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Abstract. \Varieties of narrow-leaved lavender, which have high potential
productivity, are zoned on the territory of Ukraine, but due to the variability of the
temperature regime and the amount of annual precipitation, it is not fully realized.
This causes selectioners to create and introduce into production varieties with high
environmental plasticity and resistance to stressors. Today in Ukraine large areas of
arable land, especially the steppe zone suffer from insufficient moisture, which leads
to 30-50% crop failure, especially in dry years. Therefore, it is especially important
to study the physiological and biotechnological aspects of drought resistance of
lavender for selection work aimed at creating new, productive varieties adapted to
conditions of insufficient humidity. We used modified Murashige and Skoog nutrient
media supplemented with different concentrations of cytokinins and osmotically active
substances. The content of polyethylene glycol 12000 at a concentration of 7.5% creates
sufficiently stressful conditions to obtain drought-resistant lavender lines. At the same
time, there is a slowing down of the root formation process, which significantly affects
the time required to obtain and adapt stable lines of lavender. Rhizogenesis is much
slower, and the root system is less developed, compared with the root system of plants
grown on a medium without polyethylene glycol. Alternatively, a nutrient medium
with a 5% concentration of PEG can be used. Thus, the percentage of drought-resistant
adapted planting material will be higher, although the degree of adaptation to arid
conditions will be lower. It is established that the drought factor affects not only the
growth of vegetative mass of plants, but also delays their morphogenetic processes.
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Thus, at high concentrations of osmotic agents in the nutrient medium rhizogenesis
occurred only in some samples and with a significant delay.
Keywords: narrow-leaved lavender, in vitro culture, morphogenesis, drought

resistance

Introduction.

Lavender (Lavandula angustifolia
Mill.) Is an evergreen essential oil crop
that is widely used as a raw material in
the pharmacological (Lopez et al., 2017),
cosmetic and perfumery (Kunicka-Sty-
czynska et al., 2009) and food industries
(Erland et al. ., 2016), is grown for decora-
tive and recreational purposes (Prusinows-
kaetal., 2014, Min et al., 2016). Industrial
cultivation of narrow-leaved lavender and
production of lavender oil, widespread
in southern Ukraine (Giray et al., 2018,
Manushkina et al., 2019), but lavender is
not very popular as an agricultural crop
and one of the reasons is the lack of afford-
able and planting material of high quality
and varieties adapted to the conditions of
Ukraine. A possible way to solve this prob-
lem is to develop more intensive breeding
methods, in particular, clonal microprop-
agation in vitro (Mitrofanova et al., 2017,
Rudnik-Ivashchenko et al., 2019).

Varieties with high potential pro-
ductivity are zoned on the territory of
Ukraine, but due to the variability of the
temperature regime and the amount of
annual precipitation, it is not fully real-
ized. This causes selectioners to create
and introduce into production varieties
with high environmental plasticity and
resistance to stressors.

Today, large areas of arable land,
especially the steppe zone suffer from
insufficient moisture, which leads to
30-50% crop failure, especially in dry
years. Therefore, it is necessary to op-
timize the methods of cell selection and

microclonal propagation of lavender for
selection work aimed at creating new,
productive varieties adapted to condi-
tions of insufficient humidity.

The purpose of the work — is to con-
duct a comparative study of the main phys-
iological and biotechnological parameters
of drought-resistant lines of lavender.

Materials and methods
of research.

The research was conducted in the
Laboratory of Plant Biotechnology of the
Department of Ecobiotechnology and
Biodiversity of NULES of Ukraine in
2020-2021. Explants 5-7 mm in size iso-
lated from young annual shoots of plants
were introduced into the in vitro culture.

For morphogenesis and rhizogenesis of
narrow-leaved lavender, modified nutrient
media Murashige and Skoog (MS) (Mu-
rashige et al., 1962) with different concen-
trations of kinetin MC1 (MS + 0.25 mg /1
kinetin) and MSII (MS + 0.5 mg /  kinetin)
were used. ) Due to the fact that initiation
of meristem development and subsequent
morphogenesis of lavender is a cytoki-
nin-dependent process (Bona et al., 2012).

To create the in vitro stress effect
of drought (Szekely-Varga et al., 2020,
Lamacque et al., 2019, Marulanda et
al., 2019) we used nutrient media sup-
plemented with high molecular weight
polyethylene glycol (PEG — 12000) in
concentrations of 5% and 7.5%, which
is able to mimic water stress without
penetrating into cells and act as an os-
motic agent (Burnett et al., 20006).
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Plants-regenerants were cultivated
at a temperature of + 25-26°C, light - 5
thousand lux, 16-hour photoperiod and
humidity of 70%.

Statistical processing of the obtained
experimental data was carried out using
the software package “Analysis of Mic-
rosoft Exel spreadsheets”, Statistica 6.0

Research results and their
discussion.

An important area of application of the
method of tissue culture is reproduction
in order to obtain genetically identical,
valuable genotypes for use in breeding
practice. The results of the studies showed
that among the two variants of media for
morphogenesis (table 1), the best was ob-
served on morphogenic m edium MCII,
which contained twice the concentration
of kinetin. At the same time, the explants
differed in more intensive shoot formation
compared to the explants planted on the
nutrient medium MCIL. The coefficient of
reproduction was calculated in relation to
the number of explants used in the exper-
iment and the average number of shoots
per explant. Rhizogenesis of shoots was
observed on the 25th day of cultivation
among explants planted on morphogenic
nutrient medium of variant MCII, where-
as on the medium of variant MCI there
was only an increase in shoot size.

In the process of cul t uring nar-
row-leaved lavender re generants on a

medium with PEG 12000, which mimics
the effect of drought, measurements of
various growth parameters of plants-re-
generants were performed to study the
changes that occurred in the plant body
during the entire cu 1 tivation period.
These parameters include: the height of
the regenerants, the number of shoots per
regenerant, the number of internodes on
the shoot and the area of the leaf blade,
as well as observations of the process of
rhizogenesis. Based on the collected and
analyzed data, the dynamics of growth
and development of lavender under the
influence of water stress is shown. The
regenerants showed excell e nt results
depending on the concentration of PEG
12000 and the variant of the nutrient me-
dium. 6 separate measurements of growth
parameters were performed, which were
performed every 10 days of cultivation.
The first measurement - on the day of in-
troduction of explants into the culture in
vitro, the last - on the 50th day.

Regenerants that were cultured at a
7.5% concentration of PEG 12000 had
a significantly smaller increase in veg-
etative mass compared to the control
variant and even with plants grown on
nutrient medium with a concentration
of PEG 12000 in 5.0%. The average
increase in vegetative mass in regen-
erants grown on a medium with twice
the concentration of kinetin (medium II)
exceeds the increase in regenerants on
the first medium (Fig. 1, Fig. 2).

Table 1. The sequence of individual stages of morphogenesis of lavender
in the culture of isolated meristems

Cultivation time, days
Media Implantation and initial | The beginning of the Induction of Beginning of the
stages of meristem main development of |  numerous shoot development of the
development the shoot formation root system
MCI 10-11 18-19 25-26 35-36
MCII 10-11 17-18 24-25 35-36

Vol. 12, N2 3,2021

BIONOTIYHI CUCTEMW: TEOPIA| TA IHHOBALIIT

ISSN 2706-8382 | 17



KnayeHrko O. /1., LUnaxmyH I. C.

Intensive shoot formation began on
day 20-30 of cultivation, regardless of
the factors that affected lavender plants.
But the activity of shoot formation dif-
fered, correlating with the general trend
described above.

As can be seen from the present-
ed data, there is a pattern between the
number of internodes and the height
of plants-regenerants. The higher the
plant, the more internodes it will have,

but it is also important to consider their
length. Thus, control plants, having a
significant advantage in the height of
regenerants, do not have an equally sig-
nificant advantage in the number of in-
ternodes. This can be explained by the
fact that the resources and energy that
the plant spends on the elongation of
the internodes are spent on counteract-
ing osmotic stress, so the internodes of
these plants are on average shorter.

Height of plants -regenerants of medium | for varieties Munstead
(M) and Elegance purple (E), mm
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Fig. 1. Graphs showing dependence of height of plants-regenerants,
depending on growing conditions
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In the study of the leaf surface area
of plants-regenerants of lavender nar-
row-leaved, it was found that the dynam-
ics of change in leaf surface area, although
correlated with the general growth trend
described above, but the difference be-
tween plants-regenerants grown on differ-
ent nutrient media is not as significant as
for other indicators described above.

This can be explained by the fact
that increasing the area of the leaf

blade in the body is given priority, as it
is an organ that has a strong influence
on the intensity of photosynthesis, and
hence on the viability of the whole plant.

When we studied the effectiveness
of the effects of different concentrations
of PEG 12000 on the growth and devel-
opment of culture, the influence of the
composition of the nutri e nt medium,
the available growth regulators, it was
found that 7.5% concentration of PEG
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Fig. 2. Graphs of dependence of the number of internodes in regenerants,
depending on growing conditions
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12000 can be a selective agent, because
there are significant differences between
the studied samples of narrow-leaved
lavender based on reduction of growth
of vegetative mass of regenerants,
which depending on the concentration
of growth hormones available to the
plant decreased by 50% or more.

Obtained drought-resistant lines
were subsequently used for plant re-
generation.

Rhizogenesis in vitro is a complex pro-
cess involving biochemical, histological
and physiological changes (Bulavin et al.,
2020). Rooting in vitro can occur both on
the vegetative organs of the plant and on
their individual parts. The ratio of auxins
and cytokinins is important for rhizogen-
esis. Shoots or buds are formed at higher
concentrations of cytokinins compared to
auxins, so one way to induce rhizogenesis
involves culturing regenerants on a medium

Leaf surface area of regenerants on medium | for varieties
Munstead (M) and Elegance purple (E), mm
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Fig. 3. Graph of the dependence of the leaf surface area depending
on growing conditions
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Number of regenerant shoots on medium I for varieties

Munstead (M) and Elegance purple (E), mm
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Fig. 4. Graph of the dependence of the number of regenerant shoots
depending on growing conditions
Table 2. Day of the beginning of root system formation of lavender
(Lavandula angustifolia Mill.) regenerants
) o The content of PEG 12000
Variety Kinetin content, mg / 1 Control
5% 7,5%
0,25 34,6 days 46,5 days 51,2 days
Munstead
0,5 38,5 days 49,7 days 53,1 days
0,25 35,1 days 47,0 days 50,9 days
Ellagance Purple
0,5 38,7 days 50,4 days 52,6 days
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with a higher concentration of auxins than
cytokinins (Bulavin et al., 2020). The results
of our studies show that osmotically active
substances such as PEG 12000 adversely
affect the rooting process. The process of
rhizogenesis in control samples, which were
cultured on medium without osmotically ac-
tive substances took place for 21 days, while
on media with PEG, the root system began
to develop with a significant delay (Table 2).
It should be noted that higher concen-
trations of kinetin in the nutrient medium
adversely affect the rooting process.

Conclusions.

A comparative study of the main phys-
iological and biotechnological parameters
of drought-resistant lines of narrow-leaved
lavender, namely the height of plants-re-
generants, leaf surface area, the number
of internodes and shoot formation. It was
found that the best medium for cultivation
and rhizogenesis of plants-regenerants is
the environment of MS d by adding kinetin
at a concentration of 0.25 mg /1.
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AHomayisi. Ha mepumopii YkpaiHu palioHo8aHO copmu n1a8aHOU 8y3KOAUCMOI, AKi MArOMb BUCOKY
rmomeHuiliHy npodykmueHicme, ase Yepe3 MiHAusiCMs MemnepamypHO20 PeXUMY i KinbKicme piyHUX
onadie 8iH peasnizyemecs He nosHicMio. Lie 3yMoerstoe ceneKyioHepie cmeoptosamu i enposadxysamu
Yy 8UPOBHULMBO COpMU 3 BUCOKOHO EKO/I02I4YHO NAACMUYHICMIO ma cmilikicmio 0o cmpecosux haKkmo-
pig. Ha cb0200Hi Ha mepumopii YkpaiHu eesuki naowi opHUX 3emesb, 0cobauso 30HU cmery CMmpaH-
daromb 8i0 HEOOCMAMHBO2O 360710HEHHS, WO MPU38odUMb 0o 30-50% Hedobopy 8poxcaro, 0cobauso
8 rnocywnusi poKu. Tomy 0cobsu8o 8aH/IUBUM € 8UBYEHHSA (hi3ionoeiyHo-biomexHos02iYHUX acrekmie
riocyxocmitikocmi 1a6aHOU 0515 ceneKyitiHoi pobomu HayineHoi Ha CMBOoPEeHHA HOBUX, MPOOYKMUBHUX
copmieg npucmocosaHux 00 yMos HedocmamHeoi 8os1020cmi. Hamu 8UKopucmaHo MoOUGIKOBAHI Hu-
8usnbHi cepedosuuia Mypacize-Cky2a 00rnosHeHi pi3HUMU KOHUEHMpAauiamu YUMOKIHiHie ma ocmomuy-
HO GKMUBHUX pe4yo8uH. Bmicm roniemunerenikosto 12000 y KoHueHmpayii 7,5% cmeoproe docmamHeso
cmpecosi ymosu 0115 OmpPUMAHHSA Mocyxocmilikux niHiti naeaHou. Mpu ybomy criocmepieaemocs ynosisno-
HEHHA MPpoyecy KopeHeHymMeOopeHHs, Lo 3HAYHO 8/IUBAE HA YaC HEOOXIOHUU 0517 OMPUMAHHA ma aoan-
mayii cmilikux ninili naeaHAU 8y3bKoUCMOI. PusozeHe3 8i0by8aemocA 3HA4YHO MOBiNbHIWE, a KopeHesa
cucmema criabwe po38UHYMa, MOPIBHAHO 3 KOPEHEBOO CUCMEMOHO POC/IUH BUPOWEHUX HA cepedosuLlyi
6e3 emicmy roniemusneH2iKosto. AlbmepHAMUBHO MOXHA BUKOPUCMOBYSAMU HUBUsIbHE cepedosu-
we 3 5% KoHueHmpauieto TMET. Takum 4YUHOM 8i0cOMOK rocyxocmilikoeo adanmosaHo20 MOCadKO8020
mamepiasty 6yde 8ULLUM, XO4a CMYTiHb MPUCMOCOBAHOCMI 00 3aCYWAUBUX MO8 i byde HuMHor. Bcma-
Ho8/1eHo, W0 haKmop rocyxu 8rAUBAE HE AU HA Mpupicm 8e2emamueHOi Macu poC/uH, a U 3ampumye
ix MopgpozeHemuuYHi ripoyecu. Tak, Mpu BUCOKUX KOHUEHMPAYIAX OCMOMUYHUX 02eHMI8 8 HUBUILHOMY
cepedosuwyi puzozeHes 8i0by8ascA suIE 8 YACMUHU 3PA3KI6 i 3i 3HAYHOK 3aMPUMKOIO.

Kntoyoei cnoea: nasaHOa 8y3bKoaucma, Kysaemypa in vitro, mopgozeHes, nocyxocmilikicme.
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