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Kopsavilkums: Izretinatajas jaunaudzés lidz 15 m augstumam audzes kraja visbiezak ir
nedaudz mazaka par neretinato audzu kraju. Talaka augSanas gaita krajas raditaji pakapeniski
izlidzinas, un audzés, kas augstakas par 20 m, jauniba izretinato audzu krajas signifikanti
parsniedz neretinato audzu kraju. Vienlaicigi izpauzas ari atskiribas starp izretinato audzu krajam
a/s “Latvijas valsts meZi” dazadas meZzsaimniecibas. Analizes rezultati liecina, ka krajas atskiribas
vienada augstuma audzés nav skaidrojamas ar augganas apstaklu (sausienu mezi, kiidreni, areni)
nesakritibu. Saglabajas hipotéze, ka agra jauniba izretinato audzu krajas atikiribas (valdaudzes
koku skaits un ar to saistitais $kérslaukums) nosaka $o audzu genétiskas savdabibas.

Hipotézes parbaudei priezu un eglu mezos 2008. gada vasara izvélétas pavisam 12 audzes,
no kuram 6 raksturo ipasi produktivas un otras 6 savukart mazak produktivas meza ekosistémas
ar 25-30 m augstam kokaudzém.

Ikvienas audzes genétisko savdabibu analizei ievakti paraugi no S0 valdaudzes kokiem,
izsledzot tresas Krafta klases tievakos kokus. Tadéjadi gan razigakas, gan mazak razigas priezu
audzes kopuma raksturotas ar 150 kokiem, kam fikséti caurméri. Statistiskie aprékini liecina,
ka razigako audzu vidéjais caurmérs D=36,2 cm; mazak razigo — D=28,1 cm. Lidzigi svarstas
arl audZu vidéjie augstumi — 28,4 m un 27,2 m. Statistiskas atSkiribas ir signifikantas, tacu
nav parsteidzodi lielas. Razibu galvenokart ietekmé valdaudzes koku skaits (627 gab.ha' un
511 gab.ha') un skérslaukums G (68 m*ha’ un 32 m’ha). No $iem parametriem izriet audzu
vidéjas krajas neparedzétas at$kiribas — 860 m*ha™ un 392 m’ha’, kas rosina analizét audzu
genétiskas savdabibas, meklgjot to lomu valdaudzes koku skaita un $kérslaukuma ipatnéja
noturiba laika gaita.

Lidzigi ka priezu meZos genétiskai analizei nodoti 300 koku paraugi no 6 eglu
nogabaliem — pa 150 paraugiem no razigim un mazak razigam audzém. Aprékini liecina, ka
razigajas audzés valdaudzes koku vidéjais caurmeérs D=25,3 cm, bet mazak razigajas audzés
valdaudzes koku vidéjais caurmérs ir signifikanti lielaks — D=32,3 cm. Razigajas audzeés
valdaudzes koki ir nedaudz slaidaki, un to vidéjais augstums H=27,2 m, bet mazak razigas
audzés H=26,9 m. Neraugoties uz palielinatu stumbru slaidumu un mazaku vidéjo caurméru,
razigakajasaudzésirsaglabajiesaptuveni2,Sreizeslielakskokuskaits nekamazakrazigas— 1107 gab.
ha'un 435 gab.ha™. Tiesi valdaudzes koku skaits nodrosina lielaku $kérslaukumu G — 59 m*ha™ un
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35 m*ha’, Kka ari lielaku vidé&jo kraju — 764 m*ha™ un 450 m*ha™. Tapat ka priezu mezos, ari eglu
mezos uzdevums ir analizét genétiskas savdabibas raziba atskirigajas audzés.

Genétiska savdabiba $ajas raziba (valdaudzes koku skaits, $kérslaukums un koksnes
kraja) atskirigajas priezu un eglu audzés analizéta, izmantojot hloroplastu DNS mikrosatelitu
markierus, kas uzrada mazaku genétisko daudzveidibu populaciju ietvaros, toties sniedz vairak
informacijas par starppopulaciju genétiskajam atskiribam.

Materials DNS izdali$anai ievakts ar Preslera urbi apm. 2—-5 cm dziluma zem koka kambija
slana.

Eglu audzu genétiska analize veikta ar pieciem praimeriem. Analizéjamas eglu audzes
sadalitas divas populacijas — razigas un mazak razigas, un fiksétas ar katru praimeri atrastas aléles
un to frekvences.

Izvértéjot populaciju vidéjos datus ar GenAlEx6,1 programmu, iegiti galvenie populacijas
genétisko daudzveidibu raksturojosie parametri, kas liecina, ka razigakas populacijas (R)
genétiska daudzveidiba ir nedaudz zemaka neka mazak razigas (mR).

Veicot AMOVA (molekularas variacijas analize) konstatéts, ka 90% genétiskas variacijas
atrodas abu populaciju ieksiené un 10% starp populacijam. Sadalot $os atsevisko audzu
genétiskos attalumus péc galvenajam koordinatém, noskaidrots, ka razigas un mazak razigas
audzes sadalas atseviskas grupas, turklat tas ir nedaudz atskirigas ari savstarpéji.

Genétiskie attalumi sagrupéti dendrogramma, izmantojot UPGMA metodiku, un rada,
ka mazak razigas un razigakas populacijas veido atseviskus klasterus. Lietderigi atzimeét, ka
objektu grupéjums klasteri, kas formali izveidots péc markieru raditajiem, pilna méra sakrit ar
objektu ranz&jumu péc kokaudzes krajas, t.i., ar loti svarigu informaciju, kas netika izmantota,
veidojot klasteri.

Tapat ka eglu audzés, ari razigakas priezu populacijas (R) genétiska daudzveidiba ir tomér
nedaudz zemaka neka mazak razigas (mR).

Veicot AMOVA (molekularas varicijas analize) atrasts, ka 98% genétiskas variacijas
atrodas abu populiciju ieksiené un tikai 2% starp populacijam. Sadalot atsevisko audzu genétiskos
attalumus péc galvenajam koordinatém, noskaidrots, ka razigas un mazak razigas priezu audzes
izteikti nesadalas atseviskas grupas.

Genétiskie attalumi sagrupéti dendrogramma, izmantojot UPGMA metodiku, un rada,
ka klasterus veido jauktas populacijas — populacijas ar lidzigiem genétiskajiem attalumiem ir
visai atskirigas kokaudzu razibas aspekta.

Nozimigakie vardi: sastava kopsanas cirte, kokaudzes raziba, genétiska daudzveidiba.

Rungis, D., Veinberga, I, Zalitis, P, LSFRI ,Silava”. Genetic analysis of intensively
thinned young stands at pre-mature age.

Abstract: Recently, as a result of a better understanding about the development of forest
stands, and due to a sharp reduction in the proportion of overgrown young stands, it is necessary
to significantly modify the current regulations governing commercial thinning activities. Data
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from repeated measurement of sample plots show that leaving 1500-2000 trees per hectare
during early pre-commercial thinning, does not influence the dominant stand tree number up
to 18-20 m in height, and that all remaining trees continue to be productive. In these types of
stands, the basal area of the dominant stand considerably surpasses the 1985 thinning regulations
governing the size of the remaining basal area. Therefore the use of these regulations when
planning commercial thinning in these pre-thinned young stands would be incorrect.

However, even in appropriately managed stands, an intermediate stand develops, and
considerations about the usefulness of removing this are primarily economic. Currently, there
is insufficient data available to predict when these intermediate stands will develop, what the
parameters of the trees found in these intermediate stands are, and what is the most efficient
commercial thinning regime for modernly managed forest stands.

Starting thinning from below in 30-40 year old spruce stands, every removed tree must have
commercial value. Therefore the advantageousness of pre-commercial thinning is determined
by projected stand parameters — average diameter, average height, tree number and calculated
yield.

The yield of thinned young stands up to 15 m height is often slightly lower than of
unmanaged stands. During further growth, the yield indices gradually equalise, and in stands over
20 m in height, the yield of thinned stands significantly surpasses that of unmanaged stands. Yield
differences have been noted between thinned stands of similar height in different a/s “Latvijas
valsts mezi” (Latvian State Forests) forestries, which cannot be explained by differences in growth
habitat. It may be possible that these yield differences (number of dominant stand trees and their
basal area) are a result of genetic differences between these stands.

To test this hypothesis, six pine and six spruce stands were analysed in the summer of
2008. All stands were 25-30 m high, and for each species three stands were exceptionally high
yielding, while three were lower yielding. For each stand, 50 individuals were sampled from the
dominant stand, ignoring trees of Kraft class 3 and below. The diameters and heights of these 300
individuals from both high yielding and lower yielding stands were determined.

For the pine stands, the average tree diameter in high yielding stands was 36,2 cm; in
lower yielding stands — 28,1 cm. Average heights were 28,4 m in the high yielding stands, and
27,2 m in the lower yielding stands. These differences are statistically significant, although not
surprisingly large. The yield differences were mainly influenced by dominant stand tree number
(627ind.ha’ vs S11ind.ha") and basalarea G (68 m*ha vs. 32 mha™'). Consequently, the average
yield of these more productive and less productive stands showed a remarkable difference:
860 m*ha™ vs. 392 m*ha™, which led to the genetic analysis of these stands, to determine if genetic
parameters may account for these yield differences.

In the analysed spruce stands, the average tree diameter in high yielding stands was
25,3 cm; however, in lower yielding stands, the diameter was significantly higher — 32,3 cm.
Average heights were 27,2 m in the high yielding stands, and 26,9 m in the lower yielding stands.
Dominant stand tree number was 2,5 times higher in the more productive stands: 1107 ind.ha™
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vs 43S ind.ha", which influences the basal area G (59 m*ha vs. 35 m*ha"') and the the average
yield: 764 m*ha™ vs. 450 m*ha'. Genetic analysis was undertaken of these stands to determine if
any genetic basis for these differences could be identified.

Genetic analysis was undertaken using chloroplast SSR markers. Chloroplasts are
paternally inherited in conifers, and the chloroplast genome does not undergo recombination, and
therefore these markers are expected to show lower levels of polymorphism within populations,
while uncovering higher levels of population differentiation.

Wood samples for DNA extraction were obtained using a Presler drill from approximately
2-5 cm beneath the cambium.

Analysis of the spruce stands was done using five chloroplast markers. The sampled stands
were divided into two populations — more productive (R) and less productive (mR) stands.
Mean genetic diversity parameters obtained from these two populations show that genetic
diversity in the more productive (R) stands is lower than in the less productive stands (mR).
Analysis of molecular variance (AMOVA) calculations showed that 90% of genetic variation
was found within populations, and 10% between populations. Analysis of Nei’s genetic distances
between individual stands shows that the more productive stands cluster separately from the less
productive stands.

Analysis of the pine stands was done using three chloroplast primers. The mean genetic
diversity parameters obtained show that genetic diversity in the more productive (R) stands is
lower than in the less productive stands (mR), however this difference is less pronounced than
between the spruce populations. AMOVA analysis showed much lower population differentiation
(98% within populations, 2% between populations), and analysis of Nei’s genetic distances
between individual stands did not reveal clustering according to yield, as was found for the spruce
stands.

In conclusion, a larger amount of genetic differentiation and differences in polymorphism
were found in the spruce stands analysed. This may be due to the fact that the spruce stands
were analysed with five chloroplast markers, while the pine stands were analysed with only
three. Additionally, due to improvements in the DNA extraction methods, the quality of the
DNA was higher for spruce, which allowed for analysis of larger numbers of individuals with
more chloroplast markers. However, the yield analysis for spruce revealed a larger discrepancy
between yield and tree numbers per hectare. Further analysis of additional stands, utilising a
larger number of markers is required, in order to determine any genetic component in the yield
differences between intensively thinned young pine and spruce stands.

Key words: pre-commercial thinning, stands productivity, genetic variation.

Pyuruc A., Beinnbepra M. 3asuruc II, ATMAH «CwuaraBa». Csoeobpasme
IPOAYKTHBHOCTH HHTEHCHBHO IPOPEXKEHHBIX MOAOAHSIKOB.

Pesrome: AaHHble NMOBTOPHOTO H3MEpEHHs IApaMeTPOB APEBOCTOS Ha IIOCTOSIHHBIX
HOpPOGHBIX IAOIIAASIX — CBHAETEABCTBYIOT O TOM, 4YTO HeOOABLIOE YHCAO AEpeBLeB
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(1500-2000 mr.ra'), ocraBAeHHbIX TpU py6Ke OCBETAGHHS, He MEHSETCS M MOAYHHEeHHBIH
spyc He obpasyercst A0 AocTipkeHHsT 18-20 M IO BbICOTe TOCIOACTBYIOIEro sipyca. Ilpu Takor
BBICOTE 3aIlac APEBECHHBI B ADEBOCTOSX ITPOPEKEHHBIX MOAOAHSIKOB CyI[eCTBEHHO IPeBbIIIaeT
3arac ApPeBEeCHHBI TOCIIOACTBYIOIIEro spyca B APEBOCTOSX, TA€ He IPOBOAMAOCH MHTEHCHBHOE
IIpOpeKHBaHUe.

Msyqas mpopyKTHBHOCTD 421 IpOpeXeHHOTo HACAKAEHHUS, BBIABHAUCH CYI]eCTBEHHbIE
pasAMYMS MeKAy [ApaMeTpaMH APeBOCTOeB (YHCAO AepeBbeB TOCHOACTBYIOIIETO SpYca,
TAOWIAAD TIOTIEPEYHEro CeYeHHs, 3alac APEBEeCHHbI) MPH OAHHAKOBON BBICOTE APEBOCTOS,
HO IIPOM3PACTAIOIMX B PA3AMYHBIX A€CX03aX IOCyAapCTBA. PasAmuMs IPOAYKTUBHOCTH He
OO'BSICHSIOTCS PA3HBIMH YCAOBHSIME POCTA: A€Ca Ha CYXOAOA€, OCYIIEHHbIE AeCa Ha TOP GSIHbIX UAK
THAPOMOPHBIX MHHEPaAbHBIX 1ouBax. COXpaHSAeTCs TMIIOTe3a, YTO PASAHYHS OIPEACASTIOTCS
reHeTHYeCKUMU 0COOEHHOCTSIMU HACAKACHUIL.

Tenernueckoe cBoeoOpasne HACAKACHHI H3Yy9eHO IIyTeM aHAAU3a CTPYKTYpbI
MOAEKYASIPHBIX MapKepoB B aApeBecrHe Bcero 600 pepeBbeB cOcHBI 1 eAr — 110 300 aepeBbeB B
00Aee IPOAYKTUBHOM U MeHee IIPOAYKTUBHOM A€CAX.

B 60Aee IPOAYKTHBHBIX COCHOBBIX A€CAaX CPEAHsIST BBICOTa ApeBocTost H=28,4 M, a B MeHee
npoaykruBHbix H=27,2 M; cpeannit pnamerp D=36,2 cm u 28,1 cM, uncao sepeBbeB 627 mr.ra’
u 511 wrra’; monepeunoe cevernne G=68 m’ra”’ u 32 m’ra’'; samac ppesecunst V=860 m’ra’ u
392 mra’. Tenernyeckue mapaMeTpbl CBUAETEAbCTBYIOT, YTO I€HETHYECKOe MHOrooOpasue B
00Aee IIPOAYKTUBHBIX HACAKAECHISIX HEMHOTO HIDKE, 9eM B MeHee IPOAYKTUBHBIX HACAKACHIISIX.
TeHeTHdeCcKast Pa3HOBUAHOCTb OYeHb BbICOKas (98%) BHYTPH OTAEABHBIX MOIYASLIHIL; MEXAY
TIOTIYASIIUSIMU TOABKO 2%.

B eaoBrIx Aecax 6oaee IIPOAYKTHBHBIE ¥ MeHee IIPOAYKTHBHBIE HACAKACHUS
XapaKTepHU3YIOTCS CACAYIOIIMMHU ITapaMeTpaMu: CpeAHss Bbicota H=27,2 M u 26,9 M; cpepnmit
amamerp D=25,3 oM u 32,3 cM, uncao aepesbeB 1107 mrra’ u 435 mrra'; momepeunoe
cedenne G=59 m’ra’ u 35 m’ra’'; samac apeBecunpl V=764 m’ra’ u 450 m’ra’. ITopo6HO
COCHOBBIM HACKACHUSIM TeHeTHYeCKoe MHOroofOpasue HIDKe B 0OAee IPOAYKTUBHBIX €AOBBIX
Aecax. I'eHermaeckast pasHOBUAHOCTD Ha 90% obpasyeTcst BHyTpH HOIyAsitiuy i Ha 10% Mexay
nomyasiusiMu. TakuM 06pasoM Iy TeM U3yYeHUsI TeHeTUIeCKOTO MHOTOOOpasysl B HACAXKAEHHSIX
IIPUCIIEBAIOIIETO BO3PacTa, B KOTOPBIX B MOAOAOM BO3pacTe IIPOBEACHO HMHTEHCHBHOE
OCBETACHUE, TePPUTOPHAABHbIE PA3AMYMSI OTHOCHTEABHO IIPOAYKTHBHOCTU APEBOCTOS AMIIb
YaCTUYHO OOBSCHSIOTCS TeHeTHIECKUM CBOeOOpasueM.

Katouesvie caosa: ocBeTAeHME, IIPOAYKTMBHOCTb  HACRXAEHHUS, TeHETHYecKoe
MHOroobpasue.
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Ievads
Krajas
reglamenté atstajamas valdaudzes stumbru

kop$anas cirtes intensitati
$kérslaukums, kura skaitliskas vértibas fiksétas
1985. gada apstiprinatajos Papildinatajos
noradijumos parkopsanas cirtém. Noradijumos
ieklautie atstajamas un tatad ari izcértamas
kokaudzes dalas parametri aprékinati, izmérot
tolaik domingjos$as audzes, kas veidojusas no
parbiezinitim jaunaudzém (vismaz 10000
kocinu uz 1 ha). Pirma un intensivaka krajas
kopsanas cirte tika planota 30-40 gadus vecas
audzeés, kur valdaudzes augstums ir aptuveni
15 m, izcértot 50-70 m3 sikkoksnes no hektara,
ar atkartojumu péc 20 gadiem un ijeceréto
audzes kraju
300 m*ha™.
Pédéjos gados, labak izprotot kokaudzes

cértama vecuma aptuveni

veido$anas likumsakaribas un mezos krasi
samazinoties parbiezinato jaunaudzu
ipatsvaram, izvirzas nepiecie$amiba butiski
korigét Papildinatajos noradijumos fiksétos
atstijamas un lidz ar to arl izcértamas
audzes dalas parametrus. Musu riciba eso$o
parauglaukumu atkartotas parmériSanas dati
liecina, ka, agrinajas sastava kopsanas cirtés
atstajot 1500-2000 kocinu uz vienu hektaru,
valdaudzes kocinu skaits audzé nemainas
lidz 18-20 m augstumam, un visi atstatie
koki intensivi razo. Sadas audzés valdaudzes
faktiskais $kérslaukums krietni parsniedz 1985.
gada Noradijumos fiksétos atstajamas dalas
lielumus, un to ievéro$ana, planojot krajas
kopsanas cirtes sikotngji retds (izretinatas)
jaunaudzés, vértéjama ka mezsaimnieciska

klada.

.....

gaitas pétijumi, kas balstiti uz jaunaudzes
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parametru atkartotu parméri$anu ilgaka laika
perioda, liecina, ka iepriek$ minéta biezuma
jaunaudzu veido$ana un audzé$ana ir rupja
klada, ko apstiprina $adas atzinas:

1) jo retakas ir skuju koku kultiras, jo lielaka
ir nobriedusu audzu kraja (Vyskot, 1978;
Boraues, 1985; IOoaBaapkuc, O30AuHUIOC,
1987; Kapes, 1998; Zeide, 2004; Zalitis,
2006). Lietderigi atzimét, ka vairuma gadijumu
autori par retam uzskata kultaras ar sikotnéjo
kocinu skaitu 5000 gab.ha™; par biezam -
20000 gab.ha™!. Kocinu skaita samazina$analidz
5000 gab.ha' neiezimé butisku briestaudzes
krajas pieaugumu, un nevar apgalvot, ka
$ads kultaru biezums buatu zemaka praksé
pielaujama robeza.

2) Koku skaits ka audzes augstuma funkcija
realizéjas vienigi parbiezinatas audzés, kur
norisins asa konkurence starp atseviskiem
kociniem (Kaitproxmruc, K0opsaabkuc, 1976;
Abetz, 1981; Pa6okons, 1991; Zalitis, Libiete,
2008). Ja sakotnéjais kocinu skaits neparsniedz
3000 gab.ha', tad 18 gadu laika lidz 8 m
augstumam saglabajas visas ieaugusas eglites
un 30 gadus vecas audzés valdaudzi veido 72%
no dzivajiem kokiem, bet ja sakotnéjais kocinu
skaits sasniedz 20000 gab.ha’, péc 30 gadiem
valdaudzé ieskaitams tikai 31% no dzivajiem
kokiem.

3) Retakas kultaras koki ir augstaki, resnaki
un ar labak veidotu vainagu, mazak cie$ no
saknu trupes; apak$éjo zaru nokal$ana un
nolasana retas kultaras notiek biezakam
kultiram lidziga rezima (Briinig, Heuveldop,
1976; Vyskot, 1978; Psaboxons, 1991; Zalitis
T, Zalitis P, 2007). Retakas eglu kultiras
kocinu rindstarpas ilgsto$i saglabajas labas
lakstaugu un pameza kramu ganibas meza
zvériem, kamér parbiezinatas jaunaudzes veido
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nedzivus biezoknus bez pameza un zemsedzes
(Kalchreuter, 1977).

Materials un metodika

Izretinatajas jaunaudzés lidz 15 m
augstumam audzes kraja visbiezak ir nedaudz
mazaka par neretinito audzu kraju (Zalitis,
Libiete, 2008). Talaka augganas gaita krajas
pakapeniski izlidzinas un audzés, kas augstakas
par 20 m, jauniba izretinato audzu krajas
signifikanti parsniedz neretinato audzu kraju.
Vienlaicigi izpauZas ari krajas atskiribas starp
izretinato audzu krajam a/s LVM dazadas
mezsaimniecibas. Analizes rezultati liecina, ka
krajas atskiribas vienada augstuma audzés nav
skaidrojamas ar aug$anas apstaklu (sausienu
mezi, kadreni, areni) nesakritibu. Saglabajas
hipotéze, ka agra jauniba izretinato audzu
krajas atgkiribas (valdaudzes koku skaits un ar
to saistitais §kérslaukums) saistitas ar $o audzu
genétiskajam savdabibam.

Hipotézes parbaudei priezu un eglu
mezos 2008. gada vasara izvélétas pavisam 12
audzes, no kuram 6 raksturo ipasi produktivas,
savukart otras 6 — mazak produktivas meza
ekosistémas ar 25-30 m augstam kokaudzém.

Augstrazigas priezu audzes izvélétas
Zemgales MS (Z) Klives (R1) un Livbérzes
(R2) mezaiecirknos, kaariZiemelkurzemes MS
(ZK) Ventirbes (R3) iecirkni. Izvéléto audzu
kraja svarstas 693 m*ha™ — 965 m*ha™ robezas.
Mazak razigas no izretinatajam jaunaudzém
izaugusas audzes parstav Dienvidlatgales
MS (DL) Nicgales (mR3), Sélpils (mR1)
un Silenes (mR2) mezZa iecirknus ar krajam
355 m*ha'-453 m*ha" robezas.

Ipasi augstrazigas eglu audzes izvélétas
Austrumvidzemes MS (AV) Pededzes (R1),
Sikénu (R2) un Stren¢u (R3) meza iecirknos
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ar kraju 656 m’ha'-851 m’ha’ robezas.
Mazak razigas raksturo Ziemelkurzemes MS
(ZK) Vanemas (mR1, mR2, mR3) iecirkna tris
audzes ar kraju 280 m*ha'-542 m*ha’'.

Lietderigi atzimét, ka minétajas audzu
paraugkopas (populacijas) krajas atskiribas
neparadas tikai 25-30 m augstas audzeés, bet
raksturo visu augganas gaitu (1. att.).

Ikvienas audzes genétisko savdabibu
analizei meZ3 ievakti paraugi no S0 valdaudzes
kokiem, iznemot tre$as Krafta klases tievakos
kokus. Tadéjadi gan razigakas, gan mazak
razigas priezu audzes kopuma raksturo 150
koki
Statistiskie aprékini liecina, ka razigako audzu

ar fiksétiem stumbru caurmériem.
vidéjais caurmeérs D=36,2 cm; mazak razigo
D=28,1 cm. Lidzigi svarstas ari audzu vidéjie
augstumi: 28,4 m un 27,2 m. Statistiskas
atskiribas ir signifikantas, tatu nav Ipasi lielas.
Razibu galvenokart ietekmé valdaudzes
koku skaits (627 gab.ha! un S11 gab.ha') un
gkérslaukums G (68 m’ha’! un 32 m?ha').
No $iem parametriem izriet audzu vidéjas
krajas neparedzétas at$kiribas: 860 m*ha un
392 m’ha’, kas rosina analizét audzu gené-
tiskas savdabibas, mekléjot to lomu valdaudzes

koku

noturiba laika gaita.

skaita un Skérslaukuma ipatnéja

Lidzigi ka priezu meZos genétiski
analizéti 300 koku paraugi no 6 eglu
nogabaliem — pa 150 paraugiem no razigam
un mazak razigam audzém. Aprékini liecina,
ka razigajas audzés valdaudzes koku vidéjais
caurmérs D=25,3 cm, bet mazak razigajas

koku
signifikanti lieladks — D=32,3 cm. Razigajas

valdaudzes vidéjais  caurmérs ir
audzés valdaudzes koki ir nedaudz slaidaki,
un to vidéjais augstums H=27,2 m, bet

mazak razigas audzés H=26,9 m. Neraugoties



D. Rungis, |. Veinberga, P. Zalitis

uz palielinatu slaidumu un mazaku vidéjo

caurméru, razigakajas audzés saglabajies
aptuveni 2,5 reizes lielaks koku skaits neka
mazak razigajas: 1107 gab.ha™ un 435 gab.ha.

Tiesi valdaudzes koku skaits nodro$ina lielaku

gkérslaukumu G - 59 m’ha’ un 35 m*ha’,
ka ari lielaku vidéjo kraju — 764 m'ha' un
450 m’ha’. Tapat ka priezu mezos, ari eglu
mezos uzdevums ir analizét $o raziba atskirigo
audzu genétiskas savdabibas.

Priede / Pine
1200 0 7ZK+7Z
(o]
A DL =69,319 0,0792x
1000 y=0%0°7¢ Rt s
X Urbtie R2=0,8466 W
R2
800 e
= R3 >< / /
"’E 600
>
400
200 y =40,648¢" "
‘__......-0-—*"" R2=0,973
0
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H,m
Egle / Spruce
° AV gle s op
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200 _ 0,0835x RS ><
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1. attéls. Jauniba izretinato priezu un eglu audzu kraja V ka vidéja augstuma H funkcija.

Figure 1. Pre-commercial thinned pine and spruce stand yield V as a function of height H.



Mezzinatne 19(52)'2009

savdabiba

at$kirigajas priezu un eglu audzés analizéta,

Genétiska $ajas  raziba
izmantojot hloroplastu DNS mikrosatelitu
Skujkokos tiek

parmantoti nikamaja paaudzé tikai caur

markierus. hloroplasti
putek$niem, un ta uzrada mazaku genétisko

daudzveidibu populaciju ietvaros, toties
sniedz vairak informacijas par starppopulaciju

genétiskajam atskiribam.

1. DNS izdalidana

Materials DNS izdali$anai ievakts ar
Preslera urbi apméram 2 - S cm dziluma zem
koka kambija slapa.
1.a DNS izdalisana no priedes koksnes

Paraugu talit pécievaksanas ievieto 70%
etanola $kiduma un iztur apméram 24 stundas.
Etanola slani atdala, paraugu nosusina un
mehaniski sasmalcina. Apm. 200 mg pievieno
400 ml lizéjosa $kiduma no DNS izdalisanas
komplekta (,Fermentas”, Lietuva ). Inkubé
1 stundu 65°C temperatara. Pievieno 350 pl
atdzesétu SM natrija acetata $kidumu, samaisa
un inkubé ledus vanna 0°C temperatara vienu
stundu. Centrifugé 20 min. ar 13000 apgr./min.
Atdalasupernantu, kosajaucar650plhloroforma
un centrifugé 20 min. ar 13000 apgr./min.
Atdala supernantu un pie ta — DNS izgulsné-
$anai — pievieno 500 pl izopropilspirta. Iztur
-20°C temperatara 12 stundas. Centrifuge
1S min. ar 1500 apgr./min, nolej supernantu
un iegutas DNS nogulsnes mazga ar 1 ml
70% etanolu. Centrifugéjot atdala etanola
slani, iegito DNS preparatu izzavé istabas
temperatara un iz§kidina 50 yl TE bufera.
1.b. DNS izdalisana no egles koksnes

Paraugu homogenizé$ana
200 mg koksnes parauga
1x5%3 mm) un

Apm.
sasmalcindja  (aptuveni
ievietoja 2 ml stobrina ar apalu dibenu. Katra
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stobrina ievietoja vienu neruséjosa térauda
loditi ar diametru S mm, stobrinus ielika lodi$u
dzirnavas adapteros, kurus izturéja $kidra
slapekli 2 minates, tad tos ievietoja lodisu
dzirnavas “MM-400" (Retch, Vacija) un kratija
30 Hz frekvencé 2 min. Adapterus atkartoti
ievietoja uz 2 minatém $kidra slapekli un vélreiz
veica smalcinaganu lodi$u dzirnavas.

Gan eglu, gan priezu paraugu DNS
iegisanai izmantots firmas ,Fermentas”
(Lietuva) komplekts DNS izdalifanai ar
nedaudz modificétu protokolu:

« pie lizéjosa skiduma labakai oglhidratu

atdali$anai tika pievienots Polividons 25

(Merck) (0,04 g/1 ml);

ekstrakciju  veica  ar  hloroforma-
izoamilspirta maisijumu (24:1).

Gan eglu, gan priezu paraugu DNS
koncentracija noteikta spektrofotometriski.

2. Genotipésana

Eglu un priezu paraugu genotipésanai
izmantoti $adi mikrosatelitu praimeru pari:
(1. tabula). Praimeri Pt71936, Pt26081 un
Pt63718 atrodami Vedramin et al, (1996).
Praimeri CP30277, PCP45071 un PCP71987
atrodami Provan et al, (1999).

2.1. Genotipésanas polimerazes kédes reakcijas
(PKR) apstakli

Izmantots $ads PKR reakcijas rezims:
95°C S min, 38 cikli 95° C 30 sek, 55°C 30 sek,
72°C 30 sek ; 72°C 10 min.

PKR reakcijas maisijums: kopéjais
tilpums 20 pl, kas satur 50 ng izejas DNS,
1xPCR  buferskiduma, 2mM  MgCI2,
02mM dNTP mix, 0,5U Taq polymerase
(Fermentas), 0,2 pl tiesa un reversa praimera.
2.2. Fragmentu analize

Apvieno pa 1yl, katru PCR amplificéto
fragmentu ar at$kirigam krasvielu iezimém
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Hloroplastu praimeru sekvences

Chloroplast primer sequences

1. tabula, Table 1 razigas (mR), un ar katru

praimeri atrastas aléles un
to frekvences paraditas 2.

(6-FAM, HEX, NED), pievieno 0,7ul
GeneScan TM-350 ROX Size Standard un 8pl
Hi-Di TM formamida. Denaturé termociklera
aparata 95°C temperatiird S minttes.

Strauji atdzesé lidz 0°C.

Genotipé

ar Applied Biosystems

genétisko analizatoru 3130XL.

3. Genétiska analize
Veikta ar GenAlEx v6.1 programmu
(Peakall and Smouse, 2006).

Rezultati un diskusija
1. Dazadas razibas eglu audZu genétiska analize
Eglu audzu genétiska analize veikta ar
6 hloroplastu praimeriem (1. tabula), diemzél,
PCP45071
amplifikicijas

ar praimeri neizdevas iegut

identificéjamus fragmentus.
Tadé] analizei izmantoti tikai pieci praimeri .
Analizéjamas audzes

eglu

sadalija
divas populicijas - razigis (R) un mazik
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PBraimetis Sekvence tabula. Kopuma atrastas
Primer Sequence 28 alél ta . .
P171936, S_[FAM]- TI'C ATT GGA AAT ACA CTA GCC C ; ae ‘;s’ s visas
olimorfas.
PE71936 S~ AAA ACC GTA CAT GAG ATT CCC p o

L - Uzskatamak  tas
P26081, s~ [HEX]- CCC GTA TCC AGA TAT ACT TCC A i I
“TGG TI'T GAT TCA TIC GTT CAT paradits 2. attéla. Ka

S~ _
Pt26081, redzams, atrasto alélu

~[NED]- CACAAAAGGATIT TITIIT CAG T ve .=

Pt63718, 5- INED]- CAC GG CAGTG frekvences razigajas
Pt63718, 5~ CGA CGT GAG TAA GAA TGG TIG un  mazk  re¥igejis

PCP30277, 5~ [NED]- TGT TGA TGT CGT AGC GGA AG populacijas ir atikirigas.
PCP30277, S-AGT AAATGAATCACT TCC CCC Izvértéjot  popu-
PCP45071, 5~ [FAM]- ACT GGT CTG ATC GAC CCA AT Iéciju Vidéjos datus
PCP45071, S-TIC TACACT TGC GGAAACCC ar GenAlEx v6.1
PCP71987, 5~ [HEX]- TCT TI'G CAA GAA GGATGG CT programmu, iegﬁti
PCP71987, 5- GGG GAG TAA TCC GTG GAATT galvenie populacijas
genétisko  daudzveidibu

raksturojosie parametri, kas paraditi 3. tabula.
Saja tabula apkopoti piecu markieru vidéjie
raditaji.

Ka redzams no 3. tabulas, visi parametri
liecina par to, ka razigakas populacijas (R)
genétiska daudzveidiba ir nedaudz zemaka
neka mazak razigas (mR).

Vidéjais alélu skaits (Na) razigakaja
populacija ir mazaks, mazakas ir arl to
frekvences un alélu skaits, kas sastopamas
populacija ar frekvenci virs 5%. Saja populacija
ir mazak efektivo alélu (Ne) un ari zemaks
informacijas indekss (I).

Mazak razigaja populacija atrastas piecas
unikalas aléles (Pt71936, 143bp, f=0,007;
Pt63718, 92bp, f=0,009; Pt63718, 93bp,
£=0,009; Pt63718, 96bp, £=0,009; PCP30277,
132bp, =0,009), tomér to frekvences ir loti
zemas un populaciju neraksturo.

Veicot AMOVA (molekularas variacijas
analize) konstatéts, ka 90% genétiskas varia-
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2. tabula, Table 2
AléJu frekvences mazak razigas (mR) un razigakas (R) eglu audzés
Allele frequencies in less productive (mR) and more productive (R) spruce stands

oo Al mR R
Pt71936 N 143 133
142 0,063 0,015
143 0,007 0,000
144 0,521 0,316
145 0,380 0,662
146 0,028 0,008
Pt26081 N 128 133
111 0,070 0,504
112 0,578 0,399
113 0,344 0,090
114 0,008 0,008
Pt63718 N 109 63
92 0,009 0,000
93 0,009 0,000
9% 0,101 0,032
95 0,083 0,111
96 0,009 0,000
97 0,046 0,016
98 0,358 0,238
99 0,312 0,540
100 0,073 0,063
PCP30277 N 107 110
132 0,009 0,000
133 0,065 0,073
134 0,626 0,509
135 0,065 0,082
136 0,131 0,200
137 0,103 0,136
PCP71987 N 142 127
106 0,077 0,047
107 0,528 0,331
108 0,338 0,614
109 0,056 0,008

N - analizéto individu skaits /number of individuals analysed.
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Alélu frekvence markierim Pt71936 / Allele Frequency for Pt71936
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2. attéls. Alélu frekvences mazak razigas (mR) un razigakas (R) eglu audzés.
Figure 2. Allele frequencies in less productive (mR) and more productive (R) spruce stands.
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3. tabula, Table 3

Egles populaciju raksturojosie genétiskie parametri

Genetic diversity parameters for analysed spruce populations

Vidéjas vértibas / Mean values
Populacija / Population mR S, R S,
Alé]u skaits / No. of alleles 5,600 0,927 4,600 0,400
Alélu skaits >5% / No. of alleles >5% 4,000 0,447 3,200 0,583
Efektivo alé]u skaits / No. of effective alleles 2,676 0,334 2,410 0,216
Informacijas indekss / Information index 1,163 0,126 1,030 0,117
Unikalu alélu skaits / No. of unique alleles 1,000 0,548 0,000 0,000

s, —standartklada / standard error

cijas atrodas abu populaciju ieksiené un 10%
starp populacijam (P<0,001) (3. att.).

savstarpéjie Nei geneétiskie attalumi paraditi
4. tabula.

Visi $ie dati uzrada nelielu genétisko Genétiskie attalumi sagrupéti
atskiribu starp populacijim, tomér ta ir lielika ~ dendrogramma, izmantojot UPGMA
neki ar kodola DNS markieriem atrasta metodiku (4. attéls); taja redzams, ka mazak
(nepublicéti rezultati). razigds un razigakas populacijas  veido

So populaciju at$kirdanas iespeju atseviskus klasterus, kur mR1 un RI1 ir
dzilakai izpétei tas sadalija populacijas atskirigaki no paréjam audzém klasteri.
veidojos$as audzés mR1, mR2, mR3, Rl, Lietderigi  atzimét, ka  objektu
R2,R3. grupéjums klasteri, kas formali izveidots

So  populaciju  veidojoso aud?u no markieru raditdjiem, pilna méra sakrit ar

P<0,001

Starp 3. attéls. Molekularas variacijas sadalijums
Populaciju populacijam  ¢oles mR un R populacijam.
iekSiene Among Figure 3. AMOVA (Analysis of Molecular
Within Pops . .
Variance) for spruce mR and R populations.
Pops 10%
90% 4. tabula, Table 4
Nei genétiskie attalumi starp izanalizétam eglu audzém
Nei’s genetic distance between sampled spruce stands
mR1 mR2 mR3 R1 R2 R3
0,000 mR1
0,049 0,000 mR2
0,168 0,090 0,000 mR3
0214 0252 0,174 0,000 R1
0,209 0,265 0,323 0,159 0,000 R2
0,173 0,225 0,300 0,179 0,017 0,000 R3
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T
0,12
Coeflicient

; o
0,24 0,18

mR1 280 m*ha’!
mR2 526 m*ha'!
mR3 542 m*ha!
R1 656 m*ha’!
——R2 747 m*ha™!
——R3 891 m’ha’

" 0,06 " 0,00

4. attéls. UPGMA dendrogramma, izmantojot Nei genétiskos attalumus starp

analizétajam eglu audzém.

Figure 4. UPGMA dendrogram of Nei's genetic distance between sampled spruce stands.

objektu ranzé&jumu péc kokaudzes krajas, t.i., ar
loti svarigu informaciju, kas netika izmantota,
veidojot klasteri.

2. Dazadas razibas priezu audzu genétiska
analize

Priezu audzu genétiska analize veikta
analogi eglu audZu analizei. Identificé$anai
noderigus  amplificétos  fragmentus
markieriem PCP30277, PCP45071
PCP71987 iegut neizdevas, tadé] genétiskajai
Pt71936, Pt26081 un

ar
un

analizei izmantoti
Pt63718 markieri.

Ar katru praimeri atrastas aléles un to
frekvences redzamas S. tabula. Kopuma atrastas
13 aléles; tas visas ir polimorfas.

Uzskatamak tas paradits S. attéla. Ka
redzams, atrasto alélu frekvences razigaja
un mazak razigajas populacijas ir nedaudz
atskirigas.

Izvértéjot populaciju vidéjos datus ar
GenAlEx v6.1 programmu, iegati galvenie
populacijas genétisko daudzveidibu rakstu-
rojosie parametri, kas redzami 6. tabula.

Saja tabula apkopoti tris markieru
vidéjie raditaji.
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S. tabula, Table S
Alélu frekvences mazak razigas (mR) un
razigakas (R) priezu audzés
Allele frequencies in less productive (mR) and
more productive (R) pine stands

gl Bvs mR R
N 84 109
144 0,036 0,064
2 145 0,131 0,046
5 146 0,536 0,477
147 0,179 0,294
148 0,119 0,101
149 0,000 0,018
N 90 112
= 105 0,111 0,018
§ 106 0,389 0277
107 0,400 0,661
108 0,100 0,045
w N 95 123
5 88 0,021 0,000
& 89 0,695 0,561
90 0,284 0,439

N - analizéto individu skaits /number of individuals
analysed.
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S. attéls. Alélu frekvences mazak razigas (mR) un razigakas (R) priezu audzés.
Figure S. Allele frequencies in less productive (mR) and more productive (R) pine stands.

6. tabula, Table 6
Priezu populaciju raksturojosie genétiskie parametri
Genetic diversity parameters for analysed pine populations

Vidéjas vértibas / Mean values
Populacija / Population mR S, R S,
Alélu skaits / No. of alleles 4,000 0,577 4,000 1,155
Aleélu skaits >5% / No. of alleles >5% 3,333 0,667 2,667 0,667
Efektivo alé]u skaits / No. of effective alleles 2,539 0,385 2,312 0,357
Informacijas indekss / Information index 1,060 0,185 0,954 0,196
Unikalu alélu skaits / No. of unique alleles 0,333 0,333 0,333 0,333

s, — standartkluda / standard error
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Ka redzams no 6. tabulas, kaut gan
vidéjais alélu skaits (Na) abas populacijas
ir vienads, paréjie parametri liecina par
to, ka razigakas populacijas (R) genétiska
daudzveidiba ir tomér nedaudz zemaka neka
mazak razigas (mR).

Mazak razigaja populacija atrasta tikai
viena unikala aléle ar zemu frekvenci (cph3,
88bp, f=0,021). Lidzigi raziga populacija
atrasta viena unikala aléle ar zemu frekvenci
(cphl, 149bp, £=0,018) .

Veicot AMOVA (molekularas variacijas
analize), konstatéts, ka 98% genétiskas varia-

cijas atrodas abu populaciju ieksiené un tikai
2% starp populacijam (P<0,09) (6. attéls).

So populaciju atgkir$anas iespéju
dzilakai izpétei, tas sadalitas to veidojosas
audzés mR1, mR2, mR3, R1, R2, R3.

So  populaciju  veidojo$o  audzu
savstarpéjie genétiskie attalumi Nei 1976
paraditi 7. tabula.

Genétiskie sagrupéti
dendrogramma, UPGMA

metodiku (7. attéls); taja redzams, ka klasterus

attalumi
izmantojot

veido jauktas populacijas.

6. attéls. Molekularas variacijas

Popula P.<0’09 sadalijums priedes mR un R
.op 3 ac1{ " Starp populacijam.
1‘ek.51ene populacijam  Figure 6. AMOVA (Analysis of
Within Pops Among Pops Molecular Variance) for pine mR
98% 2% and R populations.

7. tabula, Table 7

Nei genétiskie attalumi starp izanalizétajam priezu audzém

Nei's genetic distance between sampled pine stands

mR1 mR2 mR3 R2 R3

0,000 mR1
0,059 0,000 mR2
0,073 0,148 0,000 mR3
0,126 0,227 0,113 0,000 R1
0,043 0,070 0,098 0,054 0,000 R2
0,222 0,269 0,101 0,124 0,195 0,000 R3

Secinajumi

1. Kokaudzés, kas veidojusas no intensivi izretinatam jaunaudzém, koksnes kraja signifikanti

parsniedz neretinato audzu kraju. Vienlaicigi izpauzas ari atskiribas starp izretinato audzu

krajam a/s LVM dazadas meZzsaimniecibas. Krajas atskiribas vienada augstuma audzés nav

skaidrojamas ar augsanas apstaklu nesakritibu.
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mR1 355 m*ha'

mR2 880 m*ha™

mR3 455 m*ha™!

R1 365 m*ha™

R2 693 m*ha

R3 964 m*ha’!
016 012 008 004 0,00

Coefficient

7. attéls. UPGMA dendrogramma, izmantojot Nei genétiskos attalumus starp analizétajam
priezu audzém.
Figure 7. UPGMA dendrogram of Nei's genetic distance between sampled pine stands.

2. Skuju koku populacijas, kuru raziba ir at$kiriga, genétiska daudzveidiba nedaudz mazaka ir
razigakajam populacijam.

3. Eglu populacijas $1 atskiriba ir lielaka neka priezu populacijas, kas korelé arl ar razibas
raditajiem.

4. No koksnes izdalita DNS kvalitate ir atkariga no izdaliSanas metodes. Par to liecina tas, ka,
izmantojot eglu koksnes DNS, bija iespéjams iegat genotipé$anai noderigus amplificétus
fragmentus ar lielaku individu skaitu un S praimeriem.

S. Eglu populacija, izmantojot tris kopéjos markierus, atrastas 18 aléles, priezu populacija —
13, kas nenorada uz mazaku priedes populacijas genétisko daudzveidibu, jo analizéjamo
populaciju lielums nebija vienads.

6. Eglu populacija genétiski dalas divos klasteros, kuri sakrit ar atrasto audzu razibas pakapi.

7. Priezu populicija atrasta mazaka genétiska diferenciacija starp razigim un mazak razigam
audzém, un tas arl nesadalijas klasteros.

Turpmikaja darba butu paplasinams izmantojamo molekularo markieru skaits, ka ari
genotipéjams lielaks individu skaits katra audzé, lai panaktu augstaku genétiskas savdabibas
iz8kirtspéju. Ieguto rezultatu padzilinatas parbaudes nodrosinaanai pétijuma vajadzétu ieklaut

ari vairak audzu.
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