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INTRODUCTION

Presently, special attention is paid to the issue of manu-
facturing medicines and food additives from vegetable
raw materials. As a result of the search and introduction
of rare new crops and possible areas of their cultiva-
tion, it is possible to expand the raw material base of
medicinal and aromatic plants (Zharinov & Ostapenko,
1994; Rakhmetoy, 2017). Plants belonging to the Lami-
aceae family, which are new to the conditions of the
Polissia of Ukraine, have a wide range of uses. It is the
sixth-largest family of angiosperms (Ahmad et al., 2021;
Napoli et al., 2020; Zhao et al., 2021), which includes
over 245 genera and 7,886 species,as well as many eco-
nomically important species distributed in all climatic
zones of the planet, with the greatest species diversity
found in the Mediterranean (Fedoronchuk, 2022).

Representatives of the genera Ajuga L., Lami-
um L., Dracocephalum L., Glechoma L., Mentha L., Sal-
via L., Thymus L., Galeopsis L., Leonurus L., Origanum L.,
Stachys L., Elsholtzia L., Betonica L. are found in the
natural ecosystems of the Polissia region of Ukraine;
however, their industrial use is impossible due to the
limited resource base.Therefore, there was a need to ex-
pand domestic production of medicinal, spicy-aromatic
plants that were not previously cultivated in Ukraine.

The purpose of this study is to find the best breed-
ing methods, sowing and harvesting periods, figure out
productivity indicators of rare plants of the Lamiaceae
familyinthe conditions of the Central Polissia of Ukraine.
Thanks to the resolution of these issues, it is possible to
enrich the phytodiversity of the region due to new spe-
cies. This will expand the raw material base of medicinal
and aromatic plants, increase the ecological and eco-
nomic effect, and improve the health of the population.

LITERATURE REVIEW

To expand the domestic raw material base for obtaining
valuable biologically active substances, some research-
ers propose to introduce new promising plant species
from different botanical and climatic zones into the
culture. Thus, T. Ivanova et al. (2022) reported the intro-
duction into culture of 27 taxa of the Lamiaceae family
in Bulgaria, L.A. Kotyuk et al. (2022) reported 17 taxa in
Ukraine, Sharafzadeh & Zare (2011) - 10 taxa in Iran.

K. Carovi¢-Stanko et al. (2019) note that spicy and
aromatic crops of the Lamiaceae family (Hyssopus offic-
inalis, Lavandula angustifolia, Monarda fistulosa, Nepeta
cataria, Origanum vulgare, Salvia officinalis, Salvia sclarea,
Satureja hortensis, etc.) are used for flavouring, preser-
vation of food products. Dry raw materials of Origanum
vulgare and Satureja hortensis plants contain vitamins,
proteins, sugars, lipids, amino acids, macro- and mi-
croelements, and therefore Skendi et al. (2019) sug-
gest adding it to flour when baking bread. Ukrainets &
Frolova (2010) established that “obtaining natural fla-
vours by processing essential oils synthesised by aro-
matic plants and their introduction into production will
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enable food industry enterprises to produce products
that meet global quality standards.”

According to R.R.Raja (2012), plants of the Lami-
aceae family are described by considerable medicinal
potential,and J. Michel et al. (2020) recommend the use
of phytoraw material and essential oil of Dracocephalum
moldavica, Lavandula angustifolia, Origanum vulgare, Sal-
via officinalis, and Satureja cuneifolia for the treatment
of cardiovascular diseases. E. Napoli et al. (2020) note
the radioprotective properties of Origanum, Salvia, and
Lavandula essential oils.

M. Kozlowska et al. (2015) established the bacteri-
cidal properties of ethanol extracts of Origanum vulgare,
Salvia officinalis against Staphylococcus aureus, Klebsiella
pneumoniae, Proteus vulgaris and Listeria monocytogenes,
S.I. Dubinin et al. (2020) - antihelmintic properties of Orig-
anum vulgare, Hyssopus officinalis and Satureja hortensis
plants,and S. Bedini et al. (2021) - insecticidal properties.

0.S. Demianiuk et al. (2022) suggest the use of
aromatic plants Lavandula angustifolia, Origanum vul-
gare, Satureja hortensis and Salvia officinalis for vertical
greening of the external and internal walls of premises,
and consider it necessary to popularise them.

T.M. Manushkina (2021) noted that “essential oil
crops have important agroecological importance. It is
advisable to grow biennial or perennial ether-bearing
plants on low-productivity, stony soils, since they protect
the soil from wind and water erosion, inhibit the germi-
nation of weeds, and activate soil microflora. Cultivation
of essential oil crops provides an increase in biodiversity
in agroecosystems, air purification from pathogenic bac-
teria due to the release of essential oil with antiseptic
properties, aesthetic beauty in the flowering phase; they
are valuable honey plants” (Manushkina, 2021).

Industrial areas of rare plants of the Lamiaceae
family are concentrated mainly in Kherson (Ushkarenko
et al.,2020), Poltava (Shatkovskyi et al., 2021),and Dnipro-
petrovsk oblasts (Baranets & Korshykov, 2020). Skybitska
& Mohylyak (2013) report the successful introduction
of aromatic plants of the Lamiaceae family in the West,
and L.A. Kotyuk et al. (2021) - in the Polissia of Ukraine.

L.A. Kotyuk (2015, 2017) notes that reproduction
by seed is an essential condition for the preservation of
plant species, population growth and the ability to adapt
to new living conditions, while D.B. Rakhmetov (2011)
points to its advantages when introducing new types of
plants into culture. The studies of Shatkovskyi et al. (2021)
proved that when planting seedlings of the Lamiaceae
family in open ground, watering and additional care is
necessary. Therefore, they recommend that perennial
species be propagated by a vegetative method, which
ensures the rapid distribution of the species and the
preservation of genetic traits.

MATERIALS AND METHODS

The study used sparsely distributed annual and peren-
nial plant species: summer savory (Satureja hortensis L.),




vietnamese balm (Elsholtzia cristata Willd.), Moldavian
dragonhead (Dracocephalum moldavica L.), lavender (La-
vandula vera D. C)), narrow-leaved hyssop (Hyssopus an-
gustifolius M. Bieb.), hyssop (Hyssopus officinalis L.), bee
balm (Monarda didyma L.), oregano (Origanum vulgare L.),
cat mint transcaucasica (Nepeta transcaucasica Grossh.),
anise lofant (Lophanthus anisatus Adans), clary sage (Salvia
sclarea L.), common sage (Salvia officinalis L.).

The experiment was established in the botanical
garden of the Polissia National University (Zhytomyr)
during 2008-2021 in an illuminated area. The soil of the
experimental plots was described by the following pa-
rameters: Ph-saline humus horizon - 6.23+0.051, N, -
90,543,731 mg/kg soil,K,0 - 84,03+3,859 mg/kg,P,0, -
458,01%4,771 mg/kg, humus content - 2.967+0.082%.

The climate of the Central Polissia of Ukraine is
moderately continental. Average long-term air tempera-
tures above 0°C are maintained for 150 to 160 days, so
the conditions for the cultivation of spicy and aromatic
plants are quite favourable. Average long-term tempera-
ture of the coldest month (February): from -1 to-6°C, the
warmest (July): from +18.4 to +23°C. The annual amount
of precipitation was recorded both below the norm
(600 mm) and above the norm: from 550 to 920 mm.The
average annual relative humidity was 71-78%. The end
of spring frosts was observed during the third decade of
April, and the beginning of the first autumn frosts - in
late September - early October.

The specific features of plant development were
investigated according to the methods (DSTU 7160-2010;
Methodology for examination..., 2016; Rakhmetov, 2011).
The essential oil content was determined according to
the Clevenger method (Raw medicinal plant..., 1988).

The study used seed material from the exchange
funds of botanical gardens of Ukraine and the world.
Plants were grown by sowing seeds directly into the soil
or by seedling method. Sowing was performed during the
last decade of April - the first decade of May.

Plants H. officinalis, S. hortensis, D. moldavica,

Kotyuk et al.

E. cristata were placed according to scheme 45x30 cm,
S. sclarea, O. vulgare, M. didyma, - 50x40 cm, and L. vera,
L. anisatus, N. Transcaucasica, S. Officinalis — 50x30 cm,
four-fold repetition. Fertilisers, pesticides, and irriga-
tion were not used during plant cultivation. During the
growing season of the plants, weeds were removed, the
rows were loosened, spring pruning was carried out
(H. officinalis, H. angustifolius, S. montana) or dead shoots
of perennial plants were removed (O.vulgare, L. anisatus,
M. didyma, S. sclarea and S. aethiopis).

RESULTS AND DISCUSSION

The introduction of new aromatic, medicinal, food, and
honey-bearing plants of the Lamiaceae family is neces-
sary for the enrichment of the biological diversity of the
flora of the Polissia of Ukraine. The main criteria that
indicate the perspective of introduction into culture
are the establishment of propagation methods, optimal
sowing dates and feeding areas, features of plant care
during their growing season, methods of obtaining phy-
toraw materials and seed material.

Introductory research carried out in the Central
Polissia of Ukraine used seed material from different
botanical and geographical zones of the globe. Accord-
ing to the origin of the plant of the Lamiacea family, it
is assigned to four genetic centres: the Mediterranean
(S. officinalis, H. angustifolius, H. officinalis, S. hortensis,
L. vera, O.vulgare and S. sclarea), to the North American
(L.anisatus and M. didyma), European-Siberian (E. cristata
and D. moldavica), Western Asian (N. transcaucasica) (Kotyuk,
2022).

Studies have established different life expectancy
of spicy-aromatic plants in the conditions of the Central
Polissia of Ukraine. Thus, under the study conditions,
the maximum duration of the life cycle of S. sclarea
plants was 3 years, L. anisatus - 6 years, N. transcaucasica -
9 years, S. officinalis - 10 years, M. didyma - 10 years,
L.vera, O.vulgare, H angustifolius — 12 years, H. officinalis,
S. montana - 15 years (Fig. 1).
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Figure 1. Life cycle of the Lamiacea family plants under cultivation in the botanical garden
of the Polissia National University (2008-2021)
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According to V.0. Ushkarenko et al. (2020), during
the industrial cultivation of S. sclarea plants under drip
irrigation conditions in the Southern Forest Steppe of
Ukraine (Kherson Oblast), the life cycle of S. sclarea
plants was four years. TM. Manushkina (2021) notes
that S.sclarea is a biennial plant in the conditions of the
Mykolaiv Oblast, and a triennial plant in the conditions
of the study, which, apparently, is caused by the differ-
ence in soil and climatic conditions. As for the life span
of other perennial plants, there is no information in the
scientific sources of the last decade.

The seed material of representatives of the La-
miacea family is formed in the fruits — cenobia, which
are located in the calyx of the flower. The fruit develops
from a cenocarpous bipartite gynoecium, which, when
ruptured, forms four one-seeded fragments - erems
(Novikoff & Barabasz-Krasny, 2015). In the new condi-
tions of growth, the erems of aromatic plants matured
at different times, which is conditioned upon features
of the species, different duration of fruiting and acrope-
tal order of flowering in inflorescences. When the fruits
ripened in the lower semi-rings of the inflorescences,
the buds in the upper ones had not yet opened. There-
fore, to obtain seed material, the plants were cut during

the period when most of the inflorescence was in the
fruiting phase, they were maturated for 7-10 days, after
which they were threshed.

Erems from the calyx of the flower can release
themselves and form self-sown plants. In the conditions
of the growth of aromatic plants in the botanical gar-
den of the Polissia National University, their ability to
self-renew, forming self-sown plants, was found, which
is evidence of their adaptation. Observations showed
that under the conditions of culture, the vast majority
of plants formed self-sown plants, which overwintered
or died due to the effects of negative temperatures. An-
nual plants S. hortensis, D. moldavica, E. cristata formed
abundant or moderate self-sowing plants in autumn,
after the fall of erems, but the seedlings died during
the winter, so their sub-winter sowing is not advisable.
In some places, self-sowing plants’ shoots appeared in
the spring, which formed viable seedlings. Abundant
self-seeding and frost-resistant seedlings were formed
by H.angustifolius,H.officinalis,S.sclarea,L.anisatus, O.vul-
gare and N. transcaucasica. N. transcaucasica bore fruit
2-3 times during the season and were resistant to low
temperatures during the growing season. Self-seeding
was not found in S. officinalis, M. didyma, L. vera (Table 1).

Table 1. Characterisation of the viability of self-sowing plants of the Lamiaceae family
in the conditions of the Central Polissia of Ukraine

Evaluation . -
criteria Abundant Moderate Thinned Missing
N. transcaucasica” . . . L .
Species S.sclarea™ H. officinalis®  E. cristata™ S. hortensis™ O.vulgare’ L. anisatus 3. officinalis M. didyma

D. moldavica**

H. angustifolius * L.vera

Note: * - self-sowing plant is resistant to negative temperatures, ** — unstable

Source: compiled by the authors

Studies have shown that in the conditions of the
Central Polissia of Ukraine, the most optimal time for
sowing aromatic plants is the last decade of April. De-
pending on features of the species, soil moisture and
temperature conditions, plant seedlings appeared after
8-20 days (H. officinalis, N. transcaucasica, D. moldavica,
S. sclarea) or 14-30 days (E. cristata, S. hortensis, L. vera,
H.angustifolius, O.vulgare, M. didyma).Sowing in the early
spring period (the first decade of April) caused very sparse
shoots and a delay in their emergence.

When sowing in the first decade of June (summer
sowing), there was a delay in germination and a slow-
down in plant development due to insufficient moisture
supply in the soil. In this case, flowering of plants was
observed during September-October; during autumn
frosts, inflorescences were often damaged, so seed ma-
terial was not formed.

The authors’ research found that sowing for win-
ter can be successful for H. angustifolius, H. officinalis,
N. transcaucasica, L. anisatus, S. sclarea.

V.0. Ushkarenko et al. (2020) believe that under the
conditions of the Kherson Oblast, the best sowing time for
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S.sclarea is in the winter, in the first decade of December.
This information does not contradict the results obtained.

S. hortensis, E. cristata, and D. moldavica, whose
life cycle is one year, were propagated by the seed
method. The depth of seed wrapping is recommended
to be 10-15 mm, after which the soil must be compacted.
Seedlings of E. cristata and S. hortensis appeared in an
average of 18 days, D. moldavica - in 12 days.

Annual species are described by a long pre-emer-
gence period and slowed plant growth at the first stages
of ontogenesis; therefore, during this period, it is nec-
essary to remove weeds that develop more intensively.
Due to the signs of xerophilic of the plants, added wa-
tering was not performed. With the beginning of the
generative period, plants did not need added care.

The aerial part (shoots with leaves and inflores-
cences) of annual plants for the food industry and phar-
macy was collected during the flowering phase (July-Au-
gust)ataheightof 10to 25 cmrelative to the soil surface.

The productive potential of plants is evidence of
their adaptation to new living conditions. Among the
aromatic plants whose life cycle ends in one year, the




highest productivity was noted in D. moldavica. Produc-
tivity of the aerial part of D. moldavica was 24.7+1.7 t/ha,

Kotyuk et al.

seeds - 0.073%0.028 t/ha, weight of 1000 erems -
2.29%0.39 g (Table 2).

Table 2. Productive potential of annual and perennial plants of the Lamiaceae family in the conditions
of the botanical garden of the Polissia National University

Plant type Year of life Creen mas:roductlwty, t/ha Erems Weight of 1000 erems, g
Annual plants
E. cristata | 16.2+0.57 0.267+0.013 0.22#0.01
S. hortensis | 14.0+0.63 0.387+ 0.024 0.49£0.04
D. moldavica | 24.7%1.7 0.733+ 0.028 2.29%0.39
Perennials

S. sclarea ! 4.520.2 — -
1l 37.1%6.5 0.58+0.053 3.42+0.15

L | 0.9+0.1 - -
- officinalis Iv 26.0+1.3 0.40+0.038 7.15+0.27
H. officinalis | 2.8+0.2 0.06+0.008 1.17%0.03
[\ 38.90.2 0.54+0.052 1.08+0.13

H. angustifolius I 0.72%0.07 - -
[\ 8.91+0.11 0.27£0.02 0.57%0.02

. | 1.1£0.1 - -
M. didyma Iv 28.6%3.4 0.38+0.027 0.46+0.02

O.vulgare I 0.9 0.1 > -
v 33.0+2.0 0.18+0.024 0.10%0.01

L vera | 0.7£0.1 - -
[\ 19.6%1.1 0.45+0.029 1.05%0.11
L anisatus | 6.8%0.2 0.03+0.006 0.42+0.03
11 44.1x0.9 0.33x0.064 0.41£0.02
N. transcaucasica | 0.65+0.04 0.045%£0.004 0.65+0.04
11 13.2%0.3 0.33+0.058 0.67+0.059

Note: ~"seed material is absent
Source: compiled by the authors

Perennial species of aromatic plants were propa-
gated both by seeds and vegetatively. It was found that
the best coverage depth for O.vulgare and L. anisatus is
10 mm, and for H. angustifolius, L. vera, N. transcaucasica,
H. officinalis, M. didyma, S. sclarea and S. officinalis — 15 mm.
Advantages of vegetative reproduction were found in
M. didyma, L. vera, S. officinalis and O. vulgare.

H. officinalis plants were propagated by the seed
method. At the first stages of ontogenesis, seedlings devel-
oped slowly, but during the first year of life they bloomed
and bore fruit. The best sowing time: the third decade
of April. Friendly seedlings were obtained during summer
sowing, but the seedlings did not always form generative
organs. During winter sowing, H. officinalis plants were
overwintered in case of the formation of mature imma-
ture individuals even before the onset of persistent frosts.
During the first year of vegetation, H. officinalis formed one
vegetative-generative shoot with second- and third-order
shoots. In the second and subsequent years of life, the
number of vegetatively generative shoots increased, the
maximum indicators of productivity were found in the
fourth year of life. In the collection plots, seedlings of
H. officinalis grow for 15 years, bloom and bear fruit every
year, regardless of the appearance of signs of ageing.

It was found that the vegetative reproduction of
H. officinalis plants of the third and subsequent years
of life by particles in April or October is quite effective.
The raw material of H. officinalis is green, non-
woody leafy shoots with inflorescences. With age, the
area of lignification of the shoots increases, the lignified
part of the shoots of hyssop becomes unusable. There-
fore, during the harvesting of raw materials, the above-
ground part of the plants of 1-3 years of life was cut at a
height of 10-15 cm,and the 4-year and subsequent ones
were cut at a height of 20-30 cm above the soil surface.
The highest indicators of productivity of H. offic-
inalis were recorded in the fourth year of life. Thus, the
productivity of above-ground mass was 38.9+0.2 t/ha,
seeds - 0.54%0.052 t/ha, weight of 1000 erems - 1.08%
%0.13 g. At the end of the first year of life, these indi-
cators were, respectively, 2.8+0.2 t/ha, 0.06+0.008 t/ha,
weight of 1000 erems - 1.17%£0.03 g (see Table 2).
H.angustifolius plants were propagated by the seed
method and vegetatively. Plant seeds were sown in the
soilin April,after sowing plant seedlings appeared within
14-17 days. In the first year of life, individuals of H. an-
gustifolius formed one vegetative branched shoot, the
seedlings did not flower and did not form seeds. Flowering

Scientific Horizons, 2022, Vol. 25, No. 8
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was observed in the second year of life. During the fol-
lowing years of vegetation, the spring growth of plants
began in the first decade of April, when the tempera-
ture reached above +10°C, flowering in July (during the
2™ and 3" year of life) —~August (during the 4-12 years
of life). The growth processes of H. angustifolius plants
were completed in October-November. Plants of H. an-
gustifolius grow under the conditions of introduction
for 12 years.

Plants of H. angustifolius were propagated veg-
etatively, which was simplified by the particulation
of individuals. During the third year of life in culture
conditions, the number of particles was from 3 to 4, in
the fifth and subsequent years - from 10 to 12 pieces.
The phytoraw material of H. angustifolius (green shoots
with inflorescences) was harvested by cutting them at a
height of 10-15 cm relative to the soil surface.

Observations have shown that H. angustifolius
plants are described by lower performance indicators
compared to H. officinalis. In the first year of life, plant
productivity was 0.72#0.07 t/ha, seeds were not formed.
The highest productivity was found in plants of the
fourth year of life. Thus, the yield of above-ground mass
was 8.91£0.11 t/ha, erems - 0.27+0.02 t/ha, weight of
1000 erems - 0.57%0.02 g (see Table 2).

L. anisatus plants were propagated by seed and
vegetative methods. When sowing erems in the third
decade of April, seedlings appeared after 18-23 days.
During the first year of life, seedlings formed one veg-
etative-generative shoot with shoots of the second or-
der. Growth of L. anisatus plants of the second and sub-
sequent years of life after overwintering in the absence
of snow cover and air temperature exceeding +10°C
was observed in April. In the second and subsequent
years of life, plants formed several generative shoots
that branched, flowered, and bore fruit.

L. anisatus plants of the second and subsequent
years of life were propagated by division into parts. The
seedlings took root well, bloomed and bore fruit.

Compared to other species, L. anisatus plants
were less winter-hardy. The death of 5% of three-year-
old individuals in winter and more than 60% of plants
in the fifth year of life was noted. Observations showed
that the maximum lifespan of L. anisatus plants under
the conditions of introduction was 6 years.

The raw material of L. anisatus - aerial leafy shoots
and inflorescences, was cut at a height of 15-20 cm rel-
ative to the soil surface. The highest productivity of abo-
veground raw materials of L. anisatus was noted in the third
year of life - 44.1+0.9 t/ha, seed material - 0.33+0.064,
weight of 1000 erems - 0.41£0.02 g (see Table 2).

L. vera plants were propagated by seeds and veg-
etatively. During seed propagation of L. vera plants with-
out stratification, low field germination was noted (5-
10%), seedlings appeared after 25-30 days. During cold
stratification for 30 days at a temperature of +5-7°C, the
similarity of L. vera erems increased to 43%. During the
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first year of life, plants formed one vegetative shoot, on
which shoots of the second order were laid, in the second
year of life - shoots of the third order. Flowering and
fruiting were observed in the third and subsequent years
of life, when plants created a significant number of veg-
etative-generative shoots. Flowering of plants was ob-
served in June, fruiting in August. When peduncles were
cut in the flowering phase, re-formation of inflorescences
of L.vera plants was observed in August-September.

It is known that L. vera plants are propagated by
cuttings or seedlings, but these methods require additional
care and watering. L. vera plants of the third and subse-
quent years of life took root well when divided into parts,
which indicates the advantages of vegetative propagation.

For the economic needs of industries, inflorescences
are mainly used, which is about 30% of the above-ground
part of plants. However, green shoots with leaves, which
are cut at a height of 20-25 cm above the soil surface,
are no less valuable phytoraw material and a source of
biologically active compounds. The maximum productiv-
ity of L. vera was noted in the fourth year of life. Produc-
tivity of above-ground plant material was 19.6+1.1 t/ha,
erems - 0.45%0.029 t/ha, weight of 1000 erems - 1.05%
£0.11 g (see Table 2).

M. didyma plants were propagated by seeds,
seedlings, and vegetatively. The best results were ob-
tained during the spring reproduction of individuals
of the third and subsequent years of life by dividing
the rhizome with recovery buds into parts. The cuttings
took root well, formed generative organs.

Reproduction of M. didyma plants by the seed
method was accompanied by some difficulties — seed-
lings appeared 18-21 days after sowing, field germi-
nation of seeds was 40 to 50%, seedlings developed
very slowly during the first year of life. In addition, the
results of the splitting of parental traits were observed
and seedlings with different leaf colours (dark green
and light green), with different stem lengths (short and
tall), variable flower colours (dark purple, pink, or light
pink) were obtained. Different resistance to damage by
powdery mildew (relatively resistant and unstable).
One-year seedlings of M. didyma formed one unbranched
vegetative shoot, the number of shoots increased in the
second and following years (from 8-10 to 20-50 pcs.).
Generative organs formed some plants in the second
year of life, in the third and subsequent years of vege-
tation - all plants.

When propagated by the seedling method, 30%
of M. didyma individuals took root, the plants turned out
to be unstable to drought, and summer thunderstorms
caused lodging and damage to the stem, which led to
their death. Under the conditions of introduction today,
individuals of M. didyma grow for 10 years, the death of
40% of individuals was found.

The raw material of M. didyma - the aerial part
of plants with leaves and inflorescences, was cut at
a height of 10-15 cm relative to the soil surface. The




maximum productivity of M. didyma plants was ob-
served in the fourth year of life. Phytomass productivity
was 28.6%3.4 t/ha, erems — 0.38%0.027 t/ha, weight of
1000 erems - 0.46%0.02 g (see Table 2).

Erems of O. vulgare plants are petite, have low
laboratory similarity (@about 20%). Seedlings of O. vulgare
in the first year of life formed one vegetative shoot, in
the second and subsequent years of life, the number
of vegetative-generative shoots increased. O. vulgare
plants flowered and bore fruit from the third year of life.

It has been established that the best method of
reproduction for O. vulgare plants is vegetative, by di-
viding the rhizome with regeneration buds into parts.
The mentioned method of reproduction made it pos-
sible to quickly increase the number of plants of this
species since they took root well and grew to the size of
the parent in 1-2 years.

Twelve-year-old plants currently grow in the col-
lection of aromatic plants and are quite productive. The
raw material of O. vulgare is shoots with leaves and in-
florescences, cutting them at a height of 10 cm from the
soil surface. The highest productivity of above-ground
mass of O. vulgare (33.0£2.0 t/ha) was recorded in the
fourth year of life. Among all studied species, O. vulgare
plants have the lowest seed productivity (0.18+0.024 t/ha)
and weight of 1000 seeds (0.10+0.01 g).

According to the results of research by Shatkovskyi
et al. (2021) when planting seedlings in open ground
according to the scheme of 60x10 cm, the dry mass pro-
ductivity of O. vulgare under drip irrigation conditions
was 3.16 t/ha (in terms of raw mass - 26.3 t/ha). The
yield of plants in the conditions of the Polish region
is higher, in addition, their cultivation does not require
added costs for irrigation.

Plants of N. transcaucasica were propagated both
by seeds and vegetatively, by division into parts. The
plants formed viable self-seeding throughout the
growing season, sprouts appeared after 8-20 days, de-
pending on moisture conditions. During the first year
of life, the seedlings developed one vegetative-gener-
ative shoot, flowering and fruiting were observed during
August-September. In the second and subsequent years
of life, N. transcaucasica plants flowered and bore fruit
3 times during the growing season.

The maximum productivity of N. transcaucasica
plants was observed in the third year of life. Plant phyto-
mass productivity during this period was 13.2%0.3 t/ha,
seed material - 0.33#0.058 t/ha, weight of 1000 er-
ems - 0.67£0.059 g (see Table 2).

S. officinalis plants were propagated by seeds,
seedlings, green cuttings, and division into parts. During
the first year of life, seedlings of S. officinalis formed
a rosette of leaves, later one vegetative shoot. In one-
year individuals, generative shoots were not formed.
Plants of the second year of life developed several
branched shoots, on which shoots of the 2™, 3and 4
orders were formed. Flowering was observed in the last

Kotyuk et al.

decade of June, ripening of erems - in the third decade
of August.

In the third and fourth year of life, the plants ex-
ceeded quantitative indicators of growth and produc-
tivity in comparison with plants of the first and sec-
ond years of life. Flowering was observed during the
first-second decade of June, ripening of erems - at the
beginning of August. Re-flowering of some S. officinalis
plants in September was noted. At this time, individuals
of S. officinalis have been growing under the conditions
of introduction for ten years, a decrease in productivity
indicators and signs of plant death have been detected.

The raw material of S. officinalis, mainly leaves,
was collected by cutting them together with green
shoots at a height of 14-18 cm relative to the soil sur-
face. The highest indicators of productivity of S. officinalis
were observed in the fourth year of life: productivity of
phytomass was 26.0£1.3 t/ha, erems - 0.40+0.038 t/ha,
weight of 1000 erems - 7.15%0.27 g (see Table 2).

S. sclarea plants were propagated by the seed
method and division into particles. When propagating
by seeds during the first year of vegetation, seedlings
formed a rosette of leaves, in the second and subse-
quent years of life - generative shoots. Flowering of
S. sclarea plants was observed in July, fruiting in August.

S. sclarea plants of the second or third year of
life were propagated by division into parts, which was
facilitated by the particulation of the root system. In
the conditions of introduction, abundant self-sowing of
S. sclarea and high frost resistance of seedlings were
found, so we believe that the vegetative method of plant
propagation is not appropriate. The raw material of
S. sclarea - leaves and vegetatively generative shoots
(including inflorescences, which make up to 40% of the
entire phytomass) was cut 10-15 c¢cm above the soil
surface. The maximum productivity of S. sclarea plants
was established during the second year of life: above-
ground mass - 37.1%6.5 t/ha, erems - 0.58+0.053 t/ha,
weight of 1000 erems - 3.42%0.15 g (see Table 2).

In the conditions of the Central Polissia of Ukraine,
the productivity of S. sclarea inflorescences was 14.84 t/ha,
which does not contradict the information about other
researchers. Thus, according to the report of Ushkarenko
et al. (2020), under the conditions of the Kherson re-
gion, when S. sclarea was sown in the first decade of
December with a row width of 45 cm, a yield of inflores-
cences was obtained at the level of 15.01-14.61 t/ha. At
the same time, additional costs for irrigation affect the
profitability of production, and in the conditions of the
Polish region, plants do not need watering.

An important indicator of the adaptation of rare
plant species to new living conditions is not only phy-
tomass productivity, but also the possibility of synthesis
of biologically active compounds by the plant organ-
ism. It is common knowledge that glandular structures
are formed on the vegetative and generative organs
of plants of the Lamiaceae family: trichomes, peltate
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glands, in which aromatic substances in the form of
essential oils accumulate. Thanks to this, biologically
active compounds are obtained from the above-ground
mass of plants, which are used as natural flavourings of
food products, medicinal, and perfumery and cosmetic
products. The essential oil of each studied plant has
a wide range of effects on the body, as it is a multi-
component mixture of chemical compounds, mainly
terpenoids and aromatic components (Shanayda &
Pokryshko, 2015). In Ukraine, natural essential oils are
imported from abroad, and they are costly. Therefore,

the cultivation of aromatic essential oil crops on the
territory of the state can provide industries with eco-
logically safe raw materials.

Research has established that the natural and
climatic conditions of the Central Polissia of Ukraine are
quite suitable for growing crops that are a source of ob-
taining essential oils. The highest yield of essential oilin
terms of dry mass during flowering was found in plants:
Hyssopus angustifolius (2.054%), Lavandula vera (1.808%),
Salvia officinalis (1.2%) and Monarda didyma (1.07 %), the
lowest - in Origanum vulgare (0.197%) (Fig. 2).

H. officinalis m———1.01
H. angustifolius ————— ) 054
0.vulgare wem(.197
L.verqg s — ] 808
M. didyma me—— 1 074
S. officinalis  ————— ] )
S.sclareq v——-) 663
L.anisatus e—— () 966
N. transcaucasica n— () 84
S. hortensis n——— () 745
E.Cristatq  n— () 849
D.moldavic  u— () 715

0 0.5 1 1.5 2 2.5
Essential oil content, %

Figure 2. Essential oil content of phytoraw materials of aromatic plants in the conditions of the botanical garden
of the Polish National University, % by absolute dry weight

Considering the different timing of the beginning
of flowering and the considerable duration of this period,
all species of plants of the Lamiaceae family turned out
to be quite promising for use in landscape design (Fig. 3).
It is advisable to use compositions of aromatic plants in
diverse types of flower design - aroma beds, landscape
slides, flowerbeds, mono- and multi-species composi-
tions, mix borders with decorative species of bushes and

trees, to improve the condition of administrative prem-
ises, recreation, and health areas. Plants D. moldavica,
S. sclarea, H. angustifolius, H. officinalis, N. transcaucasica,
L. anisatus, O. vulgare are summer-blooming plants, the
flowering of which began in July. Flowering of the men-
tioned species is long-lasting - from 30 to 50 days. The
shortest flowering period (20-30 days) was observed in
the early summer flowering species M. didyma (Table 3).

Table 3. Groups of aromatic plants depending on the timing of flowering in the botanical garden
of the Polissia National University

Phase start time

Group Species
Decade Month
Spring blooming [1-111 May N. transcaucasica
Early summer blooming -1V June L.vera, M. didyma, S. officinalis
D i S scores L gl ol
Late summer blooming I-IvV August S. hortensis, E. cristata
I-IV N. transcaucasica, L. vera (2™ and subsequent years of life),

Autumn blooming -1l

September-October

H. officinalis (1% year of life)

Source: compiled by the authors
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Figure 3. Aromatic plants of the Lamiaceae family in the flowering phase in the botanical garden of the Polissia
National University: 1 — Satureja hortensis; 2 — Dracocephalum moldavica; 3 - Elsholtzia cristata;
4 - Monarda didyma; 5 - Hyssopus officinalis; 6 - Lavandula vera; 7 - Hyssopus angustifolius; 8 - Salvia sclarea;
9 - Nepeta transcaucasica; 10 - Lophanthus anisatus ; 11 - Salvia officinalis ; 12 - Origanum vulgare
Source: photographed by the authors
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Plants S. hortensis and E. cristata, which began to
bloom in August, are classified as late-summer blooming
plants.

H. officinalis plants of the first year of life began
to bloom in September-October. In the case of cutting
the above-ground mass of plants at the beginning of
the flowering phase, the re-formation of inflorescences
was observed in the autumn period. This method allows
adjusting the timing of repeated flowering of species
during the growing season. These species with remontant
properties are classified as autumn-blooming.

The research of Skybitska & Mohylyak (2013)
confirms the repeated flowering of H. officinalis, L. vera
and N. transcaucasica plants in the conditions of the
Western Forest Steppe of Ukraine and notes the special
decorativeness during the flowering of Hyssopus offici-
nalis, Origanum vulgare, Salvia officinalis, Salvia sclarea,
Satureja hortensis.

The obtained research results are marked by the
fact that in the conditions of the Central Polissia of
Ukraine, 12 uncommon plant species were analysed re-
garding the peculiarities of their introduction into cul-
ture and methods of reproduction. Similar research was
carried out in the Polish region for the first time, and
therefore there is almost no information on the culti-
vation of new species of aromatic plants in the scien-
tific literature. Garden centres that sell some types of
plants (Lavandula vera, Origanum vulgare) in the retail
network do not share information about their cultivation
and propagation technology. Seeds of aromatic plants
offered by domestic and foreign enterprises do not always
germinate due to ignorance of cultivation technology.
Therefore, the information presented in this paper can
be useful not only for farmers, but also for owners of
homesteads.

CONCLUSIONS

The third decade of April turned out to be the best period
for sowing plants of the Lamiaceae family in the con-
ditions of the botanical garden of the Polish National
University. Sowing before winter gives the best result for

plants L. anisatus, H. angustifolius, H. officinalis, N. trans-
caucasica, S. sclarea. The optimal seed sowing depth is
10-15 mm, after which the soil is compacted.

It is advisable to propagate annual and perennial
species of plants by seed, and M. didyma, S. officinalis,
L. vera and O. vulgare by vegetative method (cuttings,
particles, cuttings, rhizomes). For L. vera seed germination,
it is necessary to stratify the erems in a moist substrate
at a temperature of +5-7°C for 30 days.

Plants H. officinalis, H. angustifolius, S. sclarea,
N. transcaucasica, L. anisatus, and O. vulgare can spread
through self-sowing and the formation of seedlings re-
sistant to winter temperatures. However, under culture
conditions, M. didyma, L. vera, and S. officinalis plants did
not reproduce by self-sowing.

It is advisable to harvest phytoraw materials for
further use in the food industry and pharmacy during the
flowering phase, cutting annual plants above 10-20 cm
above the ground, perennial plants above 10-30 cm.

The productive potential of plants is evidence of
their adaptation to new living conditions. Among the
annual species, the highest productive potential was
found in D. moldavica plants, the productivity of abo-
veground mass was 24.7+1.7 t/ha, seeds — 0.733%0.03 t/ha;
among perennials, plants of H. officinalis (38.9%0.2 t/ha)
and L. anisatus (44.1x0.9 t/ha), and seeds of L. vera
(0.45%0.029 t/ha) and S. sclarea (0.58%0.053 t/ha). The
highest yield of essential oil in terms of absolute
dry matter was found in plants of S. officinalis (1.2%),
L.vera (1.808%) and H. angustifolius (2.054%).

Depending on the features of flowering, plants
of the Lamiaceae family are divided into groups: spring-
blooming (1 species), early summer-blooming (3 spe-
cies),summer-blooming (7 species),late summer-bloom-
ing (2 species) and autumn-blooming (3 species with
remontant properties).

Aromatic plants are characterised by different pe-
riods of flowering, a significant duration of the named
period,and therefore it is advisable to use them in land-
scape design, to improve the condition of recreational
areas and administrative premises.
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BBefeHHSs B Ky/ibTypYy, PO3MHOXXEHHS Ta NPOAYKTUBHICTb apOMaTUYHUX POCITUH
poauHu lamiaceae y LleHTpanbHoMy Monicci YkpaiHu

loamuna AHatoniisHa KoTiok, IpuHa BikTopiBHa IBaweHko,
bopuc Bacunbosuu bopuctok, AHapiin OpectoBuu lMiuinb, IHHa AHaToniiBHa MoxapiBcbka

lNonicbkui HaLiOHANbHWIA YHIBEPCUTET
10008, 6-p Crapwui, 7, M. XXutomup, YkpaiHa

AHoTauif. BnpoBagkeHHs B KynbTypy HOBUX BUAIB apOMaTUYHUX POCAUH POAMHM Lamiacede € akTyanbHUM Ans
36araveHHs 6ionoriyHoro pisHoMaHiTTa dnopu LieHtpanbHoro Moniccs Ykpainu, a TakoX A1 po3LWMPEHHS CUPOBUHHOI
6a3n NpsHO-apoOMaTUYHMX, NiKAPCbKUX, Xap4YOBUX, AEKOPATUBHUX Ta MEAOHOCHUX POCIAMH. MeTa JOCNiAXEeHHS —
BCTAHOB/IEHHS METOA,iB PO3MHOXEHHS apOMATUYHMX POC/IMH, ONTUMANbHUX CTPOKIB MOCIBY I N/OLL, XMBNEHHS, OTPUMAHHS
dITOCMPOBMHM | HACIHHEBOTO MaTepiany. MeToamM fOCNigKEHHS: 1aBOPaTOpPHi, NOMbOBI, CTaTUCTUYHI. byno BCTaHOBNEHO,
WO HaWKpalwmii nepion ciBby pociMH poauHu Lamiaceae B ymoBax 60TaHiyHOro cagy llonicbkoro HauioHanbHOro
YHiBepCUTETYy - TpeTa AeKaaa KBITHA. BUKOPUCTaHHS Pi3HUX METOLAIB PO3MHOXKEHHS CBiAYMUTb PO AOLIbHICTb HACIHHEBOTO
PO3MHOXEHHS YCiX AOCNIAXYBaHUX OAHO-Ta 6araTopiyHMX BUAIB POCIUH, @ pociuH M. didyma, S. officinalis, L. vera i
O. vulgare - TakoX NapTUKynamu, KOPeHeBULLAMM, Bigcaakamu, xmsuamu. Pocaunu S. hortensis, D. moldavica, E. cristata,
H. officinalis pekoMmeHA0BaHO po3MilLyBaTH 3a cxeMoto 30x45 cM, L. vera, L. anisatus, N. transcaucasica, S. officinalis, -
30x50 c™m,a O.vulgare, S.sclarea, M. didyma,- 40x50 cm. Cepef, 0AHOPIYHUX BULIB HANBINbLUKMIA NPOAYKTUBHUIA NOTEHLLiaN
BUSBNEHO Y pocnuH D. moldavica, NpooyKTUBHICTb HAA3EMHOI Macu SKUX CTaHoBWUNA 24,7%1,7 1/ra; cepep, 6aratopiyHux -y
pocnuH H. officinalis (38,9+0,2 1/ra) Ta L. anisatus (44,1£0,97/ra). Hainbinbwuit Buxis edipHoi onii y nepepaxyHky Ha
abCoNTHO CyXy pevyoBUHY BCTaHOBMIEHO Yy pocnuH S. officinalis (1,2 %), L. vera (1,808 %) Ta H. angustifolius (2,054 %).
OTpuMaHi pe3ynbTaTi JOCNIIKEHb WOA0 CNOCO6iIB PO3IMHOXEHHS MOXKYTb OYTW BUKOPWUCTaHI A5 BUPOLLYBAHHS HOBUX
BMAiB apOMATUYHMX POCAUH pOAaMHU Lamiaceae 9K Ha NpUCagmMbHUX AiNSHKAX, TaK | B arpapHUX NignpueMCTBax.
Hanbinblu NnpoayKTUMBHI BUAM apOMATUUYHMX POCSIMH JOLINIBHO BMNPOBALXKYBATH Y BUPOOHULITBO 3 METOK MOAANbLIOIO
BMKOPUCTAHHA QIiTOCMPOBKHK 11 edipHOT 0niT y dhapMmalLlii, XapyoBii Ta iHWKMX rany3sax HapogHOro rocnoaapcTea

KniouoBi cnoBa: Lamiaceae, iHTpOAYKLiSl, METOAN PO3MHOXEHHS, MPOAYKTUBHUIM NOTEHLiaN
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