
ari Baltijas seéklu kontroles stacijas darbinieki
(Zviedre, 1981).

Pédéjas desmitgadés veiktie nove-
rojumi liecina, ka séklu svaram plantacijas
ir tendence palielinaties. Kloniem ar
rupjakim séklam (M238 - Dravas; 248,
226, 249 - Saviena un 256 - Norupés)
1000 séklu svars sasniedz pat 9-10 gramus,
kads novérots ari priezu plantacijas Turcijas
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vidiené (Sivacioglu, Ayan, 2008), savukart
Skandinavijas valstis priezu plantaciju séklas
ir mazakas - Zviedrijas dienvidu dala (6-7 g)
(Prescher et al., 2005). Iemesls $3dam nori-
sém varétu but novéroto klonu vecuma
palielinaganas un iespéjamo klimata izmainu
ietekme.

Plantaciju seklu molekulari genétiska analize
Noteikti Nei genétiskie attalumi starp
visam plantaciju séklu partijam un rezultati
(2.att.). Ka
redzam, visu plantaciju séklu partijas sadalas

atspoguloti dendrogramma
divas lielakas grupas, kur visas 2011.g
ievaktas séklas ir genétiski radnieciskikas
viena otrai. Otro grupu veido citos gados
ievaktas seklas. So lidzibu apstiprina ari
molekularas dispersijas analize (AMOVA),
ar kuru noteikts genétiskas daudzveidibas
sadalijums starp plantaciju séklu partijam un
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Saviena (1999)

Saviena (2006)

Saviena (2011)

— Dravas (2011)
l

Dravas (2010)

0,01

Norupe (2011)

2. attéls. Nei genétisko attalumu dendrogramma.

Figure 2. Dendrogram depicting Nei genetic distances between the analysed seed lots.

séklu partiju ieksiené. Tikai 1 % no kopéjas
genétiskas daudzveidibas konstatéts starp
séklu partijam, kas ievaktas 2011. gada.
Starp Savienas plantacijas séklam, kuras
iegutas atskirigos gados (1999. g., 2006. g. un
2011. g.), konstatéti 2 % no kopéjas genétis-
kas daudzveidibas. Starp Dravas séklu parti-
jam, kas ievaktas 2010. un 2011. gada, kon-
statéti 3% no kopéjas genétiskias daudz-
veidibas. Tas norada, ka radniecigakas ir séklu
partijas, kas ievaktas 2011.gada. Si razas
gada séklu partijas no geografiski attalam
plantacijam ir savstarpéji genétiski lidzigakas
neka vienas plantacijas divu atskirigu razas
gadu partijas.

Iegutie genétiskie dati liecina, ka lielas
izmainas genétiskajos daudzveidibas raditajos
starp atseviskam priezu séklu plantacijam,
ka arl starp séklu ievaksanas gadiem nav
konstatétas (4. tab.). Nozimigakas atskiribas
noveérotas starp atrastajam heterozigotétes
(Ho) vertibam. Zemakas
2011. gada

Ho vertibas
(0,584)

konstatétas Saviena
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un Norupé 2011.gada (0,606). Ho vidéja
veértiba visas analizétajas séklu partijas ir
0,640. Zemaka Ho vértiba norada uz lielaku
pasapputes Ipatsvaru, un 2011.gada séklu
partijam $is raditajs korelé ar pilno séklu
skaitu no viena ¢iekura (r=0,71), kas ir
mazaks Saviena un Norupé. Séklu partijam,
kas ievaktas citos gados, dati par pilno séklu
skaitu nav pieejami, tomér tajas Ho ir lielaks
neka Dravas un Norupé 2011. gada. Dravas
2010.gada Ho ir augstaks neka vidéjais
analizétaja kopa, kas, iesp&jams, liecina, ka
pilno séklu skaits $aja plantacija varétu bat
lielaks neka Saviena un Norupé 2011. gada.
Norupes plantacija lielaks pasapputes ipat-
svars varétu but skaidrojams ar plantacijas
vecumu, kurd visi kloni vél nav sakusi
ziedét. Zinams, ka parastas priedes vidéjais
appukteksné$anas attalums ir 17-22m
(Robledo-Arnuncio et al., 2004), ja virisko
strobilu skaits ir zems, paSapputeksnésanas
ipatsvars pieaug. Vienlaicigi palielinas ari
fona puteksnu apputeksnéto séklu Ipatsvars,
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4. tabula / Table 4

Analizéto séklu partiju genétiska daudzveidiba

Genetic diversity parameters of the analysed seed lots

Séklu partija Saviena | Saviena | Saviena | Dravas | Dravas | Norupe | Vidéjais
Seed lot (1999) | (2006) | (2011) | (2010) | (2011) | (2011) | Average
g‘:‘g?j;‘;lsy?jfszle‘;s“s 48 48 49 48 44 47 | 47333
Aleu skaits 13,000 | 12,667 | 12,8 13,66 66
No.of alles 3, 667 833 | 13,667 | 13,500 | 14,667 | 13,389
A 1 i 1 0,
ﬁ;lgtzkl?e‘,t;a(rfff?%‘“ virs 5 % 6333 | 5667 | 6167 | 5500 | 5167 | 5500 | 722
%‘ﬁgjﬁ;i}sji‘e‘;; 6906 | 7,358 | 7,340 | 7428 | 7443 | 7,148 | 7271
}2}(‘;::::;3:31;2‘:;1‘“ 1,999 2,043 2,017 2,061 2,054 2,050 2,037
gjg‘ﬁ;fnf;f}:;i“l‘:ss 1,500 0,333 0,833 1,500 0,667 1,333 1,028
}L‘Eféféj‘r?g“i‘zl%‘if;z‘t‘t(ngF) 0199 | 0,192 | 0274 | 0137 | 0128 | 0248 | 0,196
gg;igij;i t};‘r"‘:z;‘;ffyt?ze()He) 0792 | 0805 | 0805 | 0808 | 0810 | 0807 | 0804
gg;fjege;:;‘;z‘zz‘;‘;ﬁ‘;(gg) 0639 | 0638 | 0584 | 0678 | 0698 | 0606 | 0640

ko apliecina konstatétais pieaugusais kopéjo
alélu skaits, kas visaugstakais ir Norupes
2011. g. séklu partija. Alé]u skaits, ar frekven-
ci virs 5 %, Norupes 2011. gada séklu partija
ir zem vidéja, kas savukart norada uz lielaku

partija, varétu skaidrot ar vides apstakliem
priezu klonu ziedé$anas laika. Iespéjams,
ka lietaina laika un lidz ar to ierobeZotas
putek$nu plasmas dél, Savienas 2011. gada
séklu partija kopé&jo alé]u skaits ir zemaks par

reto alélu ipatsvaru. Zemo Ho vértibu, ka ari  vidgjo.
pilno séklu skaitu Savienas 2011. gada séklu
Secinajumi

Ciekurus un séklas raksturojo$o pazimju absolatie lielumi dazada vecuma priezu séklu

plantacijas ar vienadu klonu sastavu ir atgkirigi, bet vienada vecuma - lidzigi (r,, = 0,6-0,8).

Séklu plantaciju klonu ¢iekuru un séklu lielumi pieaug, palielinoties rameta vecumam.

Vienvecuma (Dravas un Savienas) plantacijas veidojas vienada lieluma séklas, bet
pilngraudaino séklu skaits ¢iekura ir atskirigs (a = 0,001).

Vienada klonu sastava séklu plantacijas at$kirigos razas gados ieguito séklu genétiskas

daudzveidibas raditaji ir lidzigi.

Genaétiski lidzveértigakas seklu partijas ir tas, kas ievaktas viena razas gada (2011.g.)

dazadas plantacijas. Tas ir genétiski ciesak saistitas neka séklu partijas, kas ievaktas no vienas
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plantacijas dazados gados.
Vertéjot genétiskos parametrus, konstatéts, ka nozimigas at$kiribas ir novérotaja
heterozigotaté (Ho), kas korelé ar pilno séklu skaitu.
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