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Background. Micropropagation of silver birch (Betula pendula
Roth) is used to obtain healthy plant material for high-value plan-
tations. The aim of this study was to evaluate the first steps of
birch explant introduction and maintenance in vitro in order to
make practical suggestions about the influence of these first steps
on further micropropagation success.

Materials and methods. Of the seven studied birch genotypes,
one had been cultured in vitro for two years at the time of experi-
ments, while six were newly planted in vitro from shoot segments
disinfected after either one or two weeks of storage of collected
branches. The explants were placed in glass culture tubes either
on a hormone-free or cytokinin (6-benzylaminopurine)-supple-
mented medium.

Results. A shorter branch storage time (one week instead of
two) was better for the viability of explants, while external cyto-
kinin, if used during the very first subculture in vitro, had largely
a negative impact. Among the tested birch genotypes, 52BPL171
had the highest rate of viable explants and was followed in this
respect by 01BPL115 which, however, contrasted strongly to
the former because of its ability to maintain a green shoot apex
alongside a green stem on the control medium. After 12 months
in vitro, only genotype 01BPL115 was characterized by regular
shoot growth and a well-developed root system.

Conclusions. The green shoot apex on the control medium
and, also, maintenance of viability on the medium with external
cytokinin were found to be most helpful characteristics of birch
explants during the first subculture, early recognition of those
genotypes that would be most promising for obtaining multiple
rooting shoots in vitro.
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INTRODUCTION

Representatives of Betula (birch) genus, wide-
spread particularly in the northern parts of
Eurasia and North America, are among the most
important deciduous tree species in these re-
gions (Ryyninen et al., 2005). In the coniferous-
dominated forests of Northern Europe, birch
species (Betula pendula and B. pubescens) often
grow in mixed stands with Scots pine and Nor-
way spruce (Rytter et al, 2014), contributing
significantly to the biodiversity sustention here,
since birch trees provide living room for many
other life forms, such as mycorrhiza-forming
fungi, herbivores, wood-decaying fungi, and
saproxylic insects (Hynynen et al., 2010). Besides
its ecological significance, birch is important for
bioenergy production in these northern regions.
Birch trees from naturally occurring and artifi-
cial plantations are also used as raw material in
the manufacture of plywood and in sawmills
(Ryynidnen et al., 2005). Birch has a high poten-
tial for regeneration and a rapid growth rate even
in poor soil; therefore it is suitable for planting
in deserted agricultural lands (Walle et al., 2007)
and promising for the establishement of eco-
nomically valuable short rotation plantations
(Hynynen et al., 2010).

Traditionally, birches are propagated ei-
ther through seeds or through vegetative sap-
lings. In the early growth stage, seedling grow
much faster and, therefore, 4-5-year-old seed-
lings are higher than vegetative saplings. Still,
birch vegetative saplings have bigger leaves,
higher chlorophyll content, and thicker crown
than seedlings (Kauppi et al., 1988). However,
productivity and bud number of vegetatively
propagated birch saplings vary and depend on
the stump height and harvesting time of a par-
ent tree (Ferm, Kauppi, 1990). Microvegetative
propagation of birch, using stem explants and
callus, is also an option, since micropropagated
plants are more uniform in respect of height
and stem volume, have less fissures, and flower
earlier than seedlings (Jones et al., 1996).

Birch was one of the first forest trees involved
in micropropagation experiments that were per-
formed by Huhtinen and Yahyaoglu as early as

in 1974. Historically, apices, internodes, nodes,
young leaves, and axillary buds were used as ex-
plants for regeneration of B. pendula and B. pu-
bescens (Huhtinen, Yahyaoglu, 1974; Chalupa,
1981; Srivastava, Steinhauer, 198l; Simola, 1985;
Ryynanen, Ryynanen, 1986). Currently, in vitro
studies of birch continue to be carried out and fo-
cus largely on improvement of micropropagation
conditions (Kontsevaya, 2009) and on investiga-
tion as to how environmental factors may influ-
ence rooting (Bojarczuk, 2000; Wynne etal., 2002)
and general plant morphology (Ryynénen et al.,
2005). The results of such studies can contribute
to more effective establishment of short-term
stands of birch and to further biotechnologi-
cal manipulations with birch tissues and cells.
Particularly, microshoot culture techniques are
actual for the accumulation of healthy reproduc-
tive material since birch dieback-causing fungal
pathogens pose a potential danger to birch stands
(Green, MacAskill, 2007).

Since birch genetic variability studies rec-
ommend involving more traits (e.g. wood hard-
ness) in selection programmes (Baliuckiené,
Baliuckas, 2006), genotype performance in vit-
ro can also be considered as one of practically
important traits. Therefore, it is important to
involve a larger number of birch genotypes in
micropropagation studies in order to see what
infuence genotype may have on explant vi-
ability and performance in vitro, particularly,
at the start of in vitro culture. Accordingly,
the present study involved seven B. pendula
genotypes and followed largely the first steps of
explant introduction and maintenance in vitro
with the aim of making practical suggestions
about the influence of these first steps on fur-
ther micropropagation success.

MATERIALS AND METHODS

Plant material and growth conditions

Experiments were conducted on clones of seven
Betula pendula Roth genotypes selected in Lith-
uania. One of the genotypes was originally a rot-
free tree from the birch seed stand of Satkinai
forest enterprise (Joniskis district). The explants
of this tree were introduced to in vitro culture in
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2014, two years before the other six genotypes.
The latter were taken from the seed orchard of
B. pendula, established from selected birch tree
clones in the nursery of Dubrava Experimental
and Training Forest Enterprise. The characteris-
tics of the original donor trees of these six geno-
types are given in Table 1. Their explants were
introduced to in vitro culture in 2016.

In experiments, the microshoot culture me-
thod was used as described by Ahuja (1987).
In all the cases, Woody Plant Medium (WPM;
Lloyd, McCown, 1980) basal salt mixture (Sig-
ma-Aldrich Chemie GmbH, Germany), supple-
mented with a standard amount of WPM vita-
mins, 20 g - L' sucrose and 3.95 g - L™ gelrite
(all produced by Duchefa Biochemie, the Neth-
erlands), was used as a standard nutrient me-
dium. The pH value of the medium was set at
4.8 before gelrite addition and autoclavation
(30 min at 121°C). As a control medium, it was
hormone-free; only for particular experiments
or for particular culture stages, the medium was
supplemented with a cytokinin-type growth
regulator — 6-benzylaminopurine (BAP; Sigma-
Aldrich Laborchemikalien GmbH, Germany).
BAP was first dissolved in 0.5 ml of NaOH and
then diluted with distilled water to 100 ml vol-
ume. This solution was filtered using a 0.22 um
syringe-driven filter prior to adding it (at the ap-

propriate volume) to the autoclaved nutrient
medium. In all the cases when BAP was used, its
concentration in the medium was 24 ymol - L™.

Glass culture tubes (150 mm height and
20 mm diameter), each containing 5 ml of
medium, were used for culturing of individ-
ual birch explants. Standard controlled envi-
ronment conditions were maintained during
the experiments: 16 h photoperiod (photon
flux density 30 umol m s7?) and 25/18°C (day/
night) temperature regime.

Birch explant introduction to in vitro culture
Introduction of the six birch genotypes (Ta-
ble 1) to aseptic in vitro culture was done in ear-
ly spring. First, branches with ready-to-burst
vegetative buds were cut from the tree crowns.
The collected branches were immersed into
containers with water at room temperature.
For experimental purposes, the branches from
each tree were divided into two groups which
differed from each other in respect of the time
span between branch collection and explant
introduction to in vitro culture. This varied
branch storage time was either one or two
weeks. After that time, approximately 2 cm long
apical stem segments of young shoots, carrying
two to three buds (including an apical bud),
were collected from branches and prepared for

Table 1. Original donor trees of birch genotypes that were introduced to in vitro culture in 2016

Tree code in the database of Lithu- Coordinates Tree characteristics in 2015
anian State Forest Service (2015) (forest enterprise) Age, years | Height,m | Diameter, m
55°06” SP; 24°22” RI
49BPL073 v . 100 28 0.45
(Pageleziai)
54°47" SP; 24°4’ RI
51BPL088 . 65 28 0.43
(Silénai)
56°16° SP; 24°48” IR
01BPL115 ol 50 34.5 0.35
(Spalviskiai)
55°42’ SP; 24°23’ RI
20BPL125 . . 60 32 0.40
(Vainagiai)
54°47’ SP; 23°38’ RI
52BPL171 - 70 33 0.44
(Saligkiai)
55°07” SP; 21°53’ RI
22BPL195 65 28 0.35

(Pagégiai)
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introduction to in vitro culture. Before being
transferred onto the nutrient medium, these
explants were disinfected with 50% commercial
bleach Ace (Dalli Production Romania SRL)
for 2 min, commercial bactericid Bacticid (AS
Chemi-Pharm, Estonia) for 3 min, and 75%
ethanol (Stumbras, Lithuania) for 2 min. After
each of these treatments, the explants were two
times washed with disinfected distilled water:
first time for 1 min and second time for 3 min.
Afterwards, they were placed onto disinfected
(autoclaved) WPM in closed culture tubes.

During the first 12 days of in vitro culture,
the explants of each of the six genotypes were
divided between control and BAP-supplement-
ed media for experimental purposes. After this
initial period and until the third month in vitro,
the frequency of explant subculturing was one
week, which was prolonged to one month af-
terwards. After the first four months in vitro,
all remaining explants were transferred onto
the medium with BAP to induce callus forma-
tion until being planted on the control medium
again five months later. The overall scheme of
explant culture conditions during 12-months
period is given in Table 2.

Reaction of in vitro-established birch cul-
tures to external cytokinin

The influence of BAP was further evaluated dur-
ing comparison of birch genotypes 01BPL115
(selected among the newly introduced geno-
types for its superior in vitro performance) and

Table 2. Culture conditions for Betula pendula
explants during 12-months period after introduc-
tion to in vitro culture

Pte;:’s‘::rf:‘:fn Subculture | Nutrient
culture) frequency medium
12 days - Control BAP!
;1:1;3:}1; 7 days Control
3-4 months 1 month Control
5-9 months 1 month BAP
10-12 months 1 month Control

! BAP - 6-benzylaminopurine (24 pmol - L)

43BSMO001 (introduced in vitro two years ear-
lier than the other six genotypes). Previous to
the experiment, explants of the both genotypes
were cultured on a hormone-free medium for
a period of three months. The experiment in-
volved control (hormone-free) and BAP-sup-
plemented media. Each treatment consisted of
three replications, 20 explants per replication,
and these were organized in a completely ran-
domized design. The results (shoot length and
shoot and root numbers per explant) were re-
corded after six weeks of explant culture on
the experimental media.

Statistics

For the comparative analysis of experimentally
obtained rates and means, a two-tailed Welch’s
t-test intended for use with samples having
possibly unequal variances (Welch, 1947) was
performed in Microsoft Excel 2010, calculating
the probability (P) that two separate samples
come from populations with the same mean.
The results given in rates (e.g., a rate of explants
with a certain characteristic) were also treated
as means of binomial distribution for statistical
purposes. A difference between experimental
variants is considered significant if an obtained
t-test result is P < 0.05.

RESULTS

Introduction of birch explants to in vitro
culture

After 12 days following the introduction to
in vitro culture, the average rate of infected
explants varied among individual birch geno-
types from 0 (01BPL115,20BPL125, 52BPL171,
22BPL195, 51BPL088, 49BPL073) to 80%
(22BPL195). In some of the genotypes, infection
rate was found to be dependent on the storage
time between cutting of branches from a do-
nor tree and disinfection of explants (Fig. 1A).
The most dramatic difterence (P < 0.001) in this
respect was observed in genotype 22BPL195:
no explant of this genotype got infected if stor-
age time was just one week but the infection
rate reached 80% if storage time was prolonged
to two weeks. Interestingly, genotype 01BPL115
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was the only one which caught some infection
(20%) when the explants were disinfected af-
ter one week of branch storage, although no
infection was observed among the explants
of this genotype if the branches were stored
for two weeks. However, the negative effect of
prolonged branch storage time before explant
introduction to in vitro culture was even more
clearly revealed by the rates of brown (signi-
tying the loss of viability) explants. In four of
the studied six genotypes, the rate of brown ex-
plants was significantly higher if the branches
were stored for two weeks, in comparison to
one-week storage (Fig. 1B). The differences
were most significant (P < 0.001) in geno-
types 01BPL115 and 20BPL125 that had rela-
tively small rates of browning explants (20%)
if the storage time was one week but lost most
or even all (genotype 20BPL125) explants to
browning in the case of two-weeks storage.
Following the observed negative effect of pro-
longed storage time on explant viability, the re-
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Fig. 1. Rates of infected (A) and brown (B) explants
in different Betula pendula genotypes following
12 days after introduction in vitro on a hormone-
free medium. “Storage time” refers to a time span
between collecting of branches from the trees
and disinfection of explants. Significant differ-
ences between the tested storage times are labeled:
*(P<0.05),** (P<0.01), ™ (P<0.01)

sults described further in the text consider only
those explants that were introduced in vitro
after one week of storage. Instead, the supple-
ment of nutrient medium with cytokinin BAP
(24 umol - L) is taken into account here. Among
different genotypes, the average rates of explants
with a green stem (after 12 days in vitro) varied
from 60% (22BPL195, 51BPL088, 49BPL073) to
100% (52BPL171) on the hormone-free medium
(Fig. 2A) and from 0 (51BPL088, 49BPL073)
to 80% (52BPL171) on the medium with BAP
(Fig. 2B). Thus, during this first stage of in vitro
culture, BAP proved as a negative factor for ex-
plant viability. However, even on the hormone-
free medium, only a part of the explants with
a green stem had a green apex as well. For in-
stance, although all the explants of genotype
52BPL171 had a green stem, only 20% of them
had a green apex (Fig. 2A). Meanwhile, geno-
types 01BPL115 and 51BPL088 were distin-
guished from the other genotypes by the fact
that all their explants with a green stem had
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Fig. 2. Rates of green explants in different Betula
pendula genotypes following 12 days after intro-
duction in vitro on a hormone-free medium (A) or
a medium with 24 umol - L™ of 6-benzylaminopu-
rine (B). Birch genotypes labeled with the same let-
ter do not differ significantly (P < 0.05) from each
other. Upper-case letters signify differences in re-
spect of explants with a green stem and lower-case
letters — of explants with a green apex
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a green apex as well. Thus, genotype 01BPL115
was the one with the highest rate of green apices
(80%) on the hormone-free medium. Interest-
ingly, genotype 22BPL195 was the only one of
the six tested genotypes, whose explants (40%)
had green apices on the medium with BAP
(Fig. 2B) but not on the hormone-free medium.
In summary, large differences in explant vi-
ability were found among the tested birch geno-
types. Genotype 52BPL171, having the highest
rate of explants with a green stem on both hor-
mone-free and BAP-supplemented media, was
followed in this respect by genotype 01BPL115.
The explants of the latter, however, contrasted
strongly to those of 52BPL171 on the control me-
dium because of their ability to maintain a green
shoot apex alongside a green stem (Fig. 2A).
These two genotypes differed clearly also in their
morphogenetic patterns. Although both had
very similar rates of explants with developed
leaves (45-50%, while the other genotypes var-
ied in this respect from 20 to 40%), secondary
shoot development was found only in genotype
52BPL171 (50% against 0 in 01BPL115; Fig. 3).
With no secondary shoot development, geno-
type 01BPL115 was inferior in this respect not
only to 52BPL171 but also to 20BPL125 (20%).
Besides 01BPL115, there were two other geno-
types — 51BPL088 and 49BPL073 - without sec-
ondary shoots on the control medium. Interest-
ingly, these two were the same genotypes whose
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Rate of explants, %

Fig. 3. Rates of explants with particular morpholog-
ical structures in different Betula pendula genotypes
after 12 days on a hormone-free medium. Birch
genotypes labeled with the same letter do not differ
significantly (P < 0.05) from each other. Upper-case
letters signify differences in respect of explants with
leaves and lower-case letters — of explants with sec-
ondary shoots

viability was most negatively affected by BAP
treatment, resulting in the absence of green ex-
plants (Fig. 2B).

Callus induction, shoot regeneration, and
rooting
After four months following the introduction
of birch explants to in vitro culture, all surviv-
ing explants of all the genotypes were trans-
ferred onto a medium containing 24 umol/l of
BAP. This step was taken for callus induction.
After two months on the medium with BAP,
all the explants of genotypes 51BPL088 and
49BPL073 had become brown and not suit-
able for further culture. Meanwhile, the other
genotypes (01BPL115, 20BPL125, 52BPL171,
and 22BPL195) formed callus that was cultured
on BAP-supplemented medium for three ad-
ditional months. After this period, the results
showed that regeneration of new shoots from
callus occurred only in genotypes 01BPL115
and 52BPL171. Accordingly, only these two
genotypes remained in the culture and were
able to produce new shoots continuously. How-
ever, the differences between the two were
sharp: after 12 months in tissue culture, geno-
type 01BPL115 was characterized by regular
shoot growth and well-developed root sys-
tem, while genotype 52BPL171 regenerated
from callus relatively weak shoots that largely
did not form roots (Table 3). Interestingly, al-
though genotype 01BPL115 had a 5.6 times
higher propagation rate than 52BPL171 (if all
viable explants after the first 12-days subculture
in vitro were considered as starting material),
the rates between the total number of explants
after 12 months and the number of explants
with a green apex after the first 12 days were
quite similar in both genotypes (Table 3).
Root-forming genotype 01BPL115 (char-
acterized in this particular experiment by
4.05 + 0.46 primary adventitious roots and
8.14 + 1.38 secondary roots per explant) was
compared to yet another Betula pendula gen-
otype — 43BSMO001 - that was established
in vitro two years earlier but usually did not
form roots on the control medium. In order
to see how these two genotypes differ in their
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Table 3. Explant propagation results in two Betula pendula genotypes after 12 months following

the introduction to sterile in vitro culture

Propagation rate | Rate between the total number
Total Rate of rooted ex- | (from the number of | of explants after 12 months
Genotype | number of | plants (from the to- | viable explants after | and the number of explants
explants tal number), % the first 12-days | with a green apex after the first
subculture in vitro) 12-days subculture in vitro
01BPL115 201 88.1 6.7 12.6
52BPL171 44 2.3 1.2 11.0

reactions to exogenous cytokinin, the experi-
ment again involved explants planted on dif-
ferent nutrient media: control and supple-
mented with 24 pmol - L' BAP. BAP caused
a significant (P < 0.001) decrease in average
shoot length and increase in shoot number per
explant in the case of genotype 01BPL115 but
did not affect these characteristics in 43BSM001
(Fig. 4A-B). However, the latter genotype, even
on the control medium, had 5.4 times higher
number of shoots per explant than 01BPL115.
In regard to rooting, a total inhibitory effect
of BAP could be observed only in genotype
01BPL115 (Fig. 4C), since 43BSM001 did not
form roots on either medium.

DISCUSSION

In earlier in vitro studies of factors determining
the viability of Betula pendula explants, attention
was largely given to the effects of certain envi-
ronmental and chemical treatments conducted
on already established in vitro cultures (Bojarc-
zuk et al., 2000; Wynne et al., 2002). However,
the present study showed that also pretreatment
conditions of collected plant material, e.g. stor-
age time between cutting of branches and explant
preparation, can have a decisisive influence on ex-
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plant viability in vitro. Furthermore, such a gen-
otype-dependent trait as presence of green shoot
apices during the first subculture of explants was
found to be an important factor for the determi-
nation of which fate awaits a given birch genotype
in vitro, considering, particularly, its potential for
rooting. This observation might be associated
with natural auxin, since this hormone is known
to be synthesized largely in young leaves around
a shoot apex (Ljung et al,, 2001) and, once trans-
ported through cambium downwards, able to
stimulate adventitious rooting on the basal part
of a stem (Blilou et al., 2005; Petrasek, Frimley,
2009). This generally accepted model of auxin
synthesis, transport and action in plants provides
a possible explanation as to how the maintenance
of a green shoot apex during the very first sub-
culture in vitro could have contributed to the ef-
fective realisation of rooting potential in the par-
ticular birch genotype — 01BPL115 - during later
stages of tissue culture.

Although most of the early studies on B. pen-
dula micropropagation recommend the use of
cytokinin-type growth regulators not only for
the multiplication but also for the introduction
of birch material in vitro (Chalupa et al., 1981;
Ditmar, 1991; Huetteman et al., 1993), the pre-
sent findings suggest that better results in re-

Fig. 4. Morphological characteristics — shoot
length (A), shoot number (B) and root number (C)
per explant (mean + SE) - in two Betula pendula
genotypes on different nutrient media (BAP — me-
dium supplemented with 24 pumol - L™ of 6-ben-
zylaminopurine). Significant differences between
samples cultured on different media are labeled
with *** (P < 0.001)
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spect of explant viability during the very first in
vitro subculture can be achieved on cytokinin-
free nutrient medium, since the numbers of
viable explants and, particularly, of those with
a green shoot apex were reduced in most of
the tested genotypes if medium was supple-
mented with BAP. The loss of a green shoot
apex under the influence of BAP might be as-
sociated with auxin-cytokinin crosstalk, since
it was found by other authors (Marhavy et al.,
2011) that increased amount of cytokinin leads
to a decrease of auxin efflux proteins in plant
cell membrane. Such interference with auxin
transport might have led to an increased auxin
concentration in shoot apex of BAP-treated
birch explants, resulting in apex browning be-
cause of herbicidal action of local auxin excess
(auxin ability to act as a herbicide is described
in detail by Kraft et al. (2007)).

It is interesting that those genotypes of birch
that remained viable and multiplied shoots in
vitro but were unable to form roots (52BPL171
and 43BSM001) developed on the control me-
dium in a pattern similar to that of root-form-
ing genotype 01BPL115 under cytokinin treat-
ment, resulting not only in the absence of roots
but also in increased number of shoots per ex-
plant. Thus, difficult-to-root birch genotypes
seemed to experience cytokinin-like inluence
even on the control medium. Internally pro-
duced or accumulated cytokinin might have
contributed to this phenomenon. Although
the role of the main biosynthesis site of plant
cytokinins is attributed to root tip (Aloni et al.,
2005), shoot apex is also known, e.g. from an
early study of asparagus (Yasunori et al., 1980),
to produce cytokinin during in vitro culture.
Meanwhile, the question about hormone pro-
duction and balances in different birch geno-
types remains open for further research.

CONCLUSIONS

From the practical results of the present study,
it can be concluded that storage time of Bet-
ula pendula branches between collection in
the field and explant disinfection and introduc-
tion to in vitro culture should not exceed one

week, since prolonged storage time (two weeks)
resulted in a significant loss of explant viability.
External cytokinin (BAP) had no positive im-
pact on explant viability if used during the first
in vitro subculture of birch explants; however,
in later culture stages, callus formation and
new shoot regeneration were obtained in some
of the tested birch genotypes on the BAP-sup-
plemented medium. Two characteristics of ex-
plants during the first subculture were found
to be particularly indicative, seeking to recog-
nize early those birch genotypes that would be
most promising for obtaining multiple rooting
shoots in vitro: green shoot apex on the control
medium and, also, maintenance of viability on
the medium with external cytokinin.
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Miglé Vaiciukyné, Jonas Ziauka, Siguté Kuusiené

KARPOTOJO BERZO (BETULA PENDULA
ROTH) ADAPTACIJA IN VITRO BEI UGLIU
DAUGINIMO METU GYVYBINGUMA IR SA-
KNU VYSTYMASI LEMIANTYS VEIKSNIAI

Santrauka

Berzo (Betula pendula Roth) mikrodauginimas pa-
deda gauti sveikg augaling medziagg nasioms plan-
tacijoms jveisti. Sio darbo tikslas — jvertinti pirmus
berzo eksplanty jdéjimo ir palaikymo in vitro kulta-
roje etapus bei pateikti praktines pastabas apie $iy
etapy jtaka tolesnei mikrodauginimo sékmei. Tirti
septyni berZo genotipai: vienas i$ jy i in vitro kultirg
buvo jdétas prie$ dvejus metus iki vykdomy ekspe-
rimenty, kiti $esi tyrimo metu jdéti j in vitro kultirg

i$ agliy segmenty, surinkty nuo savaite arba dvi pa-
laikyty ir dezinfekuoty $aky. Eksplantai buvo jdéti j
stiklinius mégintuvélius ant terpés be hormony arba
su citokininu 6-benzilaminopurinu. Trumpesnis
$aky laikymo laikotarpis (viena savaité) buvo palan-
kesnis eksplanty gyvybingumui, o citokininas, pa-
naudotas pirmoje in vitro subkultaroje, daugiausia
turéjo neigiamg poveikj. I$ visy tirty berzo genotipy
52BPL171 turéjo didziausia gyvybingy eksplanty
dalj, nuo jo nedaug atsiliko 01BPL115 genotipas.
Vis délto $is genotipas stipriai skyrési nuo pirmojo
savo gebéjimu islaikyti ne tik zalig stiebg, bet ir za-
lig Gglio virSine ant kontrolinés terpés. Po dvylikos
meénesiy in vitro kultaroje vien tik 01BPL115 geno-
tipas pasizyméjo stabiliu tigliy augimu ir geru Sakny
sistemos vystymusi. Taigi galima daryti iSvada, jog
zalia aglio virSané ant kontrolinés terpés, taip pat
gebéjimas islaikyti gyvybinguma ant terpés su cito-
kininu yra svarbiausios berzo eksplanty savybés, j
kurias reikia atsizvelgti siekiant anksti identifikuoti
tuos genotipus, i$§ kuriy tolesniame mikrodaugini-
mo etape buty galima gauti gerai besisaknijancius
uglius.

Raktazodziai: Betula pendula, citokininas, in vi-
tro kultira, mikrodauginimas



