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Kopsavilkums. Pétijuma mérkis — hibridalk$nu in vitro pavairo$anas izpéte. Par
eksplantiem izmantoti no pieaugu$iem kokiem npemti lapaini vai koksnaini spraudeni ar
vienu vai diviem pumpuriem. Secinits, ka sterilas kultiras iegisana ir problematiska, jo
biezi nepiecie$ama vairakkartéja eksplantu dezinficé$ana. Dzinumi kultivéti barotnés
ar WPM un MS makroelementiem, citokininiem, saharozi un/vai glikozi. Proliferacija
panidkta, barotnei pievienojot 0,1-0,5 mg I' 6-benzilaminopurina (BAP). Rizogenézes
inducésanai izmantoti 0,1-0,5 mg 1' indoliletikskabes, 0,1-0,3 mg I' indolilsviest-
skabes un 0,05-0,1S mg I"' naftiletikskabes. Labakie rezultati iegati, iniciacijas barotnei
pievienojot WPM makroelementus, kinetinu, saharozi pilniba vai dalgji aizstajot
ar glikozi. Pavairo$anas barotné ieteicama BAP koncentracija ir 0,25-0,5 mg I'. Dzinumu
apsaknosanas  veicina$anai  barotnei pievieno indoliletikskabi vai  naftiletikskabi.
Atziméjams, ka hibridalk$na apsaknosana iespéjama ari bezhormonu barotné.

Sakotnéjie rezultati liecina, ka Latvijas hibridalk$nu pavairo$ana in vitro ir iespéjama
un perspektiva.

Nozimigakie vardi: hibridalksnis, Alnus, in vitro kultra, mikroklonala pavairo$ana.

Gailite, A., Auzenbaha, D., LSFRI “Silava”. In vitro propagation of hybrid alder.

Abstract. By the use of in vitro propagation, it is possible to obtain a large
quantity of genetically uniform planting material in a relatively short time. Techniques
for micropropagation of Alnus incana and Alnus glutinosa have been reported, yet data
is lacking about the micropropagation of hybrid alder. It is known that in order to
obtain in vitro culture, explants preferably be taken from young trees and seedlings.
Grafting or cutting techniques are recommended for establishing in vitro cultures from
mature trees.

For this study the cultures were initiated from cuttings with one or two buds
taken from the crown of mature trees during March, May and July. They were
surface-sterilized in a solution of bleach ACE/sterile water 1:1, followed by three rinses
with sterile distilled water. Hardwood cuttings were sterilized for 20-40 min., softwood -
for 6-12 min. Initiation media contained WPM macronutrients, MS micronutrients,
vitamins, glutamine, cytokinins, sucrose and/or glucose, 6 g I' agar were used; pH was
adjusted to 5.9 before autoclaving. Cultures were maintained at 22-25°C under
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a 16h photoperiod.

Regardless of the duration of disinfection most of the explants were
contaminated and sterilization was repeated after 1 and 2 weeks with 0.1% mercury
chloride solution (1.5 min.). Sterile shoots were counted 1 month after in vitro
establishment. Explants, taken in March, had slightly higher infection rates. However,
if sterile shoots were obtained further development is possible. Of 18 hybrid clones
initiated into in vitro culture, eight were successfully established.

The in vitro culture of hybrid alder No. ‘125" established in 2008 was used for
multiplication and rooting studies. Multiplication media contained 0.1-0.5 mg I' BAP.
Auxins — 0.1-0.5 mg 1" indoleacetic acid (IAA), 0.1-0.3 mg I" indolebutyric acid (IBA)
or 0.05-0.15 mg 1! naphthylacetic acid (NAA) were added to the rooting media.
Each experiment was carried out with 30 microcuttings. The results were summarized
after 1 month. By including BAP in the medium at concentrations of 0.1-0.5 mg I" it was
found that the optimal concentration of BAP added to the medium should be
0.25-0.5 mg I', while higher concentrations of BAP make the resulting shoots smaller.
The effect of various auxins (IAA, IBA, NAA) has been checked on hybrid alder
micro-cuttings with a view to promote rooting. Best results were obtained by adding
to the medium 0.3 to 0.5 mg I' IAA, or 0.1 to 0.15 mg I" NAA. Media with
0.1,0.2 or 0.3 mg I'' IBA did not differ significantly from the control.

Hybrid alder in wvitro cultures were obtained from the material collected at
different times, yet the main problem is acquisition of a sterile and viable in vitro culture.
Multiplication medium supplemented with BAP at concentrations 0.25-0.5 mg 1"
is appropriate. BAP at concentration 0.1 mg I" is not suitable for reproduction, because
of the low proliferation rate. Rooting is promoted by adding IAA or NAA, but is
possible also on hormone-free medium.

Key words: hybrid alder, Alnus, in vitro culture, micropropagation.

Taiianre A., Aysenbaxa A., AI'VIAH «CuaaBa». PasMHOXeHHe T'HMOPHAHOI OABXH
in vitro.

Pesrome. MeTOA MUKPOKAOHAABHOIO  PasMHOXKEHHsS IIO3BOASET IIOAYYUTh B
6OABIIOM KOAMYECTBE T€HETUYECKU HUACHTUYHOIO IIOCAAOYHOTO MaTephuard B OTHOCHTEABHO
KODOTKMI1 Iepuos  BpeMeHH. LleAbto  HMCCAeAOBaHUS — OBIAO  M3y4eHHMe  IIpoLiecca
Pa3MHOXEHUSI THOPUAHON OABXU CIIOCO6OM i vitro. VICIIOAB30BaHBI OKCIIAQHTBI 3PEABIX
AEPEBbEB, KOTOpble IIOMEIIEHBl B CTEPUABHYIO KyABTypPy B MapTe, B Mae M B HIOAE.
BbUICHEHO, 9TO MeTOA AOOBIYM CTEPHABHBIX OKCIIAAHTOB IPOOAEMATHYEH, 3a4acTyIo
Tpebyomuil MOBTOpHON  AesuHekumn. Ilo6ernm  KyAbTHBHPOBaHbBI B  IIMTATEABHOMN
cpeae ¢ WPM  MakposAeMeHTaMy, LUTOKMHMHAME, Caxapo3oil H/MAM  TAIOKO30OIL.
MUKpOYepEHKOBAaHII0 ~ CIOCOGCTBOBAAO  AOGaBAeHMe K NHTaTeAbHOR  cpepe  BAII
(0,1-0,5 Mr A'). AAS CTUMYAMPOBaHHS KOpPHEOOPA3OBAHHMS HCIIOAb3OBAAUCH AYKCHHDBI —
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YK (0,1-0,5 mr a'), UMK (0,1-03 mr a') man HYK (0,05-0,15 mr a'). Ayumme
pe3yAbTaTBl IOAy4eHBl, AOOaBasisi K rmurareapHoit cpeae MYK u HYK. Ilo wuroram

IIEPBOHAYAADHBIX PE3YAPTATOB  CACAYET,

4TO METOA Pa3MHOXKEHHA

THOPUAHON  OABXH

in vitro SIBAsIETCS TIPUMEHNMBIM 1 II€P CIEKTUBHBIM.

Karouesvie crosa: Alnus, rubpruaHast 0AbXa, in Vitro, MUKPOKAOHAABHOE PAa3MHOXKEHHE.

Ievads

Mikroklonalas pavairosanas metodes
pielietojums hibridalkipa (Alnus incana (L.)
Moench. x Alnus glutinosa (L.) Gaertn.)
masveida pavairo$ana ir viens no veidiem,
ka salidzino$i isa laika perioda iegat lielu
daudzumu genétiski viendabiga stadmateriala,
un ir alternativa tradicionalajam pavairo$anas
dati par
dazadu alk$nu sugu, tsk., baltalksna un

metodém. Literatara publicéti

melnalk$na,  mikroklonalo  pavairo$anu,
ta¢u nav zinu par hibridalksni. Darbs pie
hibridalk$na  mikroklonalas  pavairo$anas
protokola izstrades wuzsakts 2008. gada

pavasari LVMI ,Silava” Augu fiziologijas
laboratorija.

Jebkuras kultaras veiksmigu iegasanu
in vitro nosaka vairaki faktori, no kuriem
svarigakie ir mateskoka vecums, eksplanta

ievak$anas laiks un lielums, optimala
dezinfekcijas lidzekla un laika izvéle, ka ari
barotnes sastavs. Labi mikropavairo$anas

rezultati iegati, izmantojot Alnus glutinosa
eksplantus no vienu-divus gadus veciem
séjeniem un jauniem kokiem (Tremblay,
Lalonde, 1984). Koka vecumam pieaugot
un parsniedzot 10 gadus, strauji samazinas
(no 35 lidz 10%) eksplanta spéjas attistities
in vitro, ka ari nostabilizéties kultara un
vairoties (Greenwood, 1987). Ja matesaugi ir
pieaugusi koki, pozitivs rezultats iegustams,
veicot potéSanu un apgrieSanu (Perinet et
al., 1988), ka ari par eksplantiem izmantojot
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dzinumu galotnes (Lall, 2005). Uzskata,
ka optimalakais eksplantu ievadi$anas laiks
kultara ir pavasaris, kad aktivizéjusies koka
fiziologiskie procesi. Ziema nemtie eksplanti
ir gratak dezinficéjami, ka ari tiem novérota
spécigaka infekcija (Smith, 2000). Ievadisanu
sterilaja  kultara limité gan eksplantu
inficétibas risks, gan fenola savienojumu
oksidésanas (Barghchi, 1988). Viens no
biezak pielietotajiem dezinfekcijas lidzekliem
ir natrija hipohlorits. Dezinfekcijas ilgums
atkarigs no eksplanta veida un parasti to

izvelas empiriski. Lai mikrodzinumi attistitos

bez vitrifikicijas un parmérigas kallusa
veido$anas, batisks ir arl optimals barotnes
sastavs.

Visbiezak  tiek  izmantotas =~ MS

(Murashige & Skoog, 1962), WPM (Lloyd
and McCown’s woody plant medium; Lloyd,
McCown, 1981) un Blaydes barotnes un to
modifikacijas (Enrico et al, 200S; Perinet
et al.,, 1988; Tremblay, Lalonde,1984).

A. attistibas
stimulé$anai iniciacijas barotnei pievienoti:
MS WPM  makroelementi, MS
mikroelementi, 0,2-0,75 I!
6-benzilaminopurina (BAP), 3% saharoze
(Tremblay, Lalonde, 1984). A.
pamatbarotnei un multiplicé$anas barotnei
izmantoti MS sali un BAP (Perinet et al,

glutinosa  dzinumu

vai
mg

incana

1988).

Pavairo$anai  lietots BAP, taluy,
pieméram, melnalksnim raksturigs augsts
endogéno auksinu limenis, kas kave
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proliferaciju, tapéc izmantoti auksinu
transporta inhibitori (Lall et al., 2005).
Apsakno$anai  in  vitro  pielietota

indolilsviestskabe (ISS), tomér iespéjama ari
apsaknosana ex vitro ar vai bez apstrades ar
auksinu (Barghchi, 1988; Enrico et al., 2005;
Perinet et al., 1988).

Materiali un metodes
Misu izméginéjumos par matesaugiem
hibridalks$ni,  kas

identificéti ar DNS markieriem Valsts pétijumu

izmantoti  pieaugusi
programmas (VPP) ,Lapu koku audzésanas

un racionalas izmanto$anas pamatojums,

jauni produkti un tehnologijas” ietvaros.
Eksplanti — 4-5 cm gari koksnaini un lapaini

spraudeni ar 1-2 aksilarajiem pumpuriem —
ievakti marta, maija un julija, atbilstosi
VPP planotajiem darbiem. Pirms dezin-
eksplanti ziepjudeni,

fekcijas mazgati

noskaloti un ievietoti trauka ar destilétu
udeni. Laminara eksplanti dezinficéti ar
balinataju ACE/sterils adens 1:1. Koksnainie
spraudeni dezinficéti 20-40 min., lapainie
spraudeni — 6-12 min. (1. tabula).

dzinumi 3 reizes

sterila destiléta

Dezinficétie
10 minates skaloti udeni
un novietoti uz sakotnéjas barotnes tiribas
atkartoti
dezinficéti péc 1 un 2 nedélam ar 0,1%
dzivsudraba hlorida $kidumu (1,5 min.). In

vitro kultaras audzétas 22-25°C temperatira,

izvértéSanai. Nesterilie dzinumi

1. tabula, Table 1

In vitro ievadi$anas kalendarais laiks un sakotnéjas dezinfekcijas ilgums

Schedule of in vitro culture establishment and duration of primary sterilization

Hibrids Ievadi$anas datums Sakotnéjas dezinfekcijas ilgums, min.
Hybrid Collecting date Primary sterilization, min.
1 06.03.09. 30
29 0S.,06.03.09. 20,30
111 05.03.09. 20
26 10.03.09. 40
115 10.03.09. 40
Hibrids (Ba) 25 15.05.08. 6-8
Hibrids 125 15.05.08. 6-8
Hibrids (Ma) 15.05.08. 6-8
Nr. 4-08 29.05.08. 7-10
Nr. 3-08 29.05.08. 7-10
Nr. 1-08 29.05.08. 7-10
Nr. 2-08 29.05.08. 7-10
22 02.07.09. 10-12
s, 02.07.09. 10-12
125 02.07.09. 8
149 02.07.09.
166-168 15.07.09. 6
D-8 22.07.09. 6-8
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fotoperiods - 16 stundas. Lai atrastu
optimalu  barotni  kultaras  uzsaksanai,
barotném  pievienoti WPM vai MS

makroelementi, MS mikroelementi, vitamini,
glutamins, citokinini, 0,1 mg I"' indoliletik-
skabes (IES),

6 g I' agara. Citokinini pievienoti dazadas

saharoze un/vai glikoze,
koncentracijas — 0,2-1 mg 1" izopentenilade-
(2-iP), 0,2-0,5 mg ' kinetina,
0,22 mg I' BAP. Barotnes pH pirms
autoklavésanas — 5,9.

nina

Proliferacijas un rizogenézes
izmantots 2008. gada in wvitro
ievaditais hibridalksnis ‘125’ Proliferacijas
barotné lietoti ~WPM
MS mikroelementi, vitamini, glutamins,
0,1-0,5 mg I'' BAP, 30 g I' glikozes, 6 g I'
agara. Péc meénesa uzskaititi no eksplanta

peti-
jumiem

makroelementi,

iegatie dzinumi.

Apsaknosanas barotném  pievienoti
WPM makroelementi, MS mikroelementi,
vitamini, glutamins, auksini - 0,1-0,5 mg I"
IES, 0,1-0,3 mg I ISS vai 0,05-0,15 mg I
naftiletikskabes (NES), 30 g 1! glikozes,
6 g I' agara. Péc ménesa uzskaitits saknu
skaits.

Katra 30
mikrodzinumi, kas audzéti stikla kultivacijas

eksperimenta  izmantoti
traukos (katra tilpums — 300 ml); barotnes
daudzums — SO ml, trauki noslégti ar alumi-
nija folijas vaciniem.

Rezultati un diskusija

In vitro kultiras veidosana
Eksplanti nemti no 18 taksoniem
Marta
nemtajiem bija vérojama spéciga infekciju
attistiba.  Tiri tikai  14,8%. Ari
literatira (Barghchi, 1988) minéts, ka par

dazados kalendarajos laikos.

bija
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eksplantiem pemot miera perioda esoSus
aksilaros pumpurus, tos ievadit in wvitro ir
problematiski, jo konstatéts augsts infekciju
procents, ka ari novérota fenola savienojumu
izdali$anas, kas izraisa barotnes briné$anu
eksplanta  vitrifikaciju. ka
Cetrus  hibridus  neizdevas  dezinficét
(‘Nr. 1-08, ‘Nr. 2-08, ‘111" un ‘166-168’)
(2. tabula).

Pargjie ik péc trim nedélam tika

un Jaatzime,

parstaditi  svaiga  barotné.  Taksoniem
Nr. 4-08 un Nr. 3-08 attistijas sekundara
infekcija. Fenola savienojumu veidosanos

hibridalksnim dala
eksplantu neveidoja dzivotspéjigu in vitro

nenovérojam, tomer
kultaru un vairs neattistijas.

Uzsakot darbu 2008. gadi, uzmaniba
galvenokart tika wveltita barotpu izstradei
un optimizacijai: izméginatas barotnes ar
MS un WPM makroelementiem, dazadiem
citokininiem, saharozi un/vai glikozi. MS
makroelementi koncentracija 1/2 un 3/4
iniciacijas  barotné neuzradija  pozitivu
rezultatu. Iniciacijas barotnés tika izméginati
citokinini - 0,2-1 mg I" izopenteniladenina
(2-iP), 0,2-0,5 mg I" kinetina, 0,2-2 mg I"
BAP. ka labaki

iegustami, pievienojot

rezultati
WPM

makroelementus, kinetinu, BAP. Ieteicama

Konstatéts,
barotnei

saharozes daléja vai pilniga aizsta$ana ar
glikozi. Ari literatara uzraditi dati par dazadu
cukuru ietekmi uz kokaugu pavairo$anu
labaki
rezultati iegiti, par oglekla avotu izmantojot
glikozi (Cuenca et al, 2000; Tremblay,
Lalonde, 1984). Misu izmégindjuma péc
10 ménesiem taksoni ‘Hibrids (Ba) 25,
‘Hibrids 125 ‘Hibrids (Ma)’
izveidojusi dzivotspéjigu in vitro kultaru, kas

in vitro, un daudzos gadijumos

un

bija
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2. tabula, Table 2

Kultaras iniciacija in vitro

In vitro culture establishment

Sterili eksplanti 1 ménesi péc
Hibrids ievadiSanas, % Dzivotspéjiga in vitro kultara
Hybrid Sterile explants 1 month after Successful in vitro culture
establishment, %
1 16
29 28 +
111 0
26 13
115 17 +
Hibrids (Ba) 25 56 +
Hibrids 125 67 +
Hibrids (Ma) 58 +
Nr. 4-08 42
Nr. 3-08 42
Nr. 1-08 0
Nr. 2-08 0
22 87 +
s, 66 +
12§ S0
149 S8
166-168 0
D-8 57 +

talak izmantojama mikropavairo$anai. Tik

ilga laika stabila in vitro kultara tika iegata
tadeél, ka, nezinot optimalo barotnes sastavu,
bija nepiecie$ami attiecigi eksperimenti ar
dazadam vielam dazada koncentracija.
Izmantojot barotnes (3. tabula), kas
uzradijusas labakos rezultatus 2008. gada
izméginajuma, 2009. g marta ievaditajam
hibridaksnim ‘115" 4,5 meéne$u laika bija
izveidojusies dzivotspéjiga in vitro kultara,
jo tas deva proliferéjosus dzinumus. Savukart
péc astonu ménesu veiksmigas kultivésanas
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in vitro §im taksonam novérota parmeériga
kas
ipatniba.

kallusa veidoS$anas, varétu bat §i
konkréta  hibrida
(1997) uzsver, Kka, augus pavairojot in

vitro,

Lakshmanan

iespéjamas  vairakas problémas

slikta augSana, latenti patogéni (sekundara
bazala  kallusa

infekcija),  vitrifikicija,

pastiprinata  veido$anas. Julija ievaditais
hibrids ‘D-8’ stabilu in vitro kultaru izveidojis
bet

panikta ari proliferacija (1. attéls), savukart
hibridi ‘S un 22" — § ménesos. Ari Perinet

3,5 ménesu laika, Cetros meénesos
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1. attéls. Hibrids ‘D-8”:  a) 2 ménesus péc ievadisanas in vitro;

b) 4 ménesus péc ievadisanas in vitro.
Figure 1. Hybrid alder ‘D-8’ a) 2 months after establishment in vitro,
b) 4 months after establishment in vitro.

3. tabula, Table 3

Iniciacijas barotnu varianti hibridalk$pa ievadi$anai in vitro

Media for establishment of in vitro culture of hybrid alder

Kimikalijas 1. barotne, mg 1" 2. barotne, mg 1" 3. barotne, mg 1"

Chemical compounds Medium No. 1, mg 1! Medium No. 2, mg ' Medium No. 3, mg 1’
‘WPM makrolementi + + +
MS mikroelementi + + +
Fe hellats + + +
mezoinozits 100 100 100
glicins 2 2 2
tiamina HCI 0,5 0,5 0,5
piridoksina HCI 0,5 0,5 0,5
nikotinskabe 0,5 0,5 0,5
adenina sulfats 20 20 20
glutamins 2 2 2
biotins 1 1 1
kinetins 0,2 0,2 0,2
BAP 2 0,5 0,25
IES 0,1 0,1
saharoze 20000 15000 -
glikoze 10000 15000 30000
agars 6000 6000 6000
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et al. (1988) norada, ka dzinumu kultara
ir iegastama péc 13 nedélam, ja eksplantu
izdevies pilniba sterilizét un ta turpmaka
attistiba bez kallusa
veido$anas vai vitrifikacijas.

noris pastiprinatas

Dzinumu pavairosana
Barotném pievienojot BAP, notiek
dzinumu proliferacija. Jo lielaka ir BAP
lielaks
pavairo$anas koeficients. Barotnei pievie-
nojot BAP 0,1 mg I', iegastami 0,97+0,18
dzinumi no viena eksplanta; pievienojot

koncentracija  barotng, jo ari

0,25 mg 1, iegastami 3#0,29 dzinumi;
pievienojot 0,3 mg I, iegastami 4,34+0,31
BAP

viena

pievienojot 0,5 mg I,
iegistami  7,7+0,25  dzinumi
eksplanta (2. attéls).

Konstatéts, ka jo lielaka ir BAP
koncentracija, jo iegutie dzinumi ir sikaki.

dzinums;
no

Lidz ar to optimala ieteicama koncentracija

batu 0,25-0,5 mg I'. Literatira dzinumu

0,5-0,6 mg 1' (Tremblay, Lalonde, 1984),
tomer atkariba no sugas un klona ipatnibam
$is skaitlis var bat variabls.

Dzinumu apsaknosana

Ir  parbaudita  dazadu  auksinu
(indolilsviestskabe, indoliletikskabe, naftil-
etikskibe)  iedarbiba uz  hibridalksna
mikrospraudepiem ar nolaku  veicinat

rizogenézi. Labakie rezultati iegiti, barotnei
pievienojot 0,1, 0,3 un 0,5 mg I' IES vai
0,05-0,15 mg I NES (3. attéls).

Barotnei pievienojot 0,1, 0,2 vai
0,3 mg I' ISS, iegutie rezultati batiski
ti,

notika

kontroles
kur

saknpu veido$anas. Literatira minéts, ka gan

neat$kiras  no varianta,

bezhormonu barotnes, ari

A. glutinosa, gan A. incana apsaknosanai
lietojams 0,2 mg I' ISS, tomér japem véra
katra klona ipatnibas (Perinet et al, 1988;
Tremblay, Lalonde, 1984). Nav ari nolie-
dzams, ka,

palielinot ISS koncentraciju

pavairo$anai  uzradita  koncentracija ir lidz 0,5 mg I, apsaknosanas rezultati varétu
9
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2. attéls. Dazadas koncentracijas BAP ietekme uz dzinumu skaitu pavairo$anas barotnés.
Figure 2. Effect of different BAP concentrations on the number of shoots.
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bat vél labaki. Literatara minéts, ka augus Zotibu laika un in wvitro apsakpota

iespéjams apsaknot ari ex vitro, tikai tas materiala daudzumu, konstatéts, ka substrata

notiek 1énak (Perinet et al., 1988). izstaditie (ex wvitro) mikrospraudeni ir
Neraugoties uz eksperimenta ierobe- dzivotspéjigi.

1,8
1,6
1,4 L
12 -

0,8 —
0,6 —
0,4 —
0,2 —

Saknu skaits
Number of roots

0 0,1 0,3 0,5

a) IES koncentracija, mgl"

IAA concentration, mgl'1

2,5

LS i

Saknu skaits
Number of roots

0 0,05 0,1 0,15

b) NES koncentracija, mgl”
NAA concentration, mglVI

3. attéls. Auksinu ietekme uz saknu veido$anos:

a) dazadas koncentracijas IES ietekme uz saknu skaitu;

b) dazadas koncentricijas NES ietekme uz saknu skaitu.
Figure 3. Effect of auxins on root formation:

a) effect of different IAA concentrations on the number of roots;
b) effect of different NAA concentrations on the number of roots.
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Secindjumi

1. Hibridalk$pa ievadi$ana in wvitro iespéjama dazados kalendarajos laikos, par
eksplantiem izmantojot gan lapainus, gan koksnainus spraudenus, tomér problematiska
ir sterilas un dzivotspéjigas in vitro kultaras iegasana.

2. Dzivotspéjigu in vitro kultaru iegast, iniciacijas barotnei pievienojot WPM makro-
elementus, kinetinu un glikozi.

3. Hibridalksnis pavairojams, pievienojot BAP koncentracija 0,25-0,5 mg I"'. BAP koncentra-
cija 0,1 mgl’ nav pietiekama, jo parak mazs ir pavairo$anas koeficients.

4. Hibridalksni iesp&jams apsaknot ari bezhormonu barotnés; apsakno$anas veicina-
$anai pievienojams IES vai NES.

S. Ta ka eksperimentu laiks bija ierobezots un pavairo$anai un apsaknosanai ka modelis
izmantots viens hibridalksnis, pétijumi buatu turpinami, lai noskaidrotu optimalo
fitohormonu koncentraciju citu hibridu kultivésanai.

Pétijums veikts VPP projekta ,Perspektivas lapu koku audzésanas tehnologijas izstrade
meza un nemeza zemeés patérétaju nodrosinasanai ar meza izejvielam” ietvaros.
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