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Hibridizacijas pakapes ietekme uz hibridalk$nu taksacijas raditajiem
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Kopsavilkums. Pétjjuma mérkis — noteikt hibridizacijas pakapes ietekmi uz
hibridalk$na  taksacijas raditajiem. Hibridizacijas pakapes noteik§anai izmantota
LVMI ,Silava” Genétisko resursa centra izstradata metodika, kas paredz no stumbra aplievas
koksnes izdalit DNS un to genotipét ar alk$nu sugu specifiskiem markieriem.

Pétijumu materials (132 koki) iegiits 43 gadu veca alkinu audzé, kas péc pieejamas
informacijas ierikota, izmantojot stadus, kas izaudzéti no daba sastopamo hibridalksnu
seklam. Nemot veéra, ka visu audzes koku augSanas apstakli bijusi vienadi, augsta
ticamiba ir skaidrojumam, ka koku taksacijas raditaju at$kiribas noteikusi to hibridizacijas
pakape.

Audzé sastopamajiem kokiem raksturigs dazads baltalk$na un melnalks$na alélu skaits,
t.sk. 100% baltalkina un 100% melnalksna alélu (1. attéls). Vienads baltalksna un melnalksna
alélu skaits ir tikai S kokiem (3,8%), no kuriem 3 (2,3%) varétu bit pirmas paaudzes
hibridi (1. tabula).

Pétijuma konstatéts, ka hibridizacijas pakape batiski ietekmé koku caurméru un
stumbra tilpumu (2. un 3. attéls). Alksnis ir gaismas prasiga suga, tomér ta augstumu
hibridizacijas pakape butiski neiespaido. Lielakais heterozes efekts novérots kokiem ar
baltalk$pa un melnalk$na alélu attiecibu 1:1, kas atbilst hibridizacijas teorijai.
Pétijuma rezultati rada, ka alk$nu hibridu audzé$ana var nozimigi palielinat audzu razibu.

Nozimigakie vardi: hibridalksnis, stadijums, taksacijas raditaji, DNS markieri.
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Correlation of allelic content with tree characteristics in a hybrid alder stand.

Abstract. The aim of this research was to determine the correlation between
allelic content and tree characteristics in a hybrid alder stand. Common alder (Alnus
glutinosa) and grey alder (Alnus incana) are found in natural stands throughout
Latvia. Alnus species are not commercially grown; however there is interest in utilising
these species for commercial plantations due to their rapid growth rate and ability to grow
in, and to improve poor quality soils. Of particular interest are hybrids of these two species,
as naturally occurring hybrids have been reported to be faster-growing and larger
than the parent species. The use of molecular markers is becoming more common in
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applied forestry studies, due to the decrease of the cost of genotyping, and more
widespread access to genotyping facilities. Molecular markers have not been widely
applied or developed in Alnus species, however we developed species-specific
markers from sequences available in the GenBank database (http://www.ncbinlm.nih.gov/),
as well as utilising simple sequence repeat (SSR) markers developed for a related
species — Betula pendula. In this study, we utilised 7 species-specific markers (1 SSR
marker and 6 SNP markers) to genotype a hybrid alder stand, and to determine
correlation of the allelic content with tree characteristics of individuals from this stand.

The individuals used in this study were collected from a 43 year old
alder stand, which according to available records was an established utilising seed from
naturally occurring hybrids. Given the fact that the individuals in this stand have been
subject to identical growing conditions, differences in tree characteristics could be
attributed to differences in their allelic content.

These species-specific markers were used to characterise 132 individuals from the
stand. The use of multiple species-specific markers allowed us to quantify the allelic content
in hybrids. From the total number of individuals characterised, 19 (14.4%) were
designated as pure common alder, 5 (3.8%) as grey alder, and 108 (81.8%) as hybrids
with differing proportions of species contributions (Table 1). However, the proportion
of 1% generation hybrids, with all markers in a heterozygous state was low - only 3
individuals (2.3%). The other hybrid individuals had differing ratios of species
contributions, and these were distributed equally between an excess of common
alder alleles (S1 individuals, 38.6%) and an excess of grey alder alleles (52 individuals,
39.4%) (Figure 1). Given the allelic distribution found with these species-specific
markers, it is probable that the seed used to establish this stand was obtained
from a naturally occurring hybrid or hybrids, which were pollinated with an equal
mix of common and grey alder pollen.

This research showed that there was a significant correlation between allelic content
of these trees and both stem diameter and volume (Figures 2 and 3). Tree height was
not correlated with allelic content, which could be due to the fact that alders are
light-requiring species, and the tree crown height of within even-aged stands will be similar.
The highest diameters and stem volumes were found in individuals that had a 1:1 ratio
of common and grey alder alleles, which is consistent with the theoretical basis of
heterosis. In conclusion, these results show that the use of hybrid alder material can
increase the productivity of plantations.

Key words: hybrid alder, stand, tree characteristics, DNA markers.

Pynruc A, Beitubepra 1., Bopornosa-Ilerposa A., Aayrasueruc M., ATVIAH «Cuaasa>.
Bausinne creneHH ruOpPHAM3AHMA Ha TAKCAHOHHBIX IIOKA3aTeAel THOPHAHOM OABXH.

Pesrome. lleab MCCA€AOBAHUII — BBLIBUTH  BAUSIHME CTelleHM TIHMOpUAM3ALUM Ha
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TAKCAI[MOHHBIE ITOKA3aTEAU THOPHAHOM OABXH. AASL OIPEACACHHS CTEIeHH THOpHAU3AIUM
HCIIOAB30BAaAACh METOAMKA, paspaboranHas B LleHTpe TIeHETHYeCKHX HCCAEAOBAHMUI
ATVIAH «CuaaBa» H IIpeAyCMaTpHUBAIONIasi BBIAGAGHHE U3 CTBOAOBOH ApEeBECHHBI
MapxepoB 6 SNP u 1 SSP.

MccaepoBaTeAbckuil MaTepuaA COOpaH B 43-AeTHeM HACAKACHUH THOPHAHOM OADBXH,
CO3AQHHOM ITyTeM ITOCAAKH CAXKEHIIEB, BBIPAIEHHBIX U3 CEMBSIH THOPHAHOM OABXIL

Tak Kak BCe AepeBbsl HACAKACHUS POCAM B HAEHTHUYHBIX YCAOBHSIX, C OOABILION
BEPOATHOCTBIO MOXKHO  IIPEAIIOAOKHTB, YTO PpasAMYMsA TAKCAIIMOHHBIX  IIOKAa3aTeAei
06yCAOBAEHDI CTENIEHBIO THOPUAM3AIINHL.

AepeBbeB HaCAXKAEHHUS XapaKTepU3yeT BeCbMa PasAMYHOE KOAMYECTBO aAAEAeH Cepod U
4epHOi#t 0AbXH, B.T.4. — 100% cepoit u 100% uepHoit oabxu (puc. 1).

Toabko S aepesbeB (3,8%) copepiKaT OAMHAKOBOE YHMCAO aaseAedt, u Bcero 3 (2,3%)
U3 HUX MOT'YT OBITH OTHECEHbI K THOPHAAM IIEPBOTO OKOAEHUSL.

HccaepOBaHYIS MOKA3bIBAIOT, YTO CTENEHb THMOPHAU3AINK CYyILECTBEHHO BAMSET Ha
Auamerp u 06bem cTBoa (pHC. 2 U 3.), 2 Ha BBICOTY AePEBbeB OAbXH OKa3bIBeT HeCyIleCTBeHHOe
BAMSIHHE, IIOCKOABKY OABXa IIOPOAQ CBETOAIOOMBAs, KOTOpDasl CTapaeTcsi KPOHY YAEp>Karh Ha
IIepBOM SIpyCe HACAXKACHHMSL.

Han6oabumit apdekr rereposa MpPOSBASETCS y AepPEBbeB IIPU COTHOLICHHM AAAEAEH
cepoit u 4epHoit oAbxu 50:50, YTO COOTBETCTBYeT OOIIMM IPHUHIUIIAM TEOPUH THOPUAM3ALIHIL

VccaepOBaHUSL  CBHAETEABCTBYIOT, UTO BBIPAIUBAHME TUOPHUAHON OABXH MOXET
CYIeCTBEHHO ITOBBICHTD P OAYKTHBHOCTD HACAXKACHHIL.

Kawuesvte cro6a: rTHOpHAHAS — OAbXA, HACAXKAEHHE, IIApPaMETPHl  TAKCALWH,
mapxepsr AHK.

Ievads specifisko DNS markieru tas novértésanai.

Melnalksnis ~ (Alnus ~ glutinosa  L.) DNS markierus plagi pielieto meza
un baltalksnis (A. incana L. Moench) ir koku populaciju daudzveidibas un struktiras
sastopams dabiskas audzés visa Latvijas analizei, genétiskajai pasportizacijai, sugu
teritorija. Baltalksnis aizpem vairik neka un hibridu identificésanai (Bruford, Wayne,
10% no visas meza kopplatibas, bet meln- 1993). Pirms DNS markieru izstrades sugu
alksnis — aptuveni $%. So sugu hibridi aug identificésanai un atskiranai izmantoja tikai
atraik un veido ari lieliku pieaugumu to morfologiskas pazimes, péc kuram tika
(Kundzing, Pirags, 1959), kas skaidrojams ar identificéti ari $o sugu hibridi. Tomeér tikai
heterozes efektu (Li et al, 1998). Heterozes péc morfologiskajam pazimém, kas parasti
efekts seviski spilgti izpauzas pirmaja ir kvantitativas un pakapeniski pariet viena
hibrida paaudzé, bet mazaki méra ietekmé otrd, hibridi ir grati identificégjami. Daudz
ari turpmakas paaudzes. Lidz $im Latvija precizak tas izdarams ar DNS markieriem,
alképa  taksicijas  raditiju  saistiba ar jo tie izmantojami jebkura koka dzives
hibridizacijas pakapi nav pétita, jo nebija Pposma, turklit markierus neietekmé ne

58



D. Rungis, |. Veinberga, A. Voronova-Petrova, M. Daugavietis

apkartéjas  vides,
kas var batiski izmainit
pazimes (Khasa, Dancik, 1996).
Ar katru DNS markieri iegastama
informacija par konkréta individa genétisko

ne augSanas apstakli,

morfologiskas

sastavu (alélém) viena specifiski genoma
(lokusa).  Hibridu
nepiecieSami tadi DNS markieri, kas uzrada

vieta identificé$anai
atskirigas aléles (dazadi ipatpi viena lokusa)
DNS markieris var
identificét vienu no trim alélém - meln-
alkéna, baltalk$na vai hibrida. Hibridos sie
markieri atklaj abu sugu aléles heterozi-

starp sugam. Katrs

gotiska stavokli. Pirmas paaudzes hibridiem
katrs sugu specifiskais markieris uzrada
Nakamas

heterozigotisku stavokli.

paaudzes  ir  paklautas  genomiskiem
un pat tad,
citu hibriduy,

heterozigotisku

rekombinaciju  procesiem,
hibrids

markieri

ja krustojies  ar

visi stavokli

neuzradis. Tomér  melnalk$na:baltalksna
alélu proporcija saglabasies aptuveni 1:1.
Ja hibrids krustosies ar meln- vai baltalksni,
tad

atkariba no krusto$anas virziena. Jo vairak

sugas alélu proporcija palielinasies
markierus iespéjams izmantot, jo precizak

nosakama katras sugas alélu proporcija
potencialajos hibridos.
DNS markieru

polimerazes kédes reakcija (polymerase chain

analizei izmantota
reaction — PCR), kas amplificé definétus
genoma posmus (lokusus). Isu sekvencu
atkartojuma (Simple Sequence Repeat — SSR)
markieri atklaj isu (1-S DNS nukleotidu)
atkartojumu garuma polimorfismu. Tomeér,
lai izmantotu $os markierus, ir jaidentificé
specifiskas DNS sekvences, kas atrodas ap
SSR regioniem, un $is process ir darbietilpigs
un dargs. Alk$nu sugam $adi SSR markieri
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nav izstradati, toties zinami ir radnieciskas
sugas (bérza) SSR markieri, kas aprobéti
hibridalk$pa identifikacijai (Zhuk et al,
2008). Cita veida DNS markieri — viena
nukleotida polimorfisma (Single Nucleotide
Polymorphism — SNP) markieri - atklaj
genoma DNS punktveida mutacijas, kur
izmainits ir viens no DNS nukleotidiem.
Sadas mutacijas sastopamas liela daudzuma,
tomér, to identificé$anai nepiecieSama
informacija par DNS sekvencém. Ierobezota
skaita alk$pu DNS sekvences ir pieejamas
GenBank datu (http://www.ncbi.

nlm.nih.gov/), uz ki pamata izstradati jauni

baze

alk$nu markieri. DNS sekvences noteiktas
8 melnalk$nu un 8 baltalk$nu individiem,
un turpmak hibridalk$pna identifikacijai
izmantoti tikai sugas ieksiené viendabigi un
starp sugam atskirigi markieri.

Pétijuma meérkis — noteikt hibridiza-
ietekmi hibridalks$nu

taksacijas raditajiem. Kalsnavas hibridalk$nu

cijas  pakapes uz
stadljuma koku raksturo$anai un taksacijas
raditdgju sakaribas ar hibridizacijas pakapi
izvérté$anai izmantoti 6 SNP markieri un
1 SSR markieris (Zhuk et al., 2008).

Materials un metodika
Hibridalkspu audzu raksturojums
Izpétes materials (132 koki) ievakts

43-gadiga alk$pu stadijuma, kas ierikots
ar stadiem, kuri izaudzéti no hibridalk$nu
séklam. Nogabala visiem kokiem izmeérits
kragaugstuma caurmérs D, cm un augstums
H, m. DNS
izdaliSanai iegutas aplievas koksnes skaidinas,

Izdarot urbumus stumbra,
kas ievietotas mégenés ar destilétu udeni.
Katra koka stumbra tilpums aprékinats péc

L Liepas (1996) formulas (1):
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v= 0,7450 . 10—4 L0,81295 d0,069351gL+1,85346, kur (1)
v — baltalk$pa stumbra tilpums m? ar mizu;

L - stumbra garums, m;

d — caurmérs krasaugstuma, cm.

DNS izdalisana

Ievaktie  koksnes paraugi pirms
izdalidanas izturéti dejonizéti tdeni (apm.
24 stundas). Péc tam tdens no parauga
noliets un tas izzavéts. Tad paraugs ievietots
2 ml ependorfa stobrina ar metala bumbinu.
Audi sasaldéeti $kidraja slapekli un kratiti
Retsch

3  min.

mehaniskaja homogenizatora
MM400 frekvenci  30x/s
divos etapos. Paraugam pievienoti 600 pl
ekstrakcijas bufera (0,1M TrisHCI pH 8.0,
0,5M NaCl, 50mM Na2EDTA, 1,24% SDS,)
pH 7.5-8.0, kam neilgi pirms lieto$anas

ar

pievienots: 0,38% Na bisulfits, 4% polivinila
(PvP) 400  pl/100ml
merkaptoetanola. Paraugs inkubéts 20 minates

pirolidons un
65°C temperatara un ik péc 10 minatém
Tad
450 pl atdzeséta S M amonija acetata;
inkubéts
60 minates 0°C temperatara. Centrifugéts
20 13000
ievietots jaund stobrind un tam pievienots

mikséts  (vortekséjot). pievienots

paraugs mikséts invertéjot un

min. rmp.  Supernatants
hloroforms: izozamilspirta maistjums (1:24),
attieciba 1:1 pret supernatantu, un sakratits.
13000 rmp. Udens
stobrina, pievienojot
izopropanolu attieciba 1:1, tad veikta mikseé-
Inkubéts 10-20 mindtes

istabas temperatara. Centrifugéts 20 min.

Centrifugéts 20 min.
faze parvietota jauna
$ana invertéjot.
13000 rmp., péc tam $kidrums uzmanigi
noliets. Nogulsném pievienoti 800 pl

70% EtOH. Centrifugéts 15 min. 13000 rmp.
DNS atkartoti $kidinats S0 pl TE buferl.
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Markieru genotipé$ana veikta, ka
ieprieks aprakstits Zhuk et al. (2008) un VPP
parskatos ( http://www.silava.lv/userfiles/
file/2009 Daugavietis VPP.pdf). Izstradati
regresijas vienadojumi hibridizacijas pakapes
jeb  Daltalk$na ietekmes

noteik$anai uz koku vidéjo caurméru un

génu Ipatsvara
vidégjo augstumu, ka arl vidéjo stumbra
tilpumu.

Rezultati un diskusija

No 132 analizétajiem individiem $§
bija tiri baltalk$ni un 19 tiri melnalkspi.
Tikai S individiem tika atrastas 50% baltalk$na
aléles un 50% melnalk$na aléles, savukart
tikai 3 no tiem bija iespéamie pirmas
paaudzes hibridi (kuriem visi lokusi ir
stavokli); SI
parsvara konstatétas baltalk$pa aléles un

heterozigotiska individam
54 individiem - parsvara melnalkspa aléles.
Analizes rezultati apkopoti 1. tabula.

Ka rada analizes rezultati, vairak neka
80% izpétito individu ir gan baltalksna,
gan melnalkspa aléles, bet loti maz ir tadu,
kas varétu but iespéjamie pirmas paaudzes
hibridi (2,3%).

Analizes rezultata iegatie dati tika
sadaliti pa baltalk$pa alélu sastopamibas
klasém, kur koki ar 0% baltalk$na aléléem
atziméti ka tiri melnalk$ni, bet koki ar 50%
baltalk$na alélem - ka pirmas paaudzes
hibridi  (tad,
heterozigotato hibridu stavokli), savukart
koki ar 100% baltalkspa aléléem - ka tiri
baltalksni. No tiem 19 (14,4%) identificati
ki tiri melnalksni, S (3,8%) - ka tiri
baltalksni un 105 (79,5%) - ki dazadas
pakapes abu sugu hibridi. Tikai 3 (2,3%)
noteikti ka potencialie pirmas paaudzes

ja visi markieri uzradija
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hibridi. Vairakumam hibridu baltalksnu-

melnalk$nu  alé]lu attieciba  nebija

1:1.

Sada alelu sadale sagaidima gadijuma, ja

pirmas paaudzes hibrids ir krustojies ar

tiru melnalksni vai baltalksni, jo tad alélu
proporcija  katra =~ nakamaja = paaudzé
samazinas par aptuveni 50%. Alélu sadales
rezultati apkopoti 1. attéla.

1. tabula, Table 1

Sugu specifisko markieru analizes kopsavilkums

Summary of species-specific marker analyses

Skaits / Number %
Analizétie individi 132
100% baltalksnu aléles S 3,8
100% melnalksnu aléles 19 14,4
>50% baltalksnu aléles 52 40,9
>50% melnalksnu aléles S1 38,6
50% abu sugu aléles S 3,8
Iespéjamie pirmas paaudzes hibridi 3 2,3
40
26.5%
X g 3
S § 22.0%
gE& 3
Q
R
ST 25 16.7%
g 3 14.4% 14.4%
g £ 20 +—
=
B g 15+
2 5
Ty _
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2% 23%
) =
o [ ‘
0 0-25 25-50 50* 50-75 75-100 100

Baltalksna alélu sastavs, %

Grey alder allele content, %

1. attéls. Kalsnavas stadijuma koku sadalijums péc baltalksna alé]u ipatsvara.

Figure 1. Distribution of individuals from the Kalsnava stand into grey alder allele

frequency classes.

* — potencialie pirmas paaudzes hibridi / potential 1st generation hybrids.
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Vidéjas taksacijas raditaju  vértibas
dotas 2. tabula: augstakas vértibas ir alk$pniem
ar 50% melnalk$na alélu skaitu, zemakas
konkrétaja audzes vecuma ir melnalksnim.
Hibridalk$nu vidéjais stumbra kragaugstuma
baltalk$pu

caurméru par 9,3%, bet stumbra tilpumu —

caurmérs  parsniedz stumbra
par 16,8%. Koku augstums alksnim, ka
gaismas prasigai sugai, svarstas robezas no
23,5 lidz 24,8 m un batiskas atskiribas

atkariba no hibridizacijas pakapes tam nav
konstatétas (2. tabula).

Hibridizacijas ietekmes
raksturu uz koku vidéjo krasaugstuma caur-

pakapes

méru (2. att.) un koku stumbra vidéjo
tilpumu (3. att.) raksturo otras pakapes
kvadratvienadojumi, kas rada, ka, pieaugot
hibridizacijas koku

pakapei, taksacijas

raditaji palielinas.

2. tabula, Table 2

Alk$nu vidéjie taksacijas raditaji
Forest inventory data of alders
Taksacijas raditaji, vidéji
Koku suga Average data
Tree species Kok H m/%
o 3/, oku augstums, H, m/%
(DI, 54 V,m® /% Tree height, H, m/%
Baltalksni
Gieya alder 23,0043,14/100,0 0,499+0,25/100,0 23,5+2,8/100,0
Melnalksnis
Common alder 20,08+4,22/87,3 0,338+0,15/67,7 23,1£1,7/98,3
gibﬂ.ds (50:50) 25,13+3,46/109,3 0,583+0,12/116,8 24,8+1,1/105,5
[ybrid
35
] S
30 * *>
. R . s ¢ i N
25 ] $ s . $ § - $ * PY .
¢ 3 L - I d s
20 i . 4
g» b ¢ * 3 % *
ey [ ISR ¢ . .
5 15 s ’Q * .
1 s y=-23,638x +25,372x + 18,141
10 1 R®=0,3304
s ]
0] | | | | | | | | | |
0 o1 02 03 04 05 06 07 08 09 1

Baltalk$pa génu ipatsvars

Percentage of grey alder alleles

2. attéls. Koku kra$augstuma caurmérs atkariba no baltalksna alé]u ipatsvara.

Figure 2. Correlation of individual tree DBH with percentage of grey alder alleles.
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3. attéls. Stumbra tilpums atkariba no baltalksna aléu ipatsvara.

Figure 3. Correlation of individual tree stem volume with frequency of grey alder alleles.

hibridalksna
skaidra,

Izpétita ~ Kalsnavas

stadjjuma  izcelsme nav tomeér
genotipésanas dati liecina, ka vairakumam
atrodamas  abu aléles.
ka tikai 3 individi
identificéti ka

pirmas paaudzes hibridi, varam secinat,

individu sugu

Nemot véra, péc

genotipéSanas potencialie
ka $is hibridalk$na stadijums nav ierikots
ar pirmas paaudzes hibridiem (ti. no balt-
alk$na un melnalkina krustojuma séklam).
hibridie
sadalijas vienmeérigi divas grupas: (1), kur

Izpétitaja  stadijuma individi
parsvara baltalkipa aléles (52 individi -
39,4%); (2), kur parsvara melnalkipa aléles
(51 individs - 38,6%). Alk$pu maksligas
hibridizacijas pétijumos secinats, ka hibri-
dizacija ir veiksmiga tikai tad, ja baltalksnis
izmantots ki mates koks (Kyuasunbm, 1968).
Péc masu pétijuma rezultatiem nav iespéjams
noteikt
tomér var secinat, ka pirmas paaudzes

hibridu talakai krusto$anai tikai baltalksnis

sakotnéjo hibridizacijas  virzienu,
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ka mates koks nav izmantots, jo pretéja
gadijuma  stadjjuma individos parsvara
tiktu atrastas baltalk$na aléles. Visticamak,
ka seklas Kalsnavas stadijumam ir iegtas,
apputeksnéjot hibridalksni ar meln- un
baltalk$na puteksnu maisijumu. Sada varianta
iespéjamibu  izskaidro ari genotipéSanas
rezultati, kad vairakumam hibridu parsvara
atrastas vai nu baltalk$na vai melnalk$na
aléles.

Kalsnavas stadijums nav ierikots ar
pirmas paaudzes hibridiem, kas dotu vislielako
efektu.
raditaju saistibas ar hibridizacijas pakapi,
skaidri ka

raditdji ir tiem individiem, kuru hibridi-

heterozes Tomér, péc taksacijas

redzams, augstakie taksacijas
zacijas pakape ir 50%. Ari tad, ja piepemam,
ka $ie individi nav pirmas paaudzes hibridi,
vienmérigais abu sugu alélu sadaljjums liecina
par augstu visa genoma heterozigozitati un,
tatad, par iesp&jami izteiktiku heterozes
efektu.
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Secinajumi

Kalsnavas alk$pu stadijuma ar izmantotajiem sugu specifiskajiem markieriem,
tikai 3 individi (2,3%) identificéti ka potencialie pirmas paaudzes hibridi.
No 132 analizétajiem individiem 108 (81,8%) atrastas gan baltalkina, gan melnalkina
aléles, kas liecina par stadijuma hibrido izcelsmi. Hibridu vienmeérigais sadalijjums divas
grupas lauj secinat, ka Kalsnavas stadijjuma ierikoSanai acimredzot izmantotas séklas,
kas iegutas, hibridalksni apputeksnéjot ar meln- un baltalk$pa putek$pu maisjjumu.
Pétijuma konstatéts, ka, hibridizacijas pakapei pieaugot, koku taksacijas raditaji palielinas un
alk$na hibridu taksacijas raditaji parsniedz gan melnalksna, gan baltalkspa raditajus.
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