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cytokinins from adenine type are necessary
(Kintzios, 2000).
The multiple shoots were separated from one
another and transferred to half strength MS root
induction medium with different concentrations
of IBA (Table 2).

Table 2. Effect of auxin IBA on the root induction
of S. hispanica micropropagated plants

IBA Rootin ~ Number of Root length

(mg 1 g (%) roots per plant  (cm)

0 15 1.0+0.12° 0.7+0.09"

0.1 100 8.6+ 0.44¢ 1.5+0.17°

0.5 80 3.2+0.31° 1.420.14°

1.0 65 2.120.23° 1.6+0.16"

LSD 0.54 0.26
The data are presented as means of 20 individuals per treatment
+ standard error. Different letters indicate significant

differences assessed by Fisher LSD test (P<0.05) after
performing ANOVA multifactor analysis

Initial root formation was observed 14 days
after transferring to the rooting medium. The
best rhizogenesis was observed on 2 MS
medium supplemented with 0.1 mg I IBA,
where 100% of plants produced high number of
roots (average 8.6 roots per plant with 1.5 cm
root length) after four weeks of culture. The
formed roots were short and firmly fixed to the
plant (Figure Ic).

The content of 0.5 mg 1" IBA in 4 MS medium
was found to be effective for root induction,
too.

Treatment with IBA has been previously
reported for in vitro rooting of Salvia
blancoana and Salvia valentine (Cuenca and
Amo-Marco, 2000). MS medium with 2.7 uM
IBA was efficient for root induction of Salvia
fruticosa (Arikat et al., 2004). In contrast, NAA
were found to have a better effect on
rhizogenesis of S. officinalis than IBA (Cristea
etal., 2014).

The rooted plants of S. hispanica were
successfully ex vitro acclimatized with 95%
survival.

EXx vitro acclimatization

The existence of well developed root system
and controlled reduction of humidity are
important factors for the success of ex vitro
acclimatization.

An appropriate potting substrate was facilitated
the successful transfer of plants from in vitro to
ex vitro conditions. In our case, well drained
mixture (soil: sand and perlite 1:1:1, v/v/v) was
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found to be the best for hardening (Figure 1d)
and its use ensures high survival rate (95%) of
micropropagated plants. The plants were
successfully transferred to field conditions,
where they continued to grow and develop
(Figure 1le).

In vivo seed propagation

The results showed that the seed germination
on the used mixture (soil, sand and perlite
1:1:1, v/v/v) was reached 80% after two weeks
of sowing. The seedlings in the pots developed
normally (Figure 2a).

Figure 2. In vivo propagation of S. hispanica: a) in vivo
plants on mix of soil, sand and perlite (1:1:1 v/v/v); b) in
vivo plant, grown under field conditions; c) plant with
flowers

The plants were ready to be transplanted in the
field in the beginning of April within eight
weeks. All plants were healthy and fully
vigorous after planting in the soil (Figure 2b).
It was not observed diseases and pests of
plants.

It should be noted that the plants produced a
prolific amount of leaves, but only a few plants
bloomed with a small number of flowers
(Figures 1f and 2c). Seeds were not obtained
until the end of culturing under the field
conditions.

Morphometric characteristics

A comparative study was conducted between
ex vitro and in vivo grown plants after six
months of cultivation using morphometric



parameters. Morphological differences were
observed (Table 3). The plant height, number
of branches and leaves per plant and leaf size
were influenced by the propagation way. The
ex vitro plants grown under field conditions
were higher (average 160.4+1.52 cm) than
those propagated in vivo (average 125.3+1.34
cm). They exhibited more branches production
when compared to the in vivo plants.

Table 3. Morphometric characteristic of ex vitro and in
vivo propagated S. hispanica plants grown in the field
(six months)

Morphological Ex vitro In vivo
character plants plants

Plant height, cm 160.4+1.52° 125.3+1.34°
Number of branches 19.0+0.55 15.0+0.48°
per plant

Number of leaves per  305.0+1.84° 256.0+1.65"
plant

Leaf length, cm 5.4+0.31° 4.6+0.24°
Leaf width, cm 4.2+0.23° 3.4+0.21°
Internode  distance, 5.9+0.30° 5.3+0.28%
cm

LSD 1.31 1.10

The data are presented as means of 10 individual’s + standard
error

Each plant derived from ex vitro conditions
produced 19.0 branches, while those from in
vivo seeds derived plants - 15.0 branches,
which were fragile and easily break. Similar
tendency was observed for the number of
leaves. Both ex vitro and in vivo chia leaves
looked similar with normal leaf shape, but
differed in their size. The ex vitro plants grow
rapidly and had larger leaves and thicker stems
compared with in vivo plants. Moreover, the
flowers of both ex vitro and in vivo plants also
showed similar morphology. On the other
hands, there were morphometric differences
among obtained in vivo plants; some generally
had higher plant stature, whereas others had
shorter ones. Similar differences were also
observed for number of branches per plant,
while all in vitro propagated and ex vitro
adapted  plants  were  morphologically
homogeneous. The better performance of in
vitro derived plants than the conventionally
propagated plants was reported by other
authors (Gustavsson and Stanys 2008; Singh et
al., 2013).

Antioxidant activity

Methanolic extracts of leaves of in vitro, ex
vitro and in vivo plants of S. hispanica were
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analyzed for their antioxidant potential
assessed by scavenging of DPPH radicals.
Results presented as ICsy values (pg ml™') -
extract concentration providing 50% inhibition
of the DPPH solution.

Differences between extracts of in vitro, ex
vitro and in vivo propagated plants were not
found. The studied extracts showed good
antioxidant activity with ICso values about
100 pg ml™ (Figure 3).

This study presents for the first time evidence
for antioxidant potential of leaves of S.
hispanica.
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Figure 3. DPPH radical scavenging activity of
methanolic extracts of leaves and flowers of in vitro, ex
vitro and in vivo propagated S. hispanica plants

Flavonoid composition

The methanolic extracts were examined for
occurrence of flavonoids by TLC analysis.
Differences of the flavonoid composition
between in vitro, ex vitro and in vivo developed
plants were not established. Several
components with TLC behavior (Rf-values and
color) of flavonoids were detected. Some of
them were identified with comparative analysis
with reference compounds as luteolin-7-0-
glycoside, apigenin-7-0-glycoside, orientin
(luteolin-6-C-glucoside), kaempferol-3-0-
glucoside and vitexin derivative.

Other components remained unidentified. The
received results showed that the leaves of S.
hispanica are rich in flavonoid compounds,
mainly derivatives of flavones.

This is in accordance with reported data about
flavonoid compounds in Salvia species (Lu and
Foo 2002; Cvetkovikj et al., 2013).

Reported here flavonoid components coincide
with those established by Amato et al. (2015)
as leaf metabolites of S. hispanica plants,
grown in Basilicata, Italy.



Lipid composition

Lipid fraction of methanolic extract from
leaves of ex vitro and in vivo developed plants
of S. hispanica were analyzed by GC/MS. In
the fractions of the samples four main peak
signals were detected.

They were identified as representatives of fatty
alcohols and fatty acid. Three fatty alcohols
were identified: 1-dodecanol, 1-hexadecanol, 1-
octadecanol. Among them the 1-dodecanol was
the most abundant.

Palmitic acid was detected as major fatty acid
in the lipid fraction, approximately 40% of all
lipid components.

Difference in the lipid composition between ex
vitro and in vivo developed plants was not
established. In the leaves a-linolenic acid was
not found in contrast to the seed where it is the
major acid (Amato et al., 2015).

CONCLUSIONS

An effective protocol for micropropagation of
Salvia hispanica was developed. The described
in vitro propagation technique could be applied
to produce elite planting material within a short
period of time (five months).

Multiplication of chia was highly dependent on
the type of cytokinins used.

Comparison between both types of propagated
plants revealed that some morphometric traits
(plant height, number of branches per plant
leaves number and leaf size) were influenced
by the propagation way.

A micropropagation method may reduce the
variation inherent in seed population.

The lack of significant differences in
antioxidant properties, flavonoid and lipid
composition between extracts of in vitro, ex
vitro and in vivo developed plants of .
hispanica found in present study indicates that
biotechnological tools may be applied for
production of homogeneous plants with profuse
leaves as a rich source of natural antioxidants.
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