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Abstract In this work, the effect of sucrose on photo-
synthetic activity during in vitro culture was studied.
Experiments were carried out using uniform somatic em-
bryo-derived germlings of Gentiana kurroo (Royle) con-
firmed by chromosome counting and flow cytometry
technique. Photosynthetic activity was measured by chlo-
rophyll a fluorescence and gas exchange method. The
efficiency of photosynthetic apparatus as measured by the
ratio F\/F,,, Yield and qP (light phase of photosynthesis)
was the highest when the medium was supplemented with
0.3% sucrose which well corresponded with plant gas ex-
change. Taking all data into consideration for the best
development of photosynthetic apparatus and the most
efficient of net photosynthesis of studied germlings would
be medium supplemented with 0.2-0.4% of sucrose.
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Introduction

Genus Gentiana consists of a number of species with some
of them (Gentiana lutea and G. kurroo) being confirmed as
the main producers of secondary metabolites used for wide
spectrum of medicinal purposes.

Gentiana kurroo (Royle), cross-pollinated species,
endangered, legally protected by Indian law, important
medicinal plant of temperate/subtemperate regions is
heavily extracted from its natural habitat (Raina et al.
2003). Among several species and forms of in vitro prop-
agated gentians (Morgan et al. 1997; Momcilovi¢ et al.
1997; Hosokawa et al. 1996, 1998; Bach and Pawlowska
2003; Mikuta and Rybczynski 2001; Mikuta et al. 2005),
the Gentiana kurroo in vitro cultures distinguished very
high morphogenic potential of protoplasts, cells, tissues
and explants, originating from its various ontogenic stages
(Fiuk et al. 2003). The high morphogenic potential is ex-
pressed by very rich somatic embryo production with the
application of a combination of two systems of plant
growth regulators during long-term cultures (Mikuta and
Rybczynski 2001). Micropropagation through somatic
embryogenesis leads to the production of clonal germlings
and it is used for a number of plant genera including
Gentiana ssp (Bach and Pawtowska 2003; Mikuta and
Rybczynski 2001; Mikuta et al. 2005). Vegetative propa-
gation requires not only an effective system for germling
production but also the system should be helpful and
stimulative for the induction of full autotrophy of devel-
oping germlings. Despite widely accepted in vitro propa-
gation technology, the plantlet physiology including
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photosynthesis is not fully understood yet and data avail-
able in literature are limited and often controversial
(Langford and Wainwright 1987; Van Huylenbroeck and
Debergh 1996; Talavera et al. 2005; Fuentes et al. 2005a,
b; Lucchesini et al. 2006). Exogenous sugars added rou-
tinely to the medium, play a substantial role in culture
development and also in acclimatisation of derived plant-
lets. In vitro leaves act as nutrient storage structures in
acclimatisation and sustain the growth of new leaves, ex
vitro formed (Borkowska 2000). However, the high exog-
enous sucrose content in the medium diminishes the pho-
tosynthetic ability of cultured shoots/plantlets (Fuentes
et al. 2005a, b).

The low photosynthetic capability of cultured plantlets
is attributed to poor development of photosynthetic appa-
ratus, low activity of enzymes of CO, fixation, inadequate
gas exchange and stomata deformation (Capellades et al.
1990; Rival et al. 1997; Zenkteler and Borkowska 2002). In
the case of constant temperature and constant quality and
intensity of light in growth chamber, the chemical com-
position of the medium plays a key role in the development
and activity of photosynthetic apparatus.

During the past years, interest has been growing in the
practical application of Chl a fluorescence as a highly
sensitive method for the determination of various aspects
of photosynthetic apparatus. This approach has been also
applied to the study of photosynthesis of in vitro growing
germlings (Cappelades et al. 1990; Hdider and Desjardin
1994; Borkowska 2000; Fuentes et al. 2005a). Unfortu-
nately, the literature on analyses of fluorescence induc-
tion transient and the process that quench fluorescence is
often confusing because of the diverse and duplicated
nomenclature. There are many examples in recent pub-
lications of different terms being used to define the same
fluorescence level or parameter (Rosenqvist and van
Kooten 2003; Baker and Rosenqvist 2004). Because of
the subject of the paper it is worth saying that Chl a
fluorescence method is very informative on the status and
activity of photosynthetic apparatus and is widely ac-
cepted (Krause and Weis 1991; Lazar 1999, White and
Critchley 1999; Maxwell and Johnson 2000; Baker and
Rosengvist 2004; Lichtenthaler et al. 2005), it should be
assisted by other methods of measurements of photo-
synthesis—especially gas exchange. (Grout 1988;
Capellades et al. 1991; Rival et al. 1997; Zhu et al.
2004; Fuentes et al. 2005a, b).

In this work, an attempt was made to assess the role of
sucrose added to the medium at different concentrations in:
(1) growth and development of Gentiana kurroo Royle
germlings derived via somatic embryogenesis in vitro
culture, and (2) status and activity of photosynthetic
apparatus evaluated by Chl a fluorescence technique, and
gas exchange.
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Material and methods
Plant material and culture conditions

Experiments were carried out on the 5/6-month-old germ-
lings of Gentiana kurroo (Royle) derived from somatic
embryos (Fiuk et al. 2003). Somatic embryogenesis was
induced in culture of the leaf blade explants. Excised em-
bryos were implanted on conversion medium (MS 1962)
supplemented with 0.5 mg dem™ GA; + 1.0 mg dem™
Kin + 0.5 mg dem™ NAA + 30.0 g dem™ sucrose. After
2 months, germlings were subcultured on MS (1962)
medium supplemented with sucrose at different concen-
trations. The experiment was carried out twice. In the first,
preliminary experiment, four concentrations of sucrose
were used: 0.0, 0, 0.3, 0.6, 1.0%. The second experiment
was set up on the base of the result of the first one and
several more concentrations (%) of sucrose were applied:
0.0, 0.1, 0.2, 0.3, 0.4, 0.5, 1.0 and 3.0 (standard). Media
were solidified by adding 8.0 g dem™ of Difco-Bacto agar
and pH 5.6 was adjusted before autoclaving. Media were
sterilized at 121°C with the pressure of 1 atm for 20 min.
The cultures were maintained in the jars, filled with 80 ml
of culture medium and kept in growth chamber under white
cold fluorescence light. The intensity of PPFD reaching the
cultures was, on average, 25 pumol m™ s’l, with a 16/8 h
photoperiod. Germlings were individually cultured one
plant per jar. For each sucrose concentration, out of 20
germlings, six or seven most morphologically uniformed
were selected and analysed.

Measurements of germlings used

Data on fresh and dry matter, and leaf area were collected.
Additionally, plant growth ratio (i.e. final to initial fresh
matter) was calculated (Table 1).

Confirmation of uniformity of germlings used

Uniformity of experimental material was assessed by nu-
clear DNA measurement of green leaf mesophyll cells with
the help flow cytometry. Single leaf of each of the ran-
domly selected 22 germlings was excised from shoots and
chopped with sharp razor blade in a 1 plastic Petri dish with
1 ml nucleus-isolation buffer. The buffer was composed of
0.1 M Tris, 2.5 mM MgCl,.6H,0, 0.1% Triton X-100,
pH = 7.0 supplemented with DAPI (2ug ml~) for ploidy
or propidium iodide (50pg ml®) and ribonuclease A
(50pg mI™) and was also used for nuclear DNA content
estimation. After chopping, the suspension of nucleuses
was passed through a 50 pm mesh nylon filter. For each
sample 5,000-10,000 nuclei were analyzed directly after
preparation using a Partec CCA (Miister, Germany) flow
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Table 1 Selected parameters of 5/6-month-old germlings of Genti-
ana kurroo Royle. originated from leaf-derived somatic embryos

Sucrose Ratio Number Mass of Area of
concentration of plant of analyzed leaves (mg) analyzed
(%) growth leaves —— leaves (sz)
Fresh Dry

3.0 (control) 4 41.1 54 1.7

0.0 2.89 7 405 46 2.1

0.1 342 6 555 49 26

0.2 4.47 6 46.7 47 20

0.3 3.11 7 276 34 12

0.4 4.75 6 599 60 24

0.5 3.35 6 403 47 1.7

1.0 2.69 7 659 7.1 2.7

cytometer, equipped with a mercury UV lamp and an argon
laser. Analysis was replicated ten times for each germling
for DNA content estimation. Histograms were analysed
using a DPAC V2.2 computer program. Percentage nuclei
containing 2 and 4C were calculated. Total nuclear DNA
content was calculated using linear relationship between
2C pick position gentian/gentian ex vitro, on the histogram
of fluorescence intensities (Thiem and Sliwiriska 2003).

Chromosome number assessment

Mitotic chromosomes were analysed in root tips originat-
ing from germlings. Chromosome number was estimated
with the application of Feulgen’s methods consisted on the
use of Schiff regent. Initially, root tips were pre-treated in
the presence of 8-hydroxyquinoline (0.0002M) in room
temperature (2 h) and later transferred to refrigerator at
4°C for the next 2 h and fixed in mixture of glacial acetic
acid and 96% ethanol (1:3) during 2—4 h. Fixed material
was washed in sterile distilled water to remove fixative. For
root tip hydrolysis, SN HCL at 20°C for 50 min. was
employed. Schiff’s reagent treatment took about 2 h in
darkness and after that plant material was washed with
sulphuric water during 30 min. After water washing, plant
material was transferred on to basal microscopic glass and
squeezed in drop of 45% acetic acid (Fras and Mal-
uszynska 2003)

Chlorophyll a fluorescence

Chlorophyll a (Chl a) fluorescence was measured using the
Photosynthesis Yield Analyzer (MINI-PAM, Waltz, Ger-
many). The analyses of fluorescence induction transient,
the process of quenching fluorescence and name of
parameters were used according to those elaborated for
MINI-PAM and described in Handbook of Operation
MINI-PAM 1999. After dark adaptation for minimum

20 min, the fluorescence parameters F,/F,, and F, were
obtained. Values of F,/F,, reflect the potential (maximal)
quantum efficiency of PSII and are referred to as an indi-
cator of plant photosynthetic performance, with optimum
value 0.830. An alternative expression to F./F,, is F,/
F,—more sensitive to changes in photochemical efficiency
(Maxwell and Johnson 2000; Skérska 2000). This param-
eter was calculated on the base of measured by MINI-PAM
F, and F,,. Minimal fluorescence F, determines energy
emission from antenna in competition with energy trans-
ferred to RC (reaction centre) of PSII (Lazar 1999; Skoérska
2000). The most useful parameter, which measures effec-
tive yield of photochemical energy conversion of light-
adapted leaves is Yield (Y, Genty-parameter, marked also
as ®pgyp). This parameter determines the proportion of the
light absorbed by chlorophyll associated with PSII that is
used in photochemistry (Maxwell and Johnson 2000;
Skorska 2000; Borkowska 2001). Light energy absorbed
undergoes one of the three fates: it can be used for pho-
tosynthesis (photochemical energy conversion at PSII
centres); excess energy can be dissipated as heat (at an-
tenna); or can be re-emitted as light (at RC level). These
three processes occur in competition (White and Critchley
1999; Maxwell and Johnson 2000; Zhu at al. 2004). On the
basis of these considerations, the so-called ‘quenching
coefficients’ qP, NPQ and gN were defined. MINI-PAM
system was developed to separate these three types of
fluorescence quenching.

The ability of photosynthetic apparatus to acclimate to
rapid changes of light intensity was determined with Light
Curves (LCs) for chosen sucrose concentrations. The
recording of LCs involves nine consecutive measurements,
which MINI-PAM performs automatically. Before starting
LC recording, a sample was well adapted to a moderate
light intensity, which is close to the light intensity expe-
rienced by the plant in its natural environment. LC as
measured with the MINI-PAM contains different infor-
mation than the conventional light response curves. LC
allows an insight into the physiological flexibility, with
which the photosynthetic apparatus adapts to rapid changes
of light intensity. Measurements of LCs were started after
full darkness and ended at 1,200 (mol m2s!

The measurements were conducted on the central and
apex areas of ‘upper’ leaf blade and were performed on 15—
22 leaves (with the exception for LC = 8-10) taken off 6-7
culture vessels and three sucrose concentrations (0.0, 0.2
and 3.0%). Thus, for each sucrose concentration, 30-42
measurements were carried out.

Gas exchange measurements

Photosynthesis net (based on CO, absorption), stomata
resistance and internal CO, concentration were measured
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by infrared gas analysis (IRGA) method using Photosyn-
thesis System LICOR 6200, Lincoln, Nebraska. During
measurements the PPFD was 90 (mol m? s’ (at measuring
chamber level) and the temperature was constant at 22°C.
Three uniform germlings (replications) were selected and
for each, three measurements were carried out. Thus, pre-
sented data are mean + SE, n = 9.

Statistical analysis

Obtained results, whenever it was possible, were elaborated
statistically by analysis of variance and the differences
between combinations were estimated by HSD (Honestly
Significant Difference) at P = 0.05 of Tukey’ test using
Statgraphics Plus 4.1 (Statistical Graphics Corp., USA).
Yield was evaluated by function of standard deviation, and
estimation of LCs was based on their shape. The estimation
of F,/F,, was based on its absolute value where 0.800 was
a threshold. Presented data are mean + SE (where indi-
cated), n = 4-7, 9 or 30-42 depending on parameter.

Results
Culture growth and development

Experimental material originated from cultures with regard
to the morphological potential studies of leaf blade ex-
plants of G. kurroo. Germlings derived from somatic em-
bryos during 5/6 months lasting culture, in majority
reached multi-leaf stage of development (Plate 1 A,B).
Their root system was not uniform. Number of roots and
their elongation growth varied. The ratio of plant growth
was different for each of studied sucrose concentration and
varied from 2.69 to 4.75 being more effective in the range
of 0.2-0.4% (Table 1). The stage of germlings develop-
ment predisposed each of them for transferring to harden-
ing culture and subsequently into ex vitro conditions (Plate
1 C,D).

All randomly selected 22 studied germlings presented
the same DNA content for 2C level (Plate 1E) with stable
chromosome number 2n = 26 (PlatelF) as confirmed by
flow cytometry measurements of the nuclei DNA content
and chromosome number counting.

Photosynthetic status

In preliminary experiment, the maximal photochemical
activity F,/F,, was below the optimal value of 0.800 but
evidently higher for the cultures growing on the medium
with 0.3% of sucrose (Fig. 1 a). The Yield (Y), effective
photochemical activity, was twofold higher for germlings
growing on medium containing 0.3% than remaining
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treatments (Fig. 1b). Also quenching analysis showed that
the sucrose concentration of 0.3% was the most favourable
to convert light energy into chemical form, represented by
coefficient qP (Fig. 2).

The importance of sucrose in regulation of photosyn-
thetic activity was investigated more detailed in the second
experiment, in which sucrose was used in lower and higher
doses than 0.3%. The potential efficiency of photosynthetic
apparatus, as measured by the ratio F,/F,, was similar in
wide range of sucrose concentration (0.2—-1.0%) with the
highest value (nearly 0.800) at 0.3%. The lowest value of
F/F,, was recorded for cultures growing without sucrose
or on standard sucrose concentration (3.0%) (Fig. 3a). At
this sucrose treatment, Y (Fig. 3b) and photochemical
quenching (qP) (Table 2) were significantly higher than in
all other concentrations. These were associated with the
highest values of non-photochemical quenching (qN and
NPQ) (Table 2). Furthermore, germlings gas exchange was
most intensive for the 0.3% of sucrose in the medium
(Fig. 4). Photosynthesis as based on CO, absorption, in
general, well corresponded with stomata resistance
(Fig. 5). On the other hand however, no relation was found
between rate of photosynthesis and internal CO, concen-
trations. The internal CO, in germling tissues, cultured on
both sucrose-free and highest sucrose medium was signif-
icantly higher than in all other concentrations (Fig. 6).

Fv/Fm

rel. units

0,3 0,6
sucrose %

Yield

rel. units

0,0 0,3 0,6 1,0
sucrose %

Fig. 1 Potential (a) and effective photochemical activity (b) of
Gentiana kurroo (Royle) germlings cultured on Murashige and Skoog
medium (1962) in relation to different sucrose concentration in
medium
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Fig. 2 Relationship among three forms of quenching in relation to
different sucrose concentration in Murashige and Skoog medium
(1962)

Besides the described above key parameters for light and
dark phases of photosynthesis, additional measurements
(F, and F,/F,) showed that the 0.3% sucrose was the most
effective for functionality of photosynthetic apparatus
(with F, having the lowest and F,/F, the highest values)
(Table 3).

The shape of LCs for Yield showed that exposure to
photoinhibitory irradiance reduced photochemical effi-

Fv/Fm

relat.units

0 0,1 0,2 0,3 0,4 05 1,0 3,0
sucrose (%)

=

0,250

Yield

0,200

0,150 I I

0,050 -

relat.units

7[TI

0,000

0o 01 02 03 04 05 10 30
sucrose (%)
Fig. 3 Maximal (a) and effective photochemical activity (b) in

relation to sucrose concentration in Murashige and Skoog medium
(1962)

Table 2 Value of three forms of Chl a fluorescence quenching in
relation to concentration of sucrose in the medium

Sucrose qP qN NPQ
concentration (%)

3.0 (control) 0.105 a 0.535 abc 0.778 a
0.0 0.188 a 0.522 abc 0.758 a
0.1 0.136 a 0.465 a 0.686 a
0.2 0.152 a 0.577 abc 0.945 ab
0.3 0.277 b 0.647 ¢ 1.130 b
0.4 0.193 ab 0.494 ab 0.755 a
0.5 0.159 a 0.605 be 0.961 ab
1.0 0.160 a 0.596 abc 0.895 ab

Means followed with the same letter do not differ significantly
according to Tukey test at P = 0,05

4,00
HSD 4,05 = 0,58

_ 300 ]
g
g 200
=
:
© 1,00

0,00

00 01 02 03 04 05 10 30

Sucrose concentration (%)

Fig. 4 Photosynthesis rate of 5/6-month-old Gentiana korroo Royle
germlings originated from leaf-derived somatic embryos cultures on
medium supplemented with varying concentrations of sucrose. Data
are mean = SE, n = 9. Differences among treatments were estimated
by HSD at P = 0,05

ciency. However, germlings cultured on medium contain-
ing 0.2% of sucrose had ability for the best acclimation to
increasing PAR (Fig. 7a). Distinct differences among
treatments were found in quenching parameters. LC rep-
resenting photochemical quenching was in the highest
position in wide range of light irradiance for cultures
growing on the medium containing 0.2% sucrose. The
lowest adaptive capacity to light stress was found in cul-
tures growing on medium with standard sucrose concen-
tration (Fig. 7b). No distinct effect of sucrose
concentration was observed for gN, (Fig. 7c). On the
contrary, substantial differences among treatments were
recorded for NPQ LCs; the greatest energy dissipation with
increasing PPFD was found in germlings grown without
sucrose (Fig. 7d), Fig. 8.

Discussion

Results of this study showed that sucrose level in medium
plays an important role in growth and development of flow-
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Fig. 5 Stomata resistance of 5/6-month-old Gentiana korroo Royle
germlings originated from leaf-derived somatic embryos cultures on
medium supplemented with varying concentrations of sucrose. Data
are mean = SE, n = 9. Differences among treatments were estimated
by HSD at P = 0,05
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Fig. 6 Internal CO, concentration in 5/6-month Gentiana kurroo
Royle germlings originated from leaf-derived somatic embryos
cultured on medium supplemented with varying concentrations of
sucrose. Data are mean + SE, n = 9. Differences between combina-
tions were estimated by HSD at P = 0.05 of Tukey test

Table 3 Values of F, and F,/F, as affected by sucrose concentration
in the medium

Sucrose concentration (%) F, F,/F,
3.0 (control) 163 ¢ 329 a
0.0 161 bc 334 a
0.1 147 abc 352a
0.2 139 a 374 a
0.3 131 a 391 a
0.4 142 abc 3.65 a
0.5 140 ab 3.68 a
1.0 145 abc 3.70 a

For explanation see Table 2

cytrometricly uniformed (Kim et al. 2003) Gentiana kurroo
germlings derived from somatic embryos (Fiuk et al.
2003).

Under the standard in vitro conditions, chlorophyllous
cultures develop low (if any) photosynthetic activity. This
is due to suboptimal conditions in culture vessels: very low
light intensity, limited gas exchange and high level of
exogenous sugar. In several species, photoautotrophic
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Fig. 7 Reaction of photosynthetic apparatus related to sucrose
concentration in the medium expressed as: a effective photochemical
activity and different forms of quenching, b photochemical (qP), ¢
non-photochemical (qN), d non-photochemical, dissipated as heat
(NPQ), in increasing light intensity as

growth could be promoted when the sugar in the medium is
reduced or omitted. Results presented in this paper dem-
onstrate that degree of autotrophy of gentian cultures was
affected by the external sucrose in the medium. Moderate
level of sucrose in medium (0.2-0.4%) was beneficial for
development of phototosynthetic capability of gentian
germlings as assessed by F\/F,, and Y. The 0.800 value for
F,/F,, (close to optimum) recorded at 0.3% sucrose tells
that the photosynthetic apparatus of germlings was well
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Fig. 8 The developmental
stages of germlings of Gentiana
kurroo (Royle) used for the
experiments. a Globular stages
of somatic embryo regeneration
on the upper surface of leaf
blade on MS medium
supplemented with

2.0 mg dem®

Dicamba + 0.5 mg dem?®
Thidiazuron, b isolated somatic
embryo in the stage for
conversion culture, ¢ Germling
with stage of various level of
leaf blade formation, d
Germling with well developed
leaf blade used for experiments,
f Flow cytometry estimation of
2C DNA of green leaf
mesophyll cell nucleus of
germling, e Diploid
chromosome number (2n = 26)
of regenerant

500
400
300
200
100

1

0

developed. This coincides with the best conversion of light
energy to chemical form (qP) and also with intensity of
germlings gas exchange. Hdider and Desjardis (1994) also
reported significantly higher F,/F,, ratios and higher
quantum yield when strawberry were cultured on lower
sucrose concentration or even sucrose-free medium com-
parably to 3 and 5%. Similarly to us, they also found that
data on F/F, ratios and quantum yield well corresponded
with plantlets gas exchange.

Decrease in photosynthetic activity, due to higher su-
crose level in medium, could be, at least partially explained
by the feedback inhibition or down regulation of Rubisco,
as reported by Hdider and Desjardis (1994) and Rival et al.
(1997). Also Fuentes et al. (2005b) concluded that exoge-
nous sucrose level decreases photosynthetic activity of
coconut plantlets. At 0.3% sucrose in medium, also the

20 um

s0 100

ratios of F,/F,, and F,/F, were close to their optimal val-
ues, while in all other concentrations they were evidently
lower. It must be taken into consideration that F/F,, is
relatively inert and changes are detectable when stress is
either prolonged or severe, therefore, concluding based
only on this ratio can be misleading (for example that the
photosynthetic apparatus was undisturbed). Although, F,/
F, contains the same basic information, it is more sensitive
and reflects quite dynamically (Duran-Serantes et al. 2002;
Lichtenthaler et al. 2005).

Although, standard measurements performed under gi-
ven light intensity (momentary) are widely used, in some
cases they should be assisted with more informative LC
measurements. Such measurements provide insight into
physiological flexibility, with which stressed plant adapts
its photosynthetic apparatus to rapid changes of PPFD.
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Contrary to LC measured using IRGA method the mea-
surement of LCs with Chl a fluorescence technique gives
data for each parameter describing photophysical and
photochemical fate of absorbed energy (White and
Critchley 1999; Rascher et al. 2000; Baker and Rosenqvist
2004). Obtained LCs showed distinct differences in
germlings reaction to amount of available carbon in med-
ium.

Throughout the whole range of PAR (from O up to
1,220 pmol m™? s7"), the effective photochemical activity
(Y) and photochemical quenching (qP) were highest for
germlings cultured on 0.2% sucrose. The patterns of the
changes of Y and qP LCs for standard sucrose concentration
(3.0%) and sucrose-free medium showed very low *‘plas-
ticity’” of photosynthetic apparatus under our experimental
conditions. However, the highest and the lowest position
NPQ LCs for sucrose-free and sucrose-3.0% medium,
respectively, shows that enhanced tolerance to stress is
proportional to less amount of sugar in the medium.

Taking all the above into account, it can be said that for
germlings of G. kurroo, most suitable would be medium
that contains sucrose in the range of 0.2-0.4%, as it re-
sulted in relatively good development and functioning of
photosynthetic apparatus. Both, no sucrose addition and
standard sucrose concentration (i.e. 3.0%) are harmful for
photosynthetic apparatus and its activity of G. kurroo.

The efficiency of photosynthetic processes, for plants
growing under different environmental conditions, not al-
ways directly relates to molecular and biomass production
levels. The in vitro culture of plantlets can be considered as
shade-plants, meaning that their photosynthetic apparatus
is adapted to low irradiance (Borkowska 2005). In our
experiments, adaptation of photosynthetic apparatus to the
environment of in vitro culture was the best at the presence
of sucrose concentration 0.3% but it did not correspond
with leaf area and biomass accumulation. This might be
due to changes in the level of light compensation point
resulting with lower germlings mass and area of leaves
recorded at the end of subculture and with lack of relation
with amount of sucrose added to medium. Despite the fact
that the higher photosynthesis of germlings cultured in vi-
tro did not lead to their higher biomass, it can be assumed
that it would positively affect germlings during acclimation
to and appearance in ex vitro conditions.
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