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ABSTRACT

This study was aimed at theoretical generalizations and experimental results of research on the influence of the
combined cultivation of medicinal plants wild chamomile (Matricaria recutita L.) and root chicory (Sychorium
intybus L.) in the rows of gardens, which actualizes the issue of increasing productivity in industrial orchards.
Therefore, the authors strove to increase the efficiency of growing research crops using fruit plantations, thereby
ensuring a shortened payback period for capital investments spent on their creation. The conducted scientific stud-
ies have shown that the effect of aster yield on the content of bioactive substances in medicinal plant raw materials
depends on the type of soil and climatic conditions of the studied territory, the cultivar, the sowing period, the
genetic characteristics of the seeds, and the sowing conditions, etc. The purpose of the conducted research was to
determine the patterns of crop formation of the presented medicinal plants in the inter-row orchard according to
the elements of agricultural techniques of cultivation under the agroecological conditions of the Right Bank Forest
Steppe of Ukraine. As a result of the conducted research, the expediency of cultivating existing plants on the area
of the allotted plot was confirmed. The optimal timing of autumn sowing for cultivar ‘Perlyna Lisostepu’ with a
seeding rate of 6 kg/ha and a yield of dry mass of inflorescences of 1.81 t-ha™' was studied. The main indicators
of the seedless method of planting chicory root crops of the second year for wintering in the open ground were
established, while 35-40 t-ha™' of high-quality root crops were obtained. Using the methods of qualitative and
quantitative analysis, the raw materials of chamomile medicinal cultivars ‘Perlyna Lisostepu’ and ‘Bodegold’ were
investigated for the content of flavonoids, chamazulene and its derivatives, as one of the important indicators of
the quality of the essential oil, as well as the component composition of the root chicory cultivars ‘Umansky-99’
and ‘Umansky-97°, in relation to the quantitative ratio hydroxycinnamic acids and flavonoids in a 1:1 infusion.
Accumulation of inulin continued throughout the growing season of root chicory, reaching the optimal content at
the beginning of technical ripeness, and the highest rate was 11.5-17.51% in the sub-winter sowing period.

Keywords: medicinal chamomile, root chicory, productivity, chemical composition, quality of raw materials,
compatible plantings.

INTRODUCTION under the conditions of the forest-steppe of the
Right Bank of Ukraine, the development and

The strategic task of Ukrainian agricultural  implementation of innovative technologies in the
production is to increase the demand for plant  elements of the production of plants of the aster
products and obtain a stable assortment of them. family (Asteraceae): medicinal chamomile (Mat-
For the effective use of the biological potential of  ricaria recutita L.) and root chicory (Sichorium
cultivars as well as natural and climatic resources intybus L.) is relevant for maximum yield and
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quality of raw materials. The aster family is rep-
resented throughout the world and in all climate
zones. The main common feature of the plants of
this family are daisy-like flowers, which, when
studied in detail, have a basket inflorescence con-
sisting of two types of flowers: tubular and reed
(Shevchuk, Holunova, 2019; Haji Akber et al.,
2020; Kviatkovskyi et al., 2022; Padalko, 2022).
Matricaria recutita L. — a valuable medicinal
plant the raw materials of which are rich in natu-
ral antioxidants, essential oils and other bioactive
metabolites with antioxidant, anti-inflammatory,
antiseptic, antispasmodic, emollient and choleret-
ic properties and other functions that have a wide
range of uses. The potential of its use is based on
the improvement of the elements of organic culti-
vation technologies, which contributes to the in-
crease of the quantitative and qualitative potential
of crop production (Hadi et al., 2015; Sah et al.,
2022; (Pantsyrevaetal., 2019). Cichorium intybus
L. — medicinal, technical plant, the root of which
contains polysaccharide inulin, glycoside intibin,
various tannic and organic acids, proteins, pectin
substances and resins. Leaves and stems contain
carotene, carbohydrates, choline, vitamins, and
minerals (Street, 2013; Baranovsky et al., 2017).
There is a global technological tension be-
tween the intensification of production and the ra-
tional use of natural resources in the search for safe
technologies for growing agricultural crops, in-
cluding garden crops. Owing to this approach, new
features are created in the biome garden. A well-
developed root system is a habitat for many soil
organisms. They provide shade for grass to grow
on hot summer days, and they also form mulch and
litter to fertilize the soil (Pantsyreva et al., 2020).
The intensification of the production of medicinal
chamomile and medicinal chicory requires the use
of new technologies to compensate for natural re-
sources as well as ensure increased productivity
and economic efficiency, therefore growing me-
dicinal plants on garden paths is desirable.
Economic efficiency can be enhanced by im-
proving cultivation techniques without the use of
pesticides and harvesting organic products of ap-
propriate quality that contain certain derived com-
pounds. There is a great interest in this technology
because today’s non-observance of classic crop ro-
tations is a consequence of an imbalance in the agro-
ecosystem, manifested by problems of pest, disease
and weed control (Mirzoieva, 2020; Smielova,
2018; Puyu et al., 2021). Chamomile was grown
for three years in a row, and chicory, a perennial

crop, was studied under siderate conditions. In the
absence of organic fertilizers, soil fertility decreas-
es. Therefore, since both medicinal and fruit crops
need organic fertilizers, siderates ensured a positive
balance of organic matter in the soil as well as im-
proved its physical and chemical properties.

For the cultivar, the area of distribution is
characteristic. This is since cultivars formed un-
der other conditions cannot guarantee the expect-
ed yield results if they lack environmental plas-
ticity (Caballero-Serrano et al., 2019; Wan et al.,
2019). The second important issue when evaluat-
ing the yield of the studied cultivars is the profit-
ability of the culture and the economic feasibility
of its cultivation on the world market.

An important place among agrotechnical mea-
sures in the technology of growing chamomile
and root chicory is the sowing period. It has been
proven by many years of research that the sow-
ing period allows obtaining friendly seedlings,
to optimally form the phases of growth and de-
velopment of plants, ensuring uniform technical
ripeness, and carrying out mechanized or manual
harvesting with high quality indicators, since the
yield of these crops depends on many conditions
(Mazur et al., 2018; Honcharuk et al., 2022). In
Ukraine, the majority of production farms that
grow medicinal and essential oil crops are pri-
vate enterprises, individual entrepreneurs, farms
and peasant farms. The list of cultivated crops de-
pends solely on the market conditions: the crops
grown 10 years ago are very different from those
grown today. The difference lies not only in the
peculiarities of the biology of crops, but also in the
peculiarities of assessing the quality indicators of
raw materials. Therefore, the main task of farms,
industrial enterprises and research centres is to
obtain the products that meet the requirements of
national standardization and can be successfully
sold on the world market (Mazur et al, 2021).

The purpose of the study was to investigate
the features of yield formation and indicators of
quality and nutritional value of modern high-
yielding cultivars of chamomile and root chicory
in garden and park plantations under the condi-
tions of the Right Bank Forest Steppe of Ukraine.

MATERIAL AND METHODS

The uniqueness of this research lies in the
fact that Ukrainian scientists have conducted a
small number of reliable studies of the presented
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crops, which is of considerable value, and also
in the fact that the joint cultivation of medicinal
plants in horticulture can be a reserve for increas-
ing the commercial profitability of crops in the
garden (Song et al., 2010). Scientific research on
the effect of technical factors on productivity has
been published in scientific papers, but there is
a wide range of technical methods and new re-
search is needed. According to the generally ac-
cepted methodology, oil radish was taken; these
crops were grown on siderate, and the authors
were interested in the problem of determining the
best factors in previous studies. According to the
amount of vegetable mass of oil radish in abso-
lute dry matter of 3% nitrogen, 1% phosphorus
and 3% potassium, it is possible to obtain a yield
of siderates at the level of up to 40 t/ha, when
applying N.; . P K .. to the soil, as a result
of ploughing in the indicated amount of radish
(Doslidna sprava v ahronomii, 2016).

The object of research involves the processes
of individual growth and development of plants,
the productivity of chamomile and chicory in the
inter-row orchard, the study of indicators of qual-
ity and nutritional value depending on the studied
factors under the conditions of the Right Bank For-
est Steppe of Ukraine. Experimental research was
conducted in 20202022 as part of stationary field
experiments in the Right Bank Forest-Steppe zone
of Ukraine, which made it possible to make the
most of the natural resources of the region and re-
duce the impact of adverse weather conditions on
the growth and development of crops. The study
of productivity indicators of medicinal crops in
joint cultivation was carried out in four-fold repe-
tition using four rows of control trees. Clean steam
was provided by disking to a depth of 15 cm and
manual weeding (four times during the growing
season). The rest of the care was the same for each
option. The care of medicinal plants consisted of
manual weeding. Mineral fertilizers, synthetic
chemical plant protection agents and irrigation
were not used. The test for medicinal chamomile
is three-factor: factor A — cultivars ‘Perlyna Liso-
stepu’ and ‘Bodegold’; factor B — sowing dates:
spring (III period of March), summer (III period
of June), and autumn (III period of September);
factor C — optimal seeding rate: 6 kg ha™. For root
chicory — factor A — cultivars: ‘Umansky-99° and
‘Umansky-97’; factor B — sowing dates: winter |
period of October-November, early spring (I pe-
riod of April-May) and summer (I period of June-
July). The total area of the organic garden is 1.0
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ha, and half of the area (0.5 ha) has natural grass
growing as a living mulch since 2019, which is
mowed periodically (the mowed mass remains in
place). The size of elementary plots of the pre-
sented medicinal plants is 40 m?, accounting — 24
m?. Cereals constituted the predecessor. The plot
for chamomile was chosen for three years due to
dense self-sowing. Soil cultivation was carried out
in the area between the rows of apple orchards,
with a short cycle in a special rotation of grain
crops. The main cultivation of the soil was carried
out to a depth of 22-25 cm. For ploughing the soil
before sowing, a cultivator with arrow feet was
used. Tillage was carried out at the same time as
sowing with a tooth harrow, or rolling, if the soil
was not sufficiently moist. Ploughing was carried
out at an angle to cultivation, which was carried
out to a depth of 4-6 cm for better levelling of the
soil surface and ensuring high quality of sowing.
In spring, the main tillage was pre-sowing, and
sowing was carried out with a vegetable seeder to
a depth of 1.5 cm, in a wide-row method against
the background of applying 15 t/ha of organic
fertilizers.

The soil of the experimental field is cherno-
zem, chernozem, gilded with coarse dust and me-
dium loam on loess-like loams. Humus content
(according to Tyurin) in the 0-3 cm soil layer
is 2.8-3.6%. The content of easily hydrolysable
nitrogen compounds (according to Kornfield) is
9.0-11.6 mg per 100 g of soil, mobile phosphorus
(according to Chirikov) 6.0-8.5 and exchangeable
potassium (according to Chirikov) — 6.9-10.0 mg
per 100 g of soil (Pankiv, 2017).

The analysis of climatic conditions and the
level of their variability during the research pe-
riod was carried out according to the methodol-
ogy described in the recommendations “Funda-
mentals of applied mathematical analysis in agri-
cultural research” (V.F. Kaminsky). According to
phenological observations of the phases of plant
growth and development in field experiments,
10% of plants entered the initial phase, and 75%
of plants entered the full phase on the day of entry
into the full phase. The study of growth of plant
volume and dry matter accumulation was carried
out according to the main phases of plant devel-
opment by the sampling method. The soil and cli-
matic conditions of the Right Bank Forest Steppe
of Ukraine are diverse, which makes it necessary
to sow chicory at different times, as this is an im-
portant factor in the technology of growing this
crop. Successfully selected sowing times make it
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possible to obtain friendly seedlings, ensure the
optimal start of the phases of growth and devel-
opment of plants, uniform ripening of the crop
and suitability for long-term storage, and main-
tain high quality indicators (Travel forecast for all
populated points of Ukraine, 2019).

In order to create the most favourable condi-
tions for the appearance of friendly and uniform
chicory seedlings, their further development, the
formation of high yields and the effective use of
mechanization means, sowing must be carried out
in the optimal agrotechnical terms, and the optimal
sowing rate and depth of seed wrapping should be
established. The main criterion for evaluating any
technical measures, such as the method of sowing
and the rate of sowing, is the germination of seeds
and the yield of plants. The yield of raw materi-
als was determined by separating and drying the
inflorescences of each variant of the experiment
to 100% purity and standard humidity. The results
of the study were processed by the method of dis-
persion and correlation analysis.

When determining the productivity, the num-
ber of accounting plots was sufficient so that the
error was no more than 15% during statistical
processing. All raw phytomass was collected at
each accounting site in accordance with the re-
quirements of the instructions for collecting and
drying this type of raw material. Germination,
juvenile or damaged specimens were not subject
to collection. The collected raw materials were
immediately weighed with an accuracy of +5%,
calculated as air-dry raw materials. On the basis
of the data on the yield of Medicinal Plant Raw
Materials on individual plots, the average yield
on this industrial area was calculated (Doslidna
sprava v ahronomii, 2016).

Preparation of samples for analysis was carried
out according to the methodology approved by the
State Pharmacopoeia of Ukraine. For this purpose,
1000 g of appropriately prepared raw materials in
the form of a dry powder were used: the weight
indicated in the State Pharmacopoeia of Ukraine
(2.8.12) was placed in a distillation flask and a
solution of water and xylene was added. Distilla-
tion was carried out for 4 hours. The condensate
containing the blue oil was collected. Qualitative
and quantitative analysis was carried out by the
method of thin-layer chromatography in compli-
ance with the requirements of national standards
of Ukraine. For the analysis, thin-layer chroma-
tography on Sorbfil plates with a layer of silica
gel F254, mobile phase — ethyl acetate-toluene

solution (5:95), anisaldehyde solution and com-
parison solutions were used to accurately deter-
mine the content of guaiaculene, a-bisabolol and
bornyl acetate in toluene. The samples for analysis
were applied to thin-layer plates in strips. Identi-
fication was carried out in several stages: under
UV irradiation at 250 nm, observation at 360 nm,
spraying of plates with anisaldehyde solution and
daytime observation after heating to 100°C, 5 min
(Derzhavna Farmakopeia Ukrainy, 2021). The
moisture content of all chamomile samples, mea-
sured by the gravimetric method, was 5 + 1%.

Determination of essential oil content in plant
samples and quality indicators TLC No. 040320
(sample application protocol on GAMAG Lino-
mat 5 applicator) in accordance with the require-
ments of the State Pharmacopoeia of Ukraine, 2.0,
volume 3, article 445, Scientific and Production
Firm “Vilarus” LLC. LLC Scientific and Produc-
tion Firm “Vilarus”) was carried out with the par-
ticipation of LLC Scientific and Production Firm
“Vilarus”. An important valuable food compound
synthesized in chicory and responsible for its me-
dicinal properties is inulin, in particular a polysac-
charide with a chain of D-fructofuranose residues
ending with D-glucose residues. It is obtained by
grinding roasted chicory roots, extracting them
with water as an extractant, and drying the ex-
tract using various methods, setting a number of
requirements, in particular for organic properties
and inulin content (Nigussie et al., 2021).

The quantitative determination of hydroxycin-
namic acids in the studied objects is based on the
spectrophotometric method (DSTU 4981:2008.
Tsykorii koreneplidnyi. Zbyrannia. Pokaznyky
yakosti ta metody yikh vyznachannia). Accord-
ing to this method, 2.0 g (exactly weighed) of the
crushed raw material was placed in a flask with a
capacity of 200 ml and poured with 70 ml of 20%
ethanol R. The flask was connected to a reflux
condenser and heated in a water bath for 15 min.
The extraction was performed three times. The
extract was cooled and filtered through a paper fil-
ter using a Buchner funnel. The extract was quan-
titatively transferred to a volumetric flask with a
capacity of 250 ml and the volume of the solution
was brought up to the mark with 20% ethanol P
(solution A). Then, 1 ml of solution A was added
to a volumetric flask with a capacity of 50 ml and
brought up to the mark with 20% ethanol R. The
optical density of the solution was measured on a
spectrophotometer Lambda 25 at a wavelength of
327 nm in a cuvette with a layer thickness of 10
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mm. For comparison, 20% ethanol R was used.
The qualitative composition and quantitative con-
tent of hydroxycinnamic acids were also studied
by the method of high-performance liquid chro-
matography (Marchyshyn et al., 2016).

The composition of chicory decoction was
studied by liquid chromatography using isocratic
and gradient elution. Since the mode of isocratic
elution did not allow the isolation of phenolic
substances in the infusion (purity factor <70%),
the composition of the components was evaluated
only according to the data obtained by the gradi-
ent elution method (Abbas et al., 2014).

RESULTS AND DISCUSSION

In the English-language scientific literature,
the combined cultivation of fruit trees and addi-
tional crops is defined as “agroforestry improve-
ment based on fruit trees”. If the main source of
income is not fruit trees, but additional crops,
for example, medicinal plants, then this is called
“agrolysmelioration based on medicinal plants”
(medicinal plant agroforestry). In addition to
commercial benefits, medicinal plants attract pol-
linating insects, improve soil health, and enrich it
with nutrients (Chen et al., 2016; Alipour et al.,
2021; Ozdamar, Yiicel Caymaz, 2022).

Medicinal chamomile and root chicory are
high-yielding and chemically valuable crops that
are of strategic importance for research in the ag-
ricultural sector from the point of view of organic
crop production (Baula, 2017). Scientists S.O.
Chetvernya, M.1. Djurenko and O.P. Palamarchuk
stated that intensive life processes and repro-
duction of wild chamomile provide a sufficient
amount of mineral compounds and soil moisture,
and that chamomile is characterized by low com-
petition with perennial weeds (Chetvernia, 1987).
The authors Bakhmat M.I. and Padalko T.O. reg-
ulate that in joint or specialized farms, chamomile
should be sown at different times to extend the
flowering period of the crop from June to August,
especially with a special method for drying them
and reducing peak loads (Padalko et al., 2021).

Through their research, A.S. Bolotskikh, Yu.M.
Andreev and N.I. Bannikov and O.V. Weavers say
that chicory can be grown in a cultivar of soils, but
loose, easily cultivated soils that are non-acidic (pH
5.6-5.8) and require more oxygen and moisture
are preferred. Heavy clay soils and low-lying are-
as are not suitable for growing chicory. However,
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on heavy clay soils, cultivation is possible provid-
ed that organic fertilizers are applied, and in their
studies, early spring, late spring, summer, sub-win-
ter, sub-winter and winter sowing periods are dis-
tinguished (Tkach, Ovcharuk, 2020).

The authors M.I. Bakhmat and O.V. Tkach
note that in the dynamics of changes in the chemi-
cal composition of the roots and leaves of root
chicory and the nutritional value during the grow-
ing season, significant changes of one or another
indicator are observed: the beginning of October
was marked by a sharp increase in the dry mat-
ter content of the root crop; therefore, in the first
period of October, it was 25%. The carbohydrate
complex also increased. In young root crops, it ac-
counted for 9% of the total carbohydrate content,
reaching a level of 19% for this period. Similar
changes were observed in chicory leaves, where
the total carbohydrate content in the leaves on July
15 was up to 1% and 2% on October 15 (Tkach et
al., 2023). The biological value of chamomile is
related to its chemical composition. Active com-
ponents are found mainly in fresh or dried flow-
ers, so decoctions and essential oils are used in
medicinal preparations. Up to 2% essential oil is
obtained from the flowers, which contains more
than 120 components (Derzhavna Farmakopeia
Ukrainy, 2021). The oil is mainly composed of
terpenoids, mainly sesquiterpenes and a-bisabol.
According to the authors’ scientific results, a num-
ber of components, organic and inorganic com-
pounds, were found in chamomile essential oil,
with a maximum content of 0.85% in the flowers.
Hamazulene does not occur naturally, but pro-
azulene and matricin, both present in chamomile
flower heads, are known to be cleaved to hamazu-
lene during steam distillation. Other components,
such as flavonoids, coumarins, and phenolic acids,
are water-soluble, so they can be consumed as a
medicinal tea. The main flavonoids are apigenin,
quercetin, patulin and luteolin; they are present in
concentrations of 16.8%, 9.9%, 6.5% and 1.9%
respectively, which of course also vary between
species and cultivars. About 28 terpenoids and 36
flavonoids were isolated from different chamo-
mile cultivars (Ramadan et al., 2006). The results
showed that certain amounts of chamazulene,
a-bisabolol, a-bisabolol oxide and P-farnesene
were present. These aromatic compounds are rep-
resentatives of the sesquiterpene family and are
formed from azulene, particularly gamazulene,
which is synthesized by decarboxylation with an
intermediate step of gamazulenecarboxylic acid
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Figure 1. Schematic of the reaction of the biosynthesis of Chamazulen

formation from the sesquiterpene matricin in wild
chamomile oil (Figure 1).

Other complex mixtures include the monoter-
pene bicyclic alcohol borneol, the flavonoids api-
genin, luteolin, quercetin, isorhamnetin, kaemp-
ferol and its derivatives, the coumarins umbel-
liferone, guerniarin, daphnin, and daphnetin. The
presence of phytosterols, choline, isovaleric acid,
salicylic acid, caprylic acid, vitamin C, carotene,
gum, mucilage and polyacetylene was also found.
It was also noted that the plant contains seleni-
um and some heavy metals, including zinc and
copper salts. Chamomile essential oil relieves
pain, inflammatory processes, reduces gas forma-
tion, normalizes the work of the gastrointestinal
tract, stimulates the central nervous system, ex-
pands cerebral vessels, increases the number of
contractions, and improves breathing; however,
large doses of essential oil can cause headaches
and general weakness. Apigenin and puerarin
have a mild antispasmodic effect. Glycosides can
increase the secretion of gastric and intestinal
juice, stimulate appetite, and increase bile secre-
tion. Khamazulen has pronounced anti-allergic,
anti-inflammatory, local anesthetic properties,
the property of enhancing regenerative processes
(Srivastava et al., 2010).

Many publications are devoted to the study of
indicators of nutritional value, chemical compo-
sition and antimicrobial activity of chicory root.
However, there is little data on the component
composition of chicory in the available litera-
ture; thus, research in this direction is important
and relevant. To date, scientists have focused on
compounds belonging to coumarins, flavonoids,
sesquiterpenoids, triterpenoids, steroids, organic
acids and other chemical components. Pharma-
cological effects such as photoprotective, hepa-
toprotective, antidiabetic and hypolipidemic,
antioxidant, anti-inflammatory, antifungal, anti-
malarial, bone mineral density-increasing, and
vasodilator and antitumor effects have been wide-
ly reported (Haji et al., 2020). Medicinal plants

did not compete with garden fruit crops during
the growing season. When planning the harvest-
ing of root chicory and medicinal chamomile, the
results of yield accounting for each year of the
study were calculated for both crops. Yield ac-
counting in the conducted studies was carried out
for each variant of the experiment and the average
values of all four indicators were determined in
repetitions. The horizontal distribution of plants
on the sown area, that is, the method of sowing,
largely determined the future yield for crops.

It should be noted that similar scientific stud-
ies have not been conducted in the Right Bank
Forest Steppe until now. The obtained results are
unique and original as well as indicate that the
yield of medicinal chamomile and root chicory
depends on the cultivar, the time of sowing and
the growing conditions of the temperate cli-
mate zone. To obtain crops of root chicory (Ba-
ranovsky, 2017), the time of sowing is important,
which strongly depends on the climate, biology
of the culture, etc. The main biological feature of
growing a two-year crop is that it does not enter
the growth phase under normal conditions of de-
velopment during the first year of life, which is
associated with a delay in this process.

Technical maturity of root crops during early
spring sowing is important for chicory produc-
tion. The development of the above-ground mass
of the chicory root can be observed to make a pre-
liminary prediction of the future harvest. Roots of
chicory form a sufficient assimilation surface after
about 40-80 days. For chicory roots with an aver-
age leaf area, active plant growth lasts about 100
days. Studies have shown that high yields are pos-
sible even with a small leaf area. At the same time,
the dependence between the area of the leaf sur-
face and its yield was clearly demonstrated. With
an increase in the leaf surface, the yield of chicory
root crops of the ‘Umansky-99’ cultivar increased
to 34.6 t/ha, according to the research results (Fig-
ure 2). The ability to harvest up to three times a
year from one plot is characterized by a high

255



Journal of Ecological Engineering 2023, 24(8), 250-259

2242

= 45,5

2019
== Plant yield, t/ha === Root crop yield, t/ha

2221 1985

2020

2500
2000
1500
1000

Leaf surface area, m2/ha

500

0
2021

FP leaves, m. sq./ha ====FP leaf surface, m sq./ha

Figure 2. Dynamic indicators of root chicory yield formation according to the area of the sheet

intensity of management, which can increase the
productivity of 1 ha of area up to 80% (Figure 3).
The yield of medicinal chamomile after harvest-
ing was lower than that of chamomile sown in the
spring. On the other hand, the chamomile sown in
summer has vigorous growth, which accelerates
the phenological process and leads to earlier flow-
ering and fruiting.

Taking into account more favourable climatic
conditions for the formation of generative organs
of the chamomile plant: the average temperature
in 2021 was 21.90°C, in 2022 it was 20.30°C,
and the amount of precipitation was 129.9 mm,
while in 2022 the plant withstood drought up to
115.5 mm per year. During the studied period, the
yield of raw materials of ‘Perlyna Lisostepu’ and

summer autumn

spring ©

Perlyna Lisostepu ©
2020

‘Bodegold’ ranged from 0.68 to 1.81 t/ha and from
0.57 to 1.65 t/ha, respectively. The maximum yield
of inflorescences was provided by the ‘Perlyna
Lisostepu’ cultivar (1.81 t/ha) during the autumn
sowing period at the sowing rate of 6 kg/ha in 2020.
It should be noted that the indicators of quality and
nutritional value of plant material are one of the
main evaluation criteria and are therefore evaluat-
ed according to the general technical and chemical
composition of the material (Table 1).

Chamomile quality indicators varied from a
minimum flavonoid content of 1.34% to a maxi-
mum of 6.89 ml kg of essential oil. The presence
of a-bisabol, borneol, bornyl acetate, chama-
zulene, guaizaulene and other cultivars was re-
vealed. Both cultivars meet the requirements of

127
.03

summer autumn

Bodegold

spring

2021 2022

Figure 3. Dynamics of yield formation of medicinal chamomile depending on research factors

Table 1. Quality indicators of chamomile inflorescences, depending on the studied factors, (average for 2020-2022)

Index
. Term of
Cultivar sowing Flavonoids in terms of rutin Essential oil in terms
in dry raw materials, % of dry raw materials, Ml/kg

Spring (c)* 1.74 5.98

Perlyna Lisostepu Summery 1.56 5.44

Autumn 2.28 6.89

Spring 1.58 5.67

Bodegold Summery 1.34 5.18

Autumn 2.09 6.03

Coefficient (V), % 20,01 10.02
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the State Pharmacopoeia of Ukraine 2.0 Volume
3 (Figure 4).

The obtained chromatograms had several ab-
sorption bands corresponding to the content of the
component. The retention factor (Rf) was defined as
the ratio of the distance from the sample application
point to the centre of the spot on the chromatogram
to the distance travelled from the application point
to the solvent front. The main spot on the chro-
matogram obtained with the test solution and the

corresponding spot on the chromatogram obtained
with the reference solution were visually compared
in terms of colour, size, and retention (Rf) of both
spots. The qualitative index of flavonoids in terms of
rutin in the completely dry root material of chicory
ranged from 2.0 to 29.4%, while the highest inulin
was observed in the ‘Umansky-97’ cultivar during
the sowing period of August 25-28 — 18.4% (Table
2). The mode of gradient elution of liquid chroma-
tography for the detection of 10 components from

~  guaiazulene L. 0:23 () o9
x> hamazul ene | L..0.% 06
v bomyl acetate 0,03 ) 65

<+ borneol 0,33 53
o ether [T 3]
o a-bisabolol |GGG {3

~  hamazulene NN §.13

0 0.2 0.4

0.6 0.8 1 1.2

mR f delay factor Spot number on the chromatograph Component Bodegold

Figure 4. Identification of chamomile cultivars depending on the studied factors

Table 2. Indicators of root chicory quality depending on the studied factors (average for 2020-2022)

Torm of Cultivar Flavonoids in terms of rutin in dll';deXEssentiaI oil in terms of dry raw
sowing raw materials, % materials, ml/kg
10-13.07 29.04 16.08
25-28.07 8.09 17.03
05-08.08 11.09 18.04
15-18.08 Umansky-99 18.01 16.09
25-28.08 12.03 17.03
10-13.07 10.01 14.76
25-28.07 7.04 11.50
05-08.08 6.03 16.09
15-18.08 Umansky-97 4.01 16.85
25-28.08 2.02 17.51
Coefficient (V), % 71.08 11.09

= isovanilic acid L

v chlorogenic acid

e« p-hydroxybenzoic acid

o caffeic acid

— gallic acid

0 5 10 15

'Phenolic compounds (%) Umansky-97

m Phenolic compounds (%) Umansky-99

20 25 30 35 40

Figure 5. The ratio of hydroxycinnamic acids to phenolic compounds in root chicory
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the infusion of chicory root, the detection wave-
length of 360 nm shows the indicators of acids that
had minor errors in the result (Figure 5).

The ratio of hydroxycinnamic acids to flavo-
noids was 1:1. Among hydroxycinnamic acids,
caffeic acid prevailed. Their sum was up to 34%
of the total content of phenolic compounds. In-
dividual hydroxycinnamic acids — chlorogenic,
isonilic, caffeic, gallic, and hydroxybenzene —
were detected in the researched chicory raw ma-
terial using the method of high-performance lig-
uid chromatography, and their quantitative con-
tent was determined, so it can be recommended
for the standardization of raw materials.

CONCLUSIONS

The maximum yield of inflorescences was
shown by the wild chamomile cultivar ‘Perlyna
Lisostepu’ cultivar of autumn sowing — 1.81 t-ha™!
at the optimal sowing rate of 6 kg-ha™'. With an
increase in the leaf surface, a high level of soil en-
richment with organic and mineral compounds, the
yield of chicory roots of the cultivar ‘Umansky-99°
cultivar increased to 34.6 t-ha™'. The presence of
a-bisabolol, borneol, bornyl acetate, chamazulene,
guaiazulene, as well as other unidentified sub-
stances was found in the solution of essential oil of
chamomile flowers of medicinal cultivars. Using
liquid chromatography methods, it was found that
chicory root decoction contains cinnamic acid de-
rivatives and flavonoids in particular caffeic acid,
chlorogenic acid and others. As a result of the con-
ducted research, it was determined that the content
of the most valuable component — inulin is 17.51%.
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