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SUMMARY

Lavender and lavandin are widely used in food, pharmaceutical, cosmetic
industries and ornamental gardening. Gene pool collection of Lavandula
angustifolia and lavandin is presented in Nikita Botanical Gardens plots and the
same collection is being created in vitro.

Initial explants of L. angustifolia, its cultivars 'Belyanka’, 'Record" and
L. hybrida — 'Rabat' and 'Snezhnyi Bars' were introduced in vitro. Plant
regeneration occurred on MS medium supplemented with 0.3-0.5 mg I kinetin,
0.025 mg I NAA, 0.25 mg I"* GA;. Samples were analyzed after 2 and 8 months
of culture.

Structural analysis of regenerated plants vegetative organs enabled
assessment of their morphogenetic capacity. Under in vitro culture 2-5
microshoots/explants were produced with the height of 2.3 - 8.2 cm. Leaves were
opposite, sessile linear or linear-lanceolate, with entire edges curved outward,
densely pubescent, and 10-30 leaves/microshoot. Leaf lamina length was 0.9-
1.5 cm. Leaves were bifacial, amphystomatic, lamina thickness — 132-215 pm,
palisade rate was 0.38-0.41 after 2 months culture and 0.56-0.58 — after 8
months. Epidermal thickness was 8-19 um, cells were relatively small with thin,
cellulose walls covered with cuticle. Stomata are of anomocyte type, small,
raised above the epiderm cells, 48-150 pcs/mm? on adaxial surface, 115-432
pcs/mm? — on abaxial one. Essential oils are produced in simple and glandular,
unicellular and multicellular hairs of epidermal origin, located above the leaf
chlorophyll tissue. Features of xeromorphic structure appeared at a long-term in
vitro cultivation.

Keywords: lavender, lavandin, regenerant, leaf anatomy, xeromorphic
structure.

INTRODUCTION
In Eastern Europe, over 60 species of medicinal plants are cultivated.
Lavandula angustifolia is among the three leading medicinal and aromatic crops.
Lavender breeding in Nikita Botanical Gardens engaged since 1926. Cultivars
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with high oil yield, great part of esters, excellent fragrance evaluation, different
terms of blossom, winter-hard and suitable for mechanized cultivation have been
created (Mitrofanov et al., 2005).

As it is known, lavender could be successfully propagated both by seeds
and vegetatively — by cuttings, layering and shrub dividing. Despite the fact that
seed propagation method is the simplest and economically costly, it is not widely
used as it is resulted in the offspring splitting (Rabotyagov et al., 2014). In this
regard, the more efficient way is vegetative propagation. However, the problem
of viral pathogens damages in collection plots and industrial plantings hinders
vegetative propagation, and as a result, reduces possibility of promising lavender
cultivars large-scale cultivation. Nowadays, producing of high-quality virus-free
planting material identical to the parent plants is provided with biotechnological
methods of plant cleaning up and micropropagation (Milosevi¢ et al., 2012;.
Bhojwani & Dantu, 2013; Mitrofanova et al., 2014.).

Present study included cultivars of interspecific lavender hybrids (L.
angustifolia Mill x L. latifolia Medie.) — Lavandin (L. hybrida Rev.) that are
characterized by biological and economically valuable features exceeded the
original species.

Some researchers (Sudria et al., 1999; Toma et al., 2004, Nikolakaki and
Christodoulakis, 2006) indicated the possibility of essential oil obtaining from
vegetative mass of Labiatae species and cultivars under in vitro conditions.
Herewith, great attention was turned to the processes of histogenesis and
organogenesis in cultured cultivars.

In this regard, the aim of our research was to study regeneration features in
lavender and Lavandula plants, to evaluate morphological and anatomical
parameters of tissues in various cultivars under in vitro conditions, to reveal
those features variability according to the genotype, and thus, to determine
morphogenetic capacity of regenerants.

MATERIALS AND METHODS

For study as a plant material microshoots of valuable lavender (Belyanka,
Record) and Lavandin (Rabat, Snezhnyi Bars) cultivars from the collection of the
Nikita Botanical Gardens, cultured in vitro were used.

From field grown intact plants the apical meristems of axillary buds were
introduced in aseptic culture. Virus-free microshoots were cultured on modified
MS medium with 0.3 mg I Kinetin, 0.025 mg I NAA and 0.25 mg I GA,.
Explants in the culture vessels were kept in a growth chamber at 25 + 1°C under
16-h photoperiod supplied by cool-white fluorescent lamps giving 37.5 pmol m™
s™. Investigation material was collected after 2 and 8 months of culture.

For the analysis we took the third pair of leaves at microshoot apex from
10 microshoots in each treatment. Anatomic slides were prepared by common
methods (Pausheva, 1990). Histological and anatomical studies of leaves in
regenerants was carried out under a light microscope AxioScope A.l (Zeiss,
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Germany) using software Axio Vision Rel applications. 4.8.2. Essential oil
presence in leaf tissues was set by Sudan 11 staining.

RESULTS AND DISCUSSION
During the study, morphological differences between the studied cultivars
were already noticed at the initial stages of culture (Fig. 1). They appeared both
in leaf color of microshoots: light-green narrow-linear or lanceolate in the
cultivars Belyanka and Record and dark green in the cultivars Rabat and
Snezhnyi Bars, and some quantitative parameters: number of microshoots
produced per explant, microshoot height, size and number of leaves (Table 1).

Figure 1. Regenerants appearance in lavender cultivars: A — Belyanka, B — Record
and Lavandin cultivars: C — Rabat, D — Snezhnyi Bars after 2 months culture.

Table 1. Quantitative characteristics of regenerant morphological
structures in lavender and lavandin (M + SE)
Microshoot Number of

. . Microshoot Leaf size,

Cultivar, time of culture | number per - leaves

height (cm) cm

explants, pcs (pcs)
o Belyanka 1% 34+13 58+1.5 22.8+92 | 1.2x0.3
I 2 32+1.5 35+08 | 14.8+86 | 1.2x0.2
3 Record 1 32+1.6 25+04 125+5.0 | 1.0x0.2
2 2.8+1.2 41+£12 194+6.5 | 1.1x0.2
1 1.7+0.5 23+1.0 8.0+4.6 14%x04

= Rabat

S 2 3.1+1.6 3.8+£0.5 140+£5.0 | 1.5%x0.3
S Snezhnyi 1 12+0.8 49+1.1 13.3+£84 | 1.6x04
= Bars 2 2.0+1.0 45+0.8 184+45 | 1.4x03

1" - the first passage, 2 months culture; 2 - the fourth passage, 8 months culture.

Greater number of microshoots (5 pcs) with maximum small leaves per
shoot formed Belyanka cultivar. In Lavandin cultivars 1-2 microshoots with a
denser leaf arrangement in the cultivar Rabat and extended internodes in the
cultivar Snezhnyi Bars formed. Leaves in Lavandin cultivars were larger and less
acuminate at the top than in lavender cultivars. Leaf blade length exceeded its
width 4-5 times.

Those morphological features are characteristics of leaves under growing
in the field (Rabotyagov, 2014).
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Under prolonged culture (4™ passage) in all studied cultivars 2-4
microshoots were noticed in the average, branching occurred at the second or
third pair of leaves on microcuttings. Cultivar Rabat had the largest leaves in all
investigated culture stages.

Leaf blades were bifacial (Fig. 2), differentiated mesophyll was observed
from early terms of microshoot culture in vitro. Leaf thickness increased under a
long term culture (Table 2). Adaxial epidermis consisted of small isodiametric
(cultivars Snezhnyi Bars and Record) or slightly elongated (cultivars Rabat and
Belyanka) thin-walled cellulose cells with flexuous outlines, covered with thin
cuticle layer (Table 3). Leaf abaxial epidermis in all studied cultivars consisted of
smaller cells.

Figure 2. Leaf blade stru
section, C, F —cross sections stained with Sudan IlI; D, E — molds of abaxial
epidermis; 1 — vascular bundle, 2 — trichomes, 3 — epidermis, 4 — palisade mesophy!ll,
5 — spongy mesophyll, 6 — stomatal apparatus.

Table 2. Anatomical characteristics of leaf blade transverse sections in lavender
and lavandin regenerants (M +SE, pm)

Indexes of anatomical Lavender Lavandin
structure Belyanka Record Rabat Snezhnyi Bars
1* 2 1 2 1 2 1 2

. 130+ | 169+ | 145+ | 174+ | 151+ | 190+ | 159+ | 168+
Leaf blade thickness 12 16 15 43 o4 26 13 21
Epidermis | Adaxial | 9+3 | 1445 | 9+£2 | 1543 | 1043 | 1947 | 10+4 | 14+2
thickness | Abaxial 542 9+3 6+2 842 8+2 | 11£5 | 6+2 | 944

Mesophyll | Palisade |45+13 |80+12| 49+7 |85+£10|55+15| 90+8 | 58+9 | 82+7
thickness | Spongy |71£16 | 6115|8115 | 62+16 | 78+12 | 68+12 | 86+12 | 59+5

Palisade index 0.39 | 056 | 0.38 | 0.57 | 0.36 | 0.56 | 0.40 | 0.58
1" - the first passage, 2 months culture; 2 - the fourth passage, 8 months culture.
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Table 3. Anatomical characteristics of leaf blade epidermis structure in lavender and
Lavandula microshoots (after 8 months culture, M + SE, pum)

Indexes of anatomical Lavender Lavandula
structure/Cultivars Belyanka | Record | Rabat Snezhnyi Bars
Epidermis cells size 1* | 60x33 32%23 52735 2927
2 46x28 59%33 39x30 28x22
Stomata pore size 1 27%x13 17x7 25%11 25%x14
(lengthxwidth) 2 | 29x14 | 31x15 | 26x10 17x10
Stomata number per 1 | 102416 | 150£19 | 127+24 48+16
1mm? surface 2 | 180£21 | 115+13 | 432+52 28327
Trichome number per | 1 21+8 48+6 38+6 26+9
1mm? surface 2 | 5246 | 75+13 | T72%6 60+10

1* - on adaxial surface, 2 — on abaxial surface of the leaf blade

Vascular bundles in leaves are collateral. They are located in the middle
layers of mesophyll (Fig. 2). Bundles of lateral veins consisted of three or four
xylem and phloem vessels. Leaves were amfistomatic, under prolonged culture
their significant predominance on abaxial surface was noticed. Stomata are
anomocytic (ranunculaceous), and differed in sizes, raised above the base of the
epidermis cells.

It is worth saying that density of stomata distribution had significant
differences in the studied cultivars. Thus, in lavender cultivars it was 102-180
stomata/mm?, stomata arranged substantially uniformly. In the cultivar Record
numerous small stomata located on adaxial side, and the largest (31x15 um) one
in a lower number were on the abaxial side. Maximum number of stomata and
their largest size were found in the cultivar Rabat. Guard cells are oval.

Our study demonstrated that pubescence of leaves’ in vitro regenerated
plants consist of single or double-celled simple, slightly branched trichomes and
2-4-, rarely 6-cell capitate glandular hairs. Their number is also greater on
abaxial side (52-75 trichomes/mm?). Due to leaves cross-sections analysis it was
established that the part of glandular hairs was 23-38% of the total trichomes
number. That corresponds to the data presented A. Nikolakaki and
N.S. Christodoulakis (2006) who are reported that in Lavandula vera L. cultivars
number of cells with secreting activity was not more than 30%.

M. R. Zuzarte et al. (2010) during morphological analysis demonstrated
that trichomes on Lavandula pedunculata leaves in vitro are similar to the ones in
intact plants. Histological investigation by Avato P. (2005) and Kamatou G.P.P.
(2007) over Salvia officinalis, S. albicaulis and S. dolomitica plants on different
stages of aseptic culture demonstrated the presence of shield-shaped glandular
scales that produced high quality essential oils. Glandular trichomes were also
described on leaf surface in Mentha piperita regenerants (Santoro et al., 2013).
Glandular hairs are formed from epidermal outgrowths that divide
asymmetrically to produce basal cells (Turner et al., 2000).
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At the same time we are observed that the greatest accumulation of
essential oil in dispersed state occurred in capitate glandular hairs. Also, essential
oil droplets were formed in small amounts in the vacuoles of mesophyll cells.
They were especially strongly expressed in the cells of palisade parenchyma. In
lavandin cultivar Rabat drops of essential oil were more numerous and larger
than in the other studied cultivars. For that cultivar their formation was also noted
in the cells of parenchymal sheath of vascular bundles.

Mesophyll was multi-layered, consisting of 1-2 palisade chlorenchym rows
with elongated, tightly arranged cells and 2-3 rows of spongy tissue with loose
cell arrangement, contact with one another with protrusions. In all studied leaves
from the microshoots of first passage palisade tissue consisted of a single layer,
45-58 um thick. Palisade index was maximum in the cultivars Snezhnyi Bars
(0.40) and Belyanka (0.39). Cells had oval-round shape. On the leaf sections
from the 4™ passage 2 layers of palisade cells were often observed. Maximum
development palisade chlorenchym had in Rabat cultivar (90+8 um). Palisade
index increased to 0.56-0.58.

As V.D. Rabotyagov et al. (2014) pointed out; in interspecific hybrids
intermediate type of anatomical structure inheritance is expressed. This
phenomenon can be explained by the increase of homeostasis, which enables
them to better adapt to low and high air humidity and substrate.

CONCLUSIONS

Thus, we not found any significant difference between lavender and
lavandin cultivars in development of vegetative organs, formation leaves and
internodes under long-time in vitro culture. Differences in the studied cultivars
identified in leaf blades shape, color and size.

Anatomical analysis of microshoot leaves demonstrated that together with
mentioned morphological features of vegetative organs, there were differences in
such parameters as leaf blade thickness, stomata number on abaxial surface and
essential oil localization.

Chlorenchym in the studied cultivars differentiated into palisade and
spongy tissue. Sophistication of palisade leaf tissue in the cultivars Rabat and
Record, cutinized cover tissues, dense pubescence confirm the presence of
xeromorphic features and ability to water stress adaptation under ex vitro
conditions. At the same time, large cells and loose arrangement of mesophyll in
the cultivars Belyanka and Snezhnyi Bars demonstrated ability to develop
normally both in xeromorphic environment and in wet habitats. Essential oil was
accumulated in glandular and simple hairs, as well as in vacuoles of mesophyll
cells and cells of mechanical leaf tissues in dispersed state.

Knowledge of leaf anatomy in the studied cultivars under in vitro
conditions could be used in lavender and lavandin breeding works.
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