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The main goal of the current study was to determine the antioxidant activity of leaf extracts of six Camellia japonica
L. cultivars, using the biomarkers of protein oxidation [aldehydic and ketonic derivatives content] in the in vitro
equine erythrocyte model. The leaves of Camellia japonica cultivars Kramer’s Supreme, C.M. Wilson, La Pace, Mrs.
Lyman Clarke, Benikarako, Fanny Bolis plants cultivated under glasshouse conditions, were sampled at M.M. Gryshko
National Botanic Garden (Kyiv, Ukraine). Freshly collected leaves were washed, weighed, crushed, and homogenized
in 0.1 M phosphate buffer (pH 7.4) (in proportion 1: 19, w/w) for 2 min at room temperature. The extracts were then
filtered and used for analysis after two weeks. A volume of 0.1 ml of the plant extracts was added to 1.9 ml of equine
plasma. Phosphate buffer phosphate buffer was used for positive control. After incubation of the mixture at 37 °C for
60 min with continuous stirring, it was centrifuged and plasma aliquots were used in the study. The aldehydic and
ketonic derivatives content as a biomarker of protein oxidation was non-significantly altered after in vitro incubation
with extracts obtained from the selected Camellia japonica cultivars. The percent of the increase had oscillated from
0.2 % (cv. Benikarako) to 2.4 % (cv. C.M. Wilson). Of the six plant extracts screened, C. japonica cv. La Pace exhibited
the highest increase of the level of ketonic derivatives of oxidatively modified proteins (OMP) (by 15.3 %, p >0.05).
Cultivars C.M. Wilson, Kramer’s Supreme, Benikarako, Mrs. Lyman Clarke, and Fanny Bolis exhibited a non-significant
increase of ketonic derivatives’ level by 10.8 %, 10.8 %, 7.6 %, 6.6 %, and 6.3 %, respectively. Some fluctuations in
the protein oxidation profile in the plasma across different cultivars were found. Such differences could be related to
the plant's metabolic state. Screening of Camellia species and their cultivars for other biological activities including
antioxidant and anti-inflammatory activities is essential and may be effective for searching the preventive agents in
the pathogenesis of some metabolic diseases.
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Introducion

Camellia genus belongs to the Theaceae family, found in
southern and eastern Asia, from the Himalayas east to
Japan and Indonesia. Green tea (Camellia) has received
much attention as a beverage worldwide during the
last few decades due to its various beneficial effects on
human health, including different types of cancer, heart

disease,andliverdisease, etc. (Chackoetal.,2010; Bashir
etal., 2014). The studies reveal that green tea possesses
diverse pharmacological properties, in particular, to
lower the incidence of metabolic syndromes, such
as obesity, type Il diabetes, and cardiovascular risk
factors (Chacko et al., 2010). Long-term consumption
of tea catechins could be beneficial against high-fat
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diet-induced obesity and type Il diabetes and could
reduce the risk of coronary disease (Chacko et al,
2010). Green tea was also reported as useful against
HIV strains (Fassina et al.,, 2002). An aqueous extract
of Camellia sinensis L. was found to be effective against
Gram-positive, Gram-negative bacteria, and fungi
(Khan et al., 2019). The most important finding of this
study is that its aqueous extract shows inhibitory effect
against drug-resistant microorganisms e.g. MRSA,
Pseudomonas aeruginosa, and Candida albicans (Khan
et al, 2019). The effects of green tea include anti-
oxidative, anti-inflammatory, anti-arthritic, anti-stress,
hypolipidaemic, hypocholesterolemic, skin/collagen
protective, hepatoprotective, anti-diabetic, anti-
microbial, anti-infective, anti-parasitic, anti-cancerous,
inhibition of tumorigenesis and angiogenesis, anti-
mutagenic, and memory and bone health-improving
activities (Alagawany et al., 2020).

Camellia japonica, native to southern Asia (China,
Taiwan, Korea, and Japan), is mainly used as an
ornamental plant due to its colorful flowers presenting
over 32000 recognized cultivars (Savige, 1993; Vela
et al,, 2013; Pascoa et al., 2019). A thorough literature
survey carried out on C. japonica revealed that
this species has been used traditionally in oriental
ethnomedicine for health purposes, such as the
treatment of stomach disorders, blood vomiting and
bleeding due to internal and external injury, as well as
a tonic and anti-inflammatory agent (Yoshikawa et al.,,
2007; Salinero et al., 2012). The fruits of this plant are
used as traditional phytomedicine for the treatment
of inflammatory and immunomodulatory diseases
(Akanda and Park, 2017). The extract prepared from
mature leaves of C. japonica has been widely used as an
anti-aging material in foods and cosmetics (Mizutani
and Masaki, 2014).

It is well known that the C. japonica leaf exhibits
antioxidant activity due to its high content of
polyphenolic compounds (Mizutani and Masaki, 2014).
Some studies have already demonstrated that this
plant possesses several biological benefits due to the
presence of some phenolic compounds in the flowers
(Nakajima et al., 1984) as well as aglycon flavonoids
(quercetin, kaempferol, and apigenin) and glycosylated
flavonoids (rutin and quercetin), and a mixture of
saturated fatty acids in the leaves (Azuma et al.,, 2011).
This composition of secondary metabolites seems to
be responsible for its anti-plaque, anti-inflammatory,
antioxidant activity, antimicrobial, anti-tumoral, anti-
viral, anti-histaminic, anti-allergic properties, and
skin healing activity (Azuma et al., 2011; Mizutani and
Masaki, 2014; Jeong et al.,, 2010; Salinero et al., 2012).

Moreover, C. japonica possesses a protective effect
against oxidative stress-induced neurotoxicity and
hypoglycemic potential (Jeong et al.,, 2010; Pascoa et
al,, 2019).

The study of Lee et al. (2017) demonstrated that
C. japonica extracts promoted antioxidative protein
expression and suppressed apoptosis in human
corneal epithelial (HCE) cells. Piao et al. (2011)
investigating the antioxidant properties of the ethanol
extract of the flower of C. japonica (Camellia extract),
revealed that Camellia extract exhibits antioxidant
properties by scavenging reactive oxygen species
(ROS) and enhancing antioxidant enzymes. Camellia
extract contained quercetin, quercetin-3-0-glucoside,
quercitrin, and kaempferol, which are antioxidant
compounds. It exhibited 1,1-diphenyl-2-picrylhydrazyl
radical and intracellular ROS scavenging activity in
human HaCaT keratinocytes. Also, Camellia extracts
scavenged superoxide anion generated by xanthine/
xanthine oxidase and hydroxyl radical generated by the
Fenton reaction. Furthermore, it increased the protein
expressions and activity of cellular antioxidant enzymes,
such as superoxide dismutase, catalase, and glutathione
peroxidase (Piao etal., 2011).

Nevertheless, we can conclude from the bibliography
analyzed that the antioxidant properties have not
been comprehensively investigated among C. japonica
cultivars. In the study of Pascoa et al. (2019), the
antioxidant profile (total phenolic and flavonoid
content and total antioxidant capacity) of 31 C. japonica
cultivars leaves was determined and further assessed
by near- and mid-infrared spectroscopy.

It is believed that the accumulation of oxidatively
damaged proteins is associated with an age-related
decline in cellular function. Recently, mammalian
animal models have been used to evaluate the levels
of these damaged proteins as biomarkers of oxidative
stress (Friguet and Baraibar, 2019; Kampf et al,
2019). The susceptibility of horses to oxidant-induced
erythrocyte damage is demonstrated (Walter et al.,
2014). Numerous studies using erythrocytes for the
evaluation of the biological effects of medicinal plant
extracts in cytotoxicity and toxicity assays have been
published in the recent literature (Figueirédo Junior et
al,, 2019).

In this context, we have undertaken an attempt to
determine the antioxidant activity of six cultivars of
Camellia japonica i.e. Kramer’s Supreme, C.M. Wilson,
La Pace, Mrs. Lyman Clarke, Benikarako, Fanny Bolis
plants using the biomarker of oxidative modification
of proteins [aldehydic and ketonic derivatives] in the
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in vitro equine plasma model. Investigations of this
type are indicated and used for the preliminary in
vitro toxicological evaluation of substances with the
potential pharmacological application.

Material and methodology

Collection of plant materials and preparation
of plant extracts

The leaves of Camellia japonica cultivars Kramer’s
Supreme, C.M. Wilson, La Pace, Mrs. Lyman Clarke,
Benikarako, Fanny Bolis plants cultivated under
glasshouse conditions, were sampled at M.M. Gryshko
National Botanic Garden (Kyiv, Ukraine). Freshly
collected leaves were washed, weighed, crushed,
and homogenized in 0.1 M phosphate buffer (pH
7.4) (in proportion 1 : 19, w/w) for 2 min at room
temperature. The extracts were then filtered and used
for analysis after two weeks. The extract was stored at
-20 °C until use.

Horses

Eighteen healthy adult horses from the central
Pomeranian region in Poland (village Strzelinko,
N 542 30’ 48.0” E 162 57’ 44.9”), aged 8.9 +1.3 years
old, including 6 Hucul pony, 5 Thoroughbred horses,
2 Anglo-Arabian horses, and 5 horses of unknown
breed, were used in this study. All horses participated
in recreational horseback riding. Horses were housed
inindividual boxes, with feeding (hay and oat) provided
twice a day, at 08.00 and 18.00 hr, and water available
ad libitum. All horses were thoroughly examined
clinically and screened for hematological, biochemical,
and vital parameters, which were within reference
ranges. The females were non-pregnant.

Collection of blood samples

Blood was drawn from the jugular vein of the animals in
the morning, 90 minutes after feeding, while the horses
were in the stables (between 8:30 and 10 AM). Blood
samples were processed for analysis less than 12 hr
after blood withdrawal. Blood was stored in tubes
with sodium citrate as the anticoagulant and held on
the ice until centrifugation at 3000 rpm for 5 min to
remove plasma. The pellet of blood was resuspended
in 4 mM phosphate buffer (pH 7.4). A volume of
0.1 ml of the plant extracts was added to 1.9 ml of
equine plasma. For positive control, phosphate buffer
was used. After incubating the mixture at 37 °C for
60 min with continuous stirring, it was centrifuged at
3000 rpm for 5 min. Plasma aliquots were used in the
study.

The carbonyl derivatives content of protein
oxidative modification (OMP) assay

To evaluate the protective effects of the extract
obtained from leaves of Camellia cultivars against free
radical-induced protein damage in equine plasma,
a carbonyl derivatives content of OMP assay based on
the spectrophotometric measurement of aldehydic and
ketonic derivatives in the erythrocyte suspension and
plasma was performed. The rate of protein oxidative
destruction was estimated from the reaction of the
resultant carbonyl derivatives of amino acid reaction
with 2,4-dinitrophenylhydrazine (DNFH) as described
by Levine and co-workers (1990) and as modified by
Dubinina et al. (1995). DNFH was used for determining
carbonyl content in soluble and insoluble proteins.
Briefly, 1 mL of 0.1M DNPH (dissolved in 2M HCI)
was added to 0.1 ml of the sample after denaturation
of proteins by 20 % trichloroacetic acid (TCA). After
the addition of the DNPH solution (or 2M HCI to the
blanks), the tubes were incubated for a period of 1 hr
at 37 °C. The tubes were spun in a centrifuge for 20 min
at 3000 g. After centrifugation, the supernatant was
decanted and 1 mL of ethanol-ethylacetate solution
was added to each tube. Following the mechanical
disruption of the pellet, the tubes were allowed to stand
for 10 min and then spun again (20 min at 3,000 g). The
supernatant was decanted and the pellet washed thrice
with ethanol-ethylacetate. After the final wash, the
protein was solubilized in 2.5 mL of 8M urea solution.
To speed up the solubilization process, the samples
were incubated in a 90 °C water bath for 10-15 min. The
final solution was centrifuged to remove any insoluble
material. The carbonyl content was calculated from the
absorbance measurement at 370 nm and 430 nm, and
an absorption coefficient of 22000 M*-cm™. Carbonyl
groups were determined spectrophotometrically from
the difference in absorbance at 370 nm (aldehydic
derivatives, OMP,_ ) and 430 nm (ketonic derivatives,
OMP

370
430)'

Statistical analysis

Statistical analysis of the data obtained was performed
by employing the mean * S.E.M. All variables were
tested for normal distribution using the Kolmogorov-
Smirnov and Lilliefors test (p >0.05). The significance
of differences between the OMP level (significance
level, p <0.05) was examined using the Kruskal-Wallis
one-way analysis of variance (Zar, 1999). The data were
analyzed using a one-way analysis of variance (ANOVA)
using Statistica software, version 8.0 (StatSoft, Poland)
(Zar, 1999).
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Figure 1

The content of aldehydic and ketonic derivatives as a biomarker of oxidatively modified proteins in the equine

plasma after in vitro incubation with leaf extracts obtained Camellia japonica L. cultivars (M +m, n = 18)

Results and discussion

The present study enabled the determination of the
profile of oxidatively modified proteins in equine
plasma after in vitro incubation with leaf extracts of
several C. japonica cultivars, namely Kramer’s Supreme,
C.M. Wilson, La Pace, Mrs. Lyman Clarke, Benikarako,
Fanny Bolis, through standard biochemical methods as
previously described.

The data on the content of aldehydic and Kketonic
derivatives as a biomarker of oxidatively modified
proteins in the equine plasma after in vitro incubation
with leaf extracts obtained C. japonica cultivars was
demonstrated in Figure 1.

When equine plasma was incubated with extracts
obtained from C. japonica -cultivars, the content
of aldehydic derivatives of OMP was non-significantly
increased. The percent of the increase oscillated from
0.2 % (cv. Benikarako) to 2.4 % (cv. C.M. Wilson). Of
the six plant extracts screened, C. japonica 'La Pace’
exhibited the highest increase of the level of ketonic
derivatives of OMP (by 15.3 %, p >0.05). Camellia
cultivars C.M. Wilson, Kramer’s Supreme, Benikarako,
Mrs. Lyman Clarke, and Fanny Bolis exhibited a non-
significant increase of ketonic derivatives’ level (by
10.8 %, 10.8 %, 7.6 %, 6.6 %, and 6.3 %, p >0.05,
respectively), as shown in Figure 1.

As seen from Figure 1, some fluctuations in the
protein oxidation profile in the plasma across different
cultivars were found. It would be reasonable to suggest
that such differences could be related to the plant's

metabolic state. Moreover, it could be explained by
the various genetic background of various cultivars
used in the current study. It is known, that cultivated
Camellia japonica has been domesticated for centuries.
In C. japonica, like most other ornamental flowers, the
domestication process has resulted in several types of
double flowers characterized by varying degrees and
morphology of excessive petals (Sun et al,, 2014). Its
remarkable diversity of floral forms imparts a rich
resource for understanding the genetic regulation
of floral patterning and forms (Gao et al, 2005;
Sun et al,, 2014). Cultivated Camellia contains more
than 5 types of double flowers with distinctive floral
forms semi-double, formal-double, anemone, rose or
peony doubles, mainly distinguished by number and
arrangement of petals and stamens form (Li et al,
2017).

The Camellia japonica cultivars included in this study
represent various double flowers types, i.e. “paeony”
(Kramer’s Supreme and Mrs. Lyman Clarke), “anemone”
(C.M. Wilson and Benikarako), “formal double” (La
Pace), and “semi-double” (Fanny Bolis).

Results obtained in our previous study showed that
there is a possibility of using leaf extracts of various
C. japonica cultivars as antioxidant agents in intensive
aquaculture. The lipid peroxidation (2-thiobarbituric
acid reactive substances (TBARS) as biomarker) level
in the muscle tissue of rainbow trout (Oncorhynchus
mykiss Walbaum) after incubation with extracts
obtained from leaves of various C. japonica cultivars
was evaluated in our previous study (Kharchenko et
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al, 2017a). All extracts (except cultivars Benikarako
and Fanny Bolis) reduced the TBARS level in the
extracts-treated muscle tissue, but these results were
non-significant. Furthermore, the use of such plant
products as antioxidants and immunostimulants in
aquaculture systems may also have environmental
value because of their biodegradability (Kharchenko et
al,, 2017a). The superoxide dismutase (SOD) activity, an
antioxidant enzyme, was increased in the muscle tissue
after incubation with C. japonica cv. Kramer’s Supreme’
extract (by 52 %, p = 0.004), cv. C.M. Wilson (by 88 %,
p=0.001), cv. Mrs. Lyman Clarke (by 87.2 %, p = 0.000),
and cv. Fanny Bolis (by 40.7 %, p = 0.044) compared
to the control group. Likewise, the SOD activity in the
muscle tissue after incubation with cv. La Pace and
cv. Benikarako were also increased (Kharchenko et
al, 2018). The results of the investigation revealed
quite a high level of total antioxidant capacity (TAC) in
samples of muscle tissue incubated with leaf extracts
of C. japonica cv. C.M. Wilson and cv. Benikarako. The
levels of TAC were increased by 41.7 and 44.8 %
(p <0.05) as compared with the control group. Leaf
extracts of cv. La Pace and cv. Kramer’s Supreme being
incubated with muscle tissue have not changed the
level of TAC, while the effect of the leaves extracts
of cv. Mrs. Lyman Clarke and cv. Fanny Bolison the
decreasing TAC level was insignificant (p >0.05). The
results of the study suggested the high antioxidant
capacity of Camellia cultivars screened give reason to
believe that application of these plant extracts signifies
a rational curative strategy to prevent and cure various
fish diseases involving oxidative stress by increasing
the ability of a fish organism to adapt (Kharchenko et
al,, 2017b).

In our other study, designed to estimate the possible
antioxidant potential of the leaf extracts of C. japonica
cultivars incubating with equine erythrocytes
suspension, the TBARS content as a biomarker of lipid
peroxidation was non-significantly altered (accept
cv. Mrs. Lyman Clarke). Of the six plant extracts
screened, C. japonica cv. Mrs. Lyman Clarke exhibited
the highest decrease of TBARS level (by 14.4 %,
p <0.05). Similarly, cultivars C.M.Wilson, Kramer’s
Supreme, Benikarako and Fanny Bolis exhibited a non-
significant decrease of TBARS level (by 8.8 %, 4.8 %,
3.6 %, and 3.1 %, p >0.05 respectively). TBARS level
was non-significantly increased by 3.1 % (p >0.05)
after incubation of erythrocyte suspension with leaf
extract of ‘Fanny Bolis’ (Kharchenko et al.,, 2019). When
equine erythrocytes were incubated with leaf extracts
obtained from C. japonica cultivars, the TAC level was
non-significantly altered (Tkachenko et al., 2020).

Recent investigations have associated plants belonging
to the Camellia genus with anti-carcinogenic, immune-
boosting, and antioxidative properties that may
impact human health. For example, Higashi-Okai et
al. (2001) have analyzed the antioxidant activity of
the non-polyphenolic fraction of the residual green
tea (C. sinensis) after hot water extraction. The non-
polyphenolic fraction of residual green tea caused
a significant suppression against hydroperoxide
generation from oxidized linoleic acid in a dose-
dependent manner. The ranks of suppressive activity
against hydroperoxide generation were chlorophyll a >
lutein > pheophytin a > chlorophyll b > B-carotene >
pheophytin b. These results suggest that the non-
polyphenolic fraction of residual green tea has potent
suppressive activity against hydroperoxide generation
from oxidized linoleic acid, which is derived from
the antioxidant activities of chlorophylls a and b,
pheophytins a and b, B-carotene, and lutein (Higashi-
Okai et al., 2001).

The phenolic profiles, antioxidant and antiproliferative
activities of 27 tea cultivars were determined by Zeng
et al. (2017). Wide ranges of variation were found in
analyzed cultivars for the contents of water-soluble
phenolics (121.6-223.7 mg/g dry weight (DW)), total
catechins (TC) (90.5-177.2 mg/g DW), antioxidant
activities [peroxyl radical scavenging capacity (PSC)
values 627.3-2332.3 umol of vitamin C equiv./g DW,
Oxygen radical absorbance capacity (ORAC) values
(1865.1-3489.3 umol of vitamin C equiv./g DW), cellular
antioxidant activity (CAA) values (37.7-134.3 pmol
of QE/g DW without PBS wash and 25.3-75.4 pmol
of QE/g DW with PBS wash)] and antiproliferative
activity (53.0-90.8 % at the concentration of 400 pg/
mL extracts). The PSC, ORAC, and CAA values were
significantly correlated with phenolics, epicatechin
gallate (ECG), CC, and TC (Zeng et al., 2017). Ohmori
et al. (2005) have assessed the antioxidant activity of
six teas, including the aqueous extracts of green tea
and oolong tea (Camellia sinensis), tochu (Eucommia
ulmoides), Gymnema sylvestre, Japanese mugwort
(Artemisia princeps), and barley (Hordeum vulgare),
against 1,1-diphenyl-2-picrylhydrazyl (DPPH) radicals
and LDL oxidation, and examined the association of
LDL oxidizability with the plasma catechin levels in
10 healthy volunteers with a single dose of 5 g green
tea powder. Green tea, therefore, showed the strongest
antioxidant activity among the six different tea, and
the inhibitory effects of green tea on LDL oxidation
depended on the plasma catechin levels (Ohmori et al.,
2005).
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Many research papers have evidenced that the anti-
inflammatory and gastroprotective mechanism of
C. japonica is mediated by the modulation of oxidative
stress, inflammatory cytokines, and enzymes via
suppression of MAPK/NF-kB signaling pathways.
Akanda and Park (2017) have investigated the
immunopharmacological activities of C. japonica and
have validated its pharmacological targets. These
researchers found the production of NO and reactive
oxygenspeciesin RAW 246.7 cellswere both suppressed
by C. japonica. Moreover, C. japonica mitigated the
HCI/EtOH-induced oxidative stress in gastric mucosa
via the reduction of lipid peroxidation and elevation
of NO production. Gastric mucosal damages were
prominently improved by C. japonica, as confirmed by
the histopathological evaluation. The gene expression
of inflammatory cytokines and enzymes tumor
necrosis factor o (TNF-a), interleukin 6 and 1 (IL-6,
IL-1B), inducible nitric oxide synthase (iNOS), and
cyclooxygenase-2 (COX-2) was notably downregulated
by C. japonica. Also, C. japonica markedly attenuated
the mitogen-activated protein kinases (ERK1/2, JNK,
and p38) phosphorylation, COX-2 expression, and
activation of transcription factor NF-xB and as well as
phosphorylation and degradation of IkBa in the gastric
mucosa (Akanda and Park, 2017).

Other species of Camellia plants also are a promising
source of natural antioxidants and further studies
might be a likely source of its use in remedy of different
diseases. C. sinensis L. is traditionally used in many
polyherbal preparations for the treatment of different
diseases and infections. Its action has been associated
with its antioxidant activities. As tea is a very popular
beverage, tea polyphenols are expected to be a potent
antioxidant and chemopreventive agents that can be
taken with a normal diet and can be nontoxic due to
their natural origin (Bag and Bag, 2020). Catechins are
powerful antioxidants, and laboratory studies have
suggested that these compounds may inhibit cancer cell
proliferation. Some experimental and nonexperimental
epidemiological studies have suggested that green tea
may have cancer-preventative effects (Filippini et al,,
2020).

Conclusions

The aldehydic and Kketonic derivatives content as
a biomarker of protein oxidation was non-significantly
altered after in vitro incubation with extracts obtained
from selected Camellia japonica cultivars. The percent
of the increase had oscillated from 0.2 (cv. Benikarako)
to 2.4 % (cv. C.M. Wilson). Of the six plant extracts
screened, C. japonica cv. La Pace exhibited the highest

increase of the level of ketonic derivatives of OMP
(by 15.3 %, p >0.05). Cultivars C.M. Wilson, Kramer’s
Supreme, Benikarako, Mrs. Lyman Clarke, and Fanny
Bolis exhibited a non-significant increase of ketonic
derivatives’ level by 10.8 %, 10.8 %, 7.6 %, 6.6 %,
and 6.3 %, p >0.05 respectively. Some fluctuations
in the protein oxidation profile in the plasma across
different cultivars were found. We attribute the
observed differences to the use of C. japonica cultivars
with various genetic backgrounds. Moreover, such
differences could be related to the plant’'s metabolic
state. Overall, our analysis suggests that screening
of Camellia species for other biological activities
including antioxidant and anti-inflammatory activities
is essential and may be effective for searching the
preventive agents to be used in the pathogenesis of
some metabolic diseases.
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The genetic pool of the cornelian cherry (Cornus mas L.) at the M.M. Gryshko National Botanical Garden (NBG)
of National Academy of Sciences of Ukraine includes more than 100 specimens collected from wild and cultivated
plants in Ukraine, and cultivars of Bulgarian, Slovak, English, Austrian and Georgian selection. The genetic pool
of cornelian cherry of the NBG presents a rich variety of biological and economic properties. Data on the content
of anthocyanins and flavonols in the fruits of Cornus mas cultivars with early, medium and late fruit maturation
periods are presented. The fruits of the Cornus officinalis Sieb. et Zucc. (CO-01, CO-02) and the hybrid Cornus mas x
Cornus officinalis (cultivars Etude No 1 and No 2) were also studied. As a result of the study, it was found that the
content of anthocyanins and flavonols in the fruits of Cornus has a significant difference in cultivars. Among C. mas
cultivars with early fruit ripening, the most promising as a source of bioflavonoids preparations are 'Pervenets‘ and
"Volodimirskij, among C. mas cultivars with an average fruit ripening period, the most promising are the cultivars Mriya
Shajdarovoi, Vydubetskyi and Titus, among the C. mas cultivars with a late fruit ripening period, the most promising
are the cultivar Sokoline. Also promising are the hybrid C. mas x C. officinalis (cultivar Etude No. 1 and No. 2). These
most promising cultivars and forms must commend for use in the food and medical sectors of the national economy.

Keywords: Cornus mas, Cornus officinalis, cultivar, fruits, anthocyanins, flavonols

Introduction

Subgenus Cornus L., which has a fragmented areal on
the globe, is represented by four species: Cornus mas
L. - in the west of the continent of Eurasia, C. officinalis
Sieb. et Zucc. - in Japan, China and Korea, C. chinensis
Wanger. - in the central region of China and C. sessilis
Toor. - in North America (Browic, 1986).

C. mas (cornelian cherry) is a very ancient, cultivated
plant, known in Ukraine as a culture since the time
of Kievan Rus. The development of horticulture in
Russia was associated with famous monasteries,
especially Vydubetsky, Mezhyhirsky, Kyiv-Pechersk
Lavra, it was here that many plants were introduced
into culture, including cornelian cherry. The forms of
these plants are very diverse, many of them can be
directly introduced into the culture, and some can be

converted into excellent cultivated plants by breeding.
These plants include C. mas a very ancient fruit
valuable food, medicinal, soil protection, ornamental
plant, used in the Neolithic era. The modern range of
cornelian cherry is the Pontic Mediterranean region:
the southern Mediterranean regions of Europe, the
southern foothills of the eastern Carpathians, as well
as the Crimea, Caucasus and Asia Minor (Klymenko,
1990). Cornelian cherry is a culture that meets the
standards of the time. According to the literature data
and our research cornelian cherry yields are abundant
and stable in culture (Klymenko, 2004; Klymenko et
al, 2017b). The plant bares large juicy fruits, while
not demanding thorough care. Its cultivation is very
productive. Plants are usually not damaged by vermin
and illnesses and do not need pest treatments.
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C. masisrecognized as a source of polyphenols, tannins,
anthocyanins, and iridoids, all of which are present
in both its fruits and leaves (Kucharska et al., 2015;
Szczepaniak et al.,, 2019).

A high number of bioactive compounds have been
identified in C. mas fruits (Klymenko et al., 2019),
among which flavonoids exert favourable health effects
especially by acting as potent antioxidants (Moldovan
and David, 2017). Two iridoids (loganic acid and
cornuside) and five anthocyanins (delphinidin,
cyanidin, and pelargonidin glycosides) were identified
in cornelian cherry fruits. The MS fragmentation
pathways of the two iridoids were studied. The content
of total iridoids in cornelian cherry fruits covered
a wide range, from 86.91 to 493.69 mg/100 g fw.
Loganic acid was the most dominant iridoid compound
identified in cornelian cherry fruits and amounted to
88-96 % of total iridoids.

In most C. mas fruits, pelargonidin-3-galactopyranoside
was dominant (Kucharskaa, et al,, 2015). Cyanidin-3-
rhamnosylgalactoside, a new anthocyanin, was isolated
and identified from the berries of C. mas. Cyanidin-3-
galactoside and delphinidin-3-galactoside were also
identified (Du and Francis, 1973).

Bioactive compounds are present not only in flowers,
but also in seeds, buds, shoots, leaves, pollen and bee
pollen e.g. (Brindza et al, 2009; Krivoruchko etal,
2011; Hosseinpour-Jaghdani et al., 2017; Klymenko
et al., 2017a; Levon et al,, 2017; Brindza et al.,, 2018;
Grygorieva et al., 2020; Przybylska et al., 2020).

The content of flavonoids in leaves of C. mas is
847.6 mg/100 g, in flowers - 1704.9 mg/100 g;
in flowers of C. officinalis - 1448.9 mg/100 g (in
terms of rutin). The content of acids in flowers of
C. mas is 41.5 mg/100 g, in flowers of C. officinalis -
1249 mg/100 g (in terms of chlorogenic acid). In
leaves of C. mas rutin was identified, in flowers of
C. mas and C. officinalis - chlorogenic and ellagic acids,
rutin, kaempferol-3-0-glucoside and quercetin. The
flavonoid rutin predominates in all studied samples
(Krivoruchko, 2018). Based on HPLC-PDA-MS/MSn
analysis eight compounds have been identified as
quercetin, kaempferol, and aromadendrin glycosilated
derivatives (Pawlowska, et al., 2010).

Juice, jam and compote from C. mas fruits are useful
for anaemia, liver diseases, gout, stomach diseases
(Sklyarevsky, 1975), Infusions of leaves and flowers are
known as antipyretic and diuretic agents, and from the
bark - as a tonic and stimulating (Chikov and Lapteyv,
1976). Medicines from fruits and leaves are used as

astringents and disinfectants, selectively acting even
on dysentery bacillus, typhoid pathogens. Cornelian
cherry is also used for rheumatism, colds, fever and
skin diseases (Blaze, 2000).

C. officinalis - native to Japan, Northeast China and
Korea, is virtually unknown in Europe and grows only
in the collections of Botanical Gardens. C. officinalis
a relative of C. mas, native to northeastern China and
Korea. It is cultivated in large areas in Japan - the local
name - sandzaki. It is one of the important types of
plant material used in Chinese traditional medicine.
Is being quite common in Asia, and the UK, it is
used even more widely than C. mas. In its homeland,
C. officinalis is widely known as a medicinal plant.
Studies conducted in vitro and in vivo have shown
a multi-faceted protective effect of fruit extract against
diabetes and its complications, in particular a diabetic
nephropathy. Decoctions of fruits and leaves are used
in folk medicine as a tonic, stimulating and astringent
(Klymenko, 2002; Klymenko and Ilyinska, 2020).

Besides, we have researched cultivar Etude, which is
an artificial hybrid from crossing C. officinalis x C. mas.
Genotype obtained from grafting C. officinalis on C. mas
(Klymenko and Ilyinska, 2020).

The presence of a large amount of biologically active
substances in representatives of the Cornaceae
family not only makes them a valuable medicinal raw
material but also increases their resistance to many
stress factors. Long-term observations have shown
that representatives of the Cornaceae family have
extremely high resistance to both pests and adverse
weather conditions, plants bloom profusely and give
birth (Klymenko, 2000).

All parts of plants of species of representatives of
the Cornaceae family (fruits, leaves, bark, roots) are
medicinal raw materials and have long been used in
folk medicine for the treatment of anaemia, metabolic
disorders, as an anti-scurvy, antidiabetic agent
(Mamedov et al., 1990; Czerwinska and Melzig, 2018).

Very often medicinal cornel is used as an anti-diabetic
medicinal plant, especially in East Asia. Fresh fruit
treat diabetes, they reduce the level of glucose in the
blood, increases the enzymatic activity of the pancreas,
stimulate the processes of digestion. In Tibetan
medicine, bark and leaves of medicinal cornel are used
for the treatment of pleurisy, fever, powder of dried
fruits to treat kidney illnesses (nephritis) (Yokozawa et
al,, 2009; Cao et al., 2011).

The purpose of this study was to determine the content
of anthocyanins and flavonols in the fruits of plants of
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the genus Cornus. This will allow us to identify the most
promising cultivars and forms for use in the food and
medical sectors of the national economy:.

Material and methodology

Biological material

Biochemical studies were carried out on fruits dried
in a well-ventilated room in the absence of direct
sunlight at a temperature of 20-25 °C and crushed in
an electric mill. The fruits of Cornus mas plant cultivars
were studied with early (Radist, Olena, Ekzotychnyi,
Nespodivanyi, Elegantnyi, Nikolka, Nizhnyi, Pervenets,
Volodymyrskyi, Samofertylnyi, Alyosha, Koralovyi
Marka), intermediate (Koralovyi, Yantarnyi, Medok,
Priorskyi, Yevgeniia, Svitliachok, Vyshgorodskyi,
Lukianivskyi, ~Mriia  Shaidarovoi, Starokyivskyi,
Yoliko, Titus, Oryginalnyi, Kostia, Vydubetskyi) and
late (Semen, Sokolyne, Yuvileinyi Klymenko, Kozerig,
Kolisnyk), hybrid Cornus mas x Cornus officinalis
(cultivars Etude No 1 and No 2) and two varieties
of C. officinalis (CO-01 and CO-02). Plants collected
from the collection of Department of Fruit Plants
Acclimatization in M.M. Gryshko National Botanical
Garden of the NAS of Ukraine (NBG) at the stage of
fructification during 2019-2020. Biochemical analyses
were carried out in the laboratory of Department of
Fruit Plants Acclimatization of M.M. Gryshko National
Botanical Garden.

Determination of total anthocyanins content

The quantity of anthocyanins was determined using
a spectrophotometric method at a wavelength of
530 nm, using alcohol extraction from a homogenate
of plant raw materials acidified with 3.5 % hydrochloric
acid (Kriventsov, 1982).

The number of parallel determinations was 3. The
accuracy of the method was in the range of 2.5-4.8 %.
The data obtained were presented as mg/100 g dry
matter (DM) in terms of cyanidin glycosides.

Determination of total flavonols content

To determine flavonols, an analytical sample of dried
crushed fruits weighing 0.2-0.3 g was transferred to
aflask, 3 ml of 80 % ethyl alcohol was added, and heated
with a reflux coolbox for 45 minutes in a water bath.
After that, the flask was cooled to room temperature
and the suspension was filtered through a paper filter
into a 100 ml volumetric flask. The resulting solution
was brought to the mark with 80 % alcohol (solution
A). 2 ml of solution A was placed in a 25 ml volumetric

flask, 1 ml of a 2 % solution of aluminum chloride
in 95 % ethanol was added, and the volume of the
solution was brought to the mark with 95 % alcohol.
The optical density of the solution was measured after
20 minutes at a wavelength of 390 nm in a cuvette with
a layer thickness of 10 mm. The control was a mixture
of solutions of aluminum chloride and acetic acid
(Andreeva and Kalinkina, 2000).

The number of parallel measurements was 3. The
accuracy of the method was in the range of 0.3-2.0 %.
The obtained data were presented in mg/100 g DM.

The optical density of all the studied solutions was
measured using a Zalimp KF 77 spectrophotometer
(Poland).

Statistical analysis

Statistically processed data is shown on histograms
as arithmetic means and their standard errors. The
significance level was set at « = 0.05. The statistical
analysis was performed with IBM SPSS Statistics,
release 26.0.0.1.

Results and discussion

According to our previous data (Ma et al., 2014; Biaggi
et al., 2018; Bayram and Ozturkcan, 2020; Demir et al.,
2020), representatives of the genus Cornus are rich
in biologically active compounds. A major role in the
formation of medicinal properties of cornelian cherry
is due to the action of the secondary metabolites of
the class of flavonoids - anthocyanins and flavonols
(Lila, 2004, Horbowicz et al., 2008), which are also
considered as environmental markers of plants and
participate in adaptive reactions of the plant organism
(Minaeva, 1978; Lukner, 1979; Levon and Golubkova,
2016; Levon and Goncharovska, 2017).

Recently it was found that flavonoids affect signalise
processes in living systems due to specific interactions
with proteins, which perform regulatory functions
(Stevenson and Hurst, 2007). Besides, flavonoids
play an important role in the protection of plants
against bacterial, viral and fungal infections, against
the intrusion of vermin and insect damage. The
biological role of flavonoids is their involvement in
redox processes that occur in plants (Tarahovsky et
al,, 2013). Physical damage to plant tissues also leads
to starting of the processes of oxidative degradation
of flavonoids, preventing the development of wound
infections (Walker, 1998).

The amount of anthocyanin in some cultivars of C. mas
breeding of M.M. Gryshko National Botanical Garden of
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Figure 1

The content of anthocyanins and flavonols in the fruits of Cornus mas L. cultivars with an early ripening period:

1-Radist; 2 - Olena; 3 - Ekzotychnyi; 4 - Nespodivanyi; 5 - Elegantnyi; 6 - Nikolka; 7 - Nizhnyi; 8 - Pervenets; 9 - Volodymyrskyi;
10 - Samofertylnyi; 11 - Alyosha; 12 - Koralovyi Marka (different superscripts in each column indicate the significant

differences in the mean at p <0.05))

the NAS of Ukraine was in the range 477.1-850.0 mg%
in the peel, 7.8-190.6 mg% the pulp (Klymenko, 2001).
Studies of the content of anthocyanins in Cornus mas
fruits were conducted in the Vlasina region (Serbia).
The anthocyanin content was determined using
spectrophotometric and high-performance liquid
chromatography (HPLC) assays. The total anthocyanin
content was 1383.2 mg/kg FW (Andelkovi¢ et al,
2015). This result is comparable to the results of our
research.

New data for comparative analysis of different plant
parts (leaf, flower and fruit) of C. mas are presented.
Total phenolic content, flavonoid concentrations are
analysed using in vitro standard spectrophotometric
methods. Biological material of C. mas was collected
from the region of P¢inja river gorge in south Serbia.
Different solvents were used to extract flavonoids
from the fruit: methanol, water, ethyl acetate, acetone,
petroleum ether (Stankovic et al., 2014). Water extracts
of C. mas fruits have indicators of 3.53 mg/g in terms
of flavonoid content. These results have a higher result
compared to our studies. C. mas fruit extracts with ethyl
acetate show a very high result - 41.49 mg/g. The use
of weakly polar solvents increases the completeness of
the extraction of flavonoids from C. mas fruits.

Asaresultofourresearch,itwas found thatanthocyanin
content in C. mas fruits with an early ripening period
is in the range of 9-259 mg/100 g DM. The highest
content of anthocyanins in fruits has the cv. Pervenets -
259 mg/100 g DM. Also, fruits of the cv. Volodymyrskyi

have a fairly high anthocyanin content - 158 mg/100 g
DM. The content of flavonols in the fruits of C. mas
cultivars with an early ripening period is in the range of
34-176 mg/100 g DM. The highest content of flavonols
in fruits also has the cv. Pervenets - 176 mg/100 g DM
(Figure 1).

We conducted a correlation analysis between the
content of anthocyanins and flavonols in the fruits
of C. mas cultivars with an early ripening period. We
found a very high correlation between the content of
anthocyanins and flavonols in the fruits of C. mas plants
with the early period of fruit maturation (r = 0.955).

The anthocyanin content in C mas fruits with
an intermediate ripening period is in the range
of 10-166 mg/100 g DM. The highest content of
anthocyanins in fruits has the cv. Mriia Shaidarovoi -
166 mg/100 g DM. Fruits of the cv. Vyshgorodskyi also
has a fairly high anthocyanin content - 142 mg/100 g
DM. The content of flavonols in the fruits of C. mas
cultivars with an intermediate ripening period is in the
range of 27-165 mg/100 g DM. The highest content of
flavonols in fruits has the cv. Titus - 165 mg/100 g DM
(Figure 2).

A correlation analysis between the content of
anthocyanins and flavonols in the fruits of C. mas plants
with an intermediate fruit ripening period showed
a moderate correlation (r = 0.591).

The anthocyanin content in Cornus mas fruits with
alate ripening period is in the range of 33-96 mg/100 g
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Figure 2
period:

The content of anthocyanins and flavonols in the fruits of Cornus mas L. cultivars with an intermediate ripening

1 - Koralovyi; 2 - Yantarnyi; 3 - Medok; 4 - Priorskyi; 5 - Yevgeniia; 6 - Svitliachok; 7 - Vyshgorodskyi; 8 - Lukianivskyi;
9 - Mriia Shaidarovoi; 10 - Starokyivskyi; 11 - Yoliko; 12 - Titus; 13 - Oryginalnyi; 14 - Kostia; 15 - Vydubetskyi (different
superscripts in each column indicate the significant differences in the mean at p <0.05))

DM. The highest content of anthocyanins in fruits has
the cv. Sokolyne - 96 mg/100 g DM. The content of
flavonols in the fruits of C. mas cultivars with a late
ripening period is in the range of 36-88 mg/100 g DM.
The highest content of flavonols in fruits also has the
cv. Sokolyne - 88 mg/100 g DM (Figure 3).

Conducting a correlation analysis between the content
of flavonols and anthocyanins for C. mas cultivars with
alate ripening period showed a high level of correlation
(r=0.918).
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We compared the average content of anthocyanins and
flavonols in the fruits of C. mas cultivars with early,
intermediate and late ripening. The diagram shows
a decrease in the content of the studied compounds in
cultivars with a late fruiting period. This may be due to
a decrease in the length of daylight, which correlates
with the quantitative content of anthocyanins and
flavonols (Pan and Guo, 2016). C. mas cultivars with
an early fruit ripening period were selected at the
end of August, C. mas cultivars with an intermediate

bc
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Figure 3

The content of anthocyanins and flavonols in the fruits of Cornus mas L. cultivars with a late ripening period:

1 - Semen; 2 - Sokolyne; 3 - Yuvileinyi Klymenko; 4 - Kozerig; 5 - Kolisnyk (different superscripts in each column indicate the

significant differences in the mean at p <0.05))
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ripening periods:

Comparison of the average anthocyanin and flavonol content in Cornus mas fruits with early, medium and late

1 - early fruiting; 2 - medium fruiting; 3 - late fruiting (different superscripts in each column indicate the significant

differences in the mean at p <0.05))

fruit ripening period were selected at the beginning
of September. In this case, the length of daylight
has not changed significantly. C. mas cultivars with late
fruit ripening were selected in early October. During
this period, the daylight hours became much shorter.
This difference is visible on the histogram (Figure 4).

It was found that the content of anthocyanins in the
fruits of hybrid C. mas x C. officinalis significantly
exceeds their content in the fruits of C. officinalis and
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cultivars of C. mas and amounts to 99-117 mg/100 g
DM. The anthocyanin content in Cornus officinalis fruits
is in the range of 52-93 mg/100 g DM, in comparison
with the content of anthocyanins in the fruits of C. mas
cultivars with a late ripening period in the range of
33-96 mg/100 g DM.

The content of flavonols in the fruits of hybrid C. mas x
C. officinalis significantly exceeds their content in the
fruits of Cornus mas, butin comparison with the content

u Flavonols

Figure 5
(cultivar Etude):

The content of anthocyanins and flavonols in the fruits of Cornus officinalis and Cornus mas x Cornus officinalis

1 - C. officinalis (CO-01); 2 - C. officinalis (CO-02); 3 - cultivar Etude No 1; 4 - cultivar Etude No 2 (different superscripts
in each column indicate the significant differences in the mean at p <0.05)
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of flavonols in the fruits of C. officinalis is within the
same limits. The content of flavonols in the fruits of
hybrid C. mas x C. officinalis is 83-84 mg/100 g DM, in
the fruits of C. officinalis - 69-97 mg/100 g DM, in the
fruits of C. mas cultivars with a late ripening period -
36-88 mg/100 g DM (Figure 5).

Conclusions

The amplitude of variability in the content of
anthocyanins and flavonols in the fruits of Cornus spp.
genotypes were studied. It is shown that the differences
in the content of these compounds are determined
by the genetic properties of the varieties and the
ripening period of the fruits. Cultivars Pervenets,
VolodymyrsKkyi, Mriia Shaidarovoi, Vydubetskyi, Titus,
Sokolyne (C. mas), as well as hybrid C. mas x C. officinalis
(cultivars Etude No. 1 and No. 2) have the highest
content of these compounds. A correlation was found
between the content of flavonols and anthocyanins in
the fruits of C. mas cultivars. The correlation coefficient
ranges from moderate (r = 0.591) in cultivars with an
average fruit ripening period, too high (r=0.955andr =
0.918) in cultivars with an early and late fruit ripening
period. A decrease in the average content of flavonols
and anthocyanins in the fruits of C. mas cultivars with
a late fruit ripening period was found. We assume that
this may be due to a reduction in the length of daylight
hours. High content of biologically active substances
in Cornus fruits, including anthocyanins and flavonols,
allows using raw materials as an active prophylactic
and therapeutic agent.
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The present study is in vitro study to evaluate the antimicrobial activity of the ethanolic extracts derived from leaves
of Ficus benjamina L. and its cultivars (Safari, Baroque, Amstel Gold, Reginald) against Aeromonas sobria to assess
the possible use of this plant in preventing infections caused by this fish pathogen in aquaculture. Antimicrobial
susceptibility of the tested Aeromonas sobria was performed by the Kirby-Bauer disc diffusion method according
to the recommendations of the Clinical and Laboratory Standards Institute (CLSI). Our results revealed, that
E benjamina and its cultivars possessed antibacterial properties against Aeromonas sobria strain. The ethanolic
extract obtained from leaves of F benjamina ’Safari‘ exhibited the maximum antimicrobial activity against Aeromonas
sobria (the mean of inhibition zone diameter was 26.19 +1.32 mm). Aeromonas sobria strain was susceptible to the
F benjamina 'Amstel Gold‘ (15.25 #1.25 mm) and 'Reginald‘ (16.25 +1.10 mm). Aeromonas sobria strain was the most
resistant to F benjamina (12.5 +0.80 mm) and F. benjamina ’Baroque’ (13.63 £0.75 mm) leaf extracts. The results of this
study provide a new perspective for the use of various Ficus species as medicinal plants to improve the antibacterial
responses in aquaculture. Scanning electron microscopy has been employed to observe epicuticular wax structures
which can be used to assure the correct identification of plant raw materials. Further studies including the use of
other medicinal plants as food additives in aquaculture, the assessment of their antioxidant effects on various tissues
of salmonids are in progress.

Keywords: Ficus benjamina L., Aeromonas sobria, antimicrobial activity, disc diffusion technique, ethanolic extracts

Introduction

At the current time, there are intense and active
investigations into natural products with biocidal
activities for fish (Galina et al., 2009). Plant-derived
compounds act as a better antibacterial, antiviral,
immunostimulant, and antistress effect in fish and
shellfish aquaculture. For that reason, there has
been considerable interest in the use of medicinal
plants in aquaculture to provide safe and eco-friendly

compounds for replacing antibiotics and chemical
compounds as well as to enhance immune status and
control fish diseases (Awad and Awaad, 2017). In
addition to the immunostimulant properties, it has
also been demonstrated that many medicinal plants
are also able to have other positive effects on fish, such
as the stimulation of fish growth, weight gain, and early
maturation of cultured species (Galina et al., 2009;
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Biller-Takahashi and Urbinati, 2014; Newaj-Fyzul and
Austin, 2015; Vallejos-Vidal et al., 2016).

In this study, attention focused on the genus Ficus
L., a genus with diverse ethnobotanical uses in its
geographical distribution range, has occupied an
important place among plant genera applied for
the treatment of a broad spectrum of diseases and
disorders. Along with being an object of extreme
interest for researchers during the last two centuries,
Ficus has a long history of use by humans as a food
source, in medicine, planting, and other industries
and fields of human activity, partly owing to its great
diversity and wide distribution range. Among popular
ethnomedicinal uses of Ficus are treatments of skin
damages, disorders of the digestive system and related
organs, and parasitic infections. Besides these, the
range of healing targets for particular Ficus species
compiled from local medicines can be competitive with
that of broad-spectrum traditional remedies (Berg
and Wiebes, 1992; Cook and Rasplus, 2003; Berg and
Corner, 2005). Among the pharmacological properties
demonstrated for the compounds present in the genus
Ficus are anticonvulsant, anti-inflammatory, analgesic,
antimicrobial, antiviral, hypolipidemic, antioxidant,
immunomodulatory, antiasthmatic, parasympathetic
modulatory, estrogenic, antitumor, antiulcer, antianxiety,
antihelmintic, analgesic, tonic, anti-diabetic, antipyretic,
anti-inflammatory, antitussive, hepatoprotective
activities, etc. (Ahmed and Urooj, 2010; Lansky and
Paavilainen, 2011; Singh et al.,, 2011; Dangarembizi et al.,
2012; Badgujar et al.,, 2014; Bunawan et al,, 2014; Yadav
et al.,, 2015). For all these reasons, plants belonging to
the genus Ficus could be considered a priori as a good
source of new natural compounds to treat, prevent,
and control fish diseases in aquaculture.

Ficus benjamina L. also referred to as a weeping fig tree,
is a multipurpose tree found in a large area including
India, southern China, Southeast Asia, Malaysia, the
Philippines, northern Australia, and the islands of the
South Pacific (Riffle, 1998). It grows as alarge evergreen
shrub, up to 8 m tall, with nearly 10 m wide-spreading
crown and drooping shoots with young slender twigs
(Imranetal,, 2014). Itis one of the most popular indoor
ornamental plants worldwide. The plant is well known
due to its medicinal potential. Its latex and some fruit
extracts are used by indigenous communities to treat
skin disorders, inflammation, piles, vomiting, leprosy,
malaria, nose diseases, and cancer besides the use as a
general tonic. The plant is also used as an antimicrobial,
antinociceptive, antipyretic, hypotensive, and anti-
dysentery remedy. The leaves and twigs are used as
insect repellants (Imran et al., 2014). The leaves, bark,

and fruits of E benjamina contain various bioactive
constituents like cinnamic acid, lactose, naringenin,
quercetin, caffeic acid, and stigmasterol (Sirisha et al.,
2010). E benjamina wood uses in aerobic biofiltration
as a support medium for the treatment of Tequila
vinasses (Marco Antonio et al., 2018).

In this study, we evaluated the antimicrobial activity of
the ethanolicextracts of £ benjamina andits cultivars, i.e.
E benjamina 'Safari, 'Baroque’, Amstel Gold’, 'Reginald’
against Aeromonas sobria to evaluate the possible use
of this plant in preventing infections caused by this fish
pathogen in aquaculture. Given that standardization and
quality control are essential analytical steps to assure
the correct identification of plant raw materials to be
used as plant-derived medicines, the micromorphology
of E benjamina leaf surfaces has been investigated with
SEM procedure. The need for constant incorporation of
leaf micromorphology in pharmacological investigations
has been emphasized in some recent papers (Bili¢ et al.,
2019; Khan et al., 2020).

The current study was conducted as a part ofan ongoing
project between the Institute of Biology and Earth
Sciences (Pomeranian University in Stupsk, Poland),
National Veterinary Research Institute (Putawy,
Poland), M.M. Gryshko National Botanic Gardens
of National Academy of Sciences of Ukraine (Kyiv,
Ukraine), and Ivan Franko National University in Lviv
(Lviv, Ukraine) undertaken in the frame of cooperation
program aimed at assessment of medicinal properties
of tropical and subtropical plants, cultivated in vitro.

Material and methodology

Collection of plant material and preparing
plant extract

The leaves of E benjamina and its cultivars (Safari,
'Baroque, Amstel Gold, Reginald) were sampled at
National Botanic Garden, National Academy of Science
of Ukraine (Kyiv, Ukraine), and Botanic Garden of Ivan
Franko National University in Lviv (Lviv, Ukraine). The
sampled leaves were brought into the laboratory for
antimicrobial studies. Freshly sampled leaves were
washed, weighed, crushed, homogenized in 96 %
ethanol (in proportion 1: 10) atroom temperature, and
centrifuged at 3000 g for 5 minutes. Supernatants were
stored at -20 °C in bottles protected with the laminated
paper until required.

Bacterial strains for antimicrobial activity assay

Aeromonas sobria (K825) strain, originated from
freshwater fish species such as common carp (Cyprinus
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carpio L.) and rainbow trout (Oncorhynchus mykiss
Walbaum), respectively, was isolated in the Department
of Fish Diseases, The National Veterinary Research
Institute in Pulawy (Poland). Bacteria were collected
from fish exhibiting clinical disorders. Each isolate was
inoculated onto trypticase soy agar (TSA) (BioMérieux
Polska Sp. z 0.0.) and incubated at 27 +2 °C for 24 hr.
Pure colonies were used for biochemical identifications,
according to the manufacturer’s instructions, except
the temperature of incubation, which was at 27 +1 °C.
The following identification systems were used in
the study: API 20E, API 20NE, API 50CH (BioMérieux
Polska Sp. z 0.0.). Presumptive Aeromonas isolates were
further identified to the species level by restriction
analysis of 16S rDNA genes amplified by polymerase
chain reactions (PCR) (Koziniska, 2007).

Bacterial growth inhibition test of plant extracts
by the disk diffusion method

Antimicrobial susceptibility of the tested Aeromonas
sobria was performed by the Kirby-Bauer disc diffusion
method (1966) according to the recommendations of
the Clinical and Laboratory Standards Institute (CLSI)
(2014). Each inoculum of bacteria in the density of
0.5 Mc McFarland was cultured on Mueller-Hinton
agar for 24 hr at 28 +2 °C. Seven drugs representing
different antimicrobial classes as quinolones,
tetracyclines, sulphonamides, and phenols were used.
After incubation, the inhibition zones were measured.
Interpretation criteria have been adopted from that
available for Aeromonas salmonicida (CLSI, 2006).

Micromorphological leaf surface investigation

Visualization of leaf surfaces micromorphology of
Ficus benjamina was undertaken with scanning
electron microscopy (SEM) technique. The dried leaf
samples were sputter-coated with carbon in a vacuum
universal post (VUP-5M) and platinum in a JEOL JFC-

1600 Auto Fine Coater. After then SEM analysis was
carried out using a JEOL JSM-6700F scanning electron
microscope at 15 kV acceleration voltage in the high
vacuum mode.

Statistical analysis

Statistical analysis of the data obtained was performed
by employing the mean #* standard error of the
mean (S.E.M.). All variables were tested for normal
distribution using the Kolmogorov-Smirnov test
(p >0.05). To find significant differences (significance
level, p <0.05) between groups, the Kruskal-Wallis
test by ranks was applied to the data (Zar, 1999). All
statistical analyses were performed using Statistica
8.0 software (StatSoft, Poland). The following zone
diameter criteria were used to assign susceptibility
or resistance of bacteria to the phytochemicals tested:
Susceptible (S) 215 mm, Intermediate (I) = 10-15 mm,
and Resistant (R) <10 mm (Okoth et al., 2013).

Results and discussion

As can be seen from Figure 1, F. benjamina leaves are
hypostomatic. Leaves possess paracytic stomata which
are distributed regularly throughout the leaf surface
between veins (Figure 1B). They are surrounded with
a cuticular thickening that formed a rim (Figure 1C).
The adaxial leaf surface is moderately undulate and
pavement cells in the adaxial epidermis are difficult
to recognize due to well-developed cuticle (Figure
1A). Nevertheless, epicuticular wax structures on the
adaxial surface have not been observed. While the
abaxial leaf surface has exhibited the deposition of
small epicuticular wax plates (Figure 1C).

Results on in vitro antimicrobial activity assessment of
ethanolic extracts derived from leaves of F benjamina
and its cultivars (Safari, Baroque, Amstel Gold,
Reginald) against Aeromonas sobria strain expressed

Figure 1

Scanning electron microscopy micrographs of adaxial (A) and abaxial (B, C) leaf surfaces of Ficus benjamina L.
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cv. Reginald l16.25
cv. Amstel Gold l15.25
cv. Baroque I13.63
cv. Safari IZ 6.19
F. benjamina '12.5
96% Ethanol '8.5
0 5 10 15 20 25 30
Figure 2 The mean inhibition zone diameters induced by ethanolic extracts derived from leaves of Ficus benjamina L. and

its cultivars (Safari, Baroque, Amstel Gold, Reginald) against Aeromonas sobria strain (1000 pL inoculum)

(M +m, n =8)

as a mean of diameters of inhibition zone is presented
in Figure 2.

Our results of the antimicrobial screening revealed, that
E benjamina and its cultivars possessed antibacterial
properties against Aeromonas sobria strain. The
ethanolic extract obtained from leaves of E benjamina
cv. Safari exhibited the maximum antimicrobial activity
against Aeromonas sobria (the mean of inhibition
zone diameters was 26.19 *1.32 mm). Aeromonas
sobria strain was susceptible to the F benjamina
cv. Amstel Gold (15.25 #1.25 mm) and cv. Reginald
(16.25 #1.10 mm). Aeromonas sobria strain was the
most resistant to F benjamina (12.5 £0.80 mm) and
E benjamina cv.Baroque (13.63 £0.75 mm) leaf extracts
(Figure 1).

In our previous studies, the therapeutic potential for the
use of various plants of the Ficus genus in the control of
bacterial diseases was evaluated against fish pathogens
in vitro study with promising results (Tkachenko et
al, 2016a,b,d, 2017a,b, 2018, 2019). Most ethanolic
extracts obtained from Ficus spp.in our previous studies
proved effective against the bacterial strain of Gram-
negative A. hydrophila tested, with 10-12 mm zones of
inhibition were observed. A. hydrophila demonstrated
the highest susceptibility to E pumila leaf extract. The
highest antibacterial activity against A. hydrophila
(200 uL of standardized inoculum) was displayed by
E benghalensis, E benjamina, E deltoidea, F hispida,
E lyrata leaf extracts (Tkachenko et al, 2016a,d).
Additionally, among various species of the Ficus genus
exhibiting moderate activity against A. hydrophila

(400 pL of standardized inoculum), the highest
antibacterial activity was displayed by E benghalensis,
E benjamina, E. deltoidea, F hispida, F. lyrata leaf extracts
(Tkachenko et al., 2016c). Antibacterial properties
of plant extracts have been by far the most studied
bioactivity with potential applications in aquaculture
systems (Reverter et al.,, 2014).

Moreover, in our previous study (Buyun et al.,, 2018),
we have evaluated the in vitro effect of extracts
obtained from leaves of F benjamina and its cultivars
on the oxidative stress biomarkers (carbonyl content
of the oxidatively modified proteins, total antioxidant
capacity) in the muscle tissue of the rainbow trout. Our
results have shown that extracts obtained from leaves of
E benjamina 'Safari‘ and 'Reginald’ cultivars decreased
non-significantly the lipid peroxidation biomarker
and the ketonic derivatives of oxidatively modified
proteins levels in the muscle tissue. Furthermore, our
results showed that extracts obtained from leaves of
E benjamina and its cultivars increased substantially
the total antioxidant capacity in muscle tissue by
76.9 % (F. benjamina), 66.9 % (E benjamina cv. Safari),
70.5 % (E benjamina cv. Baroque), 49.4 % (F. benjamina
cv. Amstel Gold), and 42.8 % (F benjamina cv. Reginald)
(p <0.05). The results of this study provide a new
perspective on the use of various Ficus species as
a medicinal plant to improve the antioxidant response
of rainbow trout (Buyun et al., 2018).

It would be reasonable to suggest that these
antimicrobial effects are determined by plant
by-products, i.e. flavonoids. Indeed, the results of
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Imran et al. (2014) indicated that E benjamina is
a good source of components with high antibacterial
activity. The extracts and fractions of stem, root, and
leaves exhibited considerable antimicrobial activity
against four bacterial and two fungal strains. The range
of antimicrobial activity expressed as diameters of
inhibition zone for stem was 10.5 mm (n-hexane) -
22.83 mm (n-butanol). All the butanol fractions
exhibited strong activity. The methanol extract
(22.63 mm against Pseudomonas aeruginosa) and an
n-butanolic fraction (22.83 against Bacillus subtilis)
of stem showed substantial activity. The n-hexane,
chloroform, and ethyl acetate sprouted a moderate
value of diameters of inhibition zone, with maximum
value disclosed by ethyl acetate (16.88 mm). The stem
extract and fractions revealed the following order
of antimicrobial potential against Bacillus cereus:
methanolic > n-butanolic > ethyl acetate > chloroform >
n-hexane (Imran et al., 2014).

E benjamina also uses in the treatment of malaria which
may be attributed to ursolic acid and lupeol. The study
of Singh et al. (2020) emphasized the investigation
of antiplasmodial activity of triterpenoids isolated
from FE benjamina leaves. An unsaponified fraction of
petroleum ether extract of plant leaves was subjected
to silica gel column chromatography which led to the
isolation of two known triterpenoids; namely ursolic
acid and lupeol. These compounds were evaluated
for antiplasmodial activity by schizont maturation
inhibition assay using 3D7 Plasmodium strains. Both,
ursolic acid and lupeol were found to exhibit significant
antiplasmodial effect with an IC,, value of 18 and
3.8 pg/ml, respectively (Singh et al,, 2020).

Wanderley et al. (2018) have evaluated the
anthelmintic potential of a protease purified from the
latex of E benjamina against Haemonchus contortus,
a gastrointestinal nematode that is responsible for
high mortality rates in ruminant herds. A cysteine
protease (FbP) inhibited both the development and
escheatment of H. contortus larvae, with 50 % effective
concentrations of 0.26 and 0.79 mg/mL, respectively.
Thus, this cysteine protease from E benjamina latex
with anthelmintic activity against H. contortus could be
apromising alternative for the development of products
for use in parasite control programs (Wanderley et al.,
2018).

Imran et al. (2014) showed that the HPLC analysis
for the presence of phenolic acids permitted the
identification of 5 phenolic acids, three in the stem,
four in the root, and one in leaves. The total phenolic
content (Folin-Ciocalteu) of the leaves of F benjamina

and E luschnathiana were evaluated and screened
by HPLC-DAD by Cruz et al. (2012). E luschnathiana
crude extract (CE) presented phenolic content higher
than that of F benjamina (149.92 +3.65 versus 122.63
+2.79 mg of GAE). Kaempferol (1.63 *0.16 mg/g dry
weight of CE) and chlorogenic acid (17.77 +0.57 mg/g
of butanolic fraction) were identified and quantified in
E benjamina. Additionally, rutin (15.55 *#1.92 mg/g)
and quercetin (3.53 +0.12 mg/g) were quantified in
ethyl acetate and butanolic fractions, respectively.
Sirisha et al. (2010) reported the presence of ursolic,
a-hydroxy ursolic, protocatechuic, and maslinic acids
in Ficus species, while cinnamic and caffeic acids
and quercetin have been reported in leaves, bark,
and fruits of F benjamina (Almahyl et al, 2003).
All the detected phenolic acids are known to have
antioxidant properties (Imran et al., 2014). So these
phenolic acids may be responsible for the antibacterial
activities of E benjamina and its cultivars. In addition
to their antioxidant activity, flavonoids also show
good antibacterial activity against both Gram-positive
and Gram-negative isolates (Daglia, 2012; Coppo and
Marchese, 2014; Barbieri et al., 2017). Flavonoids can
be divided into six subfamilies based on differences
in their molecular backbone structure: flavonols,
flavones, flavanols, flavanones, anthocyanidins, and
isoflavonoids (Barbieri et al., 2017). They can inhibit
DNA gyrase, cell membrane function, and bacterial
energy metabolism (Cushnie and Lamb, 2005; Safavi
et al, 2015). In recent years, flavonoids have been
studied for their ability to interact with DNA helicases,
proteins essential for DNA replication, repair, and
recombination (Lohman et al., 2008), and to prevent
dNTPs binding. In particular, Chen and Huang (2011),
studied 4 flavonoids (galangin, kaempferol, quercetin,
and myricetin at 10 uM) revealed that they capable
of inhibiting the interaction of Klebsiella pneumoniae
DnaB helicase with dNTPs. Huang et al. (2015) have
demonstrated that some flavonoids (kaempferol and
myricetin, at 35 uM) inhibit the PriA helicase activity of
Staphylococcus aureus (Barbieri et al.,, 2017).

There are increasing awareness and general
acceptability of the use of plant-derived medicines in
today’s medical practice. Nevertheless, it is believed
that one of the disadvantages of herbal medicine is
the lack of standardization and quality control profiles
(Kunle etal., 2012).

One of the methods of pharmacognostic studies is
micromorphological analysis, which makes it possible
to ensure the identity of the raw material of medicinal
plants (Khan et al.,, 2020).
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The study of foliar epidermal anatomy of some
ethnobotanically important species of genus Ficus has
been undertaken by Khan et al. (2011). Comprehensive
morphological studies of Ficus species by light and
scanning electron microscopy had been undertaking
by Klimko and Truchan (2006).

We  believe that comparative  anatomical,
micromorphological studies and bio-elemental
analysis could be considered as an important part of
a pharmacognostic investigation to ensure the correct
taxonomic identification of the plant screened based
on micromorphological and anatomical features.

Conclusions

The present study was carried out to provide evidence
of the antibacterial potency of the extracts obtained
from leaves of E benjamina and its cultivars as
a potential source of natural antimicrobial agents.
E benjamina disclosed substantial bioactivity, and
this plant can be regarded as a potential source
of antibacterial agents. In conclusion, the results
of this study provide a new perspective for the use of
various Ficus species as medicinal plants to improve
the antibacterial responses in aquaculture. Further
studies including the use of other medicinal plants as
food additives in aquaculture, the assessment of their
antioxidant effects on various tissues of salmonids are
in progress.
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An international team of scientists continues to study the resource potential of non-conventional or little-utilized
plants. Pawpaw (Asimina triloba (L.) Dunal) fruit (pulp and peel) and seeds were analyzed for their nutritional
compositions. Seeds exhibited significantly higher levels of crude protein, lipid, and vitamin E (11.82 %, 34.0 %, and
20.80 mg/kg, respectively) than those of the other parts. Sucrose in pulp was 501.40 g/kg, which was the highest
among the samples. There is more fructose in the peel 111.90 g/kg. Results revealed that the total amino acids in
the seeds, pulp, and peel of A. triloba were 144.6, 21.1, and 20.9 g/kg, respectively. Among the different plant parts
used in this study, the seeds contained the most abundant essential amino acid and non-essential amino acid. The
glutamic acid exhibited the highest concentration among the tested amino acids. Oleic and linoleic acids in seeds
were 40.13 and 38.84 g/100 g, respectively, which were the highest among the pulp and peel. Potassium was the
most abundant essential trace mineral element in different parts. This element is present in large ammounts in the
peel (15487 mg/kg) and pulp (12198 mg/kg) compared to the seeds (3888 mg/kg). In the seeds, P, Ca and S were
higher (1937, 1368, and 1322 mg/kg, respectively) than in pulp and peel (1046, 450, 499 and 831, 837, 646 mg/kg,
respectively). The high content of beneficial substances makes it possible to include Asimina triloba in the list of
species recommended for cultivation on a larger scale and to use its products more widely in dietary nutrition.

Keywords: pawpaw, fruits, seeds, chemical compositions

Introduction

The search for new plant species, especially neglected
and underutilized plant species that are a valuable
source of biologically active compounds, and creation
on its basis the new generation of nutritional
supplements, has recently become an urgent branch
of modern biological science, and one of the most
important scientific directions (Brindza et al., 2006,
2016; Klymenko et al., 2017). Guided by these new

requirements, an international team of scientists
has been studying for several years the content of
biologically active compounds in various organs of
cultivated new plants to the region (Monka et al,
2014; Ivanisova et al.,, 2017; Klymenko et al.,, 2017,
2019; Grygorieva et al., 2018; Horc¢inova Sedlackova
et al,, 2018; Grygorieva et al., 2020a, b; Vinogradova et
al,, 2020). This article focuses on Asimina triloba (L.)
Dunal.

*Corresponding Author: Olga Grygorieva, M.M. Gryshko National Botanical Garden of Ukraine of National Academy
of Sciences, Kyiv, Timiryazevska 1, 01014 Kyiv, Ukraine
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Asimina triloba (pawpaw, paw paw, paw-paw, common
pawpaw) belongs to the family Annonaceae Juss. native
to eastern North America and Canada (Layne, 1996).
A. triloba fruits are rich in vitamins and minerals
(Templeton et al., 2003; Pomper and Layne 2005),
are a good source of potassium and several essential
amino acids, and they contain significant amounts
of riboflavin, niacin, calcium, phosphorus, and zinc
(Galli et al., 2007), have a high polyphenolic (Harris
and Brannan, 2009; Brannan et al,, 2012, 2014) and
antioxidant content (Kobayashi et al., 2008; Brindza et
al,, 2019).

A. triloba can be used as an alternative to bananas
fruits in most recipes (Jones et al, 1995). Fruits of
pawpaw are very fragrant and resemble a combination
of aromas of banana and mango, and may be used
commercially in cosmetics and skin products (Layne,
1996; Brannan et al., 2012). The extract of unripe A.
triloba fruit has a value not only as a functional food,
but has therapeutic potential for the treatment of
cancer as a naturally derived substance that may be
less toxic than conventional chemotherapy drugs (Nam
etal., 2018b).

Biologically active compounds are not only in fruits, but
in different parts of the plant: roots, bark, twigs, leaves,
flowers, and seeds (Hui et al., 1989; Zhao et al., 1992,
1993, 1994; Alali et al., 1999; Goodrich et al., 2006;
Cuendet et al, 2008; Farag, 2009; Pande and Akoh,
2010). The roots, twigs, flowers, and seeds of A. triloba
contain acetogenins, which are strong inhibitors of
cancer cells (Ratnayake et al., 1992; Woo et al., 1995;
Ko etal., 2011; Sica etal., 2016). A. triloba leaf essential
oil has strong activity against cancer cell lines (Alali et
al,, 1999; Farag, 2009).

A. triloba fruit, leaf, bark, and twig extract may be an
effective insect feeding deterrent (Rupprecht et al,
1986; Ratnayake et al., 1992; Zhao et al., 1994; Gu et al,,
1999; Sedlacek et al.,, 2010).

Despite the importance of A. triloba as a nutritional
and medicinal plant in the conditions of Ukraine, this
species is very little spread. Thus, the objective of the
present study was to investigate and compare the
nutritional compositions of pulp, peel, and seeds of
A. triloba.

Material and methodology

Biological material

A. triloba (Figure 1) seeds and fruits (pulp and peel)
(Figure 2) were collected in September 2020 from the
trees growing in an M.M. Gryshko National Botanical
Garden (Kyiv, Ukraine; 197 m a.s.l.).

Chemicals

Allthe chemicals used were of analytical grade and were
purchased from Sigma-Aldrich (Steinheim, Germany),
Merck (Darmstadt, Germany), and CentralChem
(Slovakia).

Phytochemical analyses

Determination of dry matter, ash, and protein
content
Total dry matter, ash, and protein content were
determined according to EN method (CSN EN 12145,
1997). Total lipid content was determined according to
the methods specified in ISO method (ISO 659:1998).

Figure 1

Tree (A), vegetative bud (B), generative bud (C), flower (D), and leaf (E) of Asimina triloba (L.) Dunal
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Figure 2

Fruits and seeds of Asimina triloba (L.) Dunal

Determination of saccharides

For the determination of saccharides, 1 g of a sample
was extracted with 10 mL of extraction the solution
(ultrapure water and ethanol mixed in a ratio of 4 : 1)
in a 50 mL centrifugation tube placed on a vertical
shake table (GFL, Germany). After 1 hr of extraction,
the samples were centrifuged for 4 min at 6000
rpm in a centrifuge (EBA 21, Hettich, Germany); the
supernatant was filtered using a filter with 0.45 mm
pore size (Labicom, Czech Republic) and filled up to
50 mL in a volumetric flask with ultrapure water. An
Agilent Infinity 1260 liquid chromatography (Agilent
Technologies, USA) equipped with ELSD detector was
used for the determination of saccharides. A Prevail
Carbohydrates ES column (250/4.6 mm) was used as
a stationary phase and acetonitrile (VWR) mixed with
water in 75 : 25 volume ratio was used as the mobile
phase.

Determination of carotenoid

Total carotenoid content expressed as beta-
carotene was analyzed at a wavelength of 445 nm
spectrophotometrically (VIS  spectrophotometer
UV Jenway Model 6405 UV/VIS). Sample (1 g) was
disrupted with sea sand and extracted with acetone
until complete discoloration. Petroleum-ether was
added and then water with the purpose ofthe separation
of phases. After the separation, the petroleum ether-
carotenoid phase was obtained and the absorbance
was measured (CSN 560053, 1986).

Determination of mineral contents

Sample for elemental analysis was prepared using the
wet ashing method in a microwave oven (Milestone
1200, Milestone, Italy). Total of 0.25 g sample matrix
was decomposed in a mixture of nitric acid (6 mL)
(Analytika Praha Ltd, Czech Republic) and hydrochloric

acid (2 mL) (Analytika Praha Ltd, Czech Republic). Then
decomposition sample was filtered using a filter with
0.45 mm pore size and filled up to 25 mL in a volumetric
flask with ultrapure water. Elemental analysis was
performed using ICP-OES (Ultima 2, Horiba Scientific,
France) according to the procedure described by Divis
etal. (2015).

Determination of amino acids

Amino acids were determined by ion-exchange
liquid chromatography (Model AAA-400 amino acid
analyzer, Ingos, Czech Republic) using post-column
derivatization with ninhydrin and a VIS detector. A glass
column (inner diameter 3.7 mm, length 350 mm) was
filled manually with a strong cation exchanger in the
LG ANB sodium cycle (Laboratory of Spolchemie) with
average particles size 12 pM and 8 % porosity. The
column was heated within the range of 35 to 95 °C.
The elution of the studied amino acids took place at
a column temperature set to 74 °C. A double-channel
VIS detector with the inner cell volume of 5 uL was
set to two wavelengths: 440 and 570 nm. A solution
of ninhydrin (Ingos, Czech Republic) was prepared in
75 % v/v methyl cellosolve (Ingos, Czech Republic)
and in 2 % v/v 4 M acetic buffer (pH 5.5). Tin chloride
(SnCl,) was used as a reducing agent. The prepared
solution of ninhydrin was stored in an inert atmosphere
(N,) in darkness at 4 °C. The flow rate was 0.25 (mL/
min) and the reactor temperature was 120 °C.

Statistical analysis

Basic statistical analyses were performed using
PAST 2.17. Data were analyzed with ANOVA test and
differences between means compared through the
Tukey-Kramer test (p <0.05). The variability of all
these parameters was evaluated using descriptive
statistics.
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Results and discussion

In the course of the study of the nutritional properties
of A. triloba for a recommendation to use it as a raw
material for industry, it is crucial to identify the
chemical composition of the different organs of the
plant.

The total protein content was 11.82, 3.64, and 3.98 %
in seeds, pulp, and peel, respectively (Table 1); the total
lipid content was 34.0, 1.12, and 3.89 %, respectively.
According to Nam et al. (2018a) A. triloba seeds also
showed significantly higher levels of crude protein and
crude lipid.

Chitturi et al. (2013) evaluated the protein levels
and antioxidant potential of air-dried medicinally
significant domestic fruit peels and their extracts.

Monosaccharide analysis of neutral carbohydrate part
showed the presence of fructose (4.20, 87.10, and
111.90 g/kg, respectively) and sucrose (24.30, 501.40,
and 227.50 g/kg, respectively) in seeds, pulp, and peel,
respectively, while other saccharides, such as maltose
and lactose were found only in low amounts only
(<0.5 g/kg). Nam et al. (2018a) showed that fructose,
glucose, and sucrose showed the highest levels in the
fruit of A. triloba at 1691.35 mg%, 2148.20 mg%, and
9321.24 mg%, respectively.

The free sugar content, as has been demonstrated by
Andersen (1986), depends on the following climatic
characteristics: temperature, rainfall, relative humidity,
and degree of light.

Therefore, the phytochemical composition of A. triloba,
including free sugars is expected to vary according to
cultivation conditions. At the same time, the intensity
of sweetness from free sugars and their composition
will differ depending on the plant organs.

Carotenoids are widely distributed in nature.
They are diverse in structure and in their function
for human health. Carotenoids are useful for the
prevention of certain types of cancer. They can prevent
photosensitization in some skin diseases and increase
immune response in infections. Their anti-aging effects
on the human body are also known (Kurahashi et al.,
2009).

A. triloba contains beta carotene in seeds, pulp, and peel
(4.80, 6.60, and 12.70 mg/kg, respectively). As shown
from the results, beta carotene accumulated in peel
2 times more than in pulp and approximately 3 times
more than in seeds. Differents fruits investigation on
[3-carotene content showed that in the peel this vitamin
concentrated the most. Ghosh et al. (2019) believe the
presence of B-carotene in fruit peel wastes might be
a contributing factor for its antioxidant activities. Citrus
reticulata Blanco (Ghosh et al., 2019), Mangifera indica
L. (Ranganath et al., 2018; Ghosh et al,, 2019), Musa
acuminata Colla (Budhalakoti, 2018), Malus domestica
Borkh. (Delgado-Pelayo et al., 2014) have a high in
[-carotene content and they also show potential
antioxidant activity. According to Arora et al. (2008),
banana peel could be a potential source of carotenoids.
The content of carotenoids and (-carotene depends

Table 1 Contents of some phytochemical compounds of Asimina triloba (L.) Dunal
Components Seeds (X £S ) Pulp (x +S) Peel (X £S )
Total dry matter (%) 96.73 £3.06 87.07 £2.68 84.12 +2.33
Total content of protein (%) 11.82 £0.12 3.64 £0.05 3.98 +0.18
Total content of ash (%) 1.47 £0.04 4.27 £0.09 4.04 £0.05
Total content of lipids (%) 34.0 £1.02 1.12 £0.06 3.89 £0.07
Beta carotene (mg/kg) 4.80 +0.05 6.60 £0.09 12.0 +0.09
Saturated fatty acids (g/100 g oil) 8.90 £0.03 30.50 +0.60 25.70 £0.10
Monounsaturated fatty acids (g/100 g oil) 32.10 +0.16 28.0 £0.09 24.90 +0.11
Polyunsaturated fatty acids (g/100 g oil) 46.60 +1.13 18.20 £0.13 23.70 £0.09
Fructose (g/kg) 4.20 +0.04 87.10 +0.21 111.90 +1.16
Maltose (g/kg) <0.5 <0.5 <0.5
Sucrose (g/kg) 24.30 £0.10 501.40 £12.18 227.50 £9.32
Lactose (g/kg) <0.5 <0.5 <0.5
Vitamin A (retinyl acetate) (mg/kg) <0.1 <0.1 <0.1
Vitamin E (a-tocopherol) (mg/kg) 20.80 +0.08 8.80 £0.11 19.10 +1.09

Note: X - arithmetic mean; S_- standard error of the mean
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on many factors such as degree of maturation, type of
soil, climatic conditions, etc. (Dhandapani et al., 2017).
Fruits and vegetable processing industries produce
huge waste in the form of peels, seeds, liquid, and
molasses which are a good source of carbohydrates,
proteins, fibres, vitamins, and minerals (Kaur et al.,
2018).

The major quantitative tocopherol in A. triloba seeds,
pulp, and peel was a-tocopherol (20.80, 8.80, and
19.10 mg/kg DWP, respectively). The oil contents
were 34.0 (seeds), 1.12 (pulp), and 3.89 % (peel) dry
weight plant material. The majority of plant oils are
accumulated in the seeds (Bates et al., 2013) and this
parameter is controlled by genetic effects (embryonic,
cytoplasmic, maternal) and interactions between the
genotype and environment (Liu et al., 2014).

The composition and amount of free amino acids
varied among the different parts (Figure 3). The taste,
flavour, and quality of various foods are directly related
to the quantity and quality of free amino acids that
accumulate naturally in nutrition products (Kabelova
et al., 2008; Sinesio et al., 2009). Amino acid analysis
has shown that the studied A. triloba seeds, pulp, and
peel contained 18 amino acids (9 essential and 9 non-
essential). The contents of the total amino acid of the
seeds were significantly higher than those of the pulp
and peel, which is consistent with previous studies
that found that most of the amino acids of the seeds
of A. triloba was in higher levels than those in the
fruit (Nam et al,, 2018a). The total amino acids in the
seeds, pulp, and peel of A. triloba were 144.6,21.1, and
20.9 g/kg, respectively. The glutamic acid exhibited the

highest concentration in seeds with the highest mean
content among the tested amino acids, accounting for
more than 22.68 % of the entire amino acid profile.
Alanine, glutamic acid, and histidine were the major
amino acids detected in the peel, and glutamic acid,
and aspartic acid were the main amino acids found in
the pulp.

Our data coincide with those of Nam et al. (2018a) that
glutamic acid was the major amino acid measured in
seeds having the highest level of 1396.27 mg%.

Fattyacids playanimportantrolein humanhealth. Thus,
they are valuable in the prevention of cardiovascular
diseases, coronary heart disease, and cancer. Their role
is also important in the prevention of inflammatory,
thrombotic and autoimmune diseases, hypertension,
type 2 diabetes, kidney diseases, rheumatoid arthritis,
and ulcerative colitis (De Caterina et al., 2000; Abedi
and Sahari, 2014). Lauric, palmitic, linolenic, linoleic,
oleic, stearic, and myristic fatty acids have antibacterial
and antifungal properties (McGaw et al., 2002; Seidel
and Taylor, 2004). In this regard, we determined the
fatty acid content in various organs of A. triloba.

Total fatty acids varied in different parts of A. triloba
(Figure 4, 5, 6). The unsaturated fatty acid content
was higher than the saturated fatty acid content in all
samples, and the difference between unsaturated fatty
acid and saturated fatty acid was more pronounced in
pawpaw seeds. In contrast, the difference between the
contents in pulp and peel was negligible.

In the present study, A. triloba contained palmitic
acid, oleic acid, linolenic acid, and linoleic acid. Oleic

Non-essential amino acids
A

40 - [
35 -
30 -
25 -

Essential amino acids

\

20
15 -
10 -

Amino acid (g/kg DM)

His Ile Leu Lys Met Phe Thr Trp Val

Ala Arg Asp Cys Glu Gly Pro Ser Tyr

M Pulp ®Peel uSeeds

Figure 3

Amino acid composition of Asimina triloba (L.) Dunal seeds, pulp, and peel, g/kg DM (different superscripts

in each column indicate the significant differences in the mean at p <0.05)
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Seeds

Capric C10:0 Heptzg;_c;"mc
0.70 .
Heptadecenoic Arachidonic
C17:1 C20:4
Behenic C22:0 Lignoceric
C24:0
Tetracosenoic
C24:1

B Palmitic C16:0 W Stearic 18:0 1 Eicosenoic C20:1 mMinor components (<1.0) B Others m Oleic C18:1 m Linoleic C18:2

Figure 4 Fatty acid composition from seeds of Asimina triloba (L.) Dunal (g/100 g oil)
Minor components (<1.0): Caprylic C8:0 (0.32); Lauric C12:0 (0.30); Myristic C14:0 (0.26); Palmitoleic C16:1 (0.79); Linolenic
C18:3 (0.80); Arachidic C20:0 (0.37); Erucic C22:1 (0.32); Docosadienoic C22:2 (0.69) are in the purple part, their total
amount is 3.85 g/100 g oil

acid and linoleic acid in the seeds samples were 41.59  acids, respectively. Unsaturated fatty acids were also
and 40.25 %, respectively (Figure 4). Palmitic acid  predominant in seeds, which accounted for 86.23 %
and stearic acid were the minor fatty acids in leaves,  of total fatty acid while saturated fatty acids accounted
accounting for 7.89 and 4.18 % of the total fatty for 13.77 %.

Pulp

Caprylic C8:0 Capric C10:0

0.60 Heptadecenoic Arachidonic
/ : C17:1 C20:4
- . Tetracosenoic
Erucic C22:1 Cc24:1

B Palmitoleic C16:1 M Docosadienoic C22:2 B Myristic C14:0 B Minor components (<1.0)
M Stearic 18:0 m Others W Oleic C18:1 W Linoleic €18:2

Figure 5 Fatty acid composition from pulp of Asimina triloba (L.) Dunal (g/100 g oil)
Minor components (<1.0): Lauric C12:0 (0.42); Heptadecanoic C17:0 (0.27); Arachidic C20:0 (0.30); Eicosenoic C20:1 (0.90);
Behenic C22:0 (0.75); Lignoceric C24:0 (0.61) are in the right column: are in the right column, in the purple part, their total
amount is 3.25 g/100 g oil
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Peel

0.50 Caprylic C8:0 Capric C10:0

Heptadecenoic Arachidonic
C17:1 C20:4
Tetracosenoic
C24:1

W Others
M Linoleic C18:2
Myristic C14:0

M Palmitic C16:0
Oleic C18:1
H Palmitoleic C16:1

m Stearic 18:0
M Linolenic C18:3

Minor components (< 1.0)

Figure 6

Fatty acid composition from peel of Asimina triloba (L.) Dunal (g/100 g oil)
Minor components (<1.0): Lauric C12:0 (0.39); Heptadecanoic C17:0 (0.24); Arachidic C20:0 (0.34); Eicosenoic C20:1 (0.30);
Behenic C22:0 (0.98); Erucic C22:1 (0.13); Docosadienoic C22:2 (0.78); Lignoceric C24:0 (0.90) are in the right column, their

total amount is 4.06 g/100 g oil

As reported by Nam et al. (2018a) the contents of oleic
and linoleic acids contained in the seeds were 5905.11
and 8045.56 mg%, respectively, which was more than
120 times and 820 times the oleic and linoleic acids
contained in the fruit, respectively.

Oleic acid and palmitic acid in pulp accounted for
28.66 and 24.67 % of total fatty acids, followed by
linolenic acid and linoleic acid, accounting for 12.54
and 7.89 % of total fatty acids, respectively (Figure 5).
Unsaturated fatty acids were also predominant in pulp,
which accounted for 60.88 % of total fatty acid while
saturated fatty acids accounted for 39.12 %.

In peel, oleic acid, palmitic acid, linolenic acid, and
linoleic acid accounted for 26.23, 20.01, 17.59, and
13.55 % of total fatty acids, respectively (Figure 6).
Stearic acid and palmitoleic acid were the minor fatty
acids in the peel, accounting for 6.09 and 5.83 % of the
total fatty acids, respectively. Unsaturated fatty acids
were also predominant in the peel, which accounted
for 65.70 % of total fatty acid while saturated fatty
acids accounted for 34.30 %.

Oleic acid was present in the largest amount in the seeds,
pulp, and peel. Oleic acid belongs to the omega-9 fatty
acids. Omega-9 fatty acids (MUFAs) have one double
bond per one molecule of a fatty acid. Oleic acid (18:1
n-9), as the major MUFAs, is the main characteristic

of the Mediterranean Style Diet, which is high in olive
oil (Rustan and Drevon, 2005). The monounsaturated
fatty acids (MUFAs) at normal amounts in the diet
do not affect blood cholesterol levels (Hegsted et al.,
1993). When polyunsaturated fatty acids in the diet
are replaced by monounsaturated fatty acids, such as
oleic acid, they do not increase blood cholesterol levels
(cholesterolemia). However, increased MUFAs content
in the diet lower than LDL- and total cholesterol and
increases HDL-cholesterol (Mattson and Grundy, 1985),
and thus MUFAs reduce the risk of cardiovascular
disease.

The palmitic acid, stearic acid, and myristic acid belong
to the saturated fatty acids (SFAs). SFAs increase and
are the primary determinants of serum cholesterol.
The polyunsaturated fatty acids (PUFAs) actively
lower serum cholesterol (Hegsted etal., 1993). Dietary
omega-3 polyunsaturated fatty acids (w-3 PUFAs),
including alpha-linolenic acid, docosapentaenoic
acid, and eicosapentaenoic acid, are most studied.
The anti-inflammatory and hypotriglyceridemic
effects of these fatty acids are well known, whereas
pro-inflammatory properties have been recognized in
their dietary counterparts, the w-6 PUFAs (DAngelo et
al.,, 2020).

In order to comply with plant food safety requirements,
the concentration of heavy metals in plants must be
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evaluated. Toxic elements including mercury, lead,
and cadmium can be present in trace amounts. Major
mineral elements such as iron, copper, zinc, and
manganese should not exceed critical thresholds, as
excessive concentrations are also toxic (Lekouch et al.,
2001).

The average contents of the elements in the different
parts of A. triloba are shown in Table 2. Macroelement
and trace element concentrations in the leaf samples
revealing the following trend: Ca > P > Mg > K > S >
Fe >Zn> Al >Mn > Cu > Na>Se>Cr>Ni>Pb>As>
Hg > Cd. These elements were also detected in seeds
samples according to the following order: K > P > Ca
>S5 > Mg >Fe>7Zn>Cu>Na>Mn > Al>Ni>Se > As
> Cr > Pb > Cd > Hg. In the pulp samples, the following
concentrations were observed: K> P > S > Ca> Mg > Fe
> Na, Cu> Al >Zn > Mn > As > Cr, Se, Ni > Pb > Cd > Hg.
In the peel samples, the following result was obtained:
K>Ca>P>S>Mg>Fe>Na>Cu>Al>Zn>As>Cr, Se,
Ni > Mn > Pb > Cd > Hg.

For all of these elements, the required amount of the
individual‘s daily intake (mg/day) has been determined
(Anke et al., 2002). The average concentrations of
Hg, As, and Pb analyzed in A. triloba were below the
maximum allowable levels.

Table 2 shows that mineral elements are higher in
the peel than in the other parts of A. triloba. K was
the most abundant essential trace mineral element in
different parts. There is more of this element in the
peel (15487 tmg/kg) and pulp (12198.0 mg/kg) than
in the seeds (3888.0 mg/kg). In the seeds, P, Ca and
S were higher than in pulp and peel. Seeds and pulp
contribute moderate trace elements because of their
high water content. Nam et al. (2018a) report that
seeds (289.17 mg% fresh weight) have more potassium
content than fruits (239.36 mg% fresh weight).

The many reports proposed that the chemical
composition content may differ according to several
factors such as growing season, cultivars, and climatic
conditions (Rohloffetal.,, 2005; Jang etal.,, 2011; Nwofia
etal, 2012). Therefore, the present study suggests that
the chemical composition content of Asimina triloba
can depend on their different parts, as well as these
other factors.

Our conclusion provides additional information
to elucidate the medical functions and nutritional
properties of A. triloba. The fruits of A. triloba can also
be recommended for use as a potential functional food,
nutraceutical, or dietary food supplement in processed
form.

Table 2 Mineral composition of different parts of
Asimina triloba (L.) Dunal (mg/kg)

Minerals | Seed (X S)) Pulp (x £S) Peel (X £S)
P 1937.0 £122 1046.0 £75 831.0 48
K 3888.0 £215 12198.0 £334 | 15487.0 £361
Ca 1368.0 +96 450.0 +28 837.0 £31
S 1322.0 £99 499.0 +31 646.0 £45
Fe 26.0 +1.02 25.0 £1.12 31.0 £1.09
Mn 7.1 £0.5 1.1 +£0.02 1.5 +0.01
Mg 1021.0 £65 396.0 +35 573.0 47
Na 8.0 £0.7 5.0 0.2 11.0 0.4
Al 1.1 £0.01 4.4 +0.2 3.7 £0.2
Cr <0.2 <0.2 <0.2
Cu 14.0 £0.5 5.0 £0.3 4.0+0.2
ZIn 17.0 +0.4 3.0+0.1 3.0 £0.2
Se 0.25 £0.05 <0.2 <0.2
As <0.3 <0.3 <0.3
Cd 0.050 +0.002 <0.01 <0.01
Ni 0.74 £0.08 <0.2 <0.2
Hg 0.009 £0.0001 | 0.007 £0.0002 | 0.006 +0.0001
Pb <0.1 <0.1 <0.1

Note: X - arithmetic mean; S_- standard error of the mean

Conclusion

Diverse amino acids, fatty acids, and mineral elements
that are essential to human health were in Asimina
triloba. The glutamic acid, oleic acid, linoleic acid,
palmitic acid, K, P, Ca, and S were found in relatively
high levels. High potassium content was found in all
the plant parts of A. triloba. Considering these results,
A. triloba fruits and seeds can contribute to the coverage
of nutritional recommendations in human nutrition
and some nutritional requirements in the human diet.
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The present study was aimed to assess the antibacterial activity of ethanolic extract obtained from leaves of Coelogyne
brachyptera Rchb. f. For the current study, a panel of organisms including Staphylococcus aureus subsp. aureus
Rosenbach (ATCC® 25923™) (mecA negative), S. aureus subsp. aureus Rosenbach (ATCC® 29213™) (mecA negative,
Oxacillin sensitive, weak (3-lactamase producing strain), S. aureus NCTC 12493 (mecA positive, Methicillin-resistant,
EUCAST QC strain for cefoxitin), Escherichia coli (Migula) Castellani and Chalmers (ATCC® 25922™), E. coli (Migula)
Castellani and Chalmers (ATCC® 35218™), Pseudomonas aeruginosa (Schroeter) Migula (ATCC® 27583™) were used.
The antimicrobial susceptibility testing was done on Muller-Hinton agar by the disc diffusion method. The results
of our study revealed the differential efficacy of ethanolic extract obtained from leaves of C. brachyptera on the test
organisms. The ethanolic extract obtained from leaves of C. brachyptera revealed significant antibacterial activity
against studied strains compared to control samples (96 % ethanol). A statistically significant increase (p <0.05)
in the inhibition zone diameters of strain growth was 47 % for S. aureus subsp. aureus ATCC® 25923™, 40 % for
S. aureus subsp. aureus ATCC® 29213™, and 44 % for S. aureus NCTC 12493. A non-significantly increase in inhibition
zone diameters of E. coli strains’ growth was also observed. The plant can be a source material to the herbal drug
industry since it has some important antimicrobial components in the extracts that can be used for the development
of therapeutic phytomedicine and phytoveterinary.

Keywords: orchids, ethanolic leaf extract, antibacterial activity, disc diffusion technique, Staphylococcus aureus subsp.
aureus, Escherichia coli, Pseudomonas aeruginosa

Introduction Sw., Cypripedium L., Dendrobium Sw., Eria Lindl., Galeola
Orchidaceae is one of the largest and more diverse Lour, Gastrodia R. Br.,, Gymnadenia R. Br., Habenaria
families of flowering plants with approximately 25,000 Willd.,, Ludisia A. Rich., Luisia Gaudich., Nervilia
species in 736 genera currently recognized (Chase et Comm. ex Gaudich., and Thunia Rchb. f. (Szlachetko,
al., 2015). Orchids widely distributed as epiphytes, 2001; Kovaés et al, 2008; Pant, 2013). Orchids
lithophytes, or terrestrials, have been used all over the ~ Dave been reported to possess useful therapeutic
world in traditional healing and treatment systems of activities like antitumor, hypoglycaemic, antimicrobial,
several diseases (Kong et al, 2003; Pant, 2013). [t was ~ immunomodulatory, —hepatoprotective, antioxidant,
found that medicinal orchids mainly are encompassed and neuroprotective activities (Prasad and Koch, 2014;
by the next genera: Anoectochilus Blume, Bulbophyllum Biswas et al., 2016; Bhatnagar and Ghosal, 2018). It is
Thouars, Calanthe R. Br., Coelogyne Lindl., Cymbidium believed that these pharmaceutical properties are due
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to the activities of many phytochemicals, including
alkaloids, flavonoids, phenanthrenes, terpenoids,
steroids, and their derivatives, which are present in
various parts of orchid plants (Zhang et al,, 2015).

In recent years, the assessment of antibacterial
properties of orchids has received considerable
attention (Singh et al,, 2012; Tkachenko et al,, 2015,
2018; Buyun et al, 2016, 2017, 2018; Soumiya and
Christudhas Williams, 2017). Some orchid species are
used as potent inhibitors against Gram-positive and
Gram-negative bacteria and also proved to be a potent
antimicrobial agent (Singh et al,, 2012).

The family Orchidaceae is not only one of the most
numerous, ecologically, and morphologically diverse
families of flowering plants, but also one of the most
endangered plant taxa (Zhang et al,, 2015). Orchids are
widely and illegally harvested from the wild for local,
regional, and international trade as ornamental and
medicinal plants. The demand for medicinal orchids
is drastically increasing since the international trade
of medicinal plants is becoming a major force in the
global economy (Hinsley et al, 2017). However, the
natural source of these plants has been significantly
reduced due to indiscriminate collection, global climate
changes, the specificity of life-history strategies,
including specialized pollination syndromes, and
association with mycorrhizal fungi (Gravendeel et al.,
2004). Therefore, to conserve orchid plants in the wild
and to meet the demand for medicinal plant material,
assessment of biological activity of plants maintained
under glasshouse conditions and developing new
biotechnologies for plant reproduction in vitro are
urgently needed.

Thus, although the antimicrobial activity of many
orchid species, including Coelogyne species, has been
effectively established against a wide spectrum of
microorganisms (Majumder et al,, 1995, 2001, 2011;
Kovacs et al., 2008; Chen et al,, 2018), bacterial drug
resistance continues to be a worldwide public health
issue in the treatment of infectious diseases, thereby
stimulating the search for new alternatives with fewer
side effects (Mambe et al., 2019).

Previously, we have given considerable attention to
the evaluation of the antibacterial effects of ethanolic
extracts obtained from leaves and pseudobulbs
of plants belonging to various Coelogyne species,
maintained under glasshouse conditions. For example,
the assessment of the antifungal potential of orchids
species, i.e. Coelogyne cristata Lindl., C. fimbriata Lindl.,
C. flaccida Lindl., C. huettneriana Rchb.f,, C. ovalis Lindl.,
C. speciosa (Blume) Lindl.,, C. tomentosa Lindl. and

C. viscosa Lindl. against fungus strain, Candida albicans
was conducted by Buyunetal. (2018). Marked antifungal
efficacy was observed in the case of ethanolic extracts
derived from leaves of C. flaccida (mean diameter of
inhibition zones was 19.5 mm), C. viscosa (18.6 mm),
C. huettneriana (18.2 mm), and C. fimbriata (17.5 mm).
Extracts of C. cristata, C. ovalis, and C. tomentosa
displayed less profound inhibitory activity against test
fungus (mean diameter of inhibition zones ranging from
16 to 17.5 mm). Similarly, the ethanolic extracts from
the pseudobulbs of eight Coelogyne species exhibited
strong activity against C. albicans (inhibition zone
diameter ranged from 16 to 23.5 mm). Moreover, it has
been observed that ethanolic extract from pseudobulbs
of C. speciosa revealed the highest antibacterial activity
(21 mm as the diameter of the inhibition zone) among
various Coelogyne species screened. The results also
indicate that scientific studies carried out on medicinal
plants having traditional claims of effectiveness might
warrant fruitful results (Buyun et al., 2018).

The present study was aimed to determine the
antibacterial activity of Coelogyne brachyptera Rchb.
f. against Escherichia coli, Staphylococcus aureus, and
Pseudomonas aeruginosa strains, clinically important
bacteria, which are indicator organisms commonly
used in various projects to monitor antibiotic resistance
(Roser etal., 2016).

Given that standardization and quality control
are essential analytical steps to assure the correct
identification of plant raw materials to be used as
plant-derived medicines, the micromorphological
investigation of Coelogyne brachyptera leaf has been
undertaken using light microscopy. The need for
constant incorporation of leaf micromorphology in
pharmacological investigations has been emphasized
in some recent papers (Bili¢ et al.,, 2019; Khan et al,,
2020). Additionally, this investigation was conducted
as part of a conservation research program focusing
on preventing the extinction of rare and endangered
orchid species.

Material and methodology

Collection of plant material

The leaves of C. brachyptera plants cultivated under
glasshouse conditions were sampled at M.M. Gryshko
National Botanical Garden (NBG, Kyiv, Ukraine). Since
1999 the whole collection of tropical and subtropical
plants (including orchids) has had the status of
a National Heritage Collection of Ukraine and is
supported through State Funding. Besides, the NBG
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collection of tropical orchids was registered at the
Administrative Organ of CITES in Ukraine (Ministry of
Environment Protection, registration No. 6939/19/1-
10 of 23 June 2004).

Various databases are available for searching
collections of living plants, confirming the taxonomic
identity of having been reviewed, e.g. World Checklist
of Orchidaceae (Govaerts et al,, 2016), International
Plant Names Index, The Plant List, the IUCN Red List
(IUCN, 2013).

Coelogyne brachyptera is found in Burma, Thailand,
Cambodia, Laos, and Vietnam. It grows epiphytically
in the primary mountain forest, the most frequent at
an altitude of 1000 to 2500 meters above sea level
(Averyanov et al, 2003). It is a sympodial orchid
with pseudobulbs of one internode, narrowly conical,
4-angled, slightly grooved, pale green, carrying 2 leaves.
The leaves are elliptic to elliptic-lanceolate, subacute,
plicate, 7-nerved, with an undulate margin. The
flowering of C. brachyptera under glasshouse condition
at NBG was observed in March - April (Figure 1). The
duration of anthesis of a single inflorescence did not
exceed 2 weeks.

Figure 1 Vegetative shoot with inflorescence of

Coelogyne brachyptera Rchb. f. plant, cultivated
at NBG’s glasshouses (Kyiv, Ukraine)

Preparation of plant extracts

The collected leaves were brought into the laboratory
for antimicrobial studies. Freshly sampled leaves were
washed, weighed, crushed, and homogenized in 96 %
ethanol (in proportion 1 : 19) at room temperature.
The extract was then filtered and investigated for
antimicrobial activity.

Bacterial test strain and growth conditions

For this study, a panel of organisms including
Staphylococcus aureus subsp. aureus Rosenbach
(ATCC® 25923™) (mecA negative), S. aureus subsp.
aureus Rosenbach (ATCC® 29213™) (mecA negative,
Oxacillin sensitive, weak 3-lactamase producing strain),
S. aureus NCTC 12493 (mecA positive, Methicillin-
resistant, EUCAST QC strain for cefoxitin), Escherichia
coli (Migula) Castellaniand Chalmers (ATCC® 25922™),
E. coli (Migula) Castellani and Chalmers (ATCC®
35218™), Pseudomonas aeruginosa (Schroeter) Migula
(ATCC® 27583™) were used. The cultivation medium
was trypticase soy agar (Oxoid®, UK), supplemented
with 10 % defibrinated sheep blood. Cultures were
grown aerobically for 24 hr at 37 °C. The cultures were
later diluted with a sterile solution of 0.9 % normal
saline to approximate the density of 0.5 McFarland
standard. The McFarland standard was prepared
by inoculating colonies of the bacterial test strain
in sterile saline and adjusting the cell density to the
specified concentration (CLSI, Performance Standards
for Antimicrobial Susceptibility Testing, 2014).

The disk diffusion method for evaluation
of antibacterial activity of plant extracts

Strain tested was plated on TSA medium (Tryptone
Soy Agar) and incubated for 24 hr at 37 °C. Then the
suspension of microorganisms was suspended in
sterile PBS and the turbidity adjusted equivalent to
that of a 0.5 McFarland standard. The antimicrobial
susceptibility testing was done on Muller-Hinton agar
by the disc diffusion method (Kirby-Bauer disk diffusion
susceptibility test protocol). Muller-Hinton agar plates
were inoculated with 200 pl of standardized inoculum
(108 CFU/mL) of the bacterium and spread with sterile
swabs (Bauer et al., 1966).

Sterile filter paper discs impregnated by extract were
applied over each of the culture plates, 15 min after
bacteria suspension was placed. A negative control
disc impregnated by sterile 96 % ethanol was used in
each experiment. After culturing bacteria on Mueller-
Hinton agar, the disks were placed on the same plates
and incubated for 24 hr at 37 °C. The assessment of
antimicrobial activity was based on the measurement
of the diameter of the inhibition zone formed around
the disks. The diameters of the inhibition zones were
measured in millimeters and compared with those
of the control and standard susceptibility disks. The
activity was evidenced by the presence of a zone of
inhibition surrounding the well.
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LM investigations of leaf surface
micromorphology

For the micromorphological investigation of the leaf
surface epidermal cells, Clarke’s method of making
impressions technique of the leaf surface has been
used (Clarke, 1960). To produce the leaf epidermal
impressions (imprints or replicas) the clear nail polish
was applied on both surfaces of C. brachyptera leaf
and allowed to dry for several minutes. After then
the thin film was gently peeled from the leaf surface
using transparent tape and the peel subsequently was
mounted in water. Stomatal type, density, size were
determined using nail polish imprints taken from both
leaf surfaces.

For viewing epidermal features imprints light
microscope Primo Star (Carl Zeiss, Jena, Germany) has
been employed. The light microscopic images were
captured with a digital camera Canon PowerShot A640.
For measuring the dimension of epidermal cells the
AxioVs40 V 4.8.2.0 software has been used (Carl Zeiss,
Jena, Germany).

Statistical analysis

Zone diameters were determined and averaged.
Statistical analysis of the data obtained was performed
by employing the mean # standard error of the mean
(S.E.M.). All variables were randomized according to
the phytochemical activity of the extract tested. All
statistical calculation was performed on separate
data from each strain. The data were analyzed
using a one-way analysis of variance (ANOVA) using
Statistica software, v. 8.0 (StatSoft, Poland) (Zar,
1999). The following zone diameter criteria were
used to assign susceptibility or resistance of bacteria
to the phytochemicals tested: Susceptible (S) 215 mm,

A

Intermediate (I) = 10-15 mm, and Resistant (R)
<10 mm (Okoth et al., 2013).

Results and discussion

In Figure 2, we can see that the adaxial epidermis in
C. brachyptera leaf is composed of mostly hexagonal
cells, although polygonal or isodiametric cells have
been observed. The number of epidermal cells on the
adaxial leaf surface varied from 160 to 224 (198.30
+6.12) per 1 mm? cells are from 51.18 to 158.10
(93.44 +1.62) pm in length and from 40.31 to 94.35
(70.32 £0.90) um in width.

The cells of the abaxial epidermis of the leaves are
mostly rectangular or irregularly shaped; walls are
straight or curved. Angles within adjacent boundaries
are straight or pointed. The number of epidermal cells
on the abaxial leaf surface varied from 208 to 256
(226.33 +4.93) per 1 mm?; cells from 50.28 to 134.15
(88.27 +2.21) pm in length and from 32.95 to 80.58
(59.43 £0.72) pm in width. The density of trichomes
on both surfaces varied within the range of 2-4 per
1 mm?,

Stomata were located only on the lower leaf surface
(hypostomatous leaves). The stomatal complex is
recognizable allowing us to determine the stomatal
types based on nail polish imprints. The most common
stomatal type was tetracytic, occasionally anomocytic
stomata occurred with 5 or 6 subsidiary cells. The
stomata are rounded, usually scattered or distributed
in small groups of 2-3 stomata. Subsidiary cells are
located parallel to the guard cells and clearly differ
from the main epidermal cells of the leaves both in
shape and size.

B

Figure 2
polish imprints

Adaxial (A) and abaxial (B) epidermal cells with stomata on Coelogyne brachyptera Rchb. f. leaf observed in nail
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Stomata density varied from 10 mm? to 15 mm™
(12.77 £0.59). Stomatal size (guard cell length) ranged
within range 47.55-68.19 um (58.54 +0.61 pum).

The ethanolic extract obtained from leaves of
C. brachyptera resulted in considerable suppression
of Staphylococcus aureus strains’ growth. Moreover,
the differential efficacy of ethanolic extract obtained
from leaves of C. brachyptera on the test organisms
was noted. Consequently, the extract displayed
intermediate antibacterial potency against S. aureus,
i.e. the mean of inhibition zone diameters was (12.45
+1.18) mm, (12.51 £0.99) mm, and (12.87 £1.16) mm
for S. aureus subsp. aureus (ATCC® 25923™), S. aureus
subsp. aureus (ATCC® 29213™), and S. aureus NCTC
12493, respectively. On the other hand, E. coli exhibited
lower susceptibility for the impact of the ethanolic
extract obtained from leaves of C. brachyptera. The
mean of inhibition zone diameters was (12.11 +1.02)
mm and (10.40 £0.95) mm for E. coli (ATCC® 25922™)
and E. coli (ATCC® 35218™), respectively. P aeruginosa
(ATCC® 27583™) strain was the most resistant to the
impact of the ethanolic extract obtained from leaves
of C. brachyptera with the mean of inhibition zone
diameter (9.53 £0.95) mm (Figure 3, 4).

Moreover, the ethanolic extract obtained from leaves
of C. brachyptera revealed significant antibacterial
activity against studied strains compared to control

samples (96 % ethanol). A statistically significant
increase (p <0.05) in inhibition zone diameters of
strain growth was 47 % (for S. aureus subsp. aureus
ATCC® 25923™), 40 % (for S. aureus subsp. aureus
ATCC® 29213™), and 44 % (for S. aureus NCTC 12493)
(Figure 3, 4). A non-significantly increase (p >0.05) in
inhibition zone diameters of E. coli strains’ growth was
also observed (by 27 % for E. coli ATCC® 25922™ and
by 31 % for E. coli ATCC® 35218™, respectively).

The present study has revealed that ethanolic extract
derived from the leaves Coelogyne brachyptera
exhibited intermediated antibacterial activity against
different Gram-positive and Gram-negative strains
studied (inhibition zone diameter were ranged from
8.5 to 15.5 mm) (Figure 3 and 4). Moreover, it has
been observed that ethanolic extract obtained from
the leaves Coelogyne brachyptera revealed the highest
antibacterial activity against S. aureus strains (11.0-
15.5 mm as the diameter of inhibition zone) compared
to E. coli and P, aeruginosa strains (Figure 3 and 4).

In our previous study (Buyun et al,, 2017), we have
studied the antibacterial effects of the ethanolic
extract obtained from C. brachyptera leaves against
specific Gram-positive (Staphylococcus aureus ATCC
25923 and methicillin-resistant S. aureus locally
isolated) and Gram-negative bacteria (Pseudomonas
aeruginosa ATCC 27853, metallo-B-lactamases (MBL)-

— 9-53

Pseudomonas aeruginosa (ATCC® 27583™)

( P 7.46

Control sample

—10-4

E. coli (ATCC® 35218™)

ﬁ 7.95

Control sample

Escherichia coli (ATCC® 25922™)

( J12.11

Control sample

# 9.55

S. aureus NCTC 12493

Control sample

— 8.95

S. aureus (ATCC® 29213™)

Control sample ( ¥8.91
Staphylococcus aureus (ATCC® 25923TM) — 12.45
Control sample ( J8.45
0 4 6 8 10 12 14

Inhibition zone diameters (mm)

Figure 3

The mean of inhibition zone diameters achieved by an impact of the ethanolic extract obtained from leaves of

Coelogyne brachyptera concerning S. aureus subsp. aureus (ATCC® 25923™), S. aureus subsp. aureus (ATCC®
29213™), and S. aureus NCTC 12493, E. coli ATCC® 25922™, E. coli ATCC® 35218™, and P. aeruginosa ATCC®

27583™ (n = 8)
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Figure 4

positive Pseudomonas aeruginosa locally isolated,
Escherichia coli ATCC 25922, Salmonella enteritidis
locally isolated). Our results showed that the ethanolic
extract of C. brachyptera leaves has displayed a strong
inhibitory effect against the Gram-positive bacterial
strains (20 mm diameter of inhibition zone for S. aureus
and 26.5 mm for methicillin-resistant S. aureus), and
moderate activity against Gram-negative bacteria (18.2
mm for E. coli, 16.5 mm for P. aeruginosa and 18.3 mm
for (MBL+) P aeruginosa, and 14.8 mm for S. enteritidis).
Gram-positive strains (S. aureus and methicillin-
resistant S. aureus) were more susceptible to the
ethanolic leaf extracts of C. brachyptera as compared to
Gram-negative bacteria (Buyun et al., 2017).

Literature data also suggest that some members of the
orchid family are used as a potent inhibitor against
Gram-positive and Gram-negative bacteria and also
proved to be a potent antimicrobial agent. For example,
Nagananda and Satishchandra (2013) have evaluated
the antibacterial and antifungal activity of Dendrobium
nodosum Dalzell (syn. Flickingeria nodosa (Dalzell)
Seidenf.) against human pathogens with cold and hot

Examples of a disc diffusion assay plate showing the halos in the bacterial lawn resulting from the antibacterial
activity of extract obtained from C. brachyptera leaves against S. aureus subsp. aureus ATCC® 29213™ (A),
S. aureus NCTC 12493 (B), E. coli ATCC® 25922™ (C), and P. aeruginosa ATCC® 27583™ (D) (Photo: O. Gyrenko)

successive extracts. The antimicrobial activities of
the plant extracts were evaluated against 7 bacterial
and 6 fungal strains using the well diffusion method
on Mueller Hinton agar medium. The cold water
extract has antibacterial activity against S. aureus
and S. citreus with a maximum zone of inhibition. The
cold chloroform extract has good antifungal activity
against Trichophyton mentagrophytes (Nagananda and
Satishchandra, 2013).

Chemical analyses conducted by Majumder et
al. (1995, 2001), revealed the presence of two
phenanthrene derivatives in pseudobulbs of C. cristata:
coeloginanthridin and coeloginanthrin. Phenanthrenes
are the prototypical opioids thatare presumably formed
by oxidative coupling of the aromatic rings of stilbene
precursors and possess several biological activities
(Kovacs et al, 2008). Phenanthrenes have been
studied for cytotoxicity, antimicrobial, spasmolytic,
anti-inflammatory, anti-platelet aggression, anti-
allergic, immunomodulatory, anticancer, anti-aging,
atherosclerosis properties (Majumder et al., 2001;
Kovacs et al., 2008; Chen et al., 2018). The anti-stress
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and antioxidant activity of similar herbs from the
Orchidaceae family have also been reported (Habbu et
al,, 2012; Sing et al., 2012; Mishra et al., 2018).

Moreover, further investigation afforded two
new stilbenoids, designated coeloginone and
coeloginanthrone (Majumder et al., 2011). Stilbenoids
are the major secondary metabolites reported in some
orchids based on previous phytochemical studies, e.g.
in Arundina graminifolia (D. Don) Hochr. (Auberon et
al,, 2016). These metabolites are also known to display
awide range of biological activities such as antioxidant,
antiviral, cytotoxic, and antitumoral properties (Chen
and Chen, 2005; Prasad and Koch, 2014; Biswas et al.,
2016; Bungtongdee et al,, 2018; Mishra et al., 2018).

Mishra et al. (2018) have investigated the antioxidant
and antibacterial activities of 5 different extracts
and derived fractions from the tubers of Satyrium
nepalense D. Don, a high altitude medicinal orchid
of the Indian Himalayan region. Identification of the
most active fractions, phytochemical characterization,
total phenolic, and flavonoid contents, and biological
activities were also evaluated. Petroleum ether,
chloroform, ethyl acetate, methanol, water extracts,
and methanol fractions were screened for their
antibacterial activity at various doses (10, 50, and
100 mg/mL) against ten Gram-negative and Gram-
positive bacterial strains by disc diffusion method.
Methanol extract exhibited the highest antioxidant
and antibacterial activities in comparison with the
other extracts. Levels of phenolics and flavonoids were
also the highest in the same extract. Phytochemical
investigation of the active fractions of the methanol
extract led to the isolation of gallic acid (19.04 mg/g)
and quercetin (23.4 mg/g). Therefore, methanol extract
showed interesting potential for both antioxidant and
antibacterial activities (Mishra et al,, 2018).

Three orchids namely, Rhynchostylis retusa (L.) Blume,
Tropidia curculigoides Lindl., and Satyrium nepalense,
traditionally used in tuberculosis, asthma, and cold
stage of malaria in folk medicine, were studied
by Bhatnagar et al. (2017). The most significant
antimycobacterial activity was observed with the
n-hexane fraction of the flower of Satyrium nepalense
with a minimum inhibitory concentration (MIC) of
15.7 ug/mL. The most promising leishmanicidal activity
was observed with diethyl ether fraction of the roots
of Rhynchostylis retusa with IC_ values of 56.04 and
18.4 pg/mL against promastigotes and intracellular
amastigotes respectively. Evaluation of antibacterial
activity identified S. nepalense flower n-hexane and
R. retusa roots diethyl ether as potential fractions with

MIC values of <100 pg/mL against selected clinical
isolates. The investigation of Bhatnagar et al. (2017)
resulted in the identification of S. nepalense as the most
promising plant, which possessed all three activities in
a significant proportion.

Recently it has been shown that some plant-derived
bioactive compounds produced by fungal endophytes
of orchids have been proven to possess antimicrobial
and antioxidant activities (Vaz et al,, 2009; Jiang et al,,
2015; Bungtongdee et al., 2018). For example, Vaz et
al. (2009) have examined the antimicrobial activity
of endophytic fungi isolated from the leaves, stems,
and roots of 54 species of Orchidaceae collected in
a Brazilian tropical ecosystem. In total, 382 filamentous
fungi and 13 yeast isolates were obtained and cultured
to examine the production of crude extracts. Thirty-
three percent of the isolates displayed antimicrobial
activity against at least one target microorganism.
Furthermore, the endophytic fungi isolated from
different Dendrobium species could be of the potential
antibacterial or antifungal resources (Xing etal., 2011).
Thus, 10 endophytic fungi in Dendrobium devonianum
Paxton and 11 in D. thyrsiflorum B.S. Williams exhibited
antimicrobial activity against at least one pathogenic
bacterium or fungus among 6 pathogenic microbes
(Escherichia coli, Bacillus subtilis, Staphylococcus
aureus, Candida albicans, Cryptococcus neoformans, and
Aspergillus fumigatus). Out of the fungal endophytes
isolated from D. devonianum and D. thyrsiflorum,
Phoma displayed strong inhibitory activity (inhibition
zones in diameter >20 mm) against pathogens.
Epicoccum nigrum from D. thyrsiflorum exhibited
antibacterial activity even stronger than ampicillin
sodium. Fusarium isolated from the two Dendrobium
species was effective against the pathogenic bacterial
as well as fungal pathogens (Xing et al,, 2011).

In vitro antimicrobial activity of various extracts
obtained from vegetative parts of Coelogyne speciosa
against Gram-positive (Staphylococcus aureus ATCC
25923) and Gram-negative bacteria (Escherichia
coli ATCC 25922) was also demonstrated in our
previous studies (Buyun et al, 2016, 2017) The
ethanolic extracts from leaves and pseudobulbs of
C. speciosa exhibited strong activity against S. aureus
(inhibition zone diameters were 21.5 mm and
19 mm, respectively), while the methanolic extract
from leaves and pseudobulbs revealed mild activity
(8.1 and 8 mm). Moreover, it has been observed that
ethyl acetate, hexane, and dichloromethane extracts
obtained from leaves and pseudobulbs of C. speciosa
revealed no antibacterial activity against S. aureus. Our
results also showed that ethanolic extract from leaves
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of C. speciosa exhibited strong activity against E. coli
(inhibition zone diameter was 21 mm), whereas other
extracts from pseudobulbs revealed minimum activity
(inhibition zone diameter was 12 mm) (Buyun et al,,
2016, 2017). The ethanolic extracts obtained from
leaves and pseudobulbs of five Coelogyne spp. were
found to exhibit fairly strong antibacterial activity
towards Enterobacter cloacae strain used, the diameter
of inhibition zones varied within 8.0-25.5 mm (Buyun
etal, 2019).

Leaf morphological traits play an important role in
maintaining water balances in epiphytes (Zhang et al.,
2015). It was evidenced, that the patterns of stomatal
type in the studied group might represent a useful
diagnostic characteristic. Data on the characteristics of
the leaf surface will provide important information for
the standardization of raw materials, and on the other
hand is taxonomically important for the identification
of samples (Song et al., 2020).

Micromorphological characteristics of leaves have
been applied in systematic studies for different
taxonomic groups. Recently, leaf micromorphology
using microscopic analysis has also been used to
facilitate accurate authentication and quality control
of medicinal plants (Song et al, 2020), including
orchids species such as Dendrobium huoshanense
(Zhang et al.,, 2017). The results presented in the paper
are potentially useful for advancing research on the
assessment of medicinal properties, propagation, and
conservation of Coelogyne brachiptera, as well as other
Coelogyne species, under ex situ conservation.

Conclusions

We continued our investigations concerning the
determination of the antibacterial activity of ethanolic
extracts obtained from leaves and pseudobulbs of
various plants belonging to the Coelogyne genus. In the
current study, we aimed to determine the antibacterial
activity of Coelogyne brachyptera against Escherichia
coli, Staphylococcus aureus, and Pseudomonas
aeruginosa strains. The results of our study revealed
the differential efficacy of ethanolic extract obtained
from leaves of C. brachyptera on the test organisms. The
extract displayed intermediate antibacterial potency
against S. aureus. On the other hand, E. coli exhibited
lower susceptibility for the impact of the ethanolic
extract obtained from leaves of C. brachyptera.
P aeruginosa (ATCC®27583™) strain was the most
resistant to the impact of the ethanolic extract obtained
from leaves of C. brachyptera. Nevertheless, there is still
room for an in-depth investigation, to make these plants

best use in medicine and veterinary and to select them
as an alternative to bacterial resistance. The promising
results on medicinal plants screening for antibacterial
activity could be considered as primary information for
further phytochemical and pharmacological studies. In
particular, the next step in our further investigation
will be HPLC-profiling of the plant extract to find new
bioactive compounds from a natural source.
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Plants from natural flora (wild-growing) as well as cultural plants demonstrated numerous useful properties that
play an important role in human life. They often can be used as medicinal, forage, food, etc. Searching for new sources
of valuable capacities of wild plants still is actual. Humulus lupulus L. (hop) is well-known species from the small
family Cannabaceae that is used as a bittering agent in the brewing industry and as a medicinal plant. H. lupulus
raw is a valuable source of biologically active compounds and demonstrated different biological activities. This study
was aimed to determine the antioxidant activity and accumulation of polyphenol compounds in raw wild plants of
H. lupulus. Raw (leaves, stems, and female flowers) collected from the natural flora of M.M. Gryshko National Botanical
Garden of the NAS of Ukraine. In ethanol extracts of leaves, flowers and stems determined 54.13, 44.69 and 23.76 mg
GAE/g (gallic acid equivalent) of polyphenol content (TPC), respectively; 7.24, 4.92, 2.56 mg CAE/g (caffeic acid
equivalent) of phenolic acids (TPAC), respectively; 45.48, 29.64 and 18.31 mg QE/g (quercetin equivalent) of flavonoid
content (TFC), respectively. Molybdenum reducing power of leaf, flower, and stem extracts was 168.17, 236.45, and
97.57 mg TE/g (Trolox equivalent), respectively; antioxidant activity by DPPH method 8.64, 8.02, and 7.97 mg TE/g,
respectively. This study showed that the highest values of polyphenol compounds found in the leaves and the lowest in
the stem extracts. The strongest correlation found between TPAC and TFC (r = 0.995), TPC and TPAC (r = 0.978), TPC
and TFC (r = 0.952), TFC and DPPH (r = 0.936). This investigation showed the high antioxidant potential of the wild
H. lupulus plant that can be used in the further pharmacological study.

Keywords: Humulus lupulus, hop, polyphenol compounds, antioxidant activity, correlation

with 3-5 lobs, sharply toothed and they have a very
rough surface. The male flowers are long racemes,
7.5-12.5 cm long, while the female inflorescences are
cone-like catkins (strobiles), 2.5-5.0 cm long, made

Introduction

Genus Humulus L. belongs to Cannabaceae Martynov
and includes Humulus lupulus L., H. scandens (Lour.)
Merr. and H. yunnanensis Hu. Species from this genus

originated from China, were spread to America and
Europe (Small, 1978; Small, 1980).

H. lupulus (hop) is a dioecious perennial plant, which
regrows every spring from rhizomes of an underground
rootstock. It is vine producing stems annual, slender,
climbing, growing up to 6-9 m in length. The leaves
are dark green colored, long petiolate, heart-shaped

up of overlapping membranaceous bracts (Zanoli and
Zavatti, 2008).

H. lupulus have been used for different medical
purposes such as sleep disturbances, insomnia anxiety,
excitability, for treating acne, dysmenorrhea, and
amenorrhea (Arsene et al., 2015). Specific organoleptic
properties of this plant allow to use in the beer industry
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(Zanoli and Zavatti, 2008). The genetic diversity of
this plant an important direction in selection work in
Ukraine (Melnychuketal., 2008) and abroad (Mafakheri
et al., 2020). This species primarily used for medicinal
purposes than for beer brewing (Lin et al,, 2019).

Different characters such as agronomic traits, diseases
and pests resistance, chemical composition have been
used for hop improvements (Skomra et al., 2013).

Cons (Liu et al., 2007; Karabin et al, 2016; Kobus-
Cisowska et al, 2019) and seeds of hop (Alonso-
Esteban et al,, 2019) exhibited the antioxidant activity.
An antimicrobial activity showed extracts of female
inflorescences (Arsene et al, 2015; Bocquet et al,
2019) and seeds (Alonso-Esteban, 2019). Extracts
also demonstrated the insecticidal, antiviral (Sotto
et al, 2018), antitumor, antiproliferative, anticancer
(Van Cleemput et al, 2009), antimutagenic (Wang
et al,, 2014), anti-inflammatory (Bohr et al, 2005),
and detoxication activity. Insecticidal effects of cons
extracts of H. lupulus caused by xanthohumol, which
can act against storage insects (Aydin et al., 2017).

In methanol extracts of H. lupulus identified prenylated
chalcones, prenylflavanones, 4-hydroxybenzaldehyde,
sistosterol-3-0-3-glucopyranoside, humulinone,
cohumulinone (Chadwick et al., 2004). The functional
components of H. lupulus dried cons are «-acids
(2-7 %), B-acids (2-10 %), essential oils (0.5-3.0 %),
polyphenols (3-6 %), amino acids (0.1 %), protein
(15 %) (Lin et al, 2019). Content a- and [B-acids
increased during vegetation (Kavalier et al., 2011).
Among phenolic compounds identified flavan-3-ols,
procyanidins, phenolic acids (Kavalier et al, 2011),
catechine (13.7 mg/g), epicatechin (3.9 mg/g) (Alonso-
Esteban et al., 2019), gallic acid, vanillic acid, caffeic
acid, syringic acid, rutin, luteolin, t-cinnamic acid,
etc. (Keskin et al., 2019). The study of ten hop strains
with different content of a-acids showed that the
boiling procedure increased the content of polyphenol
compounds and total antioxidant activity (Elrod et
al., 2019). The main phenolic compounds present in
extracts of H. lupulus were flavonoids isoquercitrin and
quercetin (Almeida et al., 2019).

This study was aimed to determine the antioxidant
activity of ethanol extracts of different parts of wild
H. lupulus plants as a potential source of polyphenol
compounds.

Material and methodology

The plants were grown in 2017 at the experimental
fields of the M.M. Gryshko National Botanical Garden

of the NAS of Ukraine in the Kyiv city (50°24'55"N,
30°33'45"E).

Biological material

Plant raw material collected from natural flora of
M. M. Gryshko National Botanical Garden of the NAS
of Ukraine at the stage of flowering. The leaves, stems,
and female inflorescences dried in a ventilated dryer at
60 °C, according to Almaguer et al. (2014).

Biochemical analysis

The biochemical analysis was done at the Slovak
University of Agriculture in Nitra (Slovak Republic).
For planned analyses, 0.2 g of milling fraction was
extracted with 20 mL of 80 % ethanol for 24 hours.
After centrifugationat4000 g with Rotofix 32 A (Hettich,
Germany) for 20 min, the supernatant was used for
measurement of the total content of polyphenols.

Chemicals

Allthe chemicals used were of analytical grade and were
purchased from Sigma-Aldrich (Steinheim, Germany),
Merck (Darmstadt, Germany), and CentralChem
(Slovakia).

Phytochemical analyses

Total polyphenol content (TPC)

Total polyphenol content extracts were measured by
the method of Singleton and Rossi, (1965) using Folin-
Chiocalteu reagent. 0.1 mL of each sample extract was
mixed with 0.1 mL of the Folin-Chiocalteu reagent, 1 mL
0f 20 % (w/v) sodium carbonate, and 8.8 mL of distilled
water. After 30 min. in darkness the absorbance at 700
nm was measured using the spectrophotometer Jenway
(6405 UV/Vis, England). Gallic acid (25-250 mg/L; R* =
0.996) was used as the standard and the results were
expressed in mg/g gallic acid equivalents.

Total flavonoid content (TFC)

Determination of total flavonoid content was conducted
according to a procedure which was described by
Shafii et al. (2017). 0.5 mL of sample extract was
mixed with 0.1 mL of 10 % (w/v) ethanolic solution
of aluminum chloride, 0.1 mL of 1 M sodium acetate,
and 4.3 mL of distilled water. After 30 min. in darkness
the absorbance at 415 nm was measured using the
spectrophotometer Jenway (6405 UV/Vis, England).
Quercetin (0.01-0.5 mg/l; R> = 0.997) was used as
the standard and the results were expressed in pg/g
quercetin equivalents.
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Total phenolic acid content (TPAC)

Determination of total phenolic acid content of extracts
was carried out using a method of Farmakopea Polska
(1999). 0.5 mL of sample extract was mixed with 0.5 mL
of 0.5 M hydrochloric acid, 0.5 mL Arnova reagent,
0.5 mL of 1 M sodium hydroxide (w/v), and 0.5 mL of
distilled water. Absorbance at 490 nm was measured
using the spectrophotometer Jenway (6405 UV/Vis,
England). Caffeic acid (1-200 mg/L, R? = 0.999) was
used as a standard and the results were expressed in
mg/g caffeic acid equivalents.

DPPH radical scavenging assay (DPPH)

The radical scavenging activity of samples was
measured using 2,2-diphenyl-1-picrylhydrazyl (DPPH)
(Sanchéz-Moreno et al., 1998). The extracts (0.5 mL)
were mixed with 3.6 mL of radical solution (0.025 g of
DPPHin 100 mL ethanol). The absorbance of the sample
extract was determined using the spectrophotometer
Jenway (6405 UV/Vis, England) at 515 nm. Trolox
(6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic
acid) (10-100 mg/L; R? = 0.988) was used as the
standard and the results were expressed in mg/g
Trolox equivalents.

Molybdenum reducing power of extracts (MRP)

The reducing power of extracts was determined by the
phosphomolybdenum method of Prieto et al. (1999)
with slight modifications. The mixture of the sample
(1 mL), monopotassium phosphate (2.8 mL, 0.1 M),
sulfuric acid (6 mL, 1 M), ammonium heptamolybdate
(0.4 mL, 0.1 M), and distilled water (0.8 mL) incubated
at 90 °C for 120 min, then rapidly cooled and detected
by monitoring absorbance at 700 nm using the
spectrophotometer Jenway (6405 UV/Vis, England).
Trolox (10-1000 mg/L; R* = 0.998) was used as the
standard and the results were expressed in mg/g
Trolox equivalents.

60 a
50
40
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20
10

mg GAE/g DW

Leaves

Flowers

Statistical analysis

Basic statistical analyses were performed using
PAST 2.17. Data were analyzed with ANOVA test and
differences between means compared through the
Tukey-Kramer test (p <0.05). The variability of all these
parameters was evaluated using descriptive statistics.

Results and discussion

Wild plants had importance in human history from
old times and use as a potential source of biologically
active compounds and individual components. They
are used not as medicinal plants only but as food and
forage also (Pinela et al, 2017). Last year’s reports
showed that searching for natural plant antioxidants
has some advantages along with obtaining synthesized
antioxidants (Antal, 2010).

The most common polyphenol compounds from
H. lupulus are catechins, phenolic acids, flavonol
glycosides, and procyanidins (Kavalier et al., 2011).

The content of polyphenol compounds at the flowering
stage in H. lupulus ethanol extracts was from 23.76 to
54.13 mg GAE/g depending on the plant part (Figure
1). As shown from Figure 1, the maximal level of TPC
determined in leaves, minimal in stems.

Inflorescence extracts showed 151.42 mg GAE/g of
TPC that was 3.3 times more than in our experiment
(Arsene et al, 2015). Research of H. lupulus cons
found 3.5 mg/100 g of caffeic acid equivalent and
4.8 mg/100 g of the chlorogenic acid equivalent of
TPC (Bubueanu et al,, 2015). Almeida et al. (2019)
found that TPC in extracts of H. lupulus was from
27.31 to 33.93 mg GAE/g. According to Sotto et al.
(2018), the TPC of inflorescence extracts was 7.1 pug/g
of tannic acid equivalent. As reported Keskin et al.
(2019), methanol extracts of cons contained 7.12 mg
GAE/g and leaf’s 6.86 mg GAE/g of TPC. Rheay et al.

Stems

Figure 1

Content of total polyphenol content of Humulus lupulus L. extracts at the stage of flowering:

GAE - gallic acid equivalent; different superscripts in each column indicate the significant differences in the mean at p <0.05
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Figure 2

Content of phenolic acids of Humulus lupulus L. extracts at the stage of flowering:

CAE - caffeic acid equivalent; different superscripts in each column indicate the significant differences in the mean at p <0.05

(2020) determined TPC from 50.08 to 92.41 mg GAE/g
depending on H. lupulus cultivar.

Phenolic acids are secondary metabolites from
plants that are divided into two major groups -
hydroxycinnamic and hydroxybenzoic acids (Tanase
et al, 2019). This group of polyphenol compounds
well-known antioxidants that also exhibited
cardioprotective, antidiabetic, antiulcer, anticancer,
anti-inflammatory, neuroprotective, hepatoprotective
activities (Saibabu et al,, 2015). Leaves of vegetables
contain phenolic acids in the highest concentration,
as reported Kumar and Goel (2019). Among phenolic
acids of H. lupulus, the most widespread is ferulic acid
(Ahmed etal., 2019).

The total content of phenolic acids in H. lupulus extracts
was from 2.56 to 7.24 mg CAE/g DW (Figure 2).

It should be noted that the least content of phenolic
acids found in the stems and the most in the flowers.
The same results were found in different organ extracts
of Scutellaria baicalensis and Galega spp., where the
lowest content of phenolic acids found in stems at the
flowering (Vergun et al., 2019, 2020).

60
50 a

10

Leaves

Flowers

One ofthe most widespread polyphenols are flavonoids.
This a group of natural substances found in fruits,
vegetables, grains, herbs, stems, roots, flowers, etc.
The main groups of flavonoids are flavones, flavanones,
catechins, and anthocyanins that act as antioxidants
(Nijveldt et al.,, 2001). Flavonoids exhibited numerous
health-promoting effects and biological activities
such as antioxidant, antiviral (Tapas et al, 2008),
anti-inflammatory, anti-cancerogenic, anti-mutagenic.
They found abundantly in plant raw that makes plants
valuable source of these compounds (Panche et al,,
2016). Flavonoids also demonstrated antimicrobial
and antifungal activity (Saleem et al., 2017). The total
content of flavonoids in the ethanol extracts was from
18.31 to 45.48 mg QE/g DW (Figure 3).

TFC of inflorescence extracts, according to Arsene et
al. (2015), was 26.46 mg RE/g. According to Sotto et
al. (2018), the TFC of inflorescence extracts was 3.8 ug
QE/g. Almeida et al. (2019) found that TFC in H. lupulus
extracts was from 52.94 to 54.47 mg QE/g. Ahmed et al.
(2019) found in the ethanol leaf extracts 56 mg QE/g
of TFC.

Stems

Figure 3

Content of flavonoids of Humulus lupulus L. extracts at the stage of flowering:

QE - quercetin equivalent; different superscripts in each column indicate the significant differences in the mean at p <0.05
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Table 1 Antioxidant activity of Humulus lupulus L. extracts at the stage of flowering
Plant extract Molybdenum reducing power of extract (mg TE/g DW) | DPPH radical scavenging assay (mg TE/g DW)
Leaves 168.17 £9.17ab 8.64 +0.03a
Flowers 236.45 £10.72a 8.02 £0.05a
Stems 97.57 +3.28b 7.97 £0.27b

Note: TE - trolox equivalent; different superscripts in each column indicate the significant differences in the mean at p <0.05

Table 2 Pearson’s coefficients between antioxidant parameters of Humulus lupulus L. extracts at the stage of flowering
Parameter TPC TPAC TFC MRP DPPH
TPAC 0.978** 1
TFC 0.952** 0.995** 1
MRP 0.680* 0.513* 0.424* 1
DPPH 0.783* 0.895** 0.936** 0.077* 1

Note: TPC - total polyphenol content, TPAC - total phenolic acids content, TFC - total flavonoid content, MRP - molybdenum reducing power, DPPH -
antioxidant activity by DPPH method; ** - correlation is significant at the level of 0.01; * - correlation is significant at the level of 0.05

In this study, the antioxidant activity was determined
by both the phosphomolybdenum and DPPH methods.
MRP of investigated extracts decreased in the following
order: flowers > leaves > stems (Table 1). Concerning
the antioxidant activity by the DPPH method, results
decreased by the following order: leaves > flowers >
stems.

There are not enough data about antioxidant activity by
the phosphomolybdenum and DPPH methods but some
authors confirmed exhibiting the antioxidant activity
by different extracts of plants from Cannabaceae and
found a correlation between TPC and reducing power
of extracts (Mkpenie et al,, 2012; Niknejad et al., 2014).

The correlation analysis showed a very strong
relations between TPAC and TFC (r = 0.995), TPAC and
TPC (r = 0.978), TPC and TFC (r = 0.952), antioxidant
activity by DPPH method and TFC (r = 0.936) and TPAC
(r=0.895) (Table 2). Strong correlation found between
total content of polyphenols and antioxidant activity by
DPPH method (r = 0.783) and molybdenum reducing
power (r = 0.680).

According to Gorjanovi¢ et al. (2013), the TPC of
H. lupulus extracts correlated with antioxidant activity
by the DPPH method (r = 0.986). In our experiment,
this parameter was lower. Our results of antioxidant
parameters relations showed that TPC was positively
correlated with all investigated parameters.

Conclusions

This study demonstrated that ethanol extracts of wild
plants of H. lupulus are a valuable source of polyphenol
compounds with high antioxidant activity. The most
content of polyphenols, flavonoids, and phenolic acids

found in the leaf’s extracts, the least content detected
in the stem extracts. Values of correlation between
investigated groups of polyphenol compounds and
antioxidant activity by DPPH method was higher than
with antioxidant activity by phosphomolybdenum
method but all groups of polyphenols showed a strong
correlation with antioxidant activities (by two
methods). The results of this study could be used in
further pharmacological studies.
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0ld and local varieties of cultivated plant species selected from natural populations adapted to long-term cultivation,
which represent a rich genetic potential for the development of agroecosystems and agriculture under specific
conditions, resources for an environment aestheticization, landscaping and development of cultural traditions.
The research focused on determining the economic value of a selected collection of old and local varieties of apple tree
(Malus domestica Borkh.), widespread in Slovakia for their practical use in organic farming or as genetic resources
for breeding new varieties for organic food production. For experimental evaluation, we used two collections:
1) 73 old and local varieties of apple trees concentrated and preserved ex situ in a clone repository in the village Bactch;
2) 77 self-sown seedlings, that spontaneously emerged as a result of free pollination and are growing in situ around
Nitra, Levice, Nové Zamky, Sala, Galanta, Hlohovec, PieStany, Prievidza, Partizanske, Zlaté Moravce. We determined
for all specimens the range for the weight of fruits 53.63-207.40/16.13-197.59 (g), height of fruits 41.47-72.93/
29.55-74.04 (mm), diameter of fruits 51.46-84.66/36.85-78.43 (mm), length of core/13.16-27.36/11.24-
25.86 (mm), diameter of core 18.26-33.46/13.72-30.86 (mm), weight of 10 seeds 0.38-0.77/0.29-0.98 (g), height of
seeds 6.68-9.90/6.16-9.83 (mm), diameter of seeds 3.73-5.71/3.51-5.27 (mm). The results document that in both
collections there are genotypes suitable for organic cultivation, and further selective improvement.

Keywords: Malus domestica, genetic resources, clone repository, morphometric analysis, variability

tree of temperate zone in terms of production. Malus
occupies a central place in the folklore, culture and art
(Robinson et al.,, 2001; Harris et al., 2002; Juniper and
Mabberley, 2006; Velasco et al., 2010).

Introducion

The native range of apple tree (Malus domestica
Borkh.) is difficult to determine, as the species is
a product of domestication and multiple hybridizations
across the world over thousands of years. In Slovakia,
fruit growing has a long tradition. Apple trees have
a dominant position in fruit growing. Malus domestica

A local variety is a domesticated, locally adapted,
traditional variety of a species of plant that has
developed over time, through adaptation to its natural

from the genus Malus from the family Rosaceae and
the subfamily Pomoideae is an example of the most
important, the most widespread and best adapted fruit

and cultural environment of agriculture, and due to
isolation from other populations of the species. Local
varieties are generally distinguished from cultivars.

*Corresponding Author: Vladimira Hor¢inova Sedlackova, Slovak University of Agriculture in Nitra, Faculty of Agrobiology

and Food Resources, Institute of Biodiversity Conservation and Biosafety, Nitra, Slovakia
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They have been selected from natural populations and
grown for nutritional use or other purposes. Due to
their long-term cultivation in different areas, they have
adapted to certain specific growing conditions, thus
acquiring a high degree of tolerance against adverse
environmental factors. Old cultivars and varieties are
highly disease resistant to apple scab, powdery mildew,
green apple aphid, apple codling moth in general
(Militaru et al.,, 2015; Papp et al., 2015). Cultivation
the less susceptible varieties is the most obvious
way to reduce problems with pests and diseases;
therefore, the choice of apple varieties for organic
farming is extremely important. Great effort has been
put into developing breeding programmes to create
scab resistant varieties. However, older varieties that
originated before the appearance of pesticides might
be less susceptible than newer varieties and would
thereby be a better choice for organic farming (Kiihn et
al,, 2003; Militaru et al,, 2015; Papp et al,, 2015).

Regarding polyphenols, it is known that old and local
apple varieties were characterized by a higher content
of polyphenols and stronger antioxidant properties
than commercial varieties, which enjoys a high
growth rate, but unfortunately, these new varieties
are characterized by a very low content of bioactive
compounds, including polyphenolic compounds
(Kuznetsova et al., 2017; Oszmianski et al, 2019).
The consumption of such apple varieties may reduce
the polyphenolic compounds in the dietary supply
(Iacopini et al., 2010; Donno et al., 2012). Some studies
presented the amounts of biologically active substances
in old and new varieties were similar (Wojdyto et al,,
2008). In the study of Feliciano et al. (2010), both
traditional and exotic apple varieties from Portugal
showed high amounts of polyphenols. It should be
noted that environmental conditions can influence on
the polyphenol amounts.

Local varieties represent the means of production for
the development of agroecosystems and agriculture in
specific conditions, resources for the aestheticization
of the environment, landscaping and the development
of cultural traditions (Brindza, 2001; Téth et al., 2004;
Ganopoulos et al., 2017). One of the largest collections
of old apple varieties is located in a neighbouring
Poland and Ukraine and spread over the territory
of the then ancient Eastern Galicia in Central Europe
(Dovbysh and Borodai, 2011; Zygala et al., 2011).

It is generally known that many local varieties, as
well as cultivars, were selected from local self-sown
individuals - seedlings (Bocek, 2008a, 2008b; Hulin
et al., 2012; Posolda et al.,, 2019). The establishment
of clone repositories to save the endangered gene pool

of plants has an application in our country for many
fruit species such as pear, cherry, plum, chestnut, etc.
(Bolvansky and UZik, 2012; Paprstein et al., 2013;
Benedikova et al, 2016). It is necessary to identify
and evaluate genotypes based on the morphometrical
and biochemical traits in various conditions, as
evidenced by the many authors (IvaniSova et al., 2017;
Vinogradova et al,, 2017; Grygorieva et al,, 2017a,b,
2018a,b; Fatrcova Sramkova et al, 2019; Levon and
Golubkova, 2019; Vergun et al., 2020).

This study aimed to evaluate the genetic resources of
apple tree for organic farming in the collection of old
and local varieties of Malus domestica Borkh. as well as
self-sown seedlings widespread in Slovakia.

Material and methodology

Biological material

Two collections of biological material were used as
genetic resources for the study:

1. Old and local varieties from different areas
of Slovakia which are kept ex situ in a clone
repository in the village Bacich - 73 selected
genotypes. In the experiments, samples were
marked as R and the appropriate number.

2. Wild self-sown individuals - fruit-beraing
seedlings from different localities (Nitra, Levice,
Nové Zamky, Sala, Galanta, Hlohovec, Piestany,
Prievidza, Partizanske, Zlaté Moravce) in the
form in situ - 77 selected genotypes. In the
experiments, samples were marked as S and the
appropriate number.

The total number of evaluated genotypes were 150.

FruitswithpeduncleweretakenfromtreesinSeptember
and October 2010 and analysed in the morphometric
laboratory at the Institute of Biodiversity Conservation
and Biosafety in Nitra (Slovakia).

Morphometrical analysis

They were evaluated the following characters:

a) fruits - 30 fruits were evaluated from each
genotype (n = 30), weight of fruit (g), height of
fruit (mm), diameter of fruit (mm), length of
core (mm), diameter of core (mm), depth of stalk
cavity (mm), depth of eye basin (mm);

b) seeds - 30 seeds were evaluated from each
genotype (n = 30), weight of 10 seeds (g), height
of seed (mm), diameter of seed (mm).

The weights were determined by digital scale (Kern
ADB-A01S05, Germany; KERN DS - type D-72336,
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Figure 1 Localization of local varieties and seedlings of Malus domestica Borkh. within Slovakia using GPS: the detailed
data can be found in Table 1

Table 1 Localities of varieties and seedlings Malus domestica Borkh. in Slovakia and their altitude
Genotype Locality Region of Slovakia Altitude, m a.s.l.
RO1-R77 Bacuch central Slovakia 590-630
S01-S10 Nitra western Slovakia 167
$11-S20 Levice south-western Slovakia 165
$21-S30 Nové Zamky south-western Slovakia 114
$31-S40 Sala south-western Slovakia 116
$41-S50 Galanta south-western Slovakia 119
S$51-S60 Hlohovec western Slovakia 146
$61-S70 Piestany western Slovakia 160
$71-S80 Prievidza western Slovakia 309
$81-S90 Partizanske western Slovakia 190
$91-S99 Zlaté Moravce western Slovakia 192

Note: altitude - meters above sea level

Kern and Sohn GmbH, Germany), accurate to 0.01 g.
Fruits and seeds were measured by a digital calliper
(METRICA 111 - 012, Czech Republic) accurate to
0.02 mm.

Image analysis

1. Fruit: the shape of the fruit, the shape of the apical
part of the fruit (at the stalk), depth of stalk cavity,
depth of eye basin, the shape of the basal part of the
fruit, basic colour of the skin at the full maturity, the
colour of the pulp of ripe fruit.

2. Seeds: the shape of seeds.

Images were obtained using the stereomicroscope
ZEISS SteREO Discovery.V20 (Microlmaging GmbH
37081 Gottingen, Germany), and Fuji FinePix S 7000
and Panasonic DMC FZ50 digital cameras.

Statistical analysis

It was evaluated the variability of each character using
descriptive statistics. For the characteristics it was used
the basic descriptors of variability: average, minimum
measured value, maximum measured value, the
coefficient of variation (%). The degree of variability
was determined by the coefficient of variation values.
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and depth of eye basin

The given parameter is independent of the unit of the
evaluated character. Theoretically, they can acquire
different values (Stehlikova, 1998). We used analysis
of variance (ANOVA) in the program STATISTICA 1.10
to determine the dependence between individual
characters.

Results and discussion

Evaluation and identification of genotypes based on
morphological traits are important for the detection
and selection of individuals that are suitable genetic
material for hybridization and breeding program
of new varieties, which contributes to the global
conservation of biological diversity (Monka etal., 2014;
Grygorieva et al, 2017a,b, 2018a,b; Motyleva et al,,
2017, 2018; IvaniSova et al,, 2017; Vinogradova et al.,
2017; Brindza et al., 2018, 2019; Fatrcova-Sramkova et
al,, 2019; Horcinova Sedlackova et al., 2020).

Morphometrical analysis of fruits

When evaluating the genotypes under study (Table 2),
the average weight of the fruits has been determined in
the range of 3.63 g (R18/9) - 207.40 g (R30/7)/16.13 g
(S12) - 197.59 g (S03). The coefficients of variation
were determined in the range 0f 4.18 (R33/12) - 17.02
(R18/7) %/11.08 (S38) - 40.61 (S22) %. These data

[llustration of measuring process: fruit height and diameter, core length and diameter, depth of stalk cavity

demonstrate that the characters are from the low to
very high degree of variability. The above comparisons
show that it is possible to search for genotypes with the
required fruit size in the populations of wild seedlings.

The differences in the weight of tested varieties
were significant, and that is in full compliance with
the studies assortment of old apple varieties from
Denmark 77-205 g (Kiihn et al.,, 2003), Montenegro
62.23-182.34 g (Bozovi¢etal., 2013), Croatia 26-325 g
(Jakobek et al., 2020), Romania 117.0-186.5 g (Mitre
et al,, 2015), Bosnia and Herzegovina 63.77-208.97 g
(Stanivukovi¢ et al., 2017).

Dvorak et al. (1976) classified fruits according to
3-years-old average weight as extremely small (below
15 g); very small (16-48 g); small (49-70 g); smaller
(71-110 g); medium (111-150 g); larger (151-200 g);
large (201-250 g); very large (251-350 g) and
extremely large (above 351 g). Michalek (2003)
divides apple varieties according to the size of the fruit
while declaring the size of the fruit according to the
dimensions - height and diameter of the fruit at the
place of the largest diameter. According to the given
descriptor, it recognizes smaller fruits - the average
transverse diameter is up to 55 mm, medium-sized
(55-70 mm), large fruits (71-85 mm) and very large
fruits (more than 85 mm). According to the above
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Table 2 Variability of fruits of old and local varieties of Malus domestica Borkh.

Weight of fruits (g)

Seedlings Genotypes from repository Baciich
n | min | max | X | \' | H | n | min | max | X | \% | H
Genotypes with low values
S$12 30 12.20 | 20.50 | 16.13 | 18.83 k R18/9 30 47.7 59.7 53.63 7.59 g
$69 30 30.00 | 45.00 | 36.45 | 11.95 j R35/10 30 50.7 70.1 59.36 | 11.13 f
Genotypes with high values
S03 30 142.90 | 331.00 | 197.59 | 28.25 a R30/7 30 170.5 | 2415 | 207.40 | 11.76 a
S20 30 86.90 | 215.50 | 185.28 | 20.75 a R16/12 30 168.4 | 2054 | 187.39 | 6.53 ab
Height of fruits (mm)
|| Seedlings || Genotypes from repository Baciich

Genotypes with low values

S$12 30 27.40 | 3230 | 29.55 5.60 e R33/12 30 38.70 | 43.70 | 41.47 3.33
S$69 30 33.60 | 39.30 | 36.38 4.70 ed |R1/4 30 41.5 44.6 | 42.86 1.86
Genotypes with high values
S22 30 59.30 | 87.90 | 74.04 | 14.08 a R30/7 30 66.70 | 78.50 | 72.93 5.70 a
S03 30 58.60 | 83.40 | 67.91 | 12.03 a R30/8 30 62.20 | 80.50 | 71.32 9.03 a
Diameter of fruits (mm)
|| Seedlings || Genotypes from repository Baciich
Genotypes with low values
S$12 30 33.50 | 40.00 | 36.85 6.03 f R18/9 30 48.90 | 54.20 | 51.46 3.71 e
V69 30 43.10 | 50.10 | 45.67 5.57 e R22/3 30 49.00 | 53.80 | 51.58 2.94 e
Genotypes with high values
S03 30 72.60 | 95.10 | 78.43 8.12 a R30/8 30 76.30 | 90.90 | 84.66 6.56 a
S20 30 59.30 | 83.50 | 77.86 8.86 a R16/12 30 80.20 | 84.30 | 82.41 1.75 a
Depth of stalk cavity (mm)
|| Seedlings || Genotypes from repository Bactich

Genotypes with low values

S24 30 0.00 5.30 2.04 83.00 cd |R22/3 30 0.00 3.60 1.67 67.63

S12 30 1.00 4.40 2.96 34.28 cd R1/12 30 4.20 6.40 5.36 16.29 d
Genotypes with high values

S20 30 11.30 | 18.80 | 16.11 | 12.66 a R14/11 30 13.20 | 16.30 | 14.82 6.83

S30 30 8.90 17.80 | 14.44 | 17.50 a R27/11 30 9.20 16.60 | 13.77 | 18.17 b

Depth of eye basin (mm)
|| Seedlings || Genotypes from repository Baciich

Genotypes with low values

S38 30 0.70 2.60 1.22 52.24 d R18/9 30 1.20 3.20 2.10 33.14 c

S08 30 0.50 2.90 1.23 56.33 d R33/12 30 1.10 3.10 2.17 26.16 c
Genotypes with high values

S22 30 8.10 18.10 | 11.69 | 29.09 a R3/16 30 7.20 10.00 8.86 9.77 a

S20 30 4.80 19.20 9.58 39.18 b R16/14 30 7.60 9.50 8.60 6.71 a

© Slovak University of Agriculture in Nitra -59 - ISSN 2585-8246

www.uniag.sk




Agrobiodivers Improv Nutr Health Life Qual, 5, 2021(1): 55-71

Table 2 continued

Length of core (mm)
|| Seedlings || Genotypes from repository Bactich
Genotypes with low values
$10 30 10.10 | 12.70 | 11.24 9.24 d R31/2 30 1090 | 15.70 | 13.16 | 14.61 dc
S30 30 10.80 | 13.70 | 12.26 8.41 d R33/12 30 11.40 | 14.50 | 13.42 8.84 dc
Genotypes with high values
S03 30 20.00 | 29.50 | 25.86 | 14.11 a R3/2 30 26.40 | 28.50 | 27.36 3.31 El
S47 30 18.50 | 25.60 | 22.06 | 11.67 a R41/4 30 21.70 | 33.60 | 26.80 | 18.47 a
Diameter of core (mm)
|| Seedlings || Genotypes from repository Bactich
Genotypes with low values
S22 30 0.94 1.08 1.01 4.35 c R1/4 30 17.50 | 19.00 | 18.26 3.60
S76 30 0.98 1.03 1.00 1.54 c R3/2 30 17.10 | 20.10 | 18.52 6.89 d
Genotypes with high values
S75 30 12.70 | 14.40 | 13.72 4.79 a R20/8 30 3090 | 35.80 | 33.46 6.49
$47 30 13.20 | 16.30 | 14.98 7.70 a R18/7 30 26.20 | 30.30 | 28.42 5.46 b
Index of fruit shape
|| Seedlings || Genotypes from repository Baciich
Genotypes with low values
S02 30 0.69 0.79 0.74 4.48 ab | R1/4 30 0.65 0.74 0.69 417
S67 30 0.69 0.78 0.76 3.56 ab | R7/7 30 0.68 0.72 0.70 1.49
Genotypes with high values
S22 30 0.94 1.08 1.01 4.35 a R41/4 30 1.15 1.35 1.26 4.21 a
S76 30 0.98 1.03 1.00 1.54 a R5/4 30 0.97 1.25 1.09 6.60 ab

Note: n - the number of measurements; min, max - minimal and maximal measured values; X - arithmetic mean; V - coefficient of variation (%);

H - LSD homogeneity testat P,

descriptor, the fruits of seedlings can be characterized
as small to large.

The average height of fruits of the genotypes under the
study was in the range 41.43 mm (R33/12) - 72.93 mm
(R30/7)/29.55 mm (S12) - 74.04 mm (S22) and the
diameter of fruits was in the intervals of 51.46 mm
(R18/9) - 84.66 mm (R30/8)/36.85 mm (S12) -
78.43 mm (S03). The collection of self-sown seedlings
showed a significantly higher variation range in both
evaluated traits. The coefficients of variation confirm
the low or the medium degree of variability of the
characters. Parameters are shown in table 2.

Jakobek et al. (2020) recorded heights (34-79 mm) and
diameters (41-89 mm) of old varieties. The average
height and diameter of old apple varieties cultivated
in Bosnia and Herzegovina (Stanivukovi¢ et al., 2017)
were recorded in the interval 50.08-67.21 mm and
53.52-80.23 mm, respectively. Results showed by
Bozovi¢ et al. (2013) in Montenegro, where the
intervals of evaluated traits were 42.29-64.70 mm and

54.08-78.27 mm respectively, are similar to the data
shown. Michalek (2003) states that from the market
point of view, mainly varieties with medium to large
fruits are in demand. Small or too large fruits are
commercially unattractive. This customer requirement
must be taken into account at assessing genotypes as
a potential gene pool in breeding programs, as there
are 19.5 % of samples with small fruits (below 55 mm)
in our research collection.

An important diagnostic feature is the depth of stalk
cavity and depth of eye basin, because the measured
features may have a specific range for each variety and
genotype. We determined the average depth of the
stalk cavity in the collection of old and local varieties/
wild seedlings in the range of 1.67 mm (R22/3) -
14.82 mm (R14/11)/2.04 mm (S24) - 16.11 mm (S20).
The results show that some fruits did not have stalk
cavity (Table 2). We determined the average depth of
eye basin in the collection of old and local varieties/
wild seedlings in the range of 2.10 mm (R18/9) - 8.86
mm (R3/16)/1.22 mm (S38) - 11.69 mm (S22). We
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Figure 3

did not find any significant differences between the
collections. The values of the coefficients of variation
confirm the low or extremely high degree of variability
of the traits.

Michélek (2003) distinguishes the shapes of the
stalk cavity as narrow and shallow, wide and shallow,
wide and deep, narrow and deep. In some varieties,
a characteristic swollen formation is formed, which
often overgrows and tilts the stalk to one side.
We recorded a relatively large variability of the
pomological feature (Figure 3). In the calyx part of
the fruit, the shape, size and eye basin are important
features. The depth of eye basin and its shape can be
important because they are a little variable (Figure 4).
According to Michalek (2003), we know the following

Variability in the shape and the colour of fruits of evaluated genotypes of seedlings of Malus domestica Borkh.

eye basin: the small eye basin, the spacious eye basin,
the short eye basin, the funnel eye basin, plumpness
eye basin.

The average length of core of the genotypes under
the study was in the range of 13.16 mm (R31/2) -
27.36 mm (R3/2)/11.24 mm (S10) - 25.86 mm (S03),
and diameter of core was in the range of 18.26 mm
(R1/4) - 33.46 mm (R20/8)/13.72 mm (S75) - 30.86
mm (S3). We did not find any significant differences
between the collections in the length and diameter
of core, but diameters were relatively lower in the
collection of wild seedlings. Coefficients of variation
confirm the low or medium degree of variability of
both characters.
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Figure 4
apple tree (Malus domestica Borkh.)

We determined the average value of the fruit shape
index in the collection of old and local varieties and in
the collection of wild seedlings. It is in the range from
0.69 (R1/4)to1.26 (R41/4) and from 0.74 (S02) to 1.01
(S22). The comparison of genotypes with low and high
values of the trait and variation ranges of the evaluated
trait shows that genotypes with different values of the
fruit shape index were determined in both collections.
We did not find any significant differences between the
collections. The coefficients of variation confirm the
low degree of variability of the trait in both collections.
Jakobek et al. (2020) recorded fruit shape index values
(0.7-1.2) of old varieties.

Variability in the characters of the depth of stalk cavity and depth of eye basin of the evaluated genotypes of the

The results from the analysis of variance of the
evaluated traits (Table 3, Table 4) confirm the
statistically significant differences between the
evaluated genotypes.

Igbal et al. (2011) described analytical methods
tested in a laboratory for estimation of volume of
axi-symmetric fruits like apples based on single view
fruit images and the shape-based analytical models.
The fruits are categorized into spherical, ellipsoid and
paraboloid shapes with appropriate analytical models
for their volume estimation. In both our collections of
genotypes, spherical, elliptical and parabolic fruits are
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Table 3 Analysis of variance of evaluated fruit traits of genotypes of old and local varieties of Malus domestica Borkh.
from the repository Bacuch
Factors || f | S MS F H LSD
Weight of fruit (g)
Between genotypes 9 124512.500 13834.720 | 137.226 0.000 0.05 14.447
Within genotypes 90 9073.531 100.817 0.01 17.018
Total 99 133586.031
Height of fruit (mm)
Between genotypes 9 4463.000 495.888 70.057 0.05 3.828
Within genotypes 90 637.052 7.078 0000 0.01 4.509
Total 99 5100.052

Diameter of fruit (mm)

Between genotypes 9 5470.781 607.864 73.086 0.05 4.149
Within genotypes 90 748 535 8.317 0-000 0.01 4.888
Total 99 6219.316

Depth of stalk cavity (mm)
Between genotypes 9 652.568 72.507 81.934 0.05 1.353
Within genotypes 90 79.645 0.884 0-000 0.01 1.594
Total 99 732.213

Depth of eye basin (mm)

Between genotypes 9 321.236 35.693 54.705 0.000 0.05 1.162
Within genotypes 90 58.721 0.652 ' 0.01 1.369
Total 99 379.958

Length of core (mm)

Between genotypes 9 494.136 54.904 81.520 0.000 0.05 1.180
Within genotypes 90 60.615 0.673 ' 0.01 1.391
Total 99 554.752

Diameter of core (mm)

Between genotypes 9 502.640 55.849 29.630 0.000 0.05 1.975
Within genotypes 90 169.636 1.884 ' 0.01 2.327
Total 99 672.277

Note: f - number of degrees of freedom; S - the sum of squares; MS - average square; F - Fischer test value; P - statistical significance by Fischer test;
H - homogeneity; LSD - a least significant difference
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Table 4 Analysis of variance of evaluated fruit traits of seedlings of Malus domestica Borkh.
Factors || f | S | MS | F H LSD
Weight of fruit (g)
Between genotypes 9 247224.800 27469.420 50.756 0.05 33.472
Within genotypes 90 48708.177 541.202 0-000 0.01 39.431
Total 99 295932.990
Height of fruit (mm)
Between genotypes 9 11953.730 1328.193 65.014 0.05 6.503
Within genotypes 90 1838.614 20.429 0-000 0.01 7.661
Total 99 13792.348
Diameter of fruit (mm)
Between genotypes 9 12673.470 1408.163 83.695 0.05 5.901
Within genotypes 90 1514.241 16.824 0-000 0.01 6.952
Total 99 14187.709
Depth of stalk cavity (mm)
Between genotypes 9 827.314 91.923 33.774 0.05 2.373
Within genotypes 90 244951 2.721 0-000 0.01 2.796
Total 99 1072.266
Depth of eye basin (mm)
Between genotypes 9 575.351 63.928 46.523 0.05 1.686
Within genotypes 90 123.668 1.374 0-000 0.01 1.986
Total 99 699.019
Length of core (mm)
Between genotypes 9 1722.531 191.392 39.174 0.000 0.05 3.180
Within genotypes 90 439.705 4.885 0.01 3.746
Total 99 2162.237
Diameter of core (mm)
Between genotypes 9 1096.727 121.858 34.799 10,000 0.05 2.692
Within genotypes 90 315156 3.501 0.01 3.171
Total 99 1411.883

Note: f - number of degrees of freedom; S - the sum of squares; MS - average square; F - Fischer test value; P - statistical significance by Fischer test;

H - homogeneity; LSD - a least significant difference

most represented (Figure 3), which is in accordance
with the literature data.

Apples may vary in colour, from uniformly dark-red, red,
reddish, green, orange, yellow, white, or bi-coloured,
such as striped or blushed red on a yellow or green
background. Results have shown high variability
of shapes and colours in both collections of Malus
domestica.

The core of the fruit usually consists of five seed carpels
pockets or carpels. Sometimes some fruits have only
four or three carpels. Each pocket contains seeds. The
number of seeds per carpel is determined by the vigour
and health of the plant. Different varieties of apples

will have a different number of seeds. Each carpel
generally contains two seeds. Seeds are smooth, shiny,
and chestnut brown (Jackson, 2003; Huff, 2012-2013).

The individual varieties are characterized not only by
the shape of the core but also by its size and its location
(Michalek, 2003). Figure 5 documents some differences
in the shape of the core. On the cross-section, we can
see 10 vascular bundles in a circle around the core.
They seem like darker or lighter dots. In total, we can
observe 10 vascular bundles, of which 5 are located
directly opposite the tops of the carpels, the other 5 are
between them. The vascular bundles determine the
angularity of the fruit. If they are in a circle and evenly
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Figure 5

developed, the fruit is uniformly rotund in cross-
section. If they are in two circles, the outer ones tend to
be more developed and the fruit is thus become slightly
angular (Kohout, 1960; Dvorak et al., 1976; Michalek,
2003). The examples on the presented photo (Figure 5)
document that in the evaluated collection of genotypes
has a relatively large variability of this pomological
feature.

Morphometrical analysis of seeds

On the seeds, we evaluated the characteristics of the
weight of 10 seeds (g), the height of seeds (mm) and the
diameter of seeds (mm). We determined the average

Comparison of selected genotypes from the evaluated collection of seedlings of Malus domestica Borkh.
in the number of vascular bundles in the longitudinal and cross section

weight of seeds in the genotypes under the study in
the range from 0.38 g (R15/5) to 0.77 g (R41/1) and
from 0.29 g (528) to 0.98 g (S92). In the collection of
wild seedlings, we recorded a higher range of variation
in the evaluated trait. The coefficients of variation
confirm the low or medium degree of variability of the
trait. The average height of seeds for the collection of
old and local varieties was in the range from 6.67 mm
(R18/9) t0 9.89 mm (R16/14) and for the collection of
wild seedlings from 6.16 mm (S40) to 9.83 mm (S67).
We did not find any significant differences between the
collections. The coefficients of variation confirm the
low degree of variability of the trait. We determined the
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Table 5 Variability of seeds of old and local varieties and of wild seedlings of Malus domestica Borkh.
Weight of seeds (g)
Seedlings Genotypes from repository Baciich
n|min|max|)'(|V|TH |n|min|max|i|V|TH
Genotypes with low values
S28 30 0.24 0.40 0.29 15.38 c R15/5 30 0.34 0.41 0.38 5.79
S12 30 0.25 0.36 0.30 13.20 c R23/3 30 0.36 0.42 0.39 5.17
Genotypes with high values
$92 30 0.88 1.00 0.98 5.18 a R41/1 30 0.74 0.81 0.77 2.99 a
$89 30 0.85 1.00 0.93 7.14 a R29/5 30 0.72 0.76 0.74 1.78 a

Height of seeds (mm)

|| Seedlings || Genotypes from repository Baciich

Genotypes with low values

S40 30 5.81 6.72 6.16 4.66 c R18/9 30 6.19 7.05 6.67 4.19

$62 30 5.44 6.71 6.25 6.07 c R31/10 30 6.15 7.42 6.68 5.24
Genotypes with high values

S67 30 9.06 10.63 9.83 5.58 a R16/14 30 9.24 10.56 | 9.89 4.85 a

S38 30 8.10 10.22 9.34 6.30 a R27/11 30 9.35 10.05 9.66 2.44 a

Diameter of seeds (mm)

|| Seedlings || Genotypes from repository Bactich

Genotypes with low values

$82 30 3.02 3.96 3.51 7.88 c R23/3 30 3.23 4.05 3.73 7.55 c

S07 30 3.19 3.99 3.57 6.77 c R41/4 30 3.24 4.14 3.75 6.94 c
Genotypes with high values

S72 30 4.85 5.48 5.26 3.64 a R5/4 30 4.48 9.87 5.71 27.05 a

S89 30 4.66 5.47 5.08 4.37 a R19/12 30 4.51 7.79 5.63 20.93 a

Index of seed shape
|| Seedlings || Genotypes from repository Bactich

Genotypes with low values

$62 30 1.17 1.41 1.35 5.26 bc | R19/12 30 0.66 1.62 1.36 25.59 b

S40 30 1.44 1.68 1.54 4.69 b R7/6 30 0.55 1.88 1.45 32.58 b
Genotypes with high values

$49 30 2.07 2.84 2.45 10.60 a R27/11 30 2.32 2.83 2.52 7.06 a

S$19 30 1.88 2.62 2.28 10.57 a R16/12 30 2.11 2.71 2.43 7.77 a

Note: n - the number of measurements; min, max - minimal and maximal measured values; X - arithmetic mean; V - coefficient of variation (%);
H - LSD homogeneity test at P,
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Figure 6
shape of seeds

average diameter of seeds in the collection of old and
local varieties in the range 3.73 mm (R23/2) - 5.71 mm
(R5/4) and for the collection of wild seedlings 3.51 mm
(S82) - 5.26 mm (S72). We did not find any significant
differences between the collections. The coefficients of
variation show that the degree of variability of this trait
within both collections varies from low to high (Table
5). Our results do not diverge from the data of Jacobek
et al. (2020), who estimated the weight of seeds in
fruits from 0.07 to 0.53 g, and the weight of a single
seed from 0.03 to 0.08 g.

Wedetermined the average value ofthe seed shapeindex
in the collection of old and local varieties in the range
1.36 (R19/12) - 2.52 (R27/11) and in the collection
of wild seedlings 1.35 (S62) - 2.45 (S49), respectively.

Comparison of selected genotypes from the evaluated collection of seedlings of Malus domestica Borkh. in the

A comparison of genotypes shows that genotypes with
different seed shape indices were identified in both
collections. We did not find any significant differences
between the collections. The coefficients of variation
show that the degree of variability of this trait within
both collections varies from low to high.

Figure 6 shows a comparison of selected genotypes
from the evaluated collection of the natural seedlings
of the apple tree (Malus domestica) in seed shapes.

The analysis of variance of the evaluated traits (Table
6) confirmed the statistically significant differences
between the evaluated genotypes.
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Table 6 Analysis of variance of evaluated seed traits of genotypes from two collections of Malus domestica Borkh.
Factors || f | S | MS | F H LSD
Genotypes from repository Baciich

Weight of 10 seeds (g)
Between genotypes 9 0.888 0.098 42.074 0.05 0.069
Within genotypes 90 0.211 0.002 0-000 0.01 0.082
Total 99 1.099

Height of seeds (mm)
Between genotypes 9 78.918 8.768 24.898 0.05 0.853
Within genotypes 90 31.696 0.352 0-000 0.01 1.005
Total 99 110.614

Diameter of seeds (mm)
Between genotypes 9 16.238 1.804 10.330 0.05 0.601
Within genotypes 90 15.718 0.174 0000 0.01 0.708
Total 99 31.957
Seedlings

Weight of 10 seeds (g)
Between genotypes 9 0.724 0.080 268.465 0.05 0.024
Within genotypes 90 0.027 0.000 0000 0.01 0.029
Total 99 0.751

Height of seeds (mm)
Between genotypes 9 43.955 4.884 25.377 0.05 0.024
Within genotypes 90 17.320 0.192 0.000 0.01 0.743
Total 99 61.276

Diameter of seeds (mm)

Between genotypes 9 10.109 1.123 15.295 0.05 0.389
Within genotypes 90 6.609 0.073 0-000 0.01 0.459
Total 99 16.719

Note: f - number of degrees of freedom; S - the sum of squares; MS - average square; F - Fischer test value; P - statistical significance by Fischer test;

H - homogeneity; LSD - a least significant difference

Conclusions

Based on morphometric analysis of fruits and seeds of
both collection:
1. of old and local varieties,

2. of spontaneous seedlings from free pollination,
we determined the range of phenotypic
variability for all traits and combinations of traits
in both groups of evaluated genotypes.

When comparing the ranges of variability for all
evaluated traits, we found a significant degree of
agreement. The results confirm that some individuals
that grow wild and represent spontaneous seedlings
from free pollination have a set of economically
important traits and are ready to be used as potential
geneticresources for abreeding program. Future efforts

focused on “wild forms“ should focus on preserving all
unique genotypes to maintain both cultural heritage
and biological genetic diversity.
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The search for new powerful herbal products with anti-inflammatory, antimicrobial and antinociceptive activities
presents an important area of pharmaceutical research. Some plants of the Lamiaceae family are well-known for
their significant antimicrobial, anti-inflammatory, and pain-relieving activities. Species of the Lamiaceae attract
a great scientific interest mainly due to the diversity of terpenes and phenolic compounds, including phenolic acids
and flavonoids. Essential oils possess certain antimicrobial activity. For experimental studies, we selected four herbs.
Among them were Monarda fistulosa L., Satureja hortensis L., Thymus vulgaris L., and Mentha piperita L. Four tinctures
of the above-mentioned herbs were elaborated and partly phytochemically evaluated. We established the coefficients
of alcohol absorption for the tested raw materials and the maximum absorption for active markers and ticntures
after adding aluminum chloride that is needed for the development and standardization of tictures. The solutions of
complexes aluminum chloride with quercetin (20 mg/L), rutin (50.2 mg/L), and chrysin (80 mg/L) had the maximum
absorption at the wavelengths of 425.9 £0.3 nm at 77 min of the reaction, 412.3 +0.3 nm at 82 min, 388.4 +0.7 nm at
81 min, respectively. The tinctures of Monarda fistulosa, Satureja hortensis, Thymus vulgaris, and Mentha piperita had
the maximum absorption at 391.2 +0.5 nm at 91 min, 389.9 0.5 nm at 76 min, 391.8 nm at 83 min, 394.9 +1.1 nm at
78 min, respectively. The carried out spectrophotometric studies confirmed the prevalence of flavones in the tested
tinctures, considering the proximity of the maximum absorption of the tested tinctures and chrysin. The next studies
will be continued at the standardization of the developed tinctures and the establishment of their antimicrobial
activity.

Keywords: Monarda fistulosa, Satureja hortensis, Thymus vulgaris, Mentha piperita, ethanolic extracts, essential oil
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Species of the Lamiaceae attract great attention mainly
due to the diversity of monoterpenes (Thompson
et al., 2003; Honcharenko et al, 2019; Hudz et
al, 2020). It has been revealed that essential oils
possess certain antimicrobial activity (Ben-Arye et
al, 2011; Rezvanpanah et al, 2011; Honcharenko
et al, 2019). Therefore, they could be considered as
active substances of potential antimicrobial herbal
preparations (Rezvanpanah et al., 2011). The essential
oil of Satureja hortensis contains significant amounts
of two phenolic ketones: carvacrol and thymol. They
are isomeric compounds and contain a phenol group in
their structures (Hamidpour et al., 2014). The thymol
chemotype of Thymus vulgaris produces thymol
(22.4-72.9 %) and carvacrol (0.8-26.8 %) in glandular
trichomes on the surface of leaves (Thompson et al,,
2003). Carvacrol and thymol have a strong inhibitory
effect on the growth of a wide range of microorganisms,
including fungi and bacteria (Hamidpour et al,, 2014).

Rosmarinic acid is the major compound of the aqueous
and ethanolic extracts of Dracocephalum moldavica,
Ocimum americanum, Satureja hortensis and other
herbs of the Lamiaceae family (Shanaida et al., 2018;
Shanaida et al, 2021a). Rosmarinic acid is known
for its antiviral, antioxidant, anti-inflammatory, and
immunostimulating activities (Hamidpour et al,
2014; Shanaida et al., 2021a). It was established that
administration of pure rosmarinic acid at a dose of
25 mg/kg decreased the carrageenin-induced paw
oedema in rats at 6 h by over 60 %. The effect of
rosmarinic acid (25 mg/kg) can be comparable with
Trolox (30 mg/kg) and indomethacin (10 mg/kg),
which are known as a strong antioxidant and anti-
inflammatory substances, respectively (Rocha et al,
2015).

Herbal preparations of some species of the Lamiaceae
family (thyme, mint, and oregano) are stated as safe and
efficient for the symptomatic treatment of discomfort
conditions related to strep throat (Ben-Arye et al,
2011; Wijesundara et al., 2019).

Therefore, the development of herbal preparations
with antioxidant, anti-inflammation and antimicrobial
activity for the prevention and treatment of
inflammatory and infectious diseases of the oral
cavity is a topical question of modern medicine and
pharmaceutical technology.

Material and methodology

While carrying out the research, the following methods
were used: analysis, synthesis, systematization
and comparison for processing published scientific

data; technological method (maceration);
spectrophotometric method for the development of
the analytical procedure of the determination of the
total flavonoid content.

Plant material

Aerial parts of Monarda fistulosa (wild bergamot,
bee balm, or horse mint) were collected in 2019 and
Satureja hortensis (summer savory), Thymus vulgaris
(thyme), and Mentha piperita (peppermint, balm
mint, lamb mint) were collected in 2017. All the raw
materials were picked up in the flowering stage in the
Kherson region (Ukraine). The voucher specimens
were deposited at the Herbarium of the Sector of
Mobilization and Conservation of Plant Resources of
the Rice Institute of the NAAS (Plodove, Kherson region,
Ukraine) and at the Department of Analytical and
Ecological Chemistry of University of Opole (Poland).
The aerial parts of the four herbs were dried and kept
at room temperature (15-25 °C) in a dark place before
the preparation of the tinctures.

Extraction

All the tinctures were obtained in a ratio of the herbal
substance to a final product as approximately 1 to
10. As a solvent, 70 % ethanol was used. The herbal
substance was reduced to pieces. The crushed herbal
substance was sieved through suitable sieves with
the size of holes of 0.5 and 5.0 mm. Then the ground
herbal substance of the size in the range of 0.5-5.0 mm
was mixed with 70 % ethanol. The mixtures stood in
closed containers. Maceration was performed at room
temperature for 7 days. After this period the residue
was separated from the extraction solvent by means of
filtration through a paper filter.

Determination of the maximum absorption
in differential spectra

For the determination of the maximum absortption
we used the analytical procedure of differential
spectrometry provided by Hudz et al. (2017a) for the
estimation of the TFC in bee bread and by Hudz et al.
(2020) for Satureja montana. 50 pL of the developed
tinctures were diluted with 50 % ethanol up to 1.0 mL
and was mixed with 1.0 of 2 % solution of aluminum
chloride hexahydrate. The mixture was mixed by vortex
and incubation was done at room temperature for
70-90 min. The volume of 2 % solution of aluminum
chloride was replaced by the same amount of 50 %
ethanol in the blank. The measures of all the spectra
were carried out for each tincture in triplicate in the
range of 360-440 nm. Instead of 50 pL of a tincture,
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we used the stock solutions of rutin trihydrate
(1000 mg/L), quercetin dihydrate (400 mg/L) and
200 pL of chrysin (400 mg/L).

Results and discussion

Lamiaceae is a large plant family of mostly shrubs
and herbs (Hamidpour et al., 2014; Hassanzadeh
et al,, 2016; Karpova et al., 2020). These plants are
popular due to various biological activities, including
antioxidant and antimicrobial ones (Rezvanpanah et
al, 2011; Li et al.,, 2014; Karpova et al,, 2020). These
properties are closely related to a variety of secondary
metabolites. Species of the Lamiaceae family are used
in folk medicine for many years (Ben-Arye et al., 2011;
Karpova et al, 2020). Currently, anti-inflammatory,
antitussive, diuretic, anti-asthmatic, antiseptic,
antispasmodic, and antipyretic activities of the herbs
were revealed. Some species demonstrated even
antiviral properties (Karpova et al., 2020; Shanaida et
al,, 2021a).

Monarda is a genus endemic to North America. This
genus embraces annual and perennial flowering plants.
Many species are grown as ornamentals in different
countries because the flower color ranges from red
to pink or light purple. Monarda plants produce
a high quantity of essential oil. Monarda fistulosa and
M. didyma (oswego tea) have a long history of use as
medicinal plants by Native Americans (Francati and
Gualandi, 2017).

Monarda fistulosa is commonly known as an annual or
perennial medicinal plant. It produces monoterpenes
in trichomes located on leaves, calyces, and even flower
petals. When these trichomes are broken, the scent of
escaping monoterpenes appears almost immediately.
Monoterpenes have been used for thousands of years
as fragrances and flavors. However, plants use them
for a variety of functions, including suppression of
plant competitors, repelling herbivores, or attracting
pollinators and seed dispersers (Harborne, 1993).

Monarda fistulosa is known for its strong therapeutic
effects. Its essential oil is characterized by high
antibacterial, antimycotic, and anti-inflammatory
activities (Zhilyakova et al.,, 2009). Wild bergamot is
mentioned among plants with a high content of thymol
and carvacrol up to 60-70 % in the essential oil. At
the same time, it also produces significant amounts
of thymoquinone - a substance with antimycotic,
anticancerous and antituberculous activity (Casian
et al,, 2020). For this reason, it could be proposed for
the treatment of the throat. Shanaida et al. showed
that the major constituent of the methylene chloride

extract of Monarda fistulosa was thymol (23.73 %),
followed by carvacrol (10.09 %), p-cymene (9.74 %),
and thymoquinone (8.52 %) (Shanaida et al., 2021b).
Casian et al. (2020) stated about a yield of 12.5-14.5 g
from 1 kg of the dried plant material of Monarda
fistulosa and content of 20-32 % of thymoquinone and
23-32 % of thymol and carvacrol.

The genus Satureja L. (savory) embraces about
200 species of herbs and shrubs which are grown
mostly in the Europe, Mediterranean region, North
Africa, the Canary Islands, South America, and West
Asia (Hamidpour et al., 2014). Satureja hortensis is an
annual herbaceous crop species, strongly branched,
with linear leaves.

Dried summer savory contains approximately 0.2-3.0 %
of volatile oil (Hamidpour et al., 2014; Hassanzadeh
et al., 2016). The main compounds found in extracts
and essential oils of Satureja hortensis are terpenoids,
phenolic compounds, flavonoids, tannins, steroids,
acids, gums, mucilage, and pyrocatechols (Hamidpour
et al.,, 2014). According to different studies, the main
components of the volatile oil of Satureja hortensis
are thymol (0.3-28.2 %), y-terpinene (15.30-39 %),
carvacrol (11-67 %), p-cymene (3.5-19.6 %), a-pinene
(2.91 %) (Hamidpour etal,, 2014; Fierascu etal., 2018).
For instance, 18 compounds were identified in summer
savory collected in Timis County (western region of
Romania) during the growing season of the year 2017.
Among them were: y-terpinene (37.862 %), o-cymene
(15.113 %), thymol (13.491 %), carvacrol
(13.225 %), (+)-4-carene (6.086 %), P-myrcene
(3.931 %), a-thujene (3.695 %), B-caryophyllene
(1.496 %), B-pinene (1.374 %), isothymol (0.645 %),
D-limonene (0.558 %), a-thujone (0.546 %)
and camphor (0.521 %) (Popovici et al, 2019).
Rezvanpanah et al. (2011) identified 31 compounds in
summer savory of Iranian origin. Among them were:
y-terpinene (31.95 %), p-cymene (2.69 %), thymol
(1.11 %), carvacrol (48.69 %), (+)-4-carene (6.086 %),
-myrcene (1.78 %) (Rezvanpanah et al,, 2011).

The leaves of summer savory are rich in phenolic
compounds, particularly rosmarinic acid and
flavonoids, which provide a high antioxidant capacity
of the leaves (Hamidpour et al., 2014; Shanaida et al.,
2018).

The methanolic extract obtained by maceration
contained rosmarinic acid (24.9 mg/g), caffeic acid
(1.3 mg/g), naringenin (1.1 mg/g), isoferulic acid
(220 pg/g), and apigenin (165 pg/g) (Fierascu et
al, 2018). The high pressure liquid chromatography
analysis confirmed the presence of gallic acid, caffeic
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acid, chlorogenic acid, ferulic acid, rosmarinic acid,
and flavonoids (rutin, hyperoside, quercitrin, apigenin,
quercetin, catechin, and apigenin-7-glucoside) in
aqueous extracts of Satureja hortensis herb of Ukrainian
origin (Shanaida et al,, 2018).

The herbal products obtained from summer savory have
antioxidant, antimicrobial, antiparasitic, pesticidal,
anti-inflammatory, analgesic, hepatoprotective and
anticancer properties (Hamidpour etal., 2014; Fierascu
etal, 2018).

Carvacrol, cymene and thymol in the essential oil
provide antimicrobial activities against food, plants,
and human pathogens (Hassanzadeh et al., 2016). The
evaluation of the essential oil obtained from Iranian
plants showed good antimicrobial activity against
several types of microorganisms, with minimum
inhibitory concentration values ranging from 0.06 uL/
mL for Candida glabrata to 8 uL/mL for Pseudomonas
aeruginosa and minimal lethal concentration values
ranging from 0.06 upL/mL for Candida glabrata
to 16 pL/mL for Pseudomonas aeruginosa. The
results were superior to those obtained for the used
reference substances (vancomycin, gentamicin and
amphotericin) for all the studied microorganisms, with
exception of Pseudomonas aeruginosa (Fierascu et al.,
2018).

The antimicrobial mechanism is related to damage in
membrane integrity, causing leakage of ions and other
cell compounds and eventually death of a microbial cell
(Fierascu et al., 2018).

Thymus vulgaris is an aromatic plant, which is used for
medicinal and spice purposes almost everywhere in
the world (Morales, 2002; Honcharenko et al,, 2019).
Thymus vulgaris shows a polymorphic variation in

CH,
OH

H,C CH;, H,C

carvacrol

CH,

thymol

monoterpene production, the presence of intraspecific
chemotype variation being common in the genus
Thymus. The wild thymus grown in southern France
had six chemotypes (geraniol, a-terpineol, thuyanol-4,
linalool, carvacrol, and thymol). Each of these six
chemotypes is named after its dominant monoterpene
(Thompson et al., 2003).

The chemical structure of the most important
compounds of the essential oil of Satureja hortensis
and Thymus vulgaris (thymol, carvacrol and p-cymene)
is presented in Figure 1.

Mentha piperita is a hybrid mint - a cross-species
between watermint and spearmint. It is one of the
most economically important medicinal and aromatic
plants (Shah and Mello, 2004; Liu et al., 2014). The
essential oil of this plant possesses antimicrobial, anti-
inflammatory, antitussive, local anesthetic activities
(Shah and Mello, 2004; Ben-Arye et al,, 2011).

Marwa et al. (2017) established that the essential
oil of Mentha piperita contained menthol (46.32 %),
menthofuran (13.18 %), menthyl acetate (12.10 %),
menthone (7.42 %), and 1,8-cineole (6.06 %) as
the principal constituents. The tested essential oil
demonstrated strong inhibitory activity against the
tested microorganisms (Escherichia coli ATCC 25922,
Pseudomonas aeruginosa ATCC 27853, Micrococcus
luteus ATCC 14452, Staphylococcus aureus ATCC
29213, Bacillus subtilis ATCC 6633, Salmonella
typhimurium, Bacillus cereus, Candida albicans,
and Candida tropicalis. The minimum inhibitory
concentrations ranged from 0.062 to 0.5 % (v/v),
except for Pseudomonas aeruginosa. Pseudomonas
aeruginosa was the least sensitive and was only
inhibited by concentrations as high as 0.5 % (v/v)
(Marwa et al., 2017).

CH;,
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Figure 1

Chemical structure of carvacrol, thymol, and p-cymene
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Figure 2 Active compounds of peppermint essential oil

The chemical structures of the major compounds of the
essential oil of Mentha piperita are depicted in Figure 2.

Peppermint is famous for its flavoring and medicinal
properties andisusedinfood, cosmetics,and medicines.
It is helpful in symptomatic relief from illnesses such
as colds, cramps, indigestion, nausea, sore throat,
toothache, or even cancer. Many pharmacologic
studies also have shown that peppermint possesses
antioxidant, cytotoxic, antiallergenic, antiviral, and
antibacterial activities with few side effects (Shah and
Mello, 2014).

For experimental studies, we selected four herbs.
Among them were Monarda fistulosa, Satureja hortensis,
Thymus vulgaris, and Mentha piperita. Four tinctures of
the Thymusvulgaris, Satureja hortensis, Mentha piperita,
and Monarda fistulosa herb were elaborated. Ethanol
absorption coefficient is an important technological
parameter in the tincture manufacture. The results of
the technological research are presented in Table 1.

It was established that the coefficient of alcohol
absorption of the crushed raw material with the size
of particles in the range of 0.5 to 5.0 mm was 2.8 ml/g,

Table 1 Calculations of the experimental determination of the absorption coefficient of 70 % ethanol
Name of herb, year of Mass of Volume of 70 % The amount of the Calculations
the collection a crushed raw ethanol for the tincture obtained
material (g) extraction (ml) after absorption (ml)

Thymus vulgaris, 2017 7.5 100 79.0 X, =(100-79):7.5=2.80 ml/g
Satureja hortensis, 4.1 58 40.5 X, = (58-40,5):4.1 = 4.30 ml/g
2017 5.5 78 55.0 X, = (78-55): 5.5 = 4.20 ml/g
Mentha piperita, 2017 6.6 93 66.5 X, =(93-66.5):6.6 = 4.00 ml/g
12”(;’{';" da fistulosa, 42 59 39.0 X, = (59-39):4.2 = 4.80 ml/g
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4.0 ml/g, 4.25 ml/g, and 4.8 ml/g, respectively, for the
herb of Thymus vulgaris, Satureja montana, Mentha
piperita and Monarda fistulosa for 70 % ethanol.

In our studies, we also elaborated the analytical
procedure for the determination of the total flavonoid
content in the tinctures. We adopted the elaborated
analytical procedure for the determination of the
total flavonoid content in bee bread tinctures for the
tinctures of the tested four herbs (Hudz et al., 2017a,b;
Hudz et al,, 2020).

The study of the total flavonoid content should be
carried out by identifying the dominant group of
flavonoids by determining the maximum absorption
in the differential spectrum after adding aluminum
chloride. The maximum absorption is necessary to
select an analytical marker with identical or close
maximum absorption of its complex with aluminum
chloride in an identical solvent. Spectrometric studies
should be supplemented by further chromatographic
ones to confirm the correct choice of analytical marker
to recalculate the amount of flavonoids (Hudz et al,,
2017a; Hudz 2020).

As aresultof our study we established that the solutions
of quercetin (20 mg/L), rutin (50.2 mg/L), and chrysin
(80 mg/L) had the maximum absorption at the
wavelengths of 425.9 +0.3 nm at 77 min, 412.3 +0.3 nm
at 82 min, 388.4 +0.7 nm at 81 min, respectively.

The tinctures of Monarda fistulosa, Satureja hortensis,
Thymusvulgaris,and Mentha piperitahad one maximum
absorption at 391.2 0.5 nm at 91 min, 389.9 +0.5 nm
at 76 min, 391.8 +0.3 nm at 83 min, 394.9 +1.1 nm at
78 min, respectively, in the range of 360-440 nm. The
differential spectra are provided in Figure 3-5.

Therefore, the conducted spectrophotometric
studies confirmed the domination of flavones in the
tested tinctures. Considering the proximity of the
maximum absorption of the tested tinctures and
chrysin, this reference substance could be used for the
determination and calculations of the total flavonoid
content in tinctures.

Conclusions

The present study sets the basis for future research into
thedevelopmentofantimicrobialandanti-inflammatory
herbal products. The knowledge of the performed
review about the chemical profile of essential oil and
extracts of the studied species will aid in explaining
the observed biological activity. The aqueous and
ethanolic extracts and essential oil could be considered
as cheap, easily accessible, and a potential source of
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Figure 3 Differential spectrum of chrysin, concentration

of chrysin 80 mg/L, A = 0.604 +0.038, time of
the reaction 81 min, A =388.4 £0.7 nm
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Figure 4 Differential spectrum of quercetin dihydrate,

concentration of quercetin dihydrate 20 mg/L,
A = 0.619 +0.045, time of the reaction 77 min,
A, =425.920.3 nm
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Figure 5 Differential spectrum of rutin trihydrate,

concentration of rutin trihydrate 50.2 mg/L,
A =0.458 £0.010, time of the reaction 82 min,
A, =412.320.3nm
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natural antioxidants and antimicrobial compounds for
the food and pharmaceutical industry. We established
the coefficients of alcohol absorption as important
technological parameters for the tested raw material
with the purpose of the preparation of tinctures. The
coefficient of alcohol absorption of the crushed raw
material with the size of particles in the range of 0.5
to 5.0 mm was 2.8 ml/g, 4.0 ml/g, 4.25 ml/g, and
4.8 ml/g, respectively, for the herb of Thymus vulgaris,
Mentha piperita, Satureja hortensis, and Monarda
fistulosa for 70 % ethanol. The solutions of quercetin
(20 mg/L), rutin (50.2 mg/L), and chrysin (80 mg/L)
had the maximum absorption at the wavelengths of
425.9 £0.3 nm at 77 min, 412.3 £0.3 nm at 82 min,
388.4 +0.7 nm at 81 min, respectively, after adding
aluminum chloride. The tinctures of Monarda fistulosa,
Satureja hortensis, Thymus vulgaris, and Mentha
piperita had the maximum absorption at 391.2 +0.5 nm
at 91 min, 389.9 £0.5 nm at 76 min, 391.8 nm at 83 min,
394.9 £1.1 nm at 78 min, respectively. Therefore, the
performed spectrophotometric studies confirmed
the domination of flavones in the tested tinctures,
considering the proximity of the maximum absorption
of the tested tinctures and chrysin. Future studies will
be directed at the standardization of the developed
tinctures and the establishment of their antimicrobial
activity.
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The aim of the research is to determine the effect of application of the developed product (extract) called ALGEX_ 6
from natural mineral rock alginite in two different watering periods on the formation of root biomass and above-
ground plant biomass of a selected group of medicinal plants (Melissa officinalis L., Malva verticillata L. and Ocimum x
citriodorum Vis.) and determining the antioxidant activity in dried leaves and whole plants in aqueous and methyl
alcohol extracts by DPPH method. The experiment was established in the Botanical Garden at the Slovak University
of Agriculture in Nitra throughout 2020. ALGEX_ 6 was prepared by a research team at the Slovak University of
Agriculture in Nitra in the form of an extract from the natural mineral rock alginite with an application of thermal
and chemical treatment. In the experiment, ALGEX 6 was applied in the form of a watering in two variants with the
same concentration of 3 % solution in 2 decilitres of water, but various application in terms of days in the pre-harvest
stage of the above-ground plant biomass of 30 individual plants from each species. There are two diametrically
opposite trends of ALGEX 6 application that are manifesting themselves in M. officinalis and M. verticillata by reducing
the root and above-ground part biomass compared to the control variant. The percentage proportionality of root/
above-ground part biomass in M. officinalis decreased from 62.48/30.31 % (control), to 45.57/18.85 % (variant 1)
and to 36.07/17.27 % (variant 2), as well as in M. verticillata the root/above-ground part biomass decreased from
16.03/13.93 % (control), to 14.97/9.42 % (variant 1) and to 11.61/10.14 % (variant 2). In the species Ocimum x
citriodorum Vis. the opposite trend manifested. The application of ALGEX 6 watering resulted in increasing the
antioxidant activity on the tested plant parts, especially in aqueous extracts in M. officinalis (from 19.30/control to
33.61 %/variant 1, 2), also in O. citriodorum (from 26.56/control to 44.16 %/variant 1), while in methyl alcohol
extracts, the antioxidant activity showed a slight increase in all tested species.

Keywords: ALGEX 6, Melissa officinalis, Malva verticillata, Ocimum x citriodorum, root, weight of above-ground part,
antioxidant activity, aqueous extract, methyl alcohol extracta

Introduction and Korablova, 2015; Shymanska et al, 2018;
Medicinal herbs are used due to their health benefits, ~ Mnahoncakova et al, _ 2019; lIvaniSova et al, 2017,
special aroma, taste and are considered one of the 2020). The commercial development of plants as
richest sources of bioactive compounds (Shanayda  SOUIces of antioxidants to enhance health and food
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preservation is of current interest (Rice-Evans et
al, 1997). Epidemiological studies have suggested
positive associations between the consumption of
phenolic-rich foods or beverages and the prevention
of diseases (Scalbert and Williamson, 2000; Martins
et al, 2012). These effects have been attributed to
antioxidant components such as plant phenolics,
including flavonoids and phenylpropanoids, phenolic
acids, lignan precursors, terpenes, mixed tocopherols,
phospholipids, polyfunctional organic acids, other
essential antioxidants such as [-carotene, vitamins
C and E, selenium, zinc and others (Rice-Evans et al.,
1996; Phippen, 1998, 2000; Svidenko et al., 2015a,b;
Miraj et al, 2016). Thus, natural antioxidants have
gained popularity in recent years. Antioxidants are
primarily secondary metabolites contained in higher
plants that eliminate free radicals that are harmful
to the human body (Prugar, 2008). Antioxidants
interfere with the process of oxidation by free radical
reactions or reduction of hydroperoxides formed and
the elimination of oxygen present. Natural antioxidants
are obtained from plant material mainly as extracts,
including medicinal and spicy plants such as Salvia
spp- (Skybitska et al, 2015), Origanum vulgare L.,
Melissa officinalis L. (Rasmussen, 2011), Ocimum
basilicum L., Mentha piperita L. (Svidenko et al,
2015a,b), Rosmarinus officinalis L. (Miiahonc¢akova et
al,, 2019), Allium ursinum L. (Balaeva-Tichomirova and
Leonovich, 2017), Malva verticillata L. (Mikhailova and
Ebel, 2015), Symphytum spp. (Vergun et al., 2017) and
other ones (Vergun etal., 2018,2019, 2021; Shymanska
etal, 2020).

Increasing or decreasing antioxidant activity in plants
is conditioned by many factors. One of the factors is
the growing environment. The amendment of organic
or inorganic material to topsoil is considered a way to
improve the physical properties of soil. Such materials
affect the living space of soil microorganisms and thus
also their activity (Dlapa et al., 2004; Fernandez et al.,
2007; Ismail and Ozawa, 2007). The implementation of
suitable natural materials that are non-toxic and their
effect is almost in short time after application could be
a chance for the future agriculture. One such material
would be alginite. Alginite is a sedimentary laminated
rock - an oil shale (Jambor and Solti, 1975), which
originated in basalt maar lakes. The name alginite
originally belonged to petrographic constituent of
coal residues consisting of algae (Solti, 1987). Dark
laminae are rich in amorphous organic matter and
well-preserved cells of green alga Botryococcus
braunii (Ognjanova-Rumenova and Vass, 1998;
Vass et al, 2003). The grey laminae are composed

of clay minerals derived from weathered basaltic
tuff. In addition to organic matter, the rock contains
considerable amounts of macronutrients such as P, K,
Ca, Mg, as well as numerous trace elements. Alginite
is quite rich in nutrients, except nitrogen. Release of
phosphorus, potassium and microelements (Gregor
and Bublinec, 1999) could significantly contribute to
supplying the demands of the microbial population
(Ognjanova-Rumenova and Vass, 1998; Motyleva
et al, 2014). Moreover, both the clay minerals and
organic matter contained in alginite have high cation-
exchange capacities (in contrast to quartz sand), thus
regulating cation concentration in the soil solution
(Schachtschabel et al, 1984). The content of heavy
metals lies below toxicity limits. A large specific
surface area ranging from 300 to 650 m?/g results in
a water retention capacity of approx. 110 % (Russell,
1990; Vass et al., 1997; Kulich et al,, 2001). Tests of
alginite from the deposits in Pula and Gerce (Hungary)
showed that it can be used in agriculture and forestry
to improve soil quality, soil water dynamics and
nutrient content, to increase organic matter content,
colloid content and to protect soil against acidification,
desiccation and leakage of nutrients (Vass et al., 2003).
No negative side effects for the environment have been
observed (Kulich et al., 2001). In agriculture, alginite
is also able to improve the water and nutrients regime
and increasing of soil colloids (Belacek, 2006). Organic
matter of alginite is a component of some types of
kerogen with a predominance of type Il alongside
amorphous organic matter (Vass et al,, 1997).

The aim of the work was to determine the effect of
application of the developed product (extract) called
ALGEX 6 from natural mineral rock alginite in two
different watering periods on the formation of root
and above-ground plant biomass of three species of
medicinal plants with a determination of antioxidant
activity in dried leaves and dried whole plants in
aqueous and methyl alcohol extracts by DPPH.

Material and methodology

Environment of plants cultivation

From each tested species Melissa officinalis L. (MO),
Malva verticillate L. (MV) and Ocimum citriodorum Vis.
(0C), 30 individual plants were planted in containers
with a diameter of 210 mm. Garden soil was used
as a cultivation medium. The experiments were
established in the Botanical Garden at the Slovak
University of Agriculture in Nitra in 2020 at an altitude
of 167 m a. s. level (Figure 1).

© Slovak University of Agriculture in Nitra
www.uniag.sk

-81-

ISSN 2585-8246



Agrobiodivers Improv Nutr Health Life Qual, 5, 2021(1): 80-94

Figure 1 Demonstration of above-ground parts of medicinal plants: A - Ocimum x citriodorum Vis.; B — Melissa officinalis
L.; C - Malva verticillata L. (Photo: Miiahonc¢akova, 2020)
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Application of ALGEX 6 preparation

ALGEX_ 6 was prepared by a research team at the
Slovak University of Agriculture in Nitra in the form
of an extract from a natural mineral rock with the
application of thermal and chemical treatment. The
product is not registered yet.

In the experiment, ALGEX 6 was applied in the form of
a watering:

1. in variant 1 - only one application in the
concentration of 3 % solution in 200 mL of water
applied 10 days in the pre-harvest stage of the
above-ground plant biomass,

2. in variant 2 - the first application in the
concentration of 3 % solution in 200 mL of water
applied 20 days in the pre-harvest stage of the
above-ground plant biomass and the second
application in the concentration of 3 % solution
in 200 mL of water applied 10 days in the pre-
harvest stage of the above-ground plant biomass,

3. control variant (marked C) - without application
of ALGEX 6 was implemented in each plant
species (Table 1).

At the end of our experiment, the plants were removed
from the containers. The roots of the plants were
washed from the soil under running water. After drying
in an unheated greenhouse, the weight of the roots
and above-ground plant biomass was determined
individually for each plant.

Free radical scavenging activity

The antiradical activity of dried leaves and dried
above-ground plant biomass of medicinal plants were
determined in methanolic (ME) and aqueous extract
(AE). The samples 1 g in 25 mL water/methyl alcohol
were mixed for 12 hours and antiradical activity was
determined after filtration of samples. In the frame of
antiradical activity (ability to eliminate the free radicals)
was tested the capacity of medicinal plants to remove
DPPHe radicals (2,2-diphenyl-1-picrylhydrazyl) using
methods of Brand-Williams et al. (1995). Absorbance
at 515 nm has been registered in regular time intervals
until the reaction equilibrium was reached - using the
GENESYS 20 Vis Spectrophotometer (Thermo Fisher
Scientific Inc., USA). First was measured the DPPHe
(Sigma Aldrich, USA) absorbance without antioxidant
substance (control). The inhibition of DPPHe radicals
was calculated in percent of free DPPHe radicals in the
samples using the method of Von Gadow et al. (1997):

% Inh =

4o~ 4, -100
AO
where: A is the absorbance of control in time ¢ = 0
min (DPPHe solution), 4, is the absorbance in
the presence of antioxidant in time ¢ (min), the
result is in % of DPPHe radical inhibition

Statistical analysis

It was evaluated the variability of the test files in
each character using descriptive statistics. For the
characteristics of the files, it was used the basic

Table 1 Determination of antioxidant activity in plant parts in aqueous extracts (AE) and methyl alcohol extracts (ME)
in tested plant species grown in variants
Variants Melissa officinalis L. (MO) | Malva verticillata L. (MV) | Ocimum x citriodorum Vis. (0C)
i Control - C - AE MOC-DLAE MVC-DLAE OCC-DLAE
Q, Variant 1 - AE MO1-DLAE MV1-DLAE OC1-DLAE
°:’ Variant 2 - AE MO2-DLAE * *
% Control - C - ME MOC-DLME MVC-DLME OCC-DLME
-E Variant 1 - ME MO1-DLME MV1-DLME 0C1-DLME
= Variant 2 - ME MO2-DLME * *
- Control - C - AE MOC-DHAE MVC-DHAE OCC-DHAE
QI Variant 1 - AE MO1-DHME MV1-DHME OC1-DHME
% Variant 2 - AE MO2-DHME * *
é Control - C - ME MOC-DHME MVC-DHME OCC-DHME
2 Variant 1 - ME MO1-DHME MV1-DHME OC1-DHME
= Variant 2 - ME MO2-DHME * *

Note: * - untested variants; DL - dried leaves; DH - dried herbs; AE - aqueous extract; ME - methyl alcohol extract
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descriptors of variability: average, minimum measured
value, maximum measured value, the coefficient of
variation (%). Data were analyzed with ANOVA test
and differences between means compared through
the Fisher test (a = 0.05). The degree of variability
was determined by the coefficient of variation values.
The given parameter is independent of the unit of the
evaluated character. Theoretically, they can acquire
different values (Stehlikova, 1998).

Results and discussion

Melissa officinalis (MO)

In our experiment with the application of an innovated
preparation of alginite (ALGEX 6) in the form of
watering for selected medicinal herbs grown in
containers in two different variants, we determined

the following effects on the evaluated parts of plants.
The average weight of the root was determined in
the range from 36.70 g (MO2) to 62.48 g (MOC), the
average weight of the above-ground plant biomass in
the range 17.27 g (MO2) - 30.31 g (MOC). The values
of coefficients of variation indicate a medium to a high
degree of variability (15.43 %/MOC - 34.44 %/MO2).
After application of ALGEX 6, we recorded a higher
proportion of roots (67.33 % in MOC) between the
control variant (MOC) and the other two variants
(MO1 and MO2) in comparison with above-ground
plant biomass (32.67 %/MOC). After application of
ALGEX 6 watering, we recorded approximately the
same proportion of the weight of roots (70.73 %/MO1)
and above-ground plant biomass (29.27 %/MO1)
compared to the control variant (Figure 2). Analysis
of variance confirmed the differences between the

70.00
62.48
60.00
50.00 4557
40.00 36.07
30.00
20.00
10.00
0.00
MOC MO1 MO2
Figure 2 Comparison of the weight of Melissa officinalis L. root to the total weight of the above-ground plant biomass in the
control variant and in the variants after application of ALGEX_6:
MOC - control; MO1 - variant 1; MO2 - variant 2
Table 2 Analysis of variance to evaluate the effect of application of ALGEX 6 on the weight of roots and the weight of
above-ground plant biomass of Melissa officinalis L. plants with statistical differences between the evaluated
variants
Source of SS | df | MS | F | p-value | F crit Differences between variants
variation Weight of root (g) Variants X V% MO2 MO1
Between variants | 3579.19 2 1789.59 | 13.71 0.00 3.35 MOC 62.48 | 20.72 +++ ++
Within variants 3522.66 27 130.46 MO1 45.57 | 23.41 -
Total variability 7101.86 29 MO2 36.07 | 29.07

Weight of above-ground plant biomass (g)

Between variants | 1013.50 2 506.75 11.63 0.00 3.35 MOC 30.31 | 29.22 +++ +++
Within variants 1175.92 27 43.55 MO1 18.85 | 21.75 -
Total variability 2189.43 29 MO2 17.27 | 34.44

Note: SS - sum of squares; df - degrees of freedom; MS - mean square; F - F statistic; p-value - probability (o = 0.05); F crit - F-critical value;
X - arithmetic mean; V % - coefficient of variation (%); MO1 - variant 1; MO2 - variant 2
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Figure 3

Comparison of the ratio of the weight of Melissa officinalis L. root (%) and the weight of above-ground plant

biomass (%) of the total weight of the above-ground mass in the control variant and after application of ALGEX

6 in both variants:
MOC - control; MO1 - variant 1; MO2 - variant 2

evaluated control variant and the two variants with
different period ALGEX 6 watering. We determined
a statistically highly significant effect on the reduction
of root weight and weight of above-ground plant
biomass in both MO1 and MO2 variants compared to
the control variant (Table 2 and Figure 2). The results
from the analysis of variance confirmed the statistically
significant differences between the evaluated traits
(Table 2).

In experiments, we applied ALGEX 6 two times
(Variant 2 - MO2). In the aqueous extract, the
smallest values of antioxidant activity were in the
dried leaves of the control variant (19.30 %) and
variant 1 (20.56 %). The highest values of antioxidant
activity were achieved (M02) dried leaves (77.74 %)

90
80

S © © o

MOCDL MOC DH

and samples of whole plants (M02) in methyl alcohol
extracts (76.27 %).

After the first application of ALGEX 6 the antioxidant
activity increased especially in aqueous extracts in
dried herbs (33.61 %). The effect on the increase
of antioxidant activity in the evaluated traits was
recorded after the second application of ALGEX 6 in
both aqueous and methyl alcohol extracts (Figure 4).
Results from the analysis of variance (ANOVA) of the
evaluated traits (Table 3) confirm the statistically
significant differences between aqueous and methyl
alcohol extracts.

Table 4 and Figure 4 showed statistically significant
differences between dried leaves and dried herbs in

70
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2
* i

MO1 DL

MO1 DH MO2 DL MO2 DH

Figure 4

Comparison of antioxidant activity (%) in dried leaves (DL) and whole plants (DH) in aqueous and methanol

extracts of Melissa officinalis L. grown in control variant (MOC) and after applications of ALGEX 6 in variants

MO1 and MO2
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Table 3 Analysis of variance to evaluate the antioxidant activity in aqueous and methanol extracts of Melissa officinalis L.
grown in control variant (MOC) and after applications of ALGEX 6 in variants MO1 and MO2
Effect || ss | df Ms F | p-value
AA - Aqueous Extract
Absolute Member 10958.30 1 10958.30 454.10 0.00
Variant 508.62 5 101.72 4.22 0.02
Statistical Error 289.58 12 2413
AA - Methanol Extract
Absolute Member 97368.54 1 97368.54 74412.82 0.00
Variant 11591 5 23.18 17.72 0.00
Statistical Error 15.70 12 1.31

Note: AA - antioxidant activity; SS - sum of squares; df - degrees of freedom; MS - mean square; F - F statistic; p-value - probability (a = 0.05)

Table 4 Statistical differences in antioxidant activity between dried leaves (DL) and dried whole plants (DH) of Melissa
officinalis (MO) determined in aqueous (AE) and methyl alcohol extracts (ME) by Fischer test (LSD)

Variants > § E E E E E E E % E % E
212|882 ]|&8|]8|&8|2|&”8]|~%

MOC-dried leaves aqueous extract 19.30 | 14.80

MOC-dried herbs aqueous extract 28.24 | 1.10

MO1-dried leaves aqueous extract 20.55 | 4.26

MO1-dried herbs aqueous extract 33.61 | 31.47

MO2-dried leaves aqueous extract 19.51 | 6.17

MO2-dried herbs aqueous extract 26.80 | 17.66

MOC-dried leaves methanol extract | 71.77 | 1.41

MOC-dried herbs methanol extract 70.78 | 2.46

MO1-dried leaves methanol extract | 72.30 | 1.02

MO1-dried herbs methanol extract 7241 | 1.87

MO2-dried leaves methanol extract | 77.74 | 1.42

MO2-dried herbs methanol extract 76.27 | 0.53

Note: - - differences are disproven; + - differences are statistically significant; +++ - statistical significance with even smaller differences; arithmetic

mean; V % - coefficient of variation (%)

methyl alcohol extracts in comparison of dried samples
in aqueous extracts.

The concentration of an aqueous extract of M. officinalis
capable to inhibit 50 % DPPH radical formation (IC,,
value) was found to be 309 pg dry leaves per extract
mL, whereas for CAF 80 pg/mL. Considering that a cup
(250 mL) of a 2 % M. officinalis infusion or decoction
contains according to findings ~1700-3300 mg dry
extract it can be safely said that its consumption may
effectively contribute to daily radical inhibitors intake
(Papoti etal., 2019). Antioxidant extract yield from raw
material M. officinalis leaves was 0.4 g extract/100 g
plant material used rancimat method (Ribeiro et al.,

2001). M. officinalis ethanolic extracts showed a very
good antioxidant activity in the DPPH test, correlated
with the content in total phenols: higher in the case
of M. officinalis leaves extract (32.76 mg GAE/g) and
lower for M. officinalis stems extract (8.4 mg GAE/g)
(Moaca etal., 2018).

Malva verticillata (MV)

The average weight of the root in M. verticillata was
determined in the range from 11.60 (MV2) to 16.03 g
(MVC), the average weight of the above-ground plant
biomass in the range 9.42 (MV1) - 13.93 g (MVC). The
values ofthe coefficients of variationindicateamedium
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Table 5 Analysis of variance to evaluate the effect of application of ALGEX_ 6 on the weight of roots and the weight of
above-ground plant biomass of Malva verticillata L. plants with statistical differences between the evaluated
variants

Source of variation SS | df | MS | F | p-value | F crit Differences between variants

Weight of root (g) Variants X V% MV2 MV1
Between variants 106.94 2 53.47 2.33 0.11 3.35 MVC 16.03 | 30.77 ++ -
Within variants 617.37 27 22.86 MV1 1497 | 39.00 -
Total variability 724.32 29 MV2 11.61 | 27.47

Weight of above-ground plant biomass (g)

Between variants 117.35 2 58.67 4.00 0.02 3.35 MVC 13.93 | 35.20 ++ +++
Within variants 395.27 27 14.63 MV1 9.42 26.73 -
Total variability 512.62 29 MV2 10.14 | 36.25

Note: SS - sum of squares; df - degrees of freedom; MS - mean square; F - F statistic; p-value - probability (« = 0.05); F crit - F-critical value; X -
arithmetic mean; V % - coefficient of variation (%); MV1 - variant 1; MV2 - variant 2

to a high degree of variability (14.47 %/MV2) -
38.99 %/MV1). Analysis of variance determined the
differences between the evaluated control variant and
the two variants with different ALGEX 6 watering.
We determined a statistically highly significant effect
on the reduction of root weight in the MV2 variant
compared to the control variant (Table 5 and Figure 5).
The application of ALGEX_6 resulted in a statistically
significant reduction in the formation of above-
ground plant biomass in both variants MV1 and MV2
in comparison with the control variant (Table 6 and
Figure 4). After application of ALGEX 6, we recorded
the same proportion of roots (53 %) and above-
ground plant biomass (46 %) between the control
variant (MVC) and the MV2 variant. After application
of ALGEX 6 watering, we recorded an increase in the
proportion of roots (61 %) compared to the proportion
of above-ground plant biomass (38 %/MV1). This is

18.00
16.00
14.00
12.00
10.00
8.00
6.00
4.00
2.00
0.00

16.03

documented in Figure 5. The results from the analysis
of variance (Table 7) confirm the statistically significant
differences between the evaluated traits.

DPPH provides a rapid, simple and sensitive
method of evaluating the antioxidant activity of
natural antioxidants. Application of ALGEX 6 in the
experiment had the effect of increasing the antioxidant
activity in aqueous and methyl alcohol extract. Mutual
comparison of controls (MVC) and MV1 variants
showed that in general we recorded higher values of
antioxidant activity in methanol and aqueous extracts
compared to control variants. It is evidenced that
the effect of ALGEX 6 application determines the
antioxidant activity (Figure 7).

Results from the analysis of variance (Table 6)
confirmed the statistically significant differences in

14.97

11.61

MVC

MV1 MV2

Figure 5

Comparison of the weight of Malva verticillata L. root to the total weight of the above-ground plant biomass in the

control variant and in the variants after application of ALGEX_6:

MVC - control; MV1 - variant 1; MV2 - variant 2
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Figure 6

Comparison of the ratio of the weight of root (%) and the weight of above-ground plant biomass (%) of the total

weight of the above-ground mass in the control variant and after application of ALGEX 6 in both variants:

MVC - control; MV1 - variant 1; MV2 - variant 2

aqueous and methyl alcohol extracts after application
of ALGEX 6.

Table 7 showed statistically significant differences
between dried leaves and dried herbs after application
of alginate preparation.

Bao et al. (2018) studied the antiradical scavenging
activity of fresh leaves, stems and dried seeds of
M. verticillata by three methods. The results showed
that M. verticillata seeds had the highest ability to
scavenge DPPH free radicals (22.14 +0.59 mg AAE/g
extract), followed by the leaves (12.62 +0.41 mg AAE/g
extract) and stems (5.15 *0.19 mg AAE/g extract),
in that order. In addition, the seeds had higher levels
of antioxidants than fatsia (19.08 +1.08 mg AAE/g
extract), sesame seeds (11.09 £0.57 mgAAE/g extract),

45.00
40.00
35.00
30.00
25.00
20.00
15.00
10.00

5.00

0.00

MVC DL

MVC DH

bok choy (5.83 £0.44 mg AAE/g extract), and broccoli
(3.96 +0.21 mg AAE/g extract) (Loizzo et al., 2016).
The extracts of M. verticillata showed a strong ability
to remove ABTS free radicals; the leaves had the
strongest effect, at 363.83 +4.22 mg Trolox/g extract,
followed by the seeds at 76.47 +5.37 mg Trolox/g
extract and the stems, with the weakest effect of
46.72 +5.07 mg Trolox/g extract. The activity of each
part of M. verticillata was stronger than those found
in vegetables such as Chinese chives (30.63 £0.34 mg
Trolox/g extract) and broccoli (45.17 +2.41 mg
Trolox/g extract) (Loizzo et al., 2016). These results
are different from the ability to scavenge DPPH free
radicals. The leaves of M. verticillata exhibited the best
ability to scavenge ABTS free radicals. The activity

MV1 DL MV1 DH

B Water H Methanol

Figure 7

Comparison of antioxidant activity (%) in dried leaves (DL) and whole plants (DH) in aqueous and methanol

extracts of Malva verticillata L. grown in control variant (MVC) and after applications of ALGEX 6 in variants MV1

and MV2
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Table 6 Analysis of variance to evaluate the antioxidant activity in aqueous and methanol extracts of Malva verticillata L.
grown in control variant (MVC) and after applications of ALGEX 6 in variants MV1 and MV2
Effect || ss | df Ms F p-value
AA - Aqueous Extract
Absolute Member 5491.17 1 5491.17 735.65 0.00
Variant 133.40 3 44.47 5.9573 0.02
Statistical Error 59.72 8 7.46
AA - Methanol Extract
Absolute Member 10178.67 1 10178.67 23088.43 0.00
Variant 1217.33 3 405.78 920.43 0.00
Statistical Error 3.53 8 0.44

Note: AA - antioxidant activity; SS - sum of squares; df - degrees of freedom; MS - mean square; F - F statistic; p-value - probability (a = 0.05)

Table 7 Statistical differences in antioxidant activity between dried leaves (DL) and dried whole plants (DH) of Malva
verticillata L. (MV) determined in aqueous (AE) and methyl alcohol extracts (ME) by Fischer test (LSD)

Variants o X = = = ﬁ = = = E
- | 2| E| 2| E|8|8| & %

MVC-dried leaves aqueous extract 21.31 | 14.25

MVC-dried herbs aqueous extract 16.27 | 16.27

MV1-dried leaves aqueous extract 25.53 | 6.01

MV1-dried herbs aqueous extract 2242 | 1494

MVC-dried leaves methanol extract 37.73 | 2.38

MVC-dried herbs methanol extract 16.12 | 2.67

MV1-dried leaves methanol extract 42.25 | 2.06

MV1-dried herbs methanol extract 2338 | 1.51

Note: - - differences are disproven; + - differences are statistically significant; +++ - statistical significance with even smaller differences; arithmetic

mean; V % - coefficient of variation (%)

of M. verticillata leaves was stronger than that of the
seeds.

Ocimum x citriodorum (0C)

We determined the average weight of the root in
the range from 3.08 g (OCC) to 8.20 g (OC1), the
average weight of the above-ground plant biomass
in the range 8.61 g (0OC2) - 9.95 g (OCC). The values
of the coefficients of variation indicate a low to the
high degree of variability (7.70 %/0CC) - 43.53 %/
0C2). The differences between the evaluated control
variant and the two variants with different watering
of ALGEX 6 indicated a statistically highly significant
effect on the increased root weight in the OC1 variant
compared to the control variant and the demonstrable
difference between OC1 and OC2 variant (Table 8 and
Figure 8). After application of ALGEX 6, we recorded
a different proportion of roots and above-ground plant
biomass between the control variant (OCC) and other

variants (OC1 and 0C2) where ALGEX_ 6 was applied
10 or 20 days in the pre-harvest stage of the above-
ground plant biomass. We recorded a decrease in the
proportion of above-ground plant biomass (51.56 %/
OC1 and 62.60 %/0C2) compared to the proportion
of above-ground plant biomass of the control variant
(76.36 %). This is documented in Figure 9. The results
from the analysis of variance (Table 8) confirm the
statistically significant differences only for root
weights.

The basil flowers are irrelevant in terms of their
usage. It is scientifically proven (Majdi et al., 2020)
that O. x citriodorum is used as a natural source of
bioactive substances when consumed in the form of
food or extract. In general, the dried leaves and whole
herbs showed higher antioxidant activity especially in
the methyl alcohol extracts (Figure 10). In dried leaves
and dried whole herbs, we determined significantly
increased antioxidant activity in aqueous extracts after
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Table 8

Analysis of variance to evaluate the effect of application of ALGEX_ 6 on the weight of roots and the weight of

above-ground plant biomass of Ocimum x citriodorum Vis. plants with statistical differences between the

evaluated variants.

Source of variation SS | df | MS | F | p-value | F crit Differences between variants

Weight of root (g) Variants X V% OBV2 | OBV1
Between variants | 132.68 2 66.34 | 12.58 0.00 3.35 occ 3.08 27.88 - +++
Within variants 142.29 27 5.27 0cC1 8.20 38.73 ++
Total variability 274.97 29 0Cc2 5.14 43.53

Weight of above-ground plant biomass (g)

Between variants 11.12 2 5.56 0.68 0.51 3.35 0CC 9.95 24.27 - -
Within variants 218.50 27 8.09 0C1 8.73 35.11 -
Total variability 229.62 29 0C2 8.61 34.96

Note: SS - sum of squares; df - degrees of freedom; MS - mean square; F - F statistic; P-value - probability (o« = 0.05); F crit - F-critical value;
X — arithmetic mean; V % - coefficient of variation (%); OC1 - variant 1; OC2 - variant 2

alginate application, which results in increasing some
biologically active substances soluble in water.

Results from the analysis of variance (Table 9) confirm
the statistically significant differences between
aqueous and methyl alcohol extracts.

Table 10 showed statistically significant differences
between dried leaves and dried herbs in methyl alcohol
extracts and aqueous extracts.

Juliani and Simon (2002) researched the antioxidant
potential of dried leaves of five green and four purple
basil cultivars and breeding lines by ABTS and FRAP
assay showed that essential oils were a very low
antioxidant activity varying from 0.05 % ‘Purples
Ruffles’ > 0.7 % O. sanctum > > 2.0 O. bassilicum to
5.9 % in ‘Sweet’ basil (FRAP) and from 0.1 % in ‘Purples

9.95
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1.00

Ruffles’ > 0.2 % O. citriodorum > 0.4 % O. sanctum >
1.2 % O. bassilicum to 4.1 % in ‘Sweet’ basil (ABTS).

Hakkim et al. (2008) studied the radical scavenging
ability of antioxidants of eight Ocimum species in
dried form. From the percentage scavenging values the
0. gratissimum extract was the most potent scavenger
(81.1 £2.1 %) followed by O. americanum (77.4 £1.4 %)
> 0. minimum (70.1 £2.2 %) > O. citriodorum (60.6
2.5 %) > 0. kilimandscharicum (56.2 2.1 %) >
0. grandiflorum (51.3 #2.3 %) > O. lamiifolium
(46.2 £2.2 %) > O. selloi (42.4 +2.4 %).

Kovar et al. (2021) studied the influence of alginite
(powder, crushed alginite) and extracts from it
(sodium solution, potassium solution) on parameters
as germination dynamics, average germination,
germination rate and mean germination time of
Kentucky bluegrass (Poa pratensis L.). The positive

0.00
0CC

0C1 0C2

Figure 8

Comparison of the weight of Ocimum x citriodorum Vis. root to the total weight of the above-ground plant biomass

in the control variant and in the variants after application of ALGEX_6:

OCC - control; OC1 - variant 1; OC2 - variant 2

© Slovak University of Agriculture in Nitra
www.uniag.sk

-90-

ISSN 2585-8246



Agrobiodivers Improv Nutr Health Life Qual, 5, 2021(1): 80-94

100

80

60

40

20

0CC 0C1 0C2

B Weight of root (%) m Weight of above-ground parts (%)

Figure 9 Comparison of the ratio of the weight of root (%) and the weight of above-ground plant biomass (%) of the total

weight of the above-ground mass in the control variant and after application of ALGEX_6 in both variants:
0OCC - control; OC1 - variant 1; OC2 - variant 2
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Figure 10  Comparison of antioxidant activity (%) in dried leaves (DL) and whole plants (DH) in aqueous and methanol
extracts of Ocimum x citriodorum Vis. grown in control variant (OCC) and after applications of ALGEX 6 in

variants OC1 and OC2
Table 9 Analysis of variance to evaluate the antioxidantactivity in aqueous and methanol extracts of Ocimum x citriodorum

Vis.) grown in control variant (OCC) and after applications of ALGEX 6 in variants OC1 and OC2

Effect || SS | df MS F p-value
AA - Aqueous Extract
Absolute Member 14811.51 1 14811.51 2253.82 0.00
Variant 599.79 3 199.93 30.422 0.00
Statistical Error 52.57 8 6.57
AA - Methanol Extracts

Absolute Member 56435.06 1 56435.06 13218.96 0.00
Variant 26.15 3 8.72 2.04 0.19
Statistical Error 34.15 8 4.27

Note: AA - antioxidant activity; SS - sum of squares; df - degrees of freedom; MS - mean square; F - F statistic; p-value - probability (a = 0.05)
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Table 10 Statistical differences in antioxidant activity between dried leaves (DL) and dried whole plants (DH) of Ocimum
x citriodorum (OC) determined in aqueous (AE) and methyl alcohol extracts (ME) by Fischer test (LSD).

Variants > N ) 2 kg 25 = ) = =

< < < <
> — = I~ T E E E E

2|1 8| 8| &8| & | &a|&a]|a
) ) - — © 9) - -
o
S 3 3 3 3 3 3 3

OCC-dried leaves aqueous extract 30.16 | 6.66

OCC-dried herbs aqueous extract 26.55 | 0.83

0OC1-dried leaves aqueous extract 39.65 | 11.02

0C1-dried herbs aqueous extract 4414 | 3.96

OCC-dried leaves methanol extract 66.08 | 4.94

OCC-dried herbs methanol extract 69.18 | 1.14

0C1-dried leaves methanol extract 69.11 | 1.82

0C1-dried herbs methanol extract 69.92 | 2.92

Note: - - differences are disproven; + - differences are statistically significant; +++ - statistical significance with even smaller differences; arithmetic

mean; V % - coefficient of variation (%)

and at the same time significant effect of alginite
(crushed from) and its extracts was manifested
especially in increasing of germination by 340.00 %
(alginite extract), increasing average germination by
201.70 % (crushed alginate) and by 334.20 % (alginite
extract), values of the mean germination time showed
a shortening with using by 4.95 days (alginite extract),
by 3 days (crushed alginite), by 2.82 days (powder
application) compared to the controls.

Conclusions

Alginite as a bituminous rock is specific to the
components of some types of kerogen with
predominating kerogen type II. In addition to
organic matter, the rock contains a spectrum of
micronutrients - macroelements, mainly P, K, Ca and
Mg, as well as a large number of microelements. Many
plant species responded to the application of alginite
with various effects during germination, growth,
development, production of seeds, fruits, but also by
increasing many biologically active substances, which
also contribute to the quality of plant parts. We did
not evaluate the content of their specific biologically
active substances in the tested medicinal plant species.
Reducing the weight of roots and above-ground
parts of plants generally has a positive effect on the
increase of biologically active substances in medicinal
plant species. This trend was reflected by increasing
antioxidant activity in the evaluated species.
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The present study was aimed to determine the antibacterial activity of six plants, i.e. Camellia japonica L. (cultivars
Kramer’s Supreme, C.M. Wilson, La Pace, Mrs. Lyman Clarke, Benikarako, Fanny Bolis) against Escherichia coli (Migula)
Castellani and Chalmers (ATCC® 25922™) strain. Ethanolic extracts were prepared by freshly crushed leaves and
evaluated for their antimicrobial activity against Escherichia coli ATCC® 25922™ strain using disc diffusion assay.
The increase of the mean of the diameters of the inhibition zone was 58.4 % for cv. Kramer’s Supreme, 29.2 %
for cv. La Pace and cv. Mrs. Lyman Clarke, 22.5 % for cv. Fanny Bolis, 19.1% for cv. Benikarako, and 18 % for cwv.
C.M. Wilson compared to the control samples (96 % ethanol). Among the six plant extracts, C. japonica 'Kramer’s
Supreme’ exhibited the highest inhibitory zones against the tested strain (the mean of the zone of inhibitions was
14.1 +1.1 mm). The intermediate activity was presented by other cultivars studied. The findings reported herein give
scientific credence to the traditional uses of these plants and suggest that extracts derived from the leaves of Camellia
japonica and its cultivars merit further chemical study as natural antibiotics to identify the secondary metabolites.
These results could provide a theoretical basis for making full use of Camellia japonica and its cultivars. Moreover,
their antibacterial activities can play an important role in medicine, veterinary, food preservation, and other aspects.
Mechanisms of antibacterial activities remain to be studied.

Keywords: Camellia japonica, cultivars, leaves, Escherichia coli (Migula) Castellani and Chalmers (ATCC® 25922™),
antibacterial efficacy, disc diffusion technique, ethanolic extracts

Introduction Camellia japonica L. is one of the best-known species
of the genus Camellia that belongs to the Theaceae

The emergence of new infectious diseases and
family and is widely grown in Korea and Japan (Lee et

the development of drug resistance in pathogenic
microorganisms prompts scientists to discover novel al, 201.7; .]eon et al_., 20_18)' As .the. ornamental plz.;mt,
plant-derived bioactive compounds (Jeyaseelan Camellia japonica is widely distributed worldwide.
and Jashothan, 2012). Therefore, medicinal plants Previous studies have demonstrated that Camellia

japonica has antioxidant activity. For example, Piao
et al. (2011) investigating the antioxidant properties
of the ethanol extract of the flower of C. japonica
(Camellia extract), revealed that Camellia extract
exhibits antioxidant properties by scavenging ROS
and enhancing antioxidant enzymes. Camellia extract

are nowadays widely screened to determine their
bioactivity and to isolate novel bioactive compounds
(Khan et al, 2011). Antimicrobial properties of
medicinal herbs are being increasingly reported from
different parts of the world.
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contained quercetin, quercetin-3-0-glucoside,
quercetin, and kaempferol, which are antioxidant
compounds. Camellia extract exhibited 1,1-diphenyl-
2-picrylhydrazyl radical and intracellular reactive
oxygen species (ROS) scavenging activity in human
HaCaT keratinocytes. Also, Camellia extracts scavenged
superoxide anion generated by xanthine/xanthine
oxidase and hydroxyl radical generated by the Fenton
reaction in a cell-free system. Furthermore, Camellia
extract increased the protein expressions and activity
of cellular antioxidant enzymes, such as superoxide
dismutase, catalase, and glutathione peroxidase (Piao
et al,, 2011). Results of Kim et al. (2012) indicate that
C. japonica oil exerts anti-inflammatory effects by
downregulating the expression of the inducible isoform
of nitric oxide synthase (iNOS) and cyclooxygenase-2
(COX-2) genes through inhibition of nuclear factor
kappa-light-chain-enhancer of activated B cells (NF-
kB) and activator protein 1 (AP-1) signaling. A daily
oral administration of camellia oil distillate fraction
effectively inhibited spontaneous lung metastasis of
BL6 cells (Miura et al., 2007).

Previous studies reported the antimicrobial activity
of green tea leaves to Gram-positive organisms
(Hamilton-Miller, 1995; Hamilton-Miller and Shah,
2000); however, discrepancies were found regarding
its activity concerning Gram-negative rods (Shetty
et al,, 1994; Gordon and Wareham, 2010). The role
of non-polymeric phenolic and polymeric tannin
constituents in the antioxidant and antibacterial
properties of six brands of green, black, and herbal
teas of Camellia sinensis were investigated by Chan et
al. (2011). Minimum inhibitory dose against Gram-
positive Micrococcus luteus, Staphylococcus aureus,
and Bacillus cereus, and Gram-negative Escherichia
coli, Salmonella typhi, and Pseudomonas aeruginosa
were evaluated using the disc diffusion method. The
susceptibility of the same strains to plant extracts was
assessed using the disc diffusion method. Extracts and
fractions of all six teas showed no activity against the
three Gram-negative bacteria. Green tea inhibited all
three Gram-positive bacteria with S. aureus being the
least susceptible. Black and herbal teas inhibited the
growth of M. luteus and B. cereus, but not S. aureus (Chan
et al.,, 2011). Antibacterial activity of tea (C. sinensis)
and coffee (Coffee arabica) with special reference to
Salmonella typhimurium was assessed by Shetty et
al. (1994). Extracts of Black tea, Japanese green tea,
China tea, or Coffee inhibited the growth of various
bacteria causing diarrhoeal diseases. Tea or coffee also
showed bactericidal activity against Vibrio cholerae,
S. typhimurium, and S. typhi (Shetty et al, 1994).

Antimicrobial activity of the green tea polyphenol
(-)-epigallocatechin-3-gallate (EGCG) against clinical
isolates of Stenotrophomonas maltophilia was studied
by Gordon and Wareham (2010). EGCG has promising
in vitro antimicrobial activity against S. maltophilia.

The results of Lee et al. (2008) strongly suggest that
the anti-allergic activity of leaf extract of C. japonica
is mediated through inhibiting degranulation and
allergic cytokine secretion in mast cells. Moreover,
an aqueous extract derived from petals of C. japonica
at a concentration of 100 mg/ml was bacteriostatic
against all the foodborne pathogens, i.e. Salmonella
typhimurium DT104, Escherichia coli 0157:H7, Listeria
monocytogenes, and Staphylococcus aureus (Kim et al.,
2001). The findings of Park et al. (2015) indicated that
C.japonica fruit extract could be a valuable candidate for
herbal medicine for cardiovascular diseases associated
with endothelial dysfunction and atherosclerosis.
The extracts of C. japonica fruits exhibit a strong
cardiovascular protective effect, inducing endothelium-
dependent nitric oxide (NO)-mediated relaxation
via the redox-sensitive Pl -kinase pathway (Park et
al., 2015). C. japonica fruits could be a potent herbal
therapeutic option and source of functional food for the
prevention and treatment of atherosclerosis and other
diseases associated with hypercholesterolemia (Lee
et al., 2016). Anti-inflammatory and gastroprotective
mechanisms of C. japonica fruits are mediated by
modulation of oxidative stress, inflammatory cytokines,
and enzymes via suppression of mitogen-activated
protein kinases (MAPK)/nuclear factor kappa-light-
chain-enhancer of activated B cells (NF-kB) signaling
pathways (Akanda and Park, 2017). C. japonica oil may
be considered as possible wrinkle-reducing candidates
for topical applications (Jung et al.,, 2007) and exerts
anti-inflammatory effects (Kim et al.,, 2012).

Synergistic antimicrobial activity of C. sinensis and
Juglans regia against multidrug-resistant bacteria
(350 Gram-positive and Gram-negative strains
belonging to 10 different bacterial species) was
investigated by Farooqui et al. (2015). C. sinensis
showed higher antibacterial activity against MDR
S. typhi than to other Gram-negative isolates (Farooqui
etal, 2015).

The domestication of double flower in Camellia japonica
and other related species has resulted in different
types of double flower patterns (Vainstein, 2002). The
typical Camellia japonica flower was defined as a single
flower, with one row of overlapping petals (usually
less than 8), and a columnar stamen cluster, and one
normal pistil in the center. In general, within cultivated
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Camellia five major types of the double flower were
identified by morphological characterizations of flower
organ number, organ shape, and compositions (Gao,
2005), suggesting various diversifications of molecular
mechanisms underlying the control of double flower
development (Li et al,, 2017).

In our previous study, the in vitro antimicrobial activity
of ethanolic extracts of leaves derived from Camellia
japonica (cultivars Kramer’s Supreme, C.M. Wilson,
La Pace, Mrs. Lyman Clarke, Benikarako, Fanny Bolis)
against clinical cefuroxime-resistant Enterobacter
cloacae strain was evaluated (Kharchenko et al,
2019). It was revealed that C. japonica and its cultivars
possess a mild antibacterial efficacy. The current study
is a continuous line of our investigations directed
towards the assessment of antibacterial potentials of
Camellia plants.

Escherichia coli is one of the most frequent causes
of many common bacterial infections, including
cholecystitis, bacteremia, cholangitis, diarrhea,
urinary tract infection, and other clinical infections
such as neonatal meningitis and pneumonia (Orskov
and Orskov, 1985; Krogfelt, 1991). Although most
genetic subtypes of E. coli can be harmless residents
of the gastrointestinal tract, it also has the pathogenic
capacity to cause severe diarrheal and extraintestinal
diseases (Croxen et al., 2013). Moreover, E. coli is

Mrs. Lyman Clarke

Benikarako

regarded among clinically important bacteria, which
are indicator organisms commonly used in various
projects to monitor antibiotic resistance (Boss et al,,
2016). E. coli is a Gram-negative, oxidase-negative, rod-
shaped bacterium from the family Enterobacteriaceae.
It can grow both aerobically and anaerobically,
preferably at 37 °C, and can either be nonmotile or
motile, with peritrichous flagella. Pathogenic variants
of E. coli (pathovars or pathotypes) cause much
morbidity and mortality worldwide (Croxen et al,
2013). Also, the development of bacterial resistance
to presently available antibiotics has necessitated the
search for new antimicrobial agents.

Thus, the present study was aimed to determine the
antibacterial activity of six plant Camellia japonica
cultivars against Escherichia coli (Migula) Castellani
and Chalmers (ATCC® 25922™) strain.

Material and methodology

Collection of plant material

The leaves of Camellia japonica (cultivars Kramer’s
Supreme, C.M. Wilson, La Pace, Mrs. Lyman Clarke,
Benikarako, Fanny Bolis) plants cultivated at
glasshouses under natural light, were sampled
at M.M. Gryshko National Botanical Garden (Kyiv,
Ukraine). The leaves were sampled in September 2018.

La Pace

Fanny Bolis

Figure 1
Garden, NAS of Ukraine

Camellia japonica L. cultivars with various double flower types maintained at M.M. Gryshko National Botanic
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The Camellia japonica cultivars included in this
study represent four various double flowers types,
i.e. “paeony” (‘Kramer’s Supreme‘ and ‘Benikarako’),
“rose” ('C.M. Wilson' and ’La Pace‘), “semi-double”
('Mrs. Lyman Clarke), and “formal double” (‘Fanny
Bolis’) (Figure 1).

Preparation of plant extracts

The collected leaves were brought into the laboratory
for antimicrobial studies. Freshly washed leaves were
crushed, weighed, and homogenized in 96% ethanol at
room temperature to obtain the final concentration of
extract 50 mg per 1 mL. The extracts were then filtered
and investigated for their antimicrobial activity. The
storage of extracts was in dark glass firmly sealed
bottles at temperature +4 °C.

The disk diffusion method for evaluation
of antibacterial activity of plant extracts

The Escherichia coli (Migula) Castellani and Chalmers
(ATCC® 25922™) strain was used in the current study.
Strain tested was plated on TSA medium (Tryptone
Soy Agar) and incubated for 24 hr at 37 °C. Then the
suspension of microorganisms was suspended in
sterile PBS and the turbidity adjusted equivalent to
that of a 0.5 McFarland standard. The antimicrobial
susceptibility testing was done on Muller-Hinton
agar by disc diffusion method (Kirby-Bauer disk
diffusion susceptibility test protocol) (Bauer et al,
1966). Muller-Hinton agar plates were inoculated with
200 ul of standardized inoculum (10® CFU/mL) of the
bacterium and spread with sterile swabs.

Sterile filter paper discs impregnated by extract were
applied over each of the culture plates, 15 min after
bacteria suspension was placed. A negative control
disc impregnated by sterile 96 % ethanol was used in
each experiment. After culturing bacteria on Mueller-
Hinton agar, the disks were placed on the same plates
and incubated for 24 hr at 37 °C. The assessment of
antimicrobial activity was based on the measurement
of the diameter of the inhibition zone formed around
the disks. The diameters of the inhibition zones were
measured in millimeters and compared with those
of the control and standard susceptibility disks. The
activity was evidenced by the presence of a zone of
inhibition surrounding the well (CLSI, 2014). The
results of the disk diffusion test are “qualitative,”
in that a category of susceptibility (i.e., susceptible,
intermediate, or resistant) is derived from the test
rather than a MIC (Jorgensen and Ferraro, 2009).

Statistical analysis

Zone diameters were determined and averaged.
Statistical analysis of the data obtained was performed
by employing the mean. All variables were randomized
according to the antibacterial activity of tested
extracts. All statistical calculation was performed
on separate data from each extract. The data were
analyzed using one-way analysis of variance (ANOVA)
using Statistica software, version 8.0 (StatSoft, Poland)
(Zar, 1999). The following zone diameter criteria were
used to assign susceptibility or resistance of bacteria
to the phytochemicals tested: Susceptible (S) 215 mm,
Intermediate (I) =10-15 mm, and Resistant (R) <10 mm
(Okoth et al., 2013).

Results and discussion

The study was conducted to evaluate the in vitro
antimicrobial activity of leaf extracts of 6 C. japonica
cultivars. The data on zones of inhibition of bacterial
growth of plant extracts against the Escherichia coli
(Migula) Castellani and Chalmers (ATCC® 25922™)
strain is demonstrated in Figure 2 and 3.

The crude extracts were analyzed for their antibacterial
effect by the determination of their inhibitory zones
against Escherichia coli (Migula) Castellani and
Chalmers (ATCC® 25922™) strain. Among the six plant
extracts screened, 'Kramer’s Supreme’ exhibited the
highest inhibitory zones against the tested strain (the
mean of the zone of inhibitions was 14.1 #1.1 mm).
The intermediate activity was presented by cultivars
La Pace and Mrs. Lyman Clarke (11.5 +0.9 mm and
11.5 #1.1 mm), cv. Fanny Bolis (10.9 +1.2 mm), cw.
Benikarako (10.6 *#0.9 mm), and cv. C.M. Wilson
(10.5 1.0 mm) (Figure 2 and 3). The antibacterial
effect of positive control was also recorded (the mean
value of the inhibition zone was 9.1 +0.5 mm). The
increase of the mean of the diameters of the inhibition
zone was 58.4 % for cv. Kramer’s 29.2 % for cv. La Pace
and cv. Mrs. Lyman Clarke, 22.5 % for cv. Fanny Bolis,
19.1% for cv. Benikarako, and 18 % for cv. C.M. Wilson
compared to the control samples (96 % ethanol).

In this study, we investigated the antimicrobial activity
of plant extracts by agar well diffusion. In the current
study, cultivars Kramer’s Supreme, C.M. Wilson, La
Pace, Mrs. Lyman Clarke, Benikarako, Fanny Bolis
were less potent against the test bacterium due to the
observed zone of growth inhibitions.

It is noteworthy to mention that this slight effect on the
E. coli growth, Gram-negative organisms, is most likely
due to the protective nature of the outer membrane of
their cell walls. The comparison of our data, with those
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Figure 2

Zone of growth inhibitions of Escherichia coli (Migula) Castellani and Chalmers (ATCC® 25922™) strain induced

by the extracts obtained from leaves of various Camellia japonica L. cultivars in millimeter (n = 8)
* changes are statistically significant (p <0.05) compared to 96 % ethanol (control sample)

published by other authors, reveals the findings of
other researchers. Greater resistance of Gram-negative
bacteria to plant extracts has been reported (Joshi
et al., 2009; Koohsari et al., 2015) and this could be
attributed to the differences in their cell wall structure
(Ikigai et al., 1993).

Hence, these extracts would not be good candidates as
drugs lead to an antibacterial agent because of these
high values of diameters of inhibition zone due to the
importance of the potency of the antibacterial agent in
drug development, amongst other factors.

The results obtained in the current study are in line
with early reports. The potential presence of naturally
occurring antimicrobials in petals of C. japonica active
against foodborne pathogens in microbiological media
and food was studied by Kim et al. (2001). Petals of
the Camellia flower were extracted with methanol and
fractionated into basic, acidic, and neutral fractions.
The acidic fraction produced an inhibitory zone
of 14 to 19 mm (diameter) in a disk assay against
the pathogens Salmonella typhimurium DT104,
Escherichia coli 0157:H7, Listeria monocytogenes, and
Staphylococcus aureus on agar plates. Similarly, an
aqueous extract from the petals of C. japonica had an
inhibitory effect on the growth of all pathogens at 37 °C
in microbiological media by increasing the lag phase.
None of the microorganisms was inhibited completely.
Milk was used as a model food system. Aqueous extract

at a concentration of 100 mg/ml was bacteriostatic
against all the foodborne pathogens in the milk stored
at 25 °C for up to 4 days (Kim et al., 2001).

Similar results were obtained also for other species of
Camellia plants. For example, Zihadi et al. (2019) have
investigated the antibacterial potential of ethanolic
extract of Green tea (Camellia sinensis) and Neem
(Azadirachta indica) leaves on methicillin-resistant
Staphylococcus aureus (MRSA) and Shiga-toxigenic
Escherichia coli (STEC). Results obtained by Zihadi
et al. (2019) revealed that the maximum zone
diameter of inhibition value was observed for green
tea against MRSA (7.5 mm) and minimum for neem
(4.9 mm). Moreover, the highest zone diameter of
inhibition against STEC was also for green tea and
the combination of green tea and neem (4.5 mm). The
minimum inhibitory concentration (MIC) values of
green tea extract were 15.625 and 31.25 mg/ml against
MRSA and STEC, respectively. The combination had
a similar MIC (46.87 mg/ml) against both organisms.
Green tea showed the lowest minimum bactericidal
concentration (MBC) values, 31.25 and 62.5 mg/ml],
against MRSA and STEC, respectively. Thus, green tea
and neem leaves showed good antimicrobial effects and
can be used to explore novel antimicrobial compounds
against MRSA and STEC (Zihadi et al., 2019).

Also, Hafiz et al. (2018) have characterized the in vitro
antibacterial and antioxidant potential of winged
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Figure 3
diffusion assay:

Antimicrobial activity of ethanolic extracts of various Camellia japonica L. cultivars analyzed by Kirby-Bauer disc-
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prickly ash, green tea, and thyme. The antibacterial
potential of extracts showed a significant extent of the
activity against Bacillus subtilis and E. coli. Antioxidant
potential exhibited the highest phenolic and flavonoid
content in C. sinensis. The total phenolic content
was significantly higher (1456.26 +12.05 mg gallic
acid) in an 80 % ethanolic fraction of C. sinensis. The
flavonoid content in different plant extracts ranged
from 8.17 #2.02 to 376.29 +7.11 mg/g. The radical
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scavenging DPPH assay also showed the significant
antioxidant capacity of selected plants with the
methanolic (50 %) extract of C. sinensis found to be the
most potent (78.95 £7.12 %) (Hafiz et al., 2018).

Extracts of green tea strongly inhibited Escherichia coli,
Streptococcus salivarius, and Streptococcus mutans.
The antibacterial effect of green and black tea extracts
was compared with those of amoxicillin, cephradine,
and eugenol (Rasheed and Haide, 1998). Anita et
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al. (2014) have evaluated the in vitro antimicrobial
activity of C. sinensis extract on Streptococcus mutans
and Lactobacillus acidophilus, the representative
microbes of dental caries. MIC of green tea extract on
S. mutans and L. acidophilus was found to be 0.2 and
0.3 % respectively, MBC was found to be 0.8 and 0.9 %,
respectively. The mean zone of inhibition for 30 pl
containing 300 pg of ethanolic extract of green tea and
control against S. mutans was 18.33 mm and 14.67 mm,
respectively. The mean zone of inhibition for 30 pl
containing 300 pg of ethanolic extract of green tea
and control against L. acidophilus was 12.67 mm and
7.33 mm, respectively. Thus, green tea has antibacterial
activity against predominant cariogenic bacteria
namely S. mutans and L. acidophilus (Anita et al., 2014).

On the other hand, an aqueous extract of C. sinensis
was found to be effective against Gram-positive, Gram-
negative, and fungi, as well as against drug-resistant
microorganisms e.g. MRSA and P. aeruginosa and
Candida albicans. Khan et al. (2019) have investigated
the antibacterial and antifungal potential of aqueous
extract of C. sinensis. Antibacterial activity was
determined by disc and well diffusion assay. MIC and
MBCwere calculated by the broth dilution method. Miles
and Misra technique was used to find out the colony-
forming unit per/ml. All the test organisms revealed
a diverse range of vulnerability against aqueous
extract. Among Gram-positive, MRSA showed to be
the most sensitive with the least MIC and MBC while
Gram-negative Pseudomonas aeruginosa exhibited the
highest sensitivity. In Miles and Misra, a progressive
decline in the log of CFU/ml was observed. In the
time-Kkill assay, a decline was noted in the viable count
of S. aureus after exposure to 18 % aqueous extract of
C. sinensis (Khan et al., 2019).

From a survey of the literature on this subject, it was
noticed that Camellia species have been a subject of
intense phytochemical investigation. In particular, it
was shown that C. sinensis is the potential source of
bioactive phenolic compounds with high antimicrobial
and antioxidant properties. The phytochemical
screening, antimicrobial, antioxidant, and cytotoxic
properties of C. sinensis were evaluated in the study
of Shah et al. (2018). The phytochemical screening
revealed the presence of an applicable amount of
lycopene, B-carotenes, flavonoids, and tannins in C.
sinensis. Among the phytochemicals, tannin was found
to be significantly higher in the tea plants. The results
showed that the stem part of C. sinensis presented
greater antimicrobial potential than the leaf and root.
Antioxidant activity (assessed through % inhibition
of linoleic acid peroxidation test) was the highest

(89.22 %) in n-hexane extract of root part as compared
to other extracts. Finally, the cytotoxicity analysis
(hemolytic activity against human erythrocytes)
of plant extract showed the negligible (%) lysis of
RBCs ranging from 1.73 to 4.01 % (Shah et al.,, 2018).
Camargo etal. (2016) have investigated the antioxidant
and anticandidal activities of leaves obtained from
C. sinensis by non-fermentation (green and white
teas), semi-fermentation (red tea), and fermentation
method (black tea). The results showed that non-
fermented teas have a higher concentration of phenolic
compounds, and then presented the best inhibitory
activity of hemolysis, the best inhibition of conjugated
diene formation, and more pronounced antioxidant
activity in all tests. The highest anticandidal activity
was obtained from fermented tea, followed by non-
fermented tea (Camargo etal.,, 2016). Xiangetal. (2018)
have determined the disinfectant efficacy of ozonated
camellia oil on Staphylococcus aureus. According to
the plate count method and turbidimetry, the bacterial
concentration in the ozonated camellia oil group was
lower than that in the negative control group and base
oil (camellia oil) group (Xiang et al., 2018).

The crude extracts of six different plants of green
tea C. assamica and C. sinensis were tested by Bashir
et al. (2014) against three Gram-positive and four
Gram-negative bacteria using the agar disk diffusion
method at 50 mg/ml concentration. The maximum
inhibition of Staphylococcus aureus was recorded by
dimethyl sulphoxide extracts of green tea varieties.
Maximum scavenging potential activity was found with
ethanol, methanol, and dimethyl sulphoxide extracts.
Spot screening indicated that the presence of active
biological compounds such as flavonoids, proteins,
phenols, alkaloids, and glycosides also exhibited strong
activity against tested bacterial strains (Bashir et al,,
2014).

In a separate study, we also tested these extracts
for toxic effects on human erythrocytes. C. japonica
and its cultivars were found to be non-toxic on the
concentrations tested for antimicrobial activity (data
not shown). Results obtained in our previous study
showed that there is a possibility of using extracts
derived from leaves of various C. japonica cultivars
in intensive aquaculture farms. The results of the
study suggested the high antioxidant capacity of
Camellia cultivars screened give reason to believe that
application of these plant extracts signifies a rational
curative strategy to prevent and cure various fish
diseases involving oxidative stress by increasing the
ability of a fish organism to adapt (Kharchenko et al,,
2017a,b; 2018).
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Many of the direct effects of tea catechins are a result
of the catechins binding to the bacterial lipid bilayer
cell membrane which then causes damage to the
membrane (Sirk et al.,, 2008, 2009; Reygaert, 2014).
Epigallocatechin-gallate (EGCG) showed the strongest
interaction with the lipid bilayer based on the number
of hydrogen bonds formed with lipid headgroups (Sirk
et al.,, 2008). The molecular structure and aggregated
condition of the catechins significantly influence their
absorption, as well as their ability to form hydrogen
bonds with the lipid headgroups (Sirk et al.,, 2009).
This damage can then lead to a variety of related
antimicrobial effects.

Cho et al. (2007) have found that when exposed to
Korean green tea (Camellia sinensis) polyphenols, the
bacterial response of Escherichia coli was changed the
regulation of 17 individual genes. One of the major
outcomes of this change in regulation was damage
to the bacterial cell membrane (Cho et al, 2007).
The catechins primarily act on and damage bacterial
membranes. The observation that Gram-negative
bacteria are more resistant to bactericidal catechins
than Gram-positive bacteria can be explained to
some extent by the presence of negatively charged
lipopolysaccharide (Ikigai et al., 1993). Bacterial cell
membrane damage inhibits the ability of the bacteria
to bind to host cells (Sharma et al., 2012), and inhibits
the ability of the bacteria to bind to each other to form
biofilms, which are significant in pathogenesis (Blanco
etal, 2005).

Zhang and Rock (2004) have found that green tea
components (especially EGCG) inhibit specific
reductases (FabG, Fabl) in bacterial type II fatty acid
synthesis. The presence of the galloyl moiety was
essential for activity, and EGCG was a competitive
inhibitor of Fabl and a mixed type inhibitor of FabG
demonstrating that EGCG interfered with cofactor
binding in both enzymes. EGCG inhibited acetate
incorporation into fatty acids in vivo, although it was
much less potent than thiolactomycin, a validated fatty
acid synthesis inhibitor. Inhibition of fatty acid synthesis
by green tea has also been found to inhibit bacterial
production of toxic metabolites. The inhibitory effect
on the production of toxic end metabolites of bacteria
can be attributed to the presence of the galloyl moiety,
which is ester-linked with the 3-OH of the catechin
moiety in the polyphenolic compounds (Sakanaka and
Okada, 2004). Okamoto et al. (2003, 2004) also found
that green tea catechins have an inhibitory effect on
protein tyrosine phosphatase and cysteine proteinases
in certain anaerobic oral bacteria (Prevotella
intermedia, Porphyromonas gingivalis). The inhibitory

effect observed is due to the presence of galloyl moiety
in the structure (Okamoto et al.,, 2003, 2004).

The catechins inhibit bacterial DNA gyrase by binding
to the ATP binding site of the gyrase B subunit. In the
group of four tested catechins, epigallocatechin gallate
(EGCG) had the highest activity, followed by epicatechin
gallate (ECG) and epigallocatechin (EGC) (Gradisar et
al,, 2007). The green tea polyphenols can inhibit the
enzyme dihydrofolate reductase in bacteria and yeast,
effectively blocking the ability of the microorganisms
to synthesize folate. In elucidating its mechanism of
action, Navarro-Martinez et al. (2005) have shown
that epigallocatechin gallate is an efficient inhibitor of
Stenotrophomonas maltophilia dihydrofolate reductase
(Navarro-Martinez et al., 2005). EGCG also acts as an
antifolate compound on Candida albicans, disturbing its
folic acid metabolism (Navarro-Martinez et al,, 2006).
The bioflavonoids obtained from green tea could also
inhibit the activity of bacterial ATP synthase, reducing
the ability of the microorganisms to produce enough
energy (Chinnam et al,, 2010).

Conclusions

The alcoholic extracts of Camellia japonica and its
cultivars revealed mild antibacterial activity against
Escherichia coli (Migula) Castellani and Chalmers
(ATCC® 25922™) strain. The antimicrobial ability
of various samples of these plants might be due to
a wide variety of compounds. The findings reported
herein give scientific credence to the traditional uses
of these plants and suggest that extracts derived from
the leaves of C. japonica and its cultivars merit further
chemical study as natural antibiotics to identify the
secondary metabolites. These results could provide
a theoretical basis for making full use of C. japonica
and its cultivars. Moreover, their antibacterial activities
can play an important role in medicine, veterinary,
food preservation, and other aspects. Mechanisms of
antibacterial activities remain to be studied.
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Cornelian cherry (Cornus mas L.) is a little-known fruit species that deserves attention because of the possibility of
increasing the biodiversity of crops and making the human diet more attractive. The fruit of the cornelian cherry, due
to its health-promoting properties, can be widely used in the food, pharmaceutical and cosmetic industries. Increasing
the cultivation area of this species depends on the availability of high-quality planting material. The reproduction
of valuable varieties is possible only with the use of vegetative reproduction. One of the most effective methods
of cornelian cherry reproduction is budding on cornelian cherry rootstocks. In the experiment carried out in the
conditions of South-Eastern Poland, the efficiency of T-budding and chip-budding of two cultivars of cornelian cherry
(Nikolka and Koralovyi Marka) was compared depending on the intensity of fertilization. Unusual weather conditions
in spring, especially low temperature, delay the growth of rootstocks. However, foliar fertilization resulted in obtaining
maiden trees with a larger diameter than those fertilized in the soil. The efficiency of budding under the experimental
conditions was on average 40 %, and it was higher for the cultivar Koralovyi Marka and the chip-budding method.
The variety and method of fertilization did not affect the efficiency of budding. In contrast, chip-budding budding was
higher than that of T-budding multiplied. In this experiment a strong positive correlation was proved between the
trunk diameter of maiden trees and their height.

Keywords: Cornelian cherry, cultivars, chip-budding, T-budding, sleeping eye, budding efficiency

Introduction Sea basins and in the North-Eastern Anatolia in Turkey
(§ilié, 2005). In natural sites, cornelian cherry occur
most often in the form of multi-stem shrubs growing
up to 3-7 m tall. However, when formed, they produce
a trunk and a crown. First, they form lofty crowns,
and at a later age they become spherical-flattened
(Czerwinska and Melzig, 2018). Cornelian cherry fruits
are associated with cherries or plums due to their juicy
fruit, which are also drupes with a tart-sour, sometimes
sweet-sour taste and a specific aroma. It grows slowly
and the first tiny fruitlet can be seen in late April when
the leaves unfold. The shape of the fruit depends on
the variety. It can be round, oval, oblong, pear-shaped,
bottle-shaped, elongated. The length of the fruit varies
between 1-4 cm and the diameter is about 2 cm. The

Cornelian cherry (Cornus mas L.) is a valuable fruit
plant belonging to the Cornaceae family. Cornelian
cherry was known already in antiquity, where its wood
was used to make tools, as well as in everyday life when
consuming fruit (Bieniek et al., 2017). Cornelian cherry
is a widespread species in Eurasia, as its range extends
from Central and Southern Europe to the Caucasus
and Central Asia. Prefers sunny positions, mountain
dry, rocky slopes. The range of its occurrence is up to
1511 m above sea level (Hassanpour et al,, 2012). It
also withstands heavily shaded positions. In the forest
it grows with hornbeam (Carpinus) and Hungarian oak
(Quercus frainetto). Larger concentrations of these
plants can be found in the Aegean, Mediterranean, Black
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colour of the fruit can range from cream, yellow, pink,
red, cherry to almost black. The peel of the fruit is
elastic and shiny. The weight of the fruit ranges from
1.2 g to 6 g and even up to 10 g (Ukrainian cultivars)
(Klymenko, 2017). Fruits from natural areas are small,
sour and relatively little juicy with a large stone,
especially in prolonged drought. Moreover, the yields
from such sites are generally small: 3-5 kg of fruit per
bush. They rarely reach 10-15 kg per bush, with very
optimal humidity and temperature conditions. In the
case of cornelian cherry, breeding selection is carried
out in terms of the following criteria: fruit size, colour
and shape, share of the stone in the total weight of the
fruit, period of ripening and harvesting, uniformity of
fruitripening, yielding size and quality, frost resistance,
growth strength and self-fertility (Hassanpour and Ali
Shiri, 2014).

Cornelian cherry is still a little-known fruit species
and obtaining high-quality planting material has not
yet been properly elaborated. There are attempts
to reproduce this species by seed and vegetatively,
however, witheachmethod, difficultiesare encountered.
Unfortunately, cornelian cherry, when propagated
vegetatively by softwood and semi-wood cuttings,
develops roots very poorly (Pirlak, 2000; Korszun and
Kolasinski, 2001; Korszun and Kolasinski, 2002; Jagta
and Krol, 2011). The commercial cultivation of popular
fruit plants such as apple, pear, plum and cherry trees is
based on the use of trees obtained by such the methods
like budding or grafting on rootstocks. Rootstocks
control the growth force of the plant, enabling the
cultivation of trees in a smaller space when growing
on their own roots, and above all, they accelerate the
fruiting period. It is heterovegetative reproduction,

which involves the joining of two plants, usually closely
related, to create a new organism. The detached part of
the plant, usually a short section of the shoot, is called
a scion, and that part of the plant that constitutes the
root system on which the scion is grafted is called the
rootstock. Such a method in which a scion consisting of
an internode or several internodes and one to several
buds is transferred onto the rootstock is called grafting.
However, if only the bud is transferred together with
a small portion of the stem with an axillary bud, it is the
so-called budding. Cornelian cherry can be propagated
by budding, performed in summer with a sleeping eyes
on cornelian cherry seedlings, and also by grafting
in winter on cornelian cherry rootstocks, rushed in
a greenhouse. In addition to the faithful reproduction of
the mother plant's features, it guarantees a much faster
start of the fruiting period. About 50 % of maiden trees
bloom and bear fruit in the second year after budding,
and almost 100 % in the third year.

The aim of'this study was to investigate the effectiveness
of budding methods (chip-budding and T-budding)
with the sleeping eyes of two Ukrainian cultivars:
Nikolka and Koralovyi Marka on cornelian cherry
seedlings using foliar fertilization of rootstocks.

Material and methodology

Material

The experiment was carried out in 2019-2020,
in a private nursery in Czestawice, 22.268333 °E,
51.306944 °N, near Nateczéw (Poland), on fertile loess
soil, rich in humus.

The average air temperature in the years 2019 and
2020 (Table 1) exceeded the long-term average, but

Table 1 Mean monthly air temperature and precipitation in the study years against the multi-annual mean/total (1951-
2012)
Month Air temperature (°C) Precipitation (mm)
monthly mean monthly total
2019 2020 m“;;i;“;i‘;zllg’;a“ 2019 2020 m“(lltgg;‘i‘;gllg;ta'
April 8.4 9.3 7.4 48.6 39.0 39.0
May 10.9 12.3 13.0 71.5 60.7 60.7
June 18.3 21.3 16.3 79.9 65.9 65.9
July 18.5 18.4 18.0 71.1 82.0 82.0
August 20.0 19.7 17.2 68.1 70.7 70.7
September 15.0 14.1 12.6 78.7 53.7 53.7
October 10.3 10.5 7.6 89.2 40.1 40.1
Mean/total for the year 9.6 9.8 7.3 861.9 558.9 558.9
© Slovak University of Agriculture in Nitra -107 - ISSN 2585-8246
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in May, the two seasons marked by a decline in the
average temperature. Precipitation in the 2020 season
were similar to the sum of multi-year, while the 2019
season was much more precipitation, especially in
September and October.

200 pieces of two-year-old generative cornelian cherry
rootstocks were used for the experiment. The seedlings
were planted on April 16,2019, spaced every 25-30 cm,
in two rows. Before planting the plants, fertilizers such
as urea in the amount of 200 kg/ha and hydrocomplex
in the amount of 400 kg/ha were applied to the whole
experiment. In each row, 50 rootstocks were separated,
which from May were fertilized 8 times with foliar
preparations such as: Yara Tera Kristalon Orange
0.05 g/10 1, Asahi SL 10 ml/10 1, Basfoliar Aktiv SL
10 ml/10 1, Yaraliva calcinit flakes 0.05 kg/10 L.

Yara Tera Kristalon Orange is a multi-component
mineral fertilizer, perfect for foliar feeding of plants, it is
fully water-soluble and it is a chloride-free fertilizer. It
contains NPK 6 + 12 + 36 and MgO with microelements
(boron, copper, iron, manganese, molybdenum and
zinc).

In contrast, Asahi SL is a growth regulator in liquid
form, it has an influence on growth and better quality of
the crop. Itis used when the conditions are unfavorable
and stressful for plant growth, e.g. drought, low
temperature.

Basfoliar Aktiv SL foliar fertilizer based on sea algae
extract, is an organic and mineral solution containing

NPK 3 + 27 + 18 with the addition of boron, copper,
iron, manganese, zinc and molybdenum, and also
contains plant hormones, amino acids, vitamins and
micronutrients.

Yaratera calcinit flakes is a calcium saltpetre in flakes
to be dissolved in water, it improves the condition
and development of plants, and also reduces the
susceptibility of plants to fungal diseases and possible
damage.

Methods

Adult cornelian cherry trees are not susceptible to
disease and pests, however seedlings can be susceptible
to diseases, particularly fungal diseases. Therefore, the
following preparations were used in the experiment:
Topsin M 500 S.C. (thiophanate - methyl) in the
amount of 1.5 1/ha, Mospilan 200 SP (acetamiprid) in
the dose of 125 mg/ha. Topsin is a contact fungicide,
used against tree cancer, bark rot and brown rot of
stone trees. On the other hand, Mospilan is systemic
insecticide that protects the plant against pests such as
aphids or adults cockchafer.

Budding began on August 17, 2019. Before budding,
maintenance works were carried out, such as: manual
weeding, removing the sprouds from the trunk area
(at a height of 25 cm from the ground) and wiping
the trunk with a clean cloth to remove soil dirt on the
rootstock in order to be able to perform the budding
procedure in a clean manner.

Figure 1

Methods of budding of cornelian cherry with the “sleeping eye”:
A - T-budding; B - Chip-budding
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Two cultivars of sleeping eyes were used for budding:
Nikolka and Koralovyi Marka. In one row the rootstocks
were budded with buds (quiescent) of the cv. Nikolka,
and in the next - cv. Koralovyi Marka. In each row, both
in the part fertilized only with soil and in the foliar
fertilization, two budding methods were performed:
T-budding and chip-budding.

In the next season on March 19, 2020, the effectiveness
of budding was assessed on the basis of the percentage
of successful unions.

On August 21, 2020, the diameter of the maiden
stem (at the base of the stem) was measured with an
electronic calliper and the height of the maiden trees
was determined with a ruler.

Statistical analysis

Statistical calculations were performed in STATISTICA
for Windows Version 5.5A. The obtained results were
subject to statistical analysis by means of analysis of
variance (ANOVA). The significance of the differences
among the characteristics was assessed based on
confidence intervals calculated by means of a Tukey’s
test, with a significance level of 5 %.

Results and discussion

Cornelian cherry, due to its very valuable fruit, is
cultivated in many countries, incl. in Ukraine, the Czech
Republic, Slovakia, Iran, Turkey, Serbia, France, Austria
and Poland. The cultivars differ in fruit ripening, shape,
colour, taste, the share of seeds in the fruit, as well as in
chemical properties, e.g. soluble solids content, vitamin
C, anthocyanins (Kucharska et al., 2011), antioxidant
activities and phenolic compounds (Klymenko et al.,
2019). Obtaining valuable varieties is possible only
through vegetative reproduction. An important factor
in intensifying the production is high-quality nursery
material. On a small scale, dogwood can be reproduced
by layering (Ivanicka and Cvopa, 1977; Klymenko,
2004; Fedosova and D‘Antuano, 2012; Klymenko et
al,, 2017). Another way of vegetative reproduction is
cuttings. Herb seedlings are very delicate, sensitive
and it is necessary to use fogging in their production
(Ivanicka, 1989). It is an effective method, but to a large
extent depends on the date of harvesting the cuttings
and the type of rooting preparation (Stepanowa et
al., 1986; Smykov et al, 1987; Pirlak, 2000; Gastot,
2007). Jagta and Kroél (2011), comparing the efficiency
of reproduction of several less known fruit species,
including dogwood, with the use of cuttings collected
at the turn of July and August, supported by rooting
Himal and Rhizopon, concluded that the dogwood took

root the least. At both dates of picking the cuttings, the
degree of rooting ranged from 0 % (seedlings without
rooting preparation) to 33 % of seedlings treated
with Rhizopon rooting preparation. Cornelian cherry
can also be propagated in vitro. It is a species that is
relatively easy to replicate, but in tissue cultures, as in
the case of cuttings, rooting is very poor.

There are not many experiments comparing the
effect of planting material on the growth and yield
of cornelian cherry in an orchard. However, when
assessing the rate at which fruiting begins, the best
method seems to be grafting or budding on cornel
rootstocks Cornus mas (Klymenko, 2004; Klymenko et
al,, 2017) or Cornus amomum (Ochmian et al.,, 2019). In
addition to repeating the characteristics of the mother
plant, it guarantees a much faster start of fruiting, even
compared to plants obtained by cuttings. About 50 % of
maiden trees bloom and yield in the second year after
budding and almost 100 % in the third year (Klymenko,
1990). On the other hand, cornelian cherry seedlings
obtained from seeds, bear their first fruit 8 years after
planting atthe earliest. Ochmian etal. (2019) found that
the cornelian cherries varieties obtained by budding
Cornus amomum showed weaker tree growth, but the
fruit quality did not deteriorate compared to trees on
their own roots. The fruits of dark-skinned cultivars
(Jolico, Schonbrunner and Shumen) from budded trees
had significantly more anthocyanins. Ciltivar Jolico
mainden tree was characterized by a much larger
diameter and weight.

The rootstock is an important component of the tree
as it determines its growth strength, adaptation to
soil conditions, disease resistance, size and quality of
crops, tolerance to salinity and drought. In the case of
cornelian cherry, seedlings of cornelian cherryisa good
rootstock in terms of physiological compatibility.
Difficulties with vegetative reproduction necessitate
the use of generative rootstocks, i.e. rootstocks
propagated from seeds. This type of reproduction does
not ensure uniform quality, butin the case of stone trees
(cherries, cherries and plums), generative rootstocks
are also used in nursery technology. When comparing
the method of producing dogwood trees, one can
refer to the production of maiden trees with a 2-year-
old-crown (Sadowski et al, 2006). The root system
of such trees is three years old. Trees must be well
developed and branched. The quality characteristics of
trees depend on the species. For apple trees, budding
20 cm above the ground are most desirable, on dwarf
rootstocks with a highly formed crown, at least
60-80 cm high, with not very long side shoots (up to
60 cm long). In the case of cornelian cherry, the budding
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site cannot be too high, it is practically the area of the
second internode (oral information). On the basis
of the research by Bielicki et al. (2008) assessing the
quality of young apple, pear, cherry, plum and quince
trees obtained by the ecological method, the largest
number of trees in relation to seed stocks was obtained
in the case of apple trees (80.3-91.2 %) and pear trees
(42.9-87 %), and the lowest for cherries (8.4-17.3 %).
Klimenko (2004) and Fedosova and D‘Antuano (2012)
confirmed that the most effective way to reproduce
cornelian cherry is budding (90-98 % yield) and
grafting (75-78 % yield). In the work of Szot et al.
(2020), the efficiency of budding was very high (from
92.91 to 97.95 %), which indicates the usefulness of
this method for cornelian cherry reproducing. The
quality of the rootstocks has a great influence on the
buds acceptance. In organic farming, it is difficult to
protect against diseases and pests, thanks to which
the rootstock is less overgrown and the duration of
cambium activity is limited. Cornelian cherry, devoid
of monocultures, is quite resistant to diseases and
dangerous pests such as aphids and mites. The growth
of maiden trees also depends to a large extent on the
date of budding. According to nurserymen, the best
term for budding in the T-budding is the period of
intensive cambium division. In Central, Southern and
Eastern Poland, cornelian cherry budding should start
from late July to mid-August (Hotubowicz et al., 1993).
In the experiment of Szot et al. (2020), the budding was
performed in mid-August, and the high effectiveness of
the treatment proves the good activity of the cornelian
cherry cambium during this period. The cultivar Szafer
had the highest budding efficiency (97.95 %), while
the weakest genotypes: Roch, Okazaty, Gruszkowy,
Za bankkiem S1 and cultivar Paczoski (from 92.91 to
93.65 %). This confirms the observations of Bijeli¢ et
al. (2016), who proved in Serbia that August budding
is a more effective method of reproduction (from 56.67

to 83.62 %) than grafting in the April (from 21.67 to
30.33 %). In this experiment, the effectiveness of
budding was investigated (Table 2, Figure 2).

When assessing the influence of the variety, the method
of budding and fertilization on the effectiveness
of budding, it was found that the participation of
successful unions (50 %) was in the case of the cw.
Koralovyi Marka, with the budding in the T-budding
and without the application of foliar fertilizers. The
poorest efficiency (22 %) was that of budding in the
T-budding with the buds of the cv. Nikolka, without the
application of foliar fertilizers. Chip-budding was found
to be more effective with both cultivars. The buds of
the cv. Koralovyi Marka were better taken than by cv.
Nikolka. The climatic conditions, which determine the
quality of the rootstocks, have a significant influence
on the budding effect.

The growth of maiden trees in a nursery depends
on the genetic characteristics of the species and the
variety. Bielicki et al. (2008) found that among the
studied species, plums grew best on seedlings, and the
cultivar had a decisive influence on the quality of the
obtained maiden trees. Stachowiak and Swierczynski
(2004) proved that the growth of cherry maiden
trees in a nursery depends mainly on the rootstock,
but among the studied cultivars, the cultivars '"Hardy
Giant and 'Sumit’ had the highest trunk diameter and
total height. Jacyna (2004) found that in the case of
pear trees, the variety has a greater influence on the
branching of maiden trees than the rootstock. Jacyna
(2004) and Lanczont (2004) proved that there is
a strong correlation between the trunk diameter and
the number of shoots of apple, pear and plum maiden
trees, which makes the trunk diameter an important
quality feature of young trees. Lipecki et al. (2015)
found a strong correlation between the diameter
of ’Lutéwka’ maiden trees and the total length of

Table 2 The influence of Cornus mas L. cultivar, budding method and fertilization on efficiency of budding determined as
participation of successful unions (%)
Cultivar Budding method Fertilization Participation of successful unions (%)
application of foliar fertilizers 34 42 435
T-budding
without the foliar fertilizers 50
Koralovyi Marka
application of foliar fertilizers 42 45
Chip-budding
without the foliar fertilizers 48
application of foliar fertilizers 34 28 35.0
T-budding
without the foliar fertilizers 22
Nikolka
application of foliar fertilizers 46 42
Chip-budding
without the foliar fertilizers 38
-110 -
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Figure 2
(another 3 and 4 bars)

side shoots. In the experiment of Szot et al. (2020)
showed that the stem diameter was strongly positively
correlated with the height of the maiden trees and
the number of branches. In this experiment a strong
positive correlation was proved between the trunk
diameter of maiden trees and their height (r = 0.66,
p <0.05) In the experiment of Szot et al. (2020), plant
height was influenced by genetic features, i.e. cultivar
and genotype. The highest values were found for the
cultivar Bolestraszycki, the genotype Okazaly and
the cultivar Dublany (respectively: 1493, 1461 and
1493 mm), and the shortest ones for the Za bankiem
S1 and Roch genotypes (1013 and 1050 mm). The
height of the maiden trees determined on the basis
of Ekaterina (2008) is similar, as in the first year of
vegetation the maiden trees reach 120-150 cm. On the
other hand, Bijeli¢ et al. (2016) obtained significantly
lower trees (from 73.7 to 90.7 cm) as aresult of budding
in August and grafting in April. In this experiment, the

Participation of successful unions (%) depending on fertilization (first two bars) and methods of budding

maiden cultivars of individual cultivars did not differ
significantly in height (Table 3).

The maiden trees of cv. Nikolka were 89.54 cm high,
while cv. Koralovyi Marka height was 90.68 cm. When
assessing the influence of the variety, method of
budding and fertilization, it was found that the highest
were cv. Koralovyi Marka at chip-budding budding
after foliar fertilization (93.12 cm), while the lowest cv.
Nikolka, budding in T-budding, after foliar fertilization
(88.34 cm). Maiden trees reproduced by chip-budding
were found to be higher than T-budding.

An important feature that proves the quality of maiden
trees is the diameter of the trunk. In the experiment of
Szot et al. (2020) the diameter of the stem was similar
for the cultivars and genotypes tested. However, the
largest diameter was achieved by the cv. Dublany
(16.84 mm), while the cv. Raciborski (12.93 mm)
was the smallest. The obtained results confirmed the

Table 3 The influence of Cornus mas L. cultivar, budding method and fertilization on height of maiden
Cultivar Budding method Fertilization Height of maiden (cm)
application of foliar fertilizers 88.60ab* 89.51ab 90.68a
T-budding
Koralovyi without the foliar fertilizers 90.41ab
Marka application of foliar fertilizers 93.12b 91.85b
Chip-budding
without the foliar fertilizers 90.58ab
application of foliar fertilizers 88.34a 88.76a 89.54a
T-budding
without the foliar fertilizers 89.18ab
Nikolka
application of foliar fertilizers 92.25ab 90.32ab
Chip-budding
without the foliar fertilizers 88.40ab

Notes: * - values in the same column with different letters are significantly different at p <0.05
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Table 4 The influence of Cornus mas L. cultivar, budding method and fertilization on diameter of maiden stem (mm)
Cultivar Budding method Fertilization Diameter of maiden stem (mm)
application of foliar fertilizers 8.03a* 8.06a 8.18a
T-budding
without the foliar fertilizers 8.10a
Koralovyi Marka
application of foliar fertilizers 8.47ab 8.30a
Chip-budding
without the foliar fertilizers 8.13a
application of foliar fertilizers 9.46¢ 9.23b 9.25b
T-budding
without the foliar fertilizers 9.00bc
Nikolka
application of foliar fertilizers 9.29c¢ 9.26b
Chip-budding
without the foliar fertilizers 9.23c

Notes: * - values in the same column with different letters are significantly different at p <0.05

research of Klymenko (1990), which in the case of the
trunk diameter of cornelian cherry maiden trees was
from 13 to 15 mm and is slightly higher than in the case
of Bijeli¢ et al. (2016), where the maiden trees of the
studied genotypes had a diameter of 10 to 13.61 mm.

In this experiment, the maiden tree of cv. Nikolka had
a significantly larger diameter (9.25 mm) than that of
cv. Koralovyi Marka (8.18 mm) (Table 4).

When assessing the influence of the variety, method of
budding and fertilization on the diameter of the trunk,
it was found that the highest values of the mentioned
feature were characteristic of the Nikolka maiden trees
with T-budding, after application of foliar fertilizers
(9.46 mm) and chip-budding, both after fertilization
and without fertilization (9.29 and 9.23 mm).

The lower values of the described features in relation
to the data from the literature should be explained
by the unfavourable weather conditions in the 2019

91.5 ~

90.58a

88.5 -

88 -

i application of foliar fertilizers

@ without app

season, which had a significant impact both on the
quality of rootstocks, and then on the buds takes and
the development of maiden trees. The two-year-old
seedlings after planting had very unfavourable growth
conditions due to the low temperatures in May, so
that at the time of budding they had a diameter of
about 8.7 mm. The literature lacks data on the optimal
diameter of the rootstock at which the cornelian cherry
should be budding with a quiescent. When compared
to other species, e.g. hazel (Corylus colurna), it is
about 8-12 mm (Ninic-Todorovic et al., 2009). Thus,
in the present experiment, the rootstocks reached the
minimum optimal diameter for budding.

Cornelian cherry clearly responds favourably to
fertilization with greater fruit mass and more vigorous
growth. It is best if it is fertilized organically, but
fertilization with artificial fertilizers is equally effective
and has no negative side effects (Ja¢imovic¢ et al., 2020).
There is still no long-term experience concerning the

91.09b

89.13a

4 T-budding  ®chip-budding

Figure 3
(another 3 and 4 bars)

Height of maiden of Cornus mas L. (cm) depending on fertilization (first two bars) and methods of budding
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8.78 a
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4 T-budding  ®chip-budding

Figure 4
budding (another 3 and 4 bars)

influence of cornelian cherry fertilization on its growth
and yielding. However, based on the preliminary
experiments of Krakow researchers (Domagata-
Swiatkiewicz et al, 2013), it can be concluded
that the plant adapts to the different availability of
macronutrients such as P, K and Mg, showing no clear
symptoms of their lack. A strict correlation was found
between the content of P and K in the soil and the
amount of these components in the leaves. Further
detailed research in this direction is necessary because
the content of macro- and microelements in plant
tissues depends to a large extent on the conditions
prevailing in a given growing season.

In this experiment, the use of foliar fertilizers
significantly increased the diameter of the trunk
compared to maiden fertilizers fertilized only in the
soil. However, no effect of foliar fertilization on the
effectiveness of budding and the height of maiden trees
was found (Figure 2 and Figure 3).

On the other hand, the diameter of the fertilized
rootstocks was significantly larger than those without
fertilizers (Figure 4).

The production of high-quality nursery material
enables cornelian cherry to quickly enter the fruiting
period. However, the production of a cornelian cherry
tree is a very laborious and time-consuming period. In
order to obtain a seedling as a rootstock, it is necessary
to cool down twice for breaking seed dormancy. Then
a minimum of two or three years for the thickening of
the rootstock, i.e. obtaining a diameter of 8-12 mm,
optimal for budding, and only the next year after
budding, the trees are ready to be planted permanently.
Therefore, including the period of obtaining the

Diameter of maiden stem of Cornus mas L. (mm) depending on fertilization (first two bars) and methods of

rootstock, the production of trees lasts 5-6 years. This
period can be shortened to 2-3 years by producing
rootstocks each year.

Conclusions

Unusual weather conditions in spring, especially low
temperature, delay the growth of rootstocks. However,
foliar fertilization resulted in obtaining maiden trees
with a larger diameter than those fertilized in the
soil. The efficiency of budding under the experimental
conditions was on average 40 %, and it was higher for
the cv. Koralovyi Marka and the chip-budding method.
The variety and method of fertilization did not affect
the efficiency of budding. In contrast, chip-budding
budding was higher than that of T-budding multiplied.
In this experiment a strong positive correlation was
proved between the trunk diameter of maiden trees
and their height.
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The studying of Castanea sativa Mill. pollen allows us to determine the details of morphological characteristics and
described the most important parameters and pollen sculpture that can be used to identify representatives of species.
The general characteristics and significant morphological traits of pollen grains of 16 genotypes Castanea sativa
Mill. collected from M.M. Gryshko National Botanical Garden of Ukraine(Kyiv) were observed via a scanning electron
microscope (SEM). The measurement of morphometric parameters was carried out on 50 pollen grains from each
genotype using the AxioVision Rel. 4.8.2.0 program. The length of the polar axis (P) and the equatorial diameter (E)
of grain, P/E ratio were measured and their variation was compared among studied genotypes. SEM investigations
showed that the pollen grains of Castanea sativa are small-sized, the equatorial view is elliptic, the polar view is angular,
with convex mesocolpia, more or less circular. This study showed the small differences between the genotypes in all
measured factors. The average polar axis and equatorial diameter of pollen grains values varied in the interval 19.10
+0.21-20.53 £0.21 and 8.86 +0.05-9.85 +0.08, respectively. We determined the variation coefficient in the range of
3.37-8.93 %. It was noted that diversity of surface sculpturing of pollen grains in combination with shape and sizes
enables to use of a complex of thin morphological signs for Castanea sativa pollen identifications.

Keywords: Castanea sativa, genotype, pollen, SEM, morphology

Introduction release of pollen occurs from mid-June in early
flowering forms, until mid-July in late flowering forms.
However, the successively flowering of male flowers
can also be observed within the tree at various levels.
At the level of the shoot, first, the male catkins bloom
at the base and later the catkins closer to the top and
finally the male part of the bisexual catkins. At the level
of the catkin, the flowers in the lower part bloom first
and later the flowers in the upper part of the catkin.

United States. Southern Europe and Turkey is the main At the level of the glomerulus, flowers bloom at the

area where Castanea sativa is predominant (Silici etal, ~ Perimeter and.then n the.cen.tre of the glomeru.lus.
2007) Pollen from bisexual catkins is released at a time

when unisexual catkins have already bloomed. This
Flowering chestnuts occurs over a relatively wide  pgllen has the same viability as pollen from unisexual
period, depending on climatic conditions, especially  catkins and the ability to fertilize female flowers.
temperature. The opening of male flowers and the  pgjlen releases from the end of August to the beginning

Castanea sativa Mill. (Fagaceae Dumort.) is a species
of chestnut native grown in South-Eastern Europe and
Asia Minor. Sweet chestnut (Castanea sativa Mill.) is
a multipurpose species that is cultivated for its nuts
and contributes positively to the forestry landscape.
It is distributed mainly in the Northern Hemisphere,
in Asia mostly in China, Korea and Japan, in Southern
Europe from Turkey to the Atlantic Islands and in the
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of September from the secondary catkins forming on
summer shoots. The formation of summer shoots can
be caused by an unusual course of weather during
vegetation, but it can also be a permanent feature of
some genotypes (Bencat, 1967; Bolvansky et al., 2008;
Bakay and Pastor, 2015).

Pollen grains adapted to different strategies of
pollination and also have anatomical-morphological
differences. These male haploid organisms usually
have variable parameters: the pollen shape and size,
the number, type, and position of apertures, and the
pollen wall with its diverse structure and sculpture. The
characters of these parameters in comparative pollen
(and spore) morphology are at least as important
as any other morphological character of the diploid
generation (Halbritter et al.,, 2018).

Pollenmorphological studies proved tobeindispensable
for the understanding of evolutionary processes and
systematics (Persson et al, 1996; Carlo and Paula,
2004).The ability to identify plants from their pollen
has enabled botanists and ecologists to reconstruct
past assemblages of plants and identify periods of
environmental change (e.g., Feegri and Iversen, 1989;
Moore et al,, 1991). Research into the morphological
characteristics of pollen grains by scanning electron
microscopy (SEM) of specific genotypes and cultivars
are important and useful for taxonomy, palaeobotany,
phylogeny, breeding programmes, e.g. (Giveyrel et al.,
2000; Radice et al., 2003).

Taxonomists and paleobotanists considered the
importance of pollen development and morphology in
clarifying the classification and identity of many plant
species, e.g., Cornus mas L. (Mert, 2009), Crataegus spp.
(Wronska-Pilarek et al., 2013), Diospyros virginiana L.
(Grygorieva et al., 2017), Pyrus communis L. (Motyleva
etal, 2017), Sambucus nigra L. (Hor¢inova Sedlackova
et al, 2020; Wronska-Pilarek et al, 2020), Aronia
mitschurinii A.K. Skvortsov & Maitul. (Grygorieva et al.,
2018), Prunus persica (L.) Batsch (Radice et al., 2003),
Malus domestica Borkh (Motyleva et al., 2017, 2018),
Rubus fruticosus L. (Motyleva et al., 2018).

Data about Fagaceae pollen morphology were
obtained due to the use of a light microscope (LM)
and scanning electron microscope (SEM) by authors
Bergamini (1975) in Italy, Solignat and Chapa (1975)
in France, Mert et al. (2007), Ttyli and Sorkun (2007),
Evrenosoglu and Misirli (2009) and Celemli et al.
(2016) in Turkey, Grygorieva et al. (2015, 2016) in
Slovakia and Ukraine. The complex of morphological
characteristics and ultrastructure allows determining
the differences (or similarities) between the Castanea

species (van Benthem et al,, 1984; Grygorieva et al,
2015; Xioung et al., 2020).

The knowledge of pollen morphological characteristics
can be an adequate method for identification genotypes
of Castanea sativa.

Material and methodology

Locating trees and data collection

The pollen of 16 Castanea sativa genotypes (CS-01 -
CS-16) from the collection of M.M. Gryshko National
Botanical Garden of NAS of Ukraine (NBG) was
investigated at the laboratory of the Department of
Tropical and Subtropical plants of NBG. Collected pollen
from 30-year-old Castanea sativa plants (Figure 1).

Pollen grains collection

Freshly flowers (not opened) were collected randomly
from the different genotypes at the balloon stage
(June 2020). Pollen samples released from male
flowers (catkins) were further dried under laboratory
conditions. The dry pollen was used for a microscopic
study of morphological characteristics. The samples of
pollen grains were applied to double-tape, fastened to
metal object tables with 10 mm diameter.

Scanning electron microscopy (SEM)

The pollen grains were studied at the laboratory of
the Department of Tropical and Subtropical plants of
NBG using an electron microscope Carl Zeiss LS 15, and
the microphotographs were taken. The comparative
morphological studying of the pollen grains was
performed according to the working rules on the
SEM JEOL JSM-6390 in the conditions of low vacuum
(P = 60 Pa) with the following zooming: 500 times -
during the measurements; 1000-10000 times - while
taking the pictures of the exine sculpture features.
Using the regime of low vacuum allows performing
the pollen studying without its preliminary chemical
treatment and to receive undistorted data about the
research object that makes the process of the probe
preparation easier. Typical exine patterns, shape, sizes
and dimensions of pollen grains for Castanea sativa
individuals were determined by using a scanning
electron microscope (SEM).

Morphometric characteristics

The measurement of morphometric parameters was
carried out on 50 pollen grains from each genotype
using the AxioVision Rel. 4.8.2.0 program. The
measurements were made in micrometres (um). The
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Figure 1

characterization of pollen grains was calculated by
taking the following parameters: the polar axis (P -
the line connecting the proximal and distal pole), the
equatorial axis (E - the line perpendicular to the polar
axis and located in the equatorial plane).

Statistical analysis

Statistical analysis was performed using SAS®9.2
software; hierarchical cluster analyses of similarity
between genotypes were computed on the basis of
the Bray-Curtis similarity index; BiPlot analysis was
performed in SAS® 9.2 software. The variability of
all these parameters was evaluated using descriptive
statistics. Level of variability determined by Stehlikova
(1998).

Results and discussion

A study of 16 evaluated individuals of Castanea sativa
pollen morphology showed that pollen grains are very
small-sized. Using optical microscopy the pollen grain
of Castanea sativa type is 3-zonocolporate, isopolar,
P/E ratio is prolate, outline in the polar view is lobate,

Castanea sativa Mill. in M.M. Gryshko National Botanical Garden of Ukraine, Kyiv (Photo: Grygorieva, 2019)

the grain is 3 apertures. Ectoaperture is colpus, long,
narrow and sunken; margins are distinct, regular; ends
acute; colpus membrane occasionally with irregular
granules; fastigium absent; sexine extensions above
endoaperture usually present; costae colpi absent.
Endoaperture is colpus, lalongate, elliptic in outline;
margins are distinct, straight; ends acute or irregularly
diffuse, sometimes with horns; costae distinct, narrow.
Exine is thin. Sexine equally thick, or slightly thicker
than nexine. Sexine subdivisions weakly developed.
Outlines: Equatorial view is elliptic, the polar view
is angular, with convex mesocolpia, more or less
circular. Ornamentation under the scanning electron
microscope is rugulate, perforate, tectum is eutectate,
infratectum columellate, columellae is very short,
endexine is compact-continuous, intine monolayered,
pollen coatings absent, Ubisch bodies are present. We
can confirm theis knowledge with some authors (van
Benthem et al., 1984; Mert et al., 2007; Grygorieva et
al,, 2015, 2016; Celemli et al., 2016; PalDat, 2021).

This type is easily distinguished from other types
in the Fagaceae family by its much smaller size, its
endocolpus and its semi-erect to erect P/E ratio.
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Figure 2 Pollen grains of Castanea sativa Mill. species in different positions (Photo: Gurnenko, 2020)
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Furthermore, this type differs in the thickness of the
exine and the rather smooth appearance of the grains
in LM, in contrast with the sculptured grains of the
Fagus and Quercus types. Its endocolpus, especially at
the ends, is less regular than the endoaperture of Fagus
sylvatica (van Benthem et al., 1984).

The polar axis (P), equatorial diameter (E) and polar
axis to equatorial diameter (P/E) ratio of pollen
grains of sixteen Castanea sativa individuals were
measured using scanning electron microscopy (SEM),
and the results are displayed in Table 1. An important
morphological trait is the size of pollen grains. The
length of the polar axis (P) varied from 13.13 (CS-14)
to 23.75 (CS-16) um and the width of the equatorial
axis (E) was in the range from 6.57 (CS-14) to 11.84
(CS-10) pm. The average length of the polar axis was in
the interval 19.10 +0.21 (CS-04, CS-15) - 20.53 #0.21
(CS-14), the average width of the equatorial diameter
was in the interval 8.86 +0.05 (CS-08) - 9.85 +0.08
(CS-10).

According to the average values, the genotype CS-10,
CS-12 and CS-14 have the largest pollen grains. The
values of variation coefficient were in the range
from3.37(CS-102) to 8.93(CS-14) % for polar axes and
from 5.13 (CS-08) to 7.90 (CS-11) % for equatorial
axes. Shape index (SI) of pollen grain depends on

parameters of polar (P) and equatorial (E) axis.
Shape index (the P/E ratio) of tested species varied
from 2.05 (CS-10) to 2.22 (CS-03, CS-08, CS-13).
The sizes of pollen Castanea sativa are similar with
results of Grygorieva et al. (2015, 2016) and Mert
et al. (2007), whereas in comparison sizes of pollen
grains and P/E ratio (2.05-2.22) with authors Celemli
etal. (2016) (1.37) or Bergaminy (1975) (1.2-1.6) our
studied genotypes Castanea sativa are being greater
(Table 2).

The obtained results are confirmed by the data of
Haragsim (2004), who states that the chestnut belongs
to the species with the smallest pollen grains. Solignat
and Chapa (1975) determined the pollen length in the
interval from 14 to 18 um and a pollen width in the
range from 10 to 14 pum. Modification of length may
not be positively correlated with the modification of
pollen width. Grygorieva et al. (2015) in their study
of evaluation of Ukrainian edible chestnuts reported
a pollen length from 12.58 to 24.39 pm and width from
7.10 to 13.92 pm. Thus, the length to width ratio (shape
index) can vary from 1.4 to 2.0, and pollen grains can
have a short-elliptical to elongated-elliptical shape.

In the years 2013/2015 Grygorieva et al. (2016)
determined and observed the length of pollen grains in
the range 17.04-22.65 pm/16.78-22.08 um and width

Table 1 The measured pollen morphological traits of selected genotypes of Castanea sativa Mill.
Genotypes min | max | X | V% min | max | X | V% min | max | X | V%
P - polar axis (um) E - equatorial axis (um) SI - shape index (P/E)
CS-01 17.20 20.73 19.14 4.04 8.09 10.05 9.05 5.26 1.82 2.40 2.12 6.30
CS-02 17.36 21.73 19.48 5.67 7.75 10.68 8.95 7.41 1.89 2.55 2.18 6.14
CS-03 17.13 21.53 19.78 4.60 7.20 10.65 8.94 7.12 191 2.56 2.22 6.47
CS-04 16.01 21.13 19.10 7.35 7.69 10.28 9.15 5.86 1.67 241 2.09 8.15
CS-05 14.17 | 2192 | 19.29 6.46 7.69 10.59 9.21 5.94 1.57 2.44 2.10 7.13
CS-06 14.44 | 21.65 | 19.51 6.07 7.04 10.28 9.03 6.12 1.83 2.59 2.16 6.81
CS-07 17.42 | 20.76 | 19.36 421 8.06 10.43 9.19 6.09 1.89 241 211 5.84
CS-08 17.50 21.29 19.68 3.66 7.97 9.98 8.86 5.13 1.94 2.61 2.22 4.68
CS-09 14.38 21.74 19.70 6.09 8.50 10.99 9.46 5.77 1.62 2.43 2.09 7.86
CS-10 18.36 21.66 20.12 3.37 8.42 11.84 9.85 6.07 1.60 2.31 2.05 6.37
Cs-11 15.27 | 22.13 | 19.53 6.00 7.88 11.81 9.47 7.90 1.70 2.38 2.07 7.10
CS-12 1431 | 22.67 | 20.16 7.07 7.94 10.50 9.33 6.25 1.76 241 2.17 7.90
Cs-13 1692 | 22.58 | 19.84 5.27 7.99 10.43 8.94 5.49 1.89 2.49 2.22 5.56
Cs-14 13.13 | 2294 | 20.53 8.93 6.57 10.54 9.39 7.87 1.71 2.51 2.19 5.57
CS-15 14.07 21.12 19.10 5.82 7.40 10.28 8.98 6.43 1.84 2.41 2.13 5.90
CS-16 16.95 23.75 19.84 5.00 7.88 10.94 9.16 5.85 1.77 2.58 2.17 7.07

Note: min - minimum value; max - maximum value; x- average; V - variation coefficient (%)
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Table 2 Literature data on pollen morphological traits in the Castanea sativa Mill.
Characteristic Value Authors Country
10-15 Bergaminy, 1975 Italy
14-18 Solignat&Chapa, 1975 France
13.33-21.30 Mert et al.,, 2007 Turkey
Polar axis (ym) 14.48 Tiyli&Sorkun, 2007 Turkey
16.25 (11.3-18.3) Evrenosoglu & Misirli, 2009 Turkey
12.58-24.39 Grygorieva etal,, 2015 Ukraine
16.78-22.65 Grygorieva et al., 2016 Slovakia
12-16 Celemli etal., 2016 Turkey
8-12 Bergaminy, 1975 Italy
10-14 Solignat & Chapa, 1975 France
- Mert et al., 2007 Turkey
12.46 Tiyli&Sorkun, 2007 Turkey
Equatorial axis (ium)

8.15 (6.5-9.2) Evrenosoglu & Misirli, 2009 Turkey
7.10-13.92 Grygorieva et al., 2015 Ukraine
7.21-12.07 Grygorieva et al.,, 2016 Slovakia

10-13 Celemli etal, 2016 Turkey

1.2-1.6 Bergaminy, 1975 Italy

- Solignat & Chapa, 1975 France

- Mert et al., 2007 Turkey

I - shape index 1.16 Tiiyli & Sorkun, 2007 Turkey
2.02 (1.75-2.27) Evrenosoglu & Misirli, 2009 Turkey

1.4-2.0 Grygorieva etal,, 2015 Ukraine
- Grygorieva et al,, 2016 Slovakia

1.37 Celemli etal, 2016 Turkey

of pollen grains in the range 7.21-12.07 um/7.32-
11.22 um in the conditions of Slovakia. Bergamini
(1975) detected for various staminal types a pollen
length of 10-15 pm, pollen width of 8-12 pm and
a shape index of 1.2-1.6. It has been found that the size
of the pollen grains, expressed by the length of their
polar axis, is positively correlated with the length of
the stamens. Individuals of the brachystaminate type
have smaller pollen grains than individuals of the
mesostaminate type and those, in turn, smaller grains
than individuals of the longistaminate type. However,
variability in the size and shape of pollen grains also
occurs within an individual genotype (Bolvansky and
Salaj, 1988).

In our work, we confirmed that pollen grains have
a short-elliptical to elongated-elliptical shape, which is
documented in Figures 1.

Mert et al. (2007) described pollen grains of both
male-fertile (‘Firdola’ ’Karamehmet|, ’Sarialama’,

and 'Haciomer‘) and male-sterile ("Osmanoglu‘ and
'VakitKestanesi) chestnut (Castanea sativa Mill.)
cultivars like tricolporate, the germinal furrow
extending almost the full length of the grain axis.
Pollen grains have a slightly reticulate exine. Pollen
grain length varied from 13.33-21.30 pm and
decreased significantly in the male-sterile cultivars.
Three different pollen shapes were observed among
the cultivars: prolate, perprolate, and sub-prolate.
The ultrastructure of the pollen grains did not differ
between male-fertile and male-sterile -cultivars.
Intine, exine and total wall thickness (exine + intine)
of pollen grains were determined as 83.2-153.1 nm,
432.8-520.0 nm, and 516.0-651.6 nm, respectively;
and variations were significant (p <0.05) among
cultivars.

Based on the cluster analysis of all 16 studied pollen
characteristics, a dendrogram for the genotypes
of Castanea sativa was made (Figure 3). On the

© Slovak University of Agriculture in Nitra
www.uniag.sk

-121-

ISSN 2585-8246



Agrobiodivers Improv Nutr Health Life Qual, 5, 2021(1): 116-125

1.2 +
1 £+
0.8 +
-'E) 06 T 1
;- |
=
E 04|
7]
A |
a
0.2 T I
0 [ ]
o N | 1 >~ 4 (o 4 ®© N VW O ™M oM
| eI R P DR L A S s )
(70} v [¥5] 75 [¥s] v w 70] v 70 [¥5] 7] w (7] v w
ey 6 <6 | 8 A ) A s B R ) B e B A r A ) B ) B 7 B A )
Cluster I Cluster II Cluster III

Figure 3

dendrogram, you can see three main clusters, while
cluster I (CS-10, CS-12, CS-14) has the highest values,
cluster II (CS-01, CS-04, CS-05, CS-07 and CS-15) has
the lowest values.

More detailed relationships between genotypes were
revealed by Principal component analysis (PCA). The
PCA used in our work showed that 99.98 % of the
variability observed was explained by the first two
components (Table 3). PC1, PC2, and PC3 accounted for
55.77,44.21 and 0.02%, respectively. PC1 was positively
correlated with the polar and equatorial axis, whereas
the shape index showed a low negative correlation.
PC2 was positively correlated with the polar and

Cluster dendrogram of morphometric parameters pollen of Castanea sativa Mill. genotypes

equatorial axis and shape index. Positive values for PC1
correspond to the genotypes with a higher polar axis as
shown in Figure 4. Genotypes CS-10, CS-12 and CS-14
were included in this group.

The highest negative values for PC1 indicate the
genotypes with the smallest polar axis. This group
includes genotypes CS-Oland CS-15 (Figure 4). The
genotypes CS-03 and CS-13 have the highest PCZ due
to the highest equatorial axis. The positive PC3 value
indicates the largest shape index. These characteristics
were observed in genotypesCS-03, CS-08, CS-13.

Table 3 Eigenvalues and proportion of total variability, eigenvectors of the three principal components (PC), and
component scores for Castanea sativa Mill. pollen 16 genotypes
Selection Component scores
PC1 PC2 PC3
Eigenvalue 1.673 1.326 0.001
Variance (%) 55.77 44.20 0.024
Cumulative 55.77 99.98 100.000
Variable Component loadings
PC1,A =55.77 PC2,A =44.20 PC3,A=0.02
Polar axis (pum) 0.167 0.848 -0.503
Equatorial axis (um) 0.747 0.225 0.625
SI - shape index -0.644 0.481 0.595
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Conclusions

The studying of the Castanea sativa pollen via scanning
electron microscope allowed us to determine the most
important parameters which can be used to identify
the representatives of species. The detailed pollen
morphological and micro-sculptural characteristics
were investigated, described and analyzed by using
hierarchical cluster analysis dendrogram and BiPlot.
The main parameters such as the form (the pollen
grains elongation, the length and the width ratio)
are specific for different Castanea species. Results
from our analyses showed small differences among
Castanea sativa phenotypes from Ukraine. Some of
these pollen morphological parameters can be used
for identification and comparison with the following
analyses of Castanea species phenotypes.
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Nowadays, antibiotic resistance among pathogenic bacteria is increasingly common. The Chelidonium majus L. is one
of the most widely used genera in folk medicine, where it is popular for its antibacterial activity. The purpose of this
study was to evaluate the antimicrobial effects of five ethanolic extracts obtained from stalks and roots of C. majus
collected from the rural and urban agglomerations on the territory of the Kartuzy district in the Pomeranian province
(northern part of Poland) against Escherichia coli strains. The Escherichia coli (Migula) Castellani and Chalmers
(ATCC® 25922™) and Escherichia coli Castellani and Chalmers (ATCC® 25922™) strains were used in the current
study. It has been observed that ethanolic extracts derived from stalks and roots of C. majus collected from rural
and urban areas revealed weak antibacterial activity (7.95-8.25 mm as the diameters of inhibition zone) compared
to the control samples. Our results revealed that the extracts derived from stalks and roots of C. majus have shown
weak antibacterial activity against the tested strains. The detailed chemistry of the active compounds and possible
mechanism(s) of actions of the bio-molecules responsible for the observed activity was not addressed in the current
study. Thus, further evaluation for the nature of active compounds (bio-molecules) and detailed mechanism(s) of their
interaction with microbial strains are recommended.

Keywords: Chelidonium majus L., Escherichia coli (Migula) Castellani and Chalmers (ATCC® 25922™), Escherichia coli
(Migula) Castellani and Chalmers (ATCC® 35218™), disc diffusion techniquey

Introduction that are responsible for epidemic dysentery (e.g.
Shigella), neonatal meningitis (associated with the K1
capsular polysaccharide), hemolytic uremic syndrome
(0157:H7), as well as a variety of other diseases (Wirt
et al, 2006). The prevalence of multidrug-resistant
E. coli strains is increasing worldwide principally
due to the spread of mobile genetic elements, such as
plasmids (Allocati et al.,, 2013). The genetic structure
of commensal E. coli is shaped by multiple host and
environmental factors. The determinants involved in
the virulence of the bacteria may reflect adaptation

such as diarrhea, hemolytic uremic syndrome, and  © commensal habitats (Tenaillon et al, 2010). The

hemorrhagic colitis leading to acute renal failure and increase of multidrug-resistant strains of E. coli also
often death (Allocati et al, 2013; Jang et al, 2017).  Occurs in Europe and the spread of resistance in E. coli

E. coli also includes pathogens of global significance

Escherichia coli, a rod-shaped Gram-negative
bacteria and a member of the bacterial family of
Enterobacteriaceae, is the most prevalent commensal
inhabitant of the gastrointestinal tracts of humans
and warm-blooded animals, as well as one of the most
important pathogens (Kaper, 2005). As a commensal,
it lives in a mutually beneficial association with hosts
and rarely causes diseases. It is, however, also one
of the most common human and animal pathogens
as it is responsible for a broad spectrum of diseases
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is an increasing public health concern in European
countries (Allocati et al.,, 2013).

In the face of the rapidly increasing antibiotic resistance
of microorganisms including bacteria, we tried to
find alternative solutions to this actual problem. In
the common knowledge of an ethnomedicine, it is
known that plants contain a wide range of compounds
including polyphenols, alkaloids, carotenoids, tannins
that exhibit antibacterial properties. One of them is
arepresentative of the Papaveraceae family, the greater
celandine (Chelidonium majus L.), which we have taken
a detailed interest in.

C. majus is a perennial plant growing in regions of
moderate climate, on the continents of Europe, Asia,
North America, and a part of Northwest Africa. In
Poland, it is found across the entire country (Zielinska
et al, 2018). The greater celandine herb is rich in
medically valuable natural compounds. Their highest
amounts are contained in immature fruits (2.4 %) and
roots (4 %), while the aerial parts of the plant contain
around 0.5 % of active compounds. The plant contains,
first of all, alkaloids benzylisoquinoline compounds
(0.01-1.0 %), such as sanguinarine, chelidonine,
chelerythrine, and protoberberines, berberine,
coptisine (Taborska et al., 1995; Shafiee and Jafarabadi,
1998; Kopytkoetal.,2005; Panetal.,2017; Warowickaet
al,, 2019). Crude extracts of several alkaloids extracted
from C. majus exhibited antimicrobial, antiviral, and
antifungal properties (Nawrot et al, 2020). Other
compounds structurally unrelated to the alkaloids have
been isolated from the aerial parts: several flavonoids
and phenolic acids. C. majus extracts and their purified
compounds exhibit interesting antiviral, antitumor,

oy
Baltic Sea
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54°20'06"N 18°12"05"E

and antimicrobial properties both in vitro and in vivo
(Colombo and Bosisio, 1996).

Considering the points highlighted above and based on
previous results obtained in our laboratory, the current
study aimed to find out in vitro possible antimicrobial
activity of the ethanolic extracts derived from roots and
stalks of Chelidonium majus against two Escherichia
coli strains.

Material and methodology

Collection of plant material

Plant materials (Figure 1B) were harvested from
natural habitats on the territory of the Kartuzy district
(54°20'N 18°12'E) in the Pomeranian province
(northern part of Poland) (Figure 1A). Kartuzy is
located about 32 Kkilometers (20 miles) west of
Gdansk and 35 km (22 miles) South-East of the town
of Lebork on a plateau at an altitude of approximately
200 meters (656 feet) above sea level on average.
The plateau, which is divided by the Radaune lake,
comprises the highest parts of the Baltic Sea Plate
(http://www.kartuzy.pl/). Plants were collected from
urban (n = 5) and rural agglomerations (n = 15) on the
territory of the Kartuzy district.

Preparation of plant extracts

The collected roots and stalks were brought into the
laboratory for antimicrobial studies. Freshly washed
samples were weighed, crushed, and homogenized
in 96 % ethanol (in proportion 1 : 19, w/w) at room
temperature. The extracts were then filtered and
investigated for their antimicrobial activity.
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Figure 1 Location of Kartuzy in the map of Poland (A), where the Chelidonium majus L. (B) was collected
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The disk diffusion method for evaluation
of antibacterial activity of plant extracts

The Escherichia coli (Migula) Castellani and Chalmers
(ATCC® 25922™) and Escherichia coli (Migula)
Castellani and Chalmers (ATCC® 25922™) strains were
used in the current study. Strains tested were plated on
TSA medium (Tryptone Soy Agar) and incubated for
24 h at 37 °C. Then the suspension of microorganisms
was suspended in sterile PBS and the turbidity adjusted
equivalent to that of a 0.5 McFarland standard. The
antimicrobial susceptibility testing was done on Muller-
Hinton agar by disc diffusion method (Kirby-Bauer
disk diffusion susceptibility test protocol) (Bauer et al.,
1966). Muller-Hinton agar plates were inoculated with
200 pl of standardized inoculum (108 CFU/mL) of the
bacterium and spread with sterile swabs.

Sterile filter paper discs impregnated by extracts were
applied over each of the culture plates, 15 min after
bacteria suspension was placed. A negative control
disc impregnated by sterile 96 % ethanol was used in
each experiment. After culturing bacteria on Mueller-
Hinton agar, the disks were placed on the same plates
and incubated for 24 hr at 37 °C. The assessment of
antimicrobial activity was based on the measurement
of the diameter of the inhibition zone formed around
the disks. The diameters of the inhibition zones were
measured in millimeters and compared with those
of the control and standard susceptibility disks. The
activity was evidenced by the presence of a zone of
inhibition surrounding the well (CLSI, 2014). The
results of the disk diffusion test are “qualitative,’
in that a category of susceptibility (i.e., susceptible,

intermediate, or resistant) is derived from the test
rather than a MIC (Jorgensen and Ferraro, 2009).

Statistical analysis

Zone diameters were determined and averaged.
Statistical analysis of the data obtained was performed
by employing the mean. All variables were randomized
according to the antibacterial activity of tested
extracts. All statistical calculation was performed
on separate data from each extract. The data were
analyzed using one-way analysis of variance (ANOVA)
using Statistica software, version 8.0 (StatSoft, Poland)
(Zar, 1999). The following zone diameter criteria were
used to assign susceptibility or resistance of bacteria
to the phytochemicals tested: Susceptible (S) 215 mm,
Intermediate (I) = 10-15 mm, and Resistant (R)
<10 mm (Okoth et al., 2013).

Results and discussion

Our study aimed to examine the antibacterial
properties of C. majus roots and stalks against two
Escherichia coli strains. The extracts derived from
stalks and roots of C. majus collected from the rural and
urban agglomerations have shown weak antibacterial
activity against the tested strains. The results of
antibacterial activity screening are given in Figure
2-5, which indicate that the extracts have shown weak
antibacterial activity against the two E. coli strains.
The data on diameters of zone inhibition of bacterial
growth of plant extracts against the Escherichia coli
(Migula) Castellani and Chalmers (ATCC® 25922™)
strain is demonstrated in Figure 2 and 3.

12 Escherichia coli (Migula) Castellani and Chalmers (ATCC® 25922™)
s 10
: I
7]
g e | ! I
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i untreated controls Mrootextracts stalk extracts
Figure 2 Zones of growth inhibitions of Escherichia coli (Migula) Castellani and Chalmers (ATCC® 25922™) strain induced

by the extracts obtained from stalks and roots of Chelidonium majus L. collected from the rural and urban

agglomerations in millimeter (M +m, n = 8)
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Figure 3

Example of plates in a disc diffusion assay showing the halos in the bacterial growth resulting from the

antibacterial activity of extracts derived from roots (A) and stalks of Chelidonium majus L. (B) collected from
the rural and urban agglomerations against Escherichia coli (Migula) Castellani and Chalmers (ATCC® 25922™)

strain

The extracts derived from roots collected in urban
agglomeration have shown more considerable activity
against the Escherichia coli (Migula) Castellani and
Chalmers (ATCC® 25922™) strain. The mean diameters
of inhibition zones were (8.5 +0.65) mm compared to
the control sample (8.1 +0.75) mm. Similar results
were obtained from the extracts derived from stalks
of C. majus collected in rural agglomerations, i.e.
(8.27 +£0.19) mm compared to the control samples
(7.92 £0.84). The stalk extracts have exhibited fewer
antimicrobial activities against E. coli. The mean of the
inhibition zone diameters was (8.0 £0.16) mm. Finally,

I

7.4

the ethanolic extracts derived from roots of C. majus
collected from rural agglomerations exhibited weak
antibacterial activity against E. coli (mean of inhibition
zone ranged 7.93 +0.23 mm).

The present study has shown that ethanolic extracts
derived from the roots of C. majus from urban
agglomerations also exhibited weak antibacterial
activity against Escherichia coli (inhibition zone
diameter was ranged from 7.95 to 8.5 mm) (Figure
4). Moreover, it has been observed that ethanolic
extracts derived from stalks of C. majus collected from
rural areas also revealed similar antibacterial activity

Escherichia coli (Migula) Castellani and Chalmers (ATCC® 35218™)

T

7.37

S =R N W & U1 & 9 0 ©

Urban areas

Inhibition zone diameters (mm)

i untreated controls

Hroot extracts

Rural areas

4 stalk extracts

Figure 4

Zones of growth inhibitions of Escherichia coli (Migula) Castellani and Chalmers (ATCC® 35218™) strain induced

by the extracts obtained from stalks and roots of Chelidonium majus L. collected from the rural and urban

agglomerations in millimeter (M +m, n = 8)
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Figure 5

(7.95-8.25 mm as the diameters of inhibition zone)
compared to the control samples (Figures 4 and 5).

The extracts derived from roots collected in rural
agglomeration have shown weak activity against
the E. coli strain (Figure 5). The mean diameters of
inhibition zones were 7.7 +0.65 mm compared to the
control sample 7.51 #0.75 mm. The extracts taken
from the urban agglomeration showed no significant
changes compared to the control sample. The above
results show that only root extracts collected from
rural areas can have weak antibacterial properties
against this strain (Figure 5).

In this study, we investigated the antimicrobial activity of
plant extracts by agar disc diffusion assay. In the current
study, extracts derived from roots and stalks of C. majus
collected from the rural and urban agglomerations
were less potent against the test bacterium due to the
observed zone of growth inhibitions.

Our results are not similar in comparison to another.
C. majus is listed among one of the most active
antimicrobial plants in a screening study by Kokoska et
al. (2002). Crude extracts and several alkaloids isolated
from C. majus exhibited antibacterial, antiviral, and
antifungal properties. In experiments with multidrug-
resistant bacteria existing in surgical wounds and
infections of critically ill patients, C. majus ethanol
extract affected Gram-positive bacteria. Ethanolic
extracts of C. majus also showed antimicrobial activity
against Bacillus cereus, E. coli, Pseudomonas aeruginosa,

Example of plates in a disc diffusion assay showing the halos in the bacterial growth resulting from the
antibacterial activity of extracts derived from roots (A) and stalks of Chelidonium majus L. (B) collected from
the rural and urban agglomerations against Escherichia coli (Migula) Castellani and Chalmers (ATCC® 35218™)
strain

S. aureus (Kokoska et al., 2002). Zieliniska et al. (2019)
have evaluated the antimicrobial activity of seven
alkaloids and C. majus extracts from plants derived from
natural habitats and in vitro cultures. A comparison of
the alkaloid profile of extracts obtained from aerial
parts and roots of plants collected from different
habitats was also performed using chromatographic
techniques. Moreover, the antimicrobial activity of
seven major alkaloids was tested and the results
were correlated with alkaloid content. All tested plant
extracts manifested antimicrobial activity, related to
different chemical structures of the alkaloids. Root
extract used at 31.25-62.5 mg/L strongly reduced
bacterial biomass. From the seven individually tested
alkaloids, chelerythrine was the most effective against
Pseudomonas aeruginosa (MIC at 1.9 mg/L), while
sanguinarine against S. aureus (MIC at 1.9 mg/L).
Strong antifungal activity was observed against
C. albicans when chelerythrine, chelidonine, and aerial
parts extract were used (Zielinska et al., 2019). The
antibacterial effect of extracts and compounds isolated
from the aerial part of C. majus acting against clinical
strains of methicillin-resistant Staphylococcus aureus
(MRSA) was evaluated in the study of Zuo et al. (2008).
The selective antibacterial activity against MRSA for
8-hydroxylated benzo[c]phenanthridine-type alkaloids
isolated from C. majus was revealed.

The complex composition of alkaloids can manifest
a wide spectrum of antimicrobial activity, arising
from different chemical structures of the compounds.
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Hence, the antimicrobial activity of C. majus was also
tested with use of various solvent extraction by Ciri¢
et al. (2008). Antibacterial and antifungal tests were
performed using 96 % methanol extracts from leaves
and petioles of plants grown in nature as well as in
vitro shoots and embryos (Ciri¢ et al, 2008). The
following Gram-positive bacteria were used: Bacillus
subtilis ATCC 10707, Micrococcus luteus ATCC 9341,
Sarcinia lutea ATCC 9391, and Staphylococcus aureus
ATCC 6538, in addition to the Gram-negative bacteria
Agrobacterium rhizogenes A4M70GUS, A. tumefacians
A281, Escherichia coli ATCC 35218, Proteus mirabilis
(clinical isolates), and Salmonella enteritidis ATCC
13076; and the yeast Candida albicans (clinical
isolates). Methanol extracts of all samples showed
significant activity against Gram-positive and Gram-
negative bacteria and C. albicans. The extracts were
not effective only against P mirabilis. Extracts from
various explants had higher antimicrobial activity
against the tested microorganisms than that recorded
for extracts from leaves and petioles of plants
growing outdoors. When the results were compared
with the antimicrobial activities of positive controls
(streptomycin or bifonazole), some extracts showed
equal antimicrobial activity against E. coli, S. enteritidis,
and C. albicans (Ciri¢ et al., 2008).

Singly from plant extracts, as it was previously
summarized by Kedzia et al. (2013), Kedzia and
Hotderna-Kedzia  (2013), individually  tested
compounds showed different antimicrobial activity.
Chelerythrine and sanguinarine were significantly
more potent than chelidonine against Gram-positive
(Staphylococcus aureus, S. epidermidis, B. subtilis,
B. anthracis), Gram-negative (Pseudomonas aeruginosa,
E. coli, Klebsiella pneumoniae, Salmonella gallinarum,
S. typhi, S. paratyphi, Proteus vulgaris, Shigella
flexneri) and acid-fast mycobacteria (Mycobacterium
tuberculosis, M. smegmatis). Pan et al. (2017) have
investigated an efficient method to purify chelidonine
from the extract of C. majus using macroporous
adsorption resins and evaluated the antifungal activity
of chelidonine against Botryosphaeria dothidea as
a model strain. The antifungal activity of enriched
chelidonine products was studied with B. dothidea. The
results showed that the EC,  of crude extracts, enriched
chelidonine products, and the chelidonine standard
against B. dothidea was 3.24 mg/mL, 0.43 mg/mL, and
0.7 mg/mL, respectively. The result of the antifungal
activity test showed that chelidonine had the potential
to be a useful antifungal agent (Pan et al., 2017).

According to Migas and Heyka (2011), an effective and
safe to use antimicrobial compound is berberine. This

is supported by studies on adult patients with acute
diarrhea caused by enterotoxin Escherichia coli and
Vibrio cholerae. Berberine reduces the hypersecretion
of water and electrolytes induced by cholera toxin, as
well as shortens the passage time of gastrointestinal
contents through the small intestine. The in vitro studies
of Migas and Heyka (2011) have shown that berberine
sulfate inhibits E. coli cell adhesion to the mucosal
epithelium, which may be related to blocking and
preventing the formation of fimbriae on the bacterial
cell surface. Enzymes synthesized by buttercup also
exhibit antimicrobial activity. The plant synthesizes
biologically active proteins: glycoproteins with lectin
and DNA-ase activity, as well as two extracellular
peroxidases (isolated from milk sap latex), which
participate in the formation of hydrogen peroxide and
other reactive oxygen species, protecting the plant
from pathogenic microorganisms.

Conclusions

The ethanolic extracts of Chelidonium majus revealed
weak antibacterial activity against both Escherichia coli
(Migula) Castellani and Chalmers (ATCC® 25922™)
and E. coli (Migula) Castellani and Chalmers (ATCC®
35218™) strains. The findings reported herein suggest
that extracts derived from the different parts of C. majus
merit further microbiological and chemical study as
natural antibiotics to the assessment of antibacterial
activity and identify secondary metabolites. The
present study lays the basis for future research, to
validate the possible use of C. majus as a candidate in
the treatment of bacterial infections. The knowledge
about the chemical profile of the extract will help
in explaining the observed activity and designing
experiments for activity fractionation for isolation
of the active principle. The identification of precise
molecular mechanisms addressing how these extracts
inhibit bacterial growth needs to be explored.
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Species of the Brassicaceae family (crucifers), which are of great scientific and practical importance, are inherent by
a wide variety of trichome structures. Trichomes - specialized cells of the epidermis, modulate the response of plants
to biotic and abiotic stresses. We investigated the structural diversity of trichomes and the features of pubescence
of all (252 species, 73 genera) Brassicaceae species of the flora of Ukraine. Trichomes were studied on living plants
and based on materials from seven herbaria, as well as on the basis of analysis of literature data. Stereoscopic and
electronic scanning (JSM-6060 LA) microscopes were used in this investigation. To describe the structural diversity of
trichomes, an original four-level hierarchical classification was developed, taking into account a complex of features,
including functional specificity (covering or glandular), the nature and degree of hair branching, as well as the
features of the orientation of their rays. The pubescence of plants was divided into isomorphic (consists of one type
of trichomes) and heteromorphic (formed by two or more types of hairs with or without glandular structures). Hairs
are completely absent in 23 species of 15 genera of the flora of Ukraine. Isomorphic pubescence is characteristic of
the most (170 species) cruciferous plants and is represented by simple (120 species), Malpighian (23 species), stellate
(23 species), dendroid (3) and fork-shaped (1 species) trichomes. The composition of heteromorphic pubescence
is dominated by a combination of simple and fork-shaped hairs: it is observed in 44 species. There are glandular
structures in the pubescence of 14 species. The structural diversity of Brassicaceae trichomes correlates, in general,
with the temperate continental climate of Ukraine. Species without hairs or pubescent with simple trichomes,
including those in combination with fork-shaped hairs, are observed in biotopes with sufficient moisture, optimal
insolation, and satisfactory soil quality. Species with dense branched trichomes inhabit arid biotopes with intense
insolation, insufficient moisture, and poor substrate. In the flora of Ukraine, the evolutionary-phylogenetic line
LIl included non-pubescent species or those with simple hairs. The cruciferous line LI is characterized by isomorphic
and heteromorphic pubescence. In species LIV, heteromorphic pubescence predominates. Glandular structures are
observed in the heteromorphic pubescence of taxa of line LIII.

Keywords: Brassicaceae, trichomes structure, ecology of species, flora of Ukraine

Bcryn ¢inorenernynux kiaaj (Huang et al, 2015; Nikolov
et al, 2019). XpecrouBiTi momupeHi Ha Bcix

PopguHa Brassicaceae Burnett Bkiroyae 6113bK0 4000
KOHTUHEHTAaX, 32 BUHATKOM AHTapKTHKH.

BU/IIiB, fKi BXOJATb [0 CKJaLy 52 MOHOQIIETUYHUX
Tpu6 (Al-Shehbaz, 2012) abo mwecTu MoJEKY/IsPHO-

*Corresponding Author: Antonina Ilyinska, M.M. Gryshko National Botanical Garden of the National Academy of Sciences
of Ukraine Timiryazevskaya str., 1, Kyiv 01014, Ukraine

>4l jlynska@ukr.net

© Slovak University of Agriculture in Nitra -133- ISSN 2585-8246
www.uniag.sk



Agrobiodivers Improv Nutr Health Life Qual, 5, 2021(1): 133-159

Y cBiTOBiIM eKOHOMIli XpecTouBiTi 3aliMalOTh TpeTE
Micue micasg 3/aKkoBUX Ta 6060Bux. Cepes HUX
f6araTo BaKJIMBHUX Xap4yOBUX, KOPMOBHX, OJIIHHUX,
MEeJOHOCHUX, BITaMiHHUX, JIIKAPCbKUX, a TaKOX
JlekopaTUBHUX pociauH (Sokolov, 1985; Ilyinska et al.,
2007; Warwick, 2011; Anjum et al.,, 2018; Rakhmetov et
al,, 2018; Vergun etal., 2019, 2020,2021; Jabeen, 2020).
B arponpoMuc/ioBOMy KOMILJIEKCI Ta NPHUBAaTHOMY
CeKTOpi YKpaiHM HalyacTille BHUKOPHUCTOBYIOTb
Buau Maixke 20 poais, 3okpema Armoracia G.Gaertn.,
B.Mey. & Scherb., Brassica L., Camelina Crantz, Eruca
Mill.,, Hesperis L., Lepidium L., Matthiola L., Raphanus L.
Ta iH.

Jlo Brassicaceae HajeXaTb [eKiJibKa MO/ieJIbHUX
06’ekTiB cydacHoi 6iosiorii, 30kpeMma: Arabidopsis
thaliana (L.) Heynh. - Bigomuii 6iosioram ycboro
cBiTy (Mitchell-Olds, 2001; Van Norman and Benfey,
2009; Sivasubramanian et al, 2015); koMmiekc
Brassica oleracea L. - pmocai»keHHS TepCIEeKTHUB
BUKOPUCTAHHS BU/JIB JJisd iHHOBaLill arpocucreMm
i BUpoO6HUILITBA NPOAYKTIB XxapuyyBaHHs (Branca and
Maggioni, 2020; Zyta et al, 2021); Bugu Capsella
Medik. - craHgapT AJd [A0OCHIPKeHHS Crnoco6iB
3anuieHHs pocadH (Hurka et al, 2012); Buawm
Aethionema W.T.Aiton Ta Lepidium - eTanoHu njs
BUBYEHHSI CTPYKTYPHUX i GYHKIIOHAJbHUX ACIEKTiB
aumMopdisMy 1mJ0AIB Ta 0COOGJMBOCTEH iXHBOrO
eBoJioLiiHOro0 po3BUTKY (Mummenhoff et al, 2009;
Arshad et al, 2020; Walden et al., 2020b). Binbue
100 BupaiB i3 11 popaiB Brassicaceae ToJsiepaHTHI 70
Ba)KKUX MeTaJliB i 31aTHi rinepakymystoBaTtu Cd, Ni,
Pb, Se, Sr, Zn (Warwick, 2011; Godé et al., 2012; Dar
et al, 2018; Agnihotri and Seth, 2019; Nikoli¢ and
Tomasevi¢, 2020). Arabidopsis halleri (L.) O‘Kane et
Al-Shehbaz ta Noccaea caerulescens (].Presl et C.Presl)
FK.Mey. - 3pa3ku A/ BUBYEHHS afanTaljii poCcJuH [0
I'PYHTIB, 3a6pyJJHEHUX BOKKUMU MeTaJlaMH, 30KpeMa
LIMHKOM, KaJMIEM Ta CBUHLEM, i AJd J0CaiJIKeHb
TOJIEPAHTHOCTI POCJIMH [0 BAXKKUX MeTasliB (Assuncdo
et al, 2003; Bothe and Stomka, 2017). Lli Buau
MPOIMOHYIOTh BUKOPUCTOBYBATH [ dpiTopemeniariii
JNJITHOK,  3a0pyAHEHHUX  BAOXKUMH  MeTaslaMH.
Brassicaceae cay»aTh TaK0X MOJIeJIJIIO /1J1s1 BUBYEHHS
0COGJIMBOCTEH  iCTOPUYHOI'O  PO3BUTKY POCJIHH,
3aB/IsIKU OioJsioriuHil, MopdoJtoriuHild, ¢iziosoriynii,
reHeTHUYHIN Ta reHOMHIN Pi3HOMaHITHOCTI
B MO€EAHAHHI 3 IIMPOKOI €KOJIOTIYHO MJIACTUYHICTIO
(Bomblies and Weigel, 2007; Koenig and Weigel, 2015;
Nikolov and Tsiantis, 2017; Nikolov et al., 2019; Mattila
etal, 2020; Walden et al., 2020b).

Y cknapipoguHu epifiKicHi TaeHieMiuHi BUY, 3aHeCeHI
[0 YepBOHUX KHHUTI PIi3HUX KpalH Ta KOHTHUHEHTIB.

Y dnopiYrpainu, Hanpukiaaf, € 30 Takux BuAiB (Didukh,
2009). BesnukMM 4YMCIOM HpejcTaBJieHi Oyp’siHOBI
POCJIMHHY, 3aTHI PO3NOBCIOKYBATUCA JaeKO 3a MeXi
CBOTO MpHUpoOAHOro apeany. Ha Teputopii Ykpainu
YYXKOpiJIHi BUAM BXOJATH J0 CKJaay poaiB Capsella,
Chorispora R.Br. ex DC., Descurainia Webb et Berthel,,
Diplotaxis DC., Draba L., Lepidium, Sisymbrium L. To1o
(Protopopova, 1991; llyinska et al., 2007; Dorofeev,
2012).

Brassicaceae BslacTUBa BesqiMKa  Mop¢oJOTivyHa
OJlHOMaHITHicTb 6yf0BU KBiTOK (AuB. Nikolov, 2019)
i, HaBIIaK{, 3HAYHa CTPYKTYpHaA pi3HOMAaHITHICTb
JIMCTKIB, TJIOZAIB Ta TPHUXOM, L0 6yJ0 Bimomo 1e
3 d4aciB JliHHes i Bijo6pakeHO y QJIOPUCTUYHUX
nyoJiKalisx, y TOMy 4UCJIi Cy9aCHUX, 1[0 OXOIJIIOKTh
pisHi 3a muower TepuTopii, Hanpuknaayg «Flora
Europaea» (Ball et al, 1993), «KoHucnekT ¢Jopsl
BoctouHo#t EBponbi» (Dorofeev, 2012), «Flora of Pan-
Himalaya»(Al-Shehbaz, 2015) Toro.

TpuxoMu - croeniani3oBaHi KJITHUHUA eNiflepMH,
BiZjirpatoTh BaXK/JIMBY POJib B €BOJIKOLII pocauH. Bonu
CIOPUAIOTb IXHbOMY HOPMa/IbHOMY pPO3BUTKY 3a
Ha/I3BUYalHO BHUCOKHUX ab0 HHU3bKHUX TeMIIepaTyp,
NOCyXd YW  yJAbTPadiosIeTOBOTO  ONPOMiHEHHS,
CIYyryloTh IM 3aXWCHUM 6ap’epoM Bify 6Gi0OTHYHHX
i abioTMYHHX CTpeciB, pery/jwlTb Tra3o000MiH,
eHepreTHUYHUU Ta BoAHUH GasaHc (Xiao et al, 2017;
Karabourniotis et al., 2020).

[pocrTi (mokpuBHi) TPUXOMHU Brassicaceae
OJHOKJIITUHHI, a 3aJIoO3UCTIi -  OJHOKJITHUHHI
abo  GaraTokJiTHHHI. IX 37aBHa  omucyBasiu

I BUKOPHUCTOBYBaJIM B CUCTeMaTHUL|i PpPOAUHU SK
Ba’KJIMBi 03HAKK TAaKCOHIB BU/IOBOT0, iHppapoasoBOro
abo pogoBoro pasriB (Linné, 1753; Candolle de,
1821, 1824; Hayek, 1911; Bush, 1939; Janchen,
1942; Kotov, 1953, 1979, 1987; Dvorak, 1965, 1971,
1973; Ball et al, 1993; Polatschek, 2010, 2011).
[lepma crnpo6a kJsacudikalii TpUXoM XpecTOIBITHX
HanexuTb Dennert (1885). ABTop, 3a/eXHO Bif
HasgBHOCTI abo BiAcyTHocTi Ta ¢opMH BOJIOCKIB,
po3ainuB 96 BUAIB HA TpPU Cpynu: 3 BiJCyTHIMHU
TPUXOMaMH; ONyLIeHi NPOCTUMHU HepO3Taly>KeHUMH
I posrasmyKeHMMU BOJIOCKAMH; OIyLIeHI TiJIbKU
3ipyactumMu TpuxoMamu. Prantl (1891) 6yB ¥ moci
3Q/IMIIAETHCA €AUHUM CUCTEMATUKOM XPeCTOLBITHX,
XTO PpO3MIAJAaB CTPYKTYpHI O0COGJIMBOCTI TpHUXOM
BA)KJIUBUMH [JiarHOCTUYHUMU Ta PisloreHeTUYHUMU
O03HAaKaMHU TAKCOHIB BHUIIMUX PAHTIiB — TPUO i miaATpuUO.
ABTOp BHUJUIMB M'ATh THIIB NPOCTUX BOJIOCKIB
(Hepo3srajyxeHi, 6e3saZiHO po3raJy:xeHi,
3ipuacTi, ABOpo3iibHI i JiyckomoAi6Hi) i ABAa THUNH
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3aJIO3UCTUX CTPYKTYp (6araTokJ/ITHUHHI 3 [OBro0
HIKKOIO | OJHOKJITUHHOIO 3aJI0O3UCTOH TOJIIBKOIO
Ta 6araTOKJITUHHI cuja4i) i BUKOpUCTaB ix JJis
pPO3pO6KHU BJIACHOI CUCTEMH DPOJUHU. Y TMOAANbIIAX
npausx AJs poAUHU BKasyBasld BiJ 4YOTUPBOX [0
16 TuniB BosiockiB (Theobald et al., 1979; Abdel, 2005;
Beilstein et al., 2006, 2008).

YnockoHasieHHs METO/IiB CKaHyYBaJIbHOI
€JIEKTPOHHOI MIKpOCKOMil Ta IHTEHCHBHHUU
PO3BUTOK MOJIEKYJISIPHO-6i0JIOTIYHUX  JIOCi/PKEHD
CTa/d NOTY>KHHM CTHUMYJIOM [JJ1 KOHKpeTHu3awil
OyZOBU TPHUXOM i PO3IIMUPEHHS TaKCOHOMi4yHOI
0co6JIMBOCTEN. fIK pe3ysbTaT — OMMCaHi HOBI THIH
BOJIOCKIB, JleTaJjli30oBaHa CTPYKTypa TPUXOM O6araTbox
BU/IiB, pOAiB Ta TpUO B MOBHOMY 00CS3i UM B Mexax
okpemMux perioHiB (Ilyinska, 2003; Ilyinska and
Shevera, 2003a, b; Abdel, 2005; Anc¢ev and Goranova,
2006; Beilstein et al., 2006, 2008; Spaniel et al., 2012;
Fuentes-Soriano and Al-Shehbaz, 2013; Magauer et
al.,, 2014; Mousavi and Sharifi-Rad, 2014; Mirzadeh
et al, 2015). Tenep BesMKy yBary HnpUIIIAIOTH
JOCJIIPKEHHIO PO3BUTKY TpuUXOoM Brassicaceae Ha
MOJIEKYJIIPHOMY Ta reHeTU4YHOMY piBHsAX (Pattanaik
et al,, 2014; Mazie and Baum, 2016; Doroshkov et al.,
2019; Chopra et al,, 2019; Hiilskamp, 2019; Walden et
al,,2020a).BcTaHoBJIEHO, 1110 TPOLEC PO3BUTKY TPUXOM
KOHTPOJIOETbCA 6araTbMa reHaMu (Schellmann and
Hulskamp, 2005). lllupoko aHa/Mi3yI0Th TAaKOX BIJIUB
0iOTUYHMX Ta abiOTHYHMX YUHHHUKIB JOBKIJIJIS Ha
dbopMyBaHHS, CTPYKTYPY Ta QYHKLiIOHYBaHHS TPUXOM
(Broadhurst et al., 2004; Mershon et al., 2015; Prats-
Mateu et al., 2016; Liu et al,, 2017; Weigend et al,,
2018; Fukuda et al,, 2020; Karabourniotis et al., 2020).
AKTyaZbHUMM 3a/IMIIAETbCA BUBYEHHA BHUJ0BOIO
po3MaiTTA  BOJIOCKIB. XapaKTepUCTUKYy TpPHUXOM
BiiHOCATL A0 4YHcIa O06GOB'A3KOBUX J€CKPUIITOPIB
Mop@doJIoriYyHOTO ONMHMCy HOBHX TakcoHiB (Brock et
al,, 2019; Koch and Lemmel, 2019; Al-Shehbaz, 2020;
Salariato et al., 2020). Bce >k B noBHOMY 06c3i 6y/10Ba
Ta QyHK1il TpuxoM Brassicaceae 1ie He BUBYEHI i JloCi.

AnaNTUBHY BaXKJIUBICTb TPUXOM y INPUCTOCYBaHHI
BUJIB A0 YMHHMKIB [JOBKUIJIS, OCOOGJHUBO [0
NOCYIIJIMBUX YMOB iCHYBaHHS, BCTAHOBUJIU 111e B 20-My
crouiTTi (Schimper 1903; Palladin, 1912; Vasilevskaya,
1954; Johnson, 1975). Bcebiuni pgocaimkeHHs
OCTaHHIX JAeCATUJITh NOKa3aJ/y, 10 POJib ONyIIeHHS
y B3a€EMOJAIl POCAMH 1 JOBKIJJIA HeJOOLIHIOBAJIU
(Steets et al., 2010; Bickford, 2016; Xiao et al., 2017;
Karabourniotis et al, 2020). TpuxoMu MOAYIIOIOTH
eHepreTHUYHUN, BOAHUK Ta BYyIVIELleBUHA OaJslaHC
pociaun (Bickford, 2016). IcHye B3aeMO3B'I30K MiX

LIJIBHICTIO TPUXOM I 3aXHMCHOIO 3JaTHICTIO OIyIIEHHA.
CnekTpasbHi BJIACTUBOCTI JIMCTKIB i3 HE3HAaYHUM
OIyLIeHHAM NPAaKTU4YHO He BiIPi3HAKTHCA BiJj TAKUX
HeomnyuleHux JUCTKIB (Mershon et al,, 2015). Jledinut
I'PYHTOBOI BOJH, BHCOKA TeMIlepaTypa MOBITpA Ta
HEJIOCTATHICTb THUCKY BOJSHOTO Mapy 36iJbLIYIOTH
minbHicTh TpuxoM (Bickford, 2016). I'ycTe onymeHHs
3axMILAE POCJAMHM Bif iHTeHcuBHOI iHcossanii (Yang
et al, 2008), a Y®-BunpoMmiHIOBaHHSI CTUMYJIIOE
PO3BUTOK TpUXOM y MyTalii Arabidopsis thaliana (Yan
et al,, 2012). CyTTeBUI 3aXUCT BiJi CBITJIOBOTO CTpecy
3a6e3Meyyl0Th TAKOXK KYTHKy/Ja Ta KyTUKYJSPHUU
Bick (Koch et al, 2008; Koch and Barthlott, 2009).
3HaYHO MeHllIe JOCJHipKeHb CTOCYBasIOCs 3aXHUCHOI
poJii TUX YU IHIIKUX CTPYKTYPHUX THIIB TPUXOM.
Posib MopdoJsioriyHoi KOHCTPYKIii TPHUXOM JIHMCTKA
B MOAYJIALiI ONTUYHUX BJIACTUBOCTEN POCJIUH POLUHU
Brassicaceae B asbnilcbKuxX 6ioTomax AociimpKeHa
Ha TpUKJIAJI OJM3bKOCIOPiAHEHUX BHJIIB poay
Pachycladon Hook.f. (Mershon et al, 2015). ABTopu
MoKasasiy, 110 caMe CTPYKTYPHUH THII BOJIOCKIB, a He
IXHA LIJIBHICTb, € OCHOBHUM €JIEMEHTOM JIMCTKOBOI
MOBEPXHi, 10 peryjarwe BiAGMBHY 1 MOrJIMHAKOUYYy
3JlaTHOCTI JIuCTKA. HallHWKYKH KoedillieHT BigOUTTS
6yB y He omnyieHoro P. fastigiatum (Hook.f.) Heenan
et A.D. Mitch., femo Bumui - y P. enysii (Cheeseman
ex Kirk) Heenan et A.D. Mitch, Ha JaucTkKax
SKOro nepeBaxkaiud (ypKaTHI W NpPOCTi BOJIOCKH,
i HaviBuu# - y P stellatum (Allan) Heenan et A.D.
Mitch., mo MaB ayxke po3ranyxkeHi (JeHJpoigHI — 3a
BU3HAYEHHSM aBTOPiB) TPUXOMH.

MeTta Hamoi po60TH - 3’CyBaTH CTPYKTYypHY
pPi3HOMAHITHICTL TPHUXOM Ta clelUdiKy OomnyLIeHHs
BUZiB Brassicaceae ¢uopu YkpaiHu 3 oco6guBUM
HaroJIOCOM Ha IXHIO eKOJIOTIIO.

Marepiasu Ta MeTogH

MeToa0/10Tis1 AOC/TiKEeHHSs

BI/IKopI/ICTaHO KOHueHui}O MOHOTHIIHOTO CTaHAApPTY
BHAY.

06‘eKkTH Ta MaTepiaJi JOCTiJKeHHA

Jocaimxkeno 252 Buau 73 pojiB poauHu Brassicaceae
dsopu  Ykpainu. Mopdosoriuny 6yf0By TpPHUXOM
BUBYAJM Ha TrepbapHUX 3pa3KaX, /JelOHOBaHUX
B rep6apisx YALT, KW, LWKS, LWS, KWHA, LE, MW;
akpoHimMu rep6apiiB HaBezeHi 3rigHo Thiers (2020).
Takoxx GyJio B3STO [0 yBaru JiiTepaTypHi fgani. s
JesKUX BHUJAIB BOJIOCKM [JOCHIKYBaJId Ha >KUBHUX
pOCJIUHAX.
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MeToau a0cC/TiJ;KEHHS

OnyieHHs BCi€l pOC/IMHY aHali3yBaJy 3a J0TIOMOT00
CTepPeoCKOIIYHOr 0 MIKpoOCKoIa. CTpyKTypy
TPUXOM JIUCTKA | KBITKOHDKKH JOC/IKYBaJM Ha
CKaHyBaJIbHOMY €eJIEKTPOHHOMY Mikpockoni JSM-
6060 LA, g 4yoro HeBesiMKi IXHI ¢parmMeHTH GyaH
NPUKJIEEH] [0 MeTa/eBOro CTOJIMKA 1 HalWJeHi
30JI0TOM, BiANOBiHO [0  3arajJbHONPUNHATOI
METOAUKHU. /I ONUCY CTPYKTYPHOI Pi3HOMAHITHOCTI
TPUXOM MU PO3POOU/IN OpUTiHAJIBHY YOTUPHUPIBHEBY
iepapxiyHy K/1acudikallilo TPUXOM, Ha OCHOBI aHai3y
ixHpoi  ¢yHKuioHasbHOI cneuudiku  (MOKPHUBHI
Ta 3a/03UCTi), XapakTepy i CTyHeHs TraJy>KeHHs,
0Cco6JIMBOCTEH OpieHTallii IXHiIX MpPOMeHiB, a TaKOX
YycJa KJITHUH B 3aJIO3UCTOMY BOJIOCKY (PucyHok
1). Knacudikauis BkJOYa€ M'ATh OCHOBHUX THIIB
NOKPUBHUX BOJIOCKIB Ta JiBa TUINH 3aJ03UCTHUX

CTPYKTYP.

[IpocTi (HeposranyeHi) BOJIOCKM B XPeCTOLBITHX
dsiopu YkpaiHu [ayxe pisHOMaHiTHI 3a po3Mipowm,
TOBLIUHOK KJIITUHHOI CTIHKU I OpieHTani€o, M0

3/laBHAa BUKOPUCTOBYBAJIM B CUCTEMATHL POAVUHH JJIF
JIarHOCTUKU TaKCOHIB pi3HUX paHTiB.

MasbnirieBi a6o ¢ikcoBani mocepeguni (medifixed)
TPUXOMU He MalTb HDKKM ¥  CKJaAAlThCS
3 [JIBOX NEPBUHHMUX MpPOMeHIB (po3rajayeHb), fKi
UIiJIbHO NPUTUCHYTI W mNapaJjiesbHi [0 TNOBEPXHI
enizepmu. IlepBuHHI npomeHi (oguH a6o o6uzABa)
MOXYTb JUXOTOMIYHO Ta/Jiy3UTHCSA. 3aJieXKHO Bif
0COBJIMBOCTEN ra/ly?>KeHH$, CIICTePIratoThCs ABO-, TPU-
(oAuH 3 JBOX NMPOMEHIB AUXOTOMIUHO rajsy3uTbCs),
4YOTUPHU- (06UJBa MEPBUHHI MPOMEHi JAUXOTOMIYHO
raayssitbcsl) W N'ATH-ceMUNIpOMeHeBi (oAWH ab6o
00uJIBa MpoOMeHi JBi4i JAUXOTOMIYHO TaNy3aThCs)
MaJjibnirieBi  BoJsiocku.  [IpudHATHN ~ po3nofina
MaJIbIIriEBUX TPUXOM BiAmoBigae kJacudikarii
Polatschek (2010-2012,2013a,b.) i BkJitoUa€ BOJIOCKH,
onuvcaHi pisHUMHU aBTOpaMHu fK: «T-shaped» (Metcalfe
and Chalk, 1950), «2-armed, T-shaped», (Theobald
et al, 1979), «medifixed» (Beilstein et al.,, 2006),
«kompassnadelformige» (Polatschek, 2010-2012,
2013a,b; Mutlu, 2010). PisHomaniTHicTh (AKicHY

THNOBI

CHAAYI

acHMeTpHUHI

3ipyacTi

Ha HiAKLL

HeposraiyxKeHi
2-npomeHesi
MaJbIIiriesi
3-npomeHeBi
He3a,103UCTI
posraiy:eHi 4-npomeHesi
JAeHAPOoIHI
5-7-
npoMeHeBi
TpUXOMH
2-npoMeHeBi
bypraTHi 3-nponeues'}
OJAHOK/TITUHHI
3a/103UCT] Ha HEKL 4-npoMeHeBi
BaraTok/JIiTUHHI
. 5.7,
Ena MpoMeHeBi

Pucynok 1 Knacudikanis TpuxoM BuziB Brassicaceae Burnett dsiopu Ykpainu

Figure 1

Classification of trichomes of Brassicaceae Burnett species of Ukrainian flora
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i KiJbKiCHY) MaJ/bHirieBUX TPUXOM MNPAKTUYHO
Bcix BuiB Erysimum L. s. 1., B ToMy 4uc/ai THX, 1[0
MolmupeHi Ha TepuTopili YkpaiHH, Ay>Ke peTesbHO
BUBYMUB i onucas A. Polatschek (2010-2012, 2013a,b).
ABTOp mifIKpecJUB TaKOX, L0 «3ipyacTi» BOJIOCKH,
AKI BKa3ylTb JleKi aBTopU s pony Erysimum, He
TOTOXHI THUM 31p4acTUM TPHUXOMaM, L0 XapaKTepHIi
st poay Alyssum L. (Polatschek and Rechinger, 1968).

3ipuacTi TpuxoMu cuzaAdi abo MawTh AyXe KOPOTKi
HDKKM 1 JeKinbKa [JUXOTOMIYHO pPO3TaJyKeHUX
IIEPBUHHUX IIPOMEHIB, AKI BiZiranyKyHTbhCA
NIPpaKTU4YHO BiJ OJLHOrO LEeHTPy 1 Opi€EHTOBaHIi
napajieJbHO J0 TmoBepxHi enizepmu. KoxHuii
NpoMiHb 3a3BUYall AUXOTOMIUHO TaJly3UThbCS OJ[UH
abo Jekisbka pasiB U ToAi popmyeTbcs GaraTo (40
KIJIBKOX JecATKIB) KiHLeBUX po3rajyXeHb. 3ipyacTi
BOJIOCKU OyBalOTb CHMETPUYHi, KOJU BCi IpoMeHi
Mail)ke 0ZJHAKOBO PO3BUHEHI, a60 aCUMETPUYHI, AKLIO0
yacTMHA IPOMEHIB 3HAa4YHO KOpPOTIUA, MNOPiBHAHO
3 iHmuMMu, a6o JepopMoBaHa YU HeJIOPO3BHUHEHA.
AcuMeTpuyHi 3ipyacTi BOJIOCKH TiJIbKH 3 JIBOMa J106pe
PO3BHHEHUMHU NMPOMEHSMHU ¥ OJHUM abo JeKijbKoMa
He/Jl0pO3BUHEHUMH iHOAI HasuBalTb QYypKaTHUMHY,
3 YUM He MOXHa MOTrOAUTHCA. Y AesKHUX BUJIB, sSKi
BizicyTHi y dsiopi YkpaiHu - mpomeHi 3‘€HYIOTbCA
Jly’ke PO3BUHEHOI0 KYTHUKYJIOK i B TaKMX BHUIIaJKax
YTBOPIOIOTHCA 31p4acTo-1yCKaTi TPUXOMHU, HAIpUKJIAZ,
B OKpeMHuX BHUJIB Tpubu Physarieae B.L. Rob. in
A. Gray et S. Watson (Fuentes-Soriano and Al-Shehbaz,
2013). [lna ManbHirieBUX Ta 3ipyacTUX TPUXOM JYKe
XapakKTepHa 6GioMiHepastisallisi, 0cO6JIMBO Kap6OHATOM
kasblito (Hopewell et al., 2021).

®ypkaTHi (BUIYACTI) BOJOCKH CKJIAJIAIOThCS 3 JIBOX
YAaCTUH - BHpPa3Hoi NpOKCMMaJbHOI (HDKKH) Ta
JUCTaJIbHOI, fIKa JUXOTOMIYHO pO3AiJieHa Ha JBa
Hepoarajy>keHi abo posrajiyxeHi npomeHi. [IpomeHi
3aBXK/U COpAMOBAHI MiJ KYyTOM [0 MOBEpPXHi JIMCTKA
YH iHIIOr0 OpraHy POCJMHHY, 10 BiApisHse ypKaTHI
BOJIOCKM BiJj MaJbIlirieBUX Ta 3ipyacTUX TPUXOM

i3 TOpPU3OHTA/NBbHO OPIEHTOBAHUMH MNPOMEHAMH.
Haituacrime cnocrepiralotbcss [ABO-, TpHU- (OAUH
3 JBOX IIPOMEHIiB JUXOTOMIYHO TaJly3UThbCH),

yoTUpHU- (06K/JBa NepBUHHI NMpPOMeHi JUXOTOMIYHO
raayssiTbCsl) W N'ATH-CEMUIIPOMeHeBi (oAMH ab6o
o6uJBa mpoMeHi JBi4i JAUXOTOMIYHO Tay3sThCs)
dypkaTtHi TpuxoMu. OkpeMi BUAM a6o IX rpynu MOy Th
BiIPI3HATHUCA 3a [JOBXUHOK HIKKU Ta CTyIleHeM
rajy3sucToCTi  JAUCTaJIbHOI 4YaCTHHUM  BUJIYACTHUX
BOJIOCKIB. YHaAC/IIZJOK PO3BUTKY Jiy>Ke KOPOTKOI HIKKH
dopmyroTbcsa MoaudikoBaHi ypkaTHi BOJOCKH, sIKi
4YacTO HA3WBaAIOTh PO3Taly:KeHHWMH, 3ipyacTuMu abo
JeHJpOIJHUMHU.

JleHpoifHI TPUXOMM MaTbh BUpPA3HY, ajie pi3HOI
JIOBXXMHHM, HDKKYy Ta 0e3/1afjHO  poO3srajy:eHi,
HEOJHAaKOBi 3a po3MipoM i Mo-pi3HOMY Opi€EHTOBaHI
npomeHi. Metcalfe (1950). CmoyaTky ix B3arasi
He HaBOAW/IM [JIl XPecTOLBITHX, a INOTIM aBTOpH
BKa3yBaJIM JJisl POAWMHHM TpH IXHI Moaudikarii:
dendritic (branching), dendritic-many branched Ta
dendritic-branching terminal (Theobold et al., 1979).
Jeodininis aeHAPOIAHUX TPUXOM J[AyXKe JIAKOHIYHA
(Payne, 1978). MOJIMBO TOMY TpPaKTYBaHHS 11bOTO
THUIly TPUXOM Yy XPeCTOLBITHX, Ha Hall NOIIAJ, AyXe
HeoJlHO3Haye.

3a/s03UCTi BOJIOCKM 1 3a/J03KM NPUHWHATI HaMU
B 3araJbHOBHM3HAHOMY pO3yMiHHI (HampHUKJaZ,
Theobald et al, 1979). CekpeTopHi CTPYKTypH
XPecTOLBITUX OYBalOTh 6araTOKJITUHHUMU (Ha HDXII
abo cusa4i) abo OAHOKJIITUHHUMU (3aJ103KH).

CykynHicTb ycix TpuUXOM Ha pocauHi QopMye
I onmywenHda. Tunu onyumeHHA MOXHA BUAUIATH
3a pi3HMMU O3HaKaMU - 3aJIeXKHO BiJ po3Mipy,
dopmMu 4yHu opieHTalii B MpocTopi BOJOCKIB, CTyIeHs
iXHbOTO PO3BUTKY, OCOGJMBOCTEM Ta UI[iIJIbHOCTI
po3TallyBaHHA Ha oOpraHax pocjauHU. [Jisa BUZIB
Brassicaceae ¢piopu YkpaiHu MU BUIIJISIEMO JIBA THITH
ONyIIEHHS, 3YMOBJIEHI AKICHUM CKJaZjOM TpPUXOM:
isoMopdHe (CKIaJAETHCA 3 OAHOTO OY/Ib-IKOr'0 THUIY
MOKPHUBHUX BOJIOCKIB) i reTepomopdHe (BKJIIOYAE
aBa abo JieKiJibka THUIIB BOJIOCKIB i3 3a/I03MCTHMH
CTPYKTypaMH abo 6e3 HUX).

CraTUCTUYHUI aHAJII3

Jlyis1 onmpanioBaHHS OTPUMaHUX JAaHUX BUKOPUCTAHO
nporpamy PAST 2.17 (Hopseris, 2001).

Pe3ynbraTi Ta 06roBOpPEHHA

Pocivnu BuziB Brassicaceae MOxyTb OYTH TOJIMMHU
a6o onyueHuMHU. Y ¢Jiopi YkpaiHu BiicyTHI BOJIOCKH
B 23 BuaiB 15 pogiB (Pucynok 2). Heonyuieni
POC/IMHU XapaKTepHi AJid BULIB JeKiJIbKOX MOHO- YU
OJIITOTUITHUX POAIB, HAMpUKJIazA, Armoracia, Calepina
Adans., Myagrum L. B fesIKUX MOJIi- YX OJIITOTUNHUX
poaax, Hanpukaag Noccaea Moench, Subularia Ray ex
L., ta Cakile Mill., noMiHyOTB HeoNy1lIeHi pOCAUHY, TOA]
AKBIHIIUX - BU/JU 3 BIICYTHIMU TPUXOMaMU [TIOOAUHOKI
(Brassica, Cardamine L., Crambe L., Lepidium, Rorippa
Scop., Cochlearia L.). Bisibia nosioBuHa BUAIB (15) - e
OJHOPIYHUKU a60 IBOPIYHUKH, iHIIII — 6araTOPiYHUKHU.
Heonymeni xpecTousiTi BXoAATb 3a3BUYal [0
CKJaZly TYMiJIHUX, apUJHUX YM aHTPOIOTreHHO
TpaHcPOpMOBaHUX 6IiOTOMIB i MOKa3ywTb JOCUThb
BUCOKY TOJIEPAHTHICTb [l0 3aCOJIEHHSI ¥ MifBUILIEHO]
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Pucynok 2 KisbkicHUM po3nois TpuxoM poauHu Brassicaceae Burnett ¢puiopu Ykpainu

Figure 2

KHCJIOTHOCTI cyOcTpaTy. baraTo 3 HMX XapakTepHi
JUIST y30EPEXXHUX YU TPUMOPChKHUX eKoToNiB (Rorippa
prolifera Simonk., R. dogadovae Tzvelev, Cakile euxina
Pobed., Crambe maritima L. Towmo). 3a3BU4ail TaKUM
BUJAM BJIACTMBA J00pe pPO3BHHEHAa KyTHUKYJa
3 BOCKOBHMMM CTPYKTYpaMH, sIK Hanpukaazg y Myagrum
perfoliatum L. (Ilyinska et al, 1998). Jleski 3 Hux
(Hampuksaz, Buau Cakile) € cykyJeHTaMHU.

OnyuieHHs XpeCcTOLBITUX dJsiopu Ykpainu
cbopMoBaHe AyKe pi3HOMAHITHUMHU 3a OYAOBOIO
BOJIOCKaMHU. BOHO CcKJIaZla€TbCsl TiJIBKM 3 OJHOTrO
THUIYy TpUXOM (i3oMopdHe) abo GopMyeThCs piSHUMU
THUNAaMU BOJIOCKIB (retepoMopdHe). Moxe O6yTH
dbaKysbTaTUBHUM crocrepiraTucad He Ha BCiX
pOC/IMHAaX OZHOIO U TOrO X BUJY YU He B yCiX BU/JIB
TOTO CaMOT0 poAy abo 0O6JIraTHUM - XapaKTEPHUM
JLJ151 BCIX POCJIMH BUAY YM [JJIS BCIX BUZIB POAY.

[3oMopdHe OIyLIEeHHA JOCJiIKEeHUX BU/IB
dsopu Ykpainu dbopMyeThbcs MPOCTUMU
(Heposrany»keHMMH), MaJbOiriEBUMH, 3ipyacTHUMH,
dypkaTHUMU YU  JEHJAPOIJHMMH  BOJIOCKaMHU.

3a/103MCTi TPUXOMHU B MOTO CKJIaZi BiICYTHI.

[IpocTi (Hepo3ray>keHi) BOJIOCKK — HAMMOMMPEeHI UK
THUI TPUXOM y XpecTouBiTHX Gsiopu Ykpainu (PucyHok
2). Taki Bosiocku XapakTepHi aJis 164 BuaiB 44 pois.
Ha pocaunax 120 BujiB 24 poaiB BoHU POPMYIOTH
i3oMopdHe omylnieHHs, a B IiHIIUX — BXOASATH /0
CKkJany reTepoMopdHOro. Y MOMITHUOHHUX pojax

Quantitative distribution of trichomes of Brassicaceae Burnett family of the flora of Ukraine

MPOCTi BOJIOCKU CIIOCTEpPIraloThbCd He B YCiX BUJIB.
Hanpuksas, BUAM 3 HAdgBHUMHU YU BIiJCyTHIMU
BOJIOCKAaMHM  XapaKTepHi Jaa  pofiB  Brassica,
Cardamine Ta Lepidium. 'osi a6o He3HAYHO oNyuIeH]
pOCIMHU crocTepiratoTbcl B Rorippa austriaca
(Crantz) Besser, R. x anceps (Wahlenb.) Rchb.,,
R. brachycarpa (C.A.Mey.) Hayek, a Takox Diplotaxis
tenuifolia (L.) DC., Barbarea arcuata (Opiz ex ].Presl
et C.Presl) Rchb., B. vulgaris W.T.Aiton Ta B. verna
(Mill.) Aschers. LlinbHicTe Ta Tonorpadis npoctux
TPUXOM TaKoX BapitwTb. Y Sobolewskia sibirica
(Willd.) PW.Ball i Goldbachia laevigata DC. Taki
BOJIOCKHM PO3BUHEHI TIJIbKH M0 Kparo JUCTKIB. Y Cakile
monosperma Lange Ta C. baltica (Jord. ex Rouy et
Fouc.) Pobed. (BiacyTHi B YkpaiHi) BoHU € sHIIe Ha
MOJIOAUX KBITKOBUX O6pyHbKax (Pobedimova, 1953).
Pemrta opraHiB pocanH nux BUAIB roJi. [yxe 3pigka
CIOCTepirawThbCsl MPOCTi BOJOCKU Yy BUAIB Noccaea.
Bonu MoxyTb ¢opmyBaTucsa B N. dacicum (Heuff)
FK. Mey. (BigcyTHii B YKpaiHi) TiJibKM Ha cTebJax,
a B N. sarmatica FK.Mey. — Ha iMcTKax (nmamiiu).

Exosoriynui agianasoH BMJIB, 110 MalOTh o6JiraTHe
a6o ¢daky/bTaTHBHE ONYUIEHHS i3 MPOCTHUX TPUXOM,
BKJIIOYA€E PiuyKOBi a60 MOpChKi Geperw, JIyKH, y3Jiccs,
JIICOBI Ta/IIBUHY, a TAKOX TipChbKi CKeJli, OCUNIUILA Ta
BificsioHeHHS. [Jlo ckJaZy JiCOBUX, NpHUOGEpeXHUX Ta
JIYYHUX GiOTOIMIB BXOAATHb BUAW 3 poAiB Lunaria L.,
Dentaria L. (Cardamine s..), Alliaria Heist. ex Fabr,
Rorippa To11o. € TaKoX POCJUHU CTeMiB, Tip i oroJieHs,
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Hanpukaaj, Buau Crambe, Isatis L. Sisymbrium,
Iberis saxatilis L., Hirschfeldia incana (L.) Lagr.-Foss.,
Teesdalia coronopifolia (].P.Bergeret) Thell. Tomo.
YactuHa BUJIB, HanpukJaaja Rapistrum rugosum (L.)
All., Raphanus raphanistrum L., Sinapis arvensis L. Ta iH.,
BXOJSITh /10 CKJIAJTy aHTPOINOreHHO TPaHCHOPMOBAHUX
6ioTomnis. [lemo 6inbiue gecsatu BuAiB (Iberis amara L.,
Lumbellatal., I pinnataL.,Lunaria annua L., Erucasativa
Mill, Sinapis alba L., Raphanus sativus L. Ta iH.) B YkpaiHi
BiloMi B Ky/nbTypi ¥ MOXyTb AuYaBiTU. BinbuiicTs
3 HUX BUMOIJIMBA JI0 3BOJIOKEHHSI ¥ TOJiepaHTHA [0
6iAHMX I'PYHTIB 1 3acojleHHa cyb6CcTpaTy, YacTHHA -
ajlanToBaHa 0 iHTeHCHBHOI iHcousanili. Cepen HUX
6arato KaJsbliediiB, ase € i aiuaodiay.

3ip4acTi TPUXOMHU Ay>Ke XapaKTepHi AJiAd BUJIB ipaHo-
TypaHCbhKOI 3a noxo/pxkeHHAM Tpubu Alysseae DC. i g
yacTUHU BUJIB (pia Physaria A.Gray) Tpubu Physarieae

X178 19@mm

i3 mpeAcTaBHUKaMU 3/e6i1b1oro B [liBHIYHIA AMepuLi
(Oran, 1996; Fuentes-Soriano and Al-Shehbaz, 2013).
Y ¢usopi YkpalHu 3ipyacTi TPUXOMHU CIOCTEPIrarThCs
B 23 BU/iiB AU pofiiB (PucyHok 2). 3 HuUX /B3, Alyssum
Tta Odontarrhena C.A.Mey., 6araToBu10Bi, a Clypeola L.,
Berteroa DC. i Meniocus Desv. — npeacTaB/ieHi OJHUM
BU/IOM KO>KHUI. 3ipyacTe onylieHHs iJIbHE, BHACTILOK
YOro pOCJMHHU MalThb cipo-3ejieHUN Kouip. Oxpemi
BUAM abo ixHi rpynu po3pi3HATbHCI 3a AiaMeTpoM
BOJIOCKIB, XapaKTepOM Ta/y’KeHH, TOBLIHWHOM0
i [JOBXMHOI TpOMeHiB, GOpMOK0 IeHTpaJbHOI
YaCTUHU BOJIOCKA, HASIBHICTIO Ta CTyIeHEM PO3BUTKY
IHKpycTanil, a TakoX  LIJIbHICTIO  OIyIlIeHH:
KBiTKOHDKOK. [l11 Odontarrhena borzaeana (Nyar.)
D.A.German xapakTepHe JAy»e LIiJibHe ONylLIeHHs
JIMCTKIB 1 KBiTKOHDKOK (PucyHok 3). [logi6Hi Bostocku
Ha JIUCTKaxX I Jy»e pPO3CiAHO OmylleHI KBITKOHIKKHU

Pucynok 3 TpuxoMu JMCTKIB 1 KBiITKOHDKOK BUAIB poay Odontarrhena C.A.Mey:.:
a,b - 0. borzaeana (Nyar.) D.A.German; c, d - O. savranica (Andrz. ex Besser) D.A.German; e, f - 0. muralis (Waldst. & Kit.) Endl,;
g, h - 0. gymnopoda (P.A.Smirn.) D.A.German; i, j - O. subalpina (M.Bieb.) D.A.German; b, d, f, j - kBiTKOHDXKa

Figure 3

Trichomes of leaves and peduncles of Odontarrhena C.A.Mey. genus species:

a,b - 0. borzaeana (Nyéar.) D.A.German; ¢, d - O. savranica (Andrz. ex Besser) D.A.German; e, f - 0. muralis (Waldst. & Kit.) Endl.;
g h - 0. gymnopoda (P.A.Smirn.) D.A.German; i, j - O. subalpina (M.Bieb.) D.A.German; b, d, f, j - peduncle
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MatwTb O. savranica (Andrz.) D.A.German Ta O. muralis
(Waldst. & Kit.) Endl. ¥ 0. gvmnopoda (P.A.Smirn.)
D.A.German cnocrepiratotrbci 15-20 mnpomeHeBi
TPUXOMU 3 JIy?Ke ONYKJIOI0 LEHTPAIbHOI0 YaCTHUHOI, a
B O. subalpina (M. Bieb.) D.A.German ony1ieHHs JIUCTKIB
T'yCTe, a KBITKOHIXKOK - po3cisiHe (PucyHox 3).

Y poai Alyssum, mopsn i3 CUMETPUYHHUMH,
CIIOCTEPITaloTbC aCMMETPUYHI 3ipYyacTi TPUXOMH.
BoHu yacTo mos36aBJsieHi iHKpycTauii i BapiiolTh 3a
KIJIBKICTIO Ta cTyneHeM peaykiii mpoMeHiB (Pucynku
4-6). Ha suctkax i miofgoHixkax A. trichostachyum
Rupr,, A. umbellatum Desv. i A. parviflorum M.Bieb.,
HaNpUKJIaJ, aCUMeTPUYHi 3ipuacTi BOJIOCKH 0COGJIUBO
yucyeHHi, a B A. rostratum Steven Ta A. calycocarpum
Rupr. - gy>xe piaKicHi. IHIIi BUAM pofy TaKOX Pi3HATBCA
MiX CO6010 3a CTPYKTypor TpuxoMm (PucyHku 4-6).

i \ Y Ly
%60, 288um 8321

BupasHa cBO€pIiJHICTb 3ipYacTUX TPUXOM — JOCHUTb
JIOBIi MEpPBUHHI MpOMeHi i YOTUPU-N'STUIIPOMEHEBI
BOJIOCKA Ha KBITKOHDKKaX, BJIaCTMBA pOCJWHAM
Meniocus linifolius (Willd.) DC. Berteroa incana (L.) DC.
Ma€ po3cisiHe 3ipyacTe ONyILUIeHHS, W0 CKJIALAETbCA
i3 CHMEeTPUYHHUX | acCUMeTpUYHHUX TpuxoM. OcTaHHI
KpynHimi ¥ 0co6/JIMBO XapaKTepHi [/ IJIOAOHIKOK
(Pucynok 7). s Clypeola jonthlaspi L. xapakTepHi
dipuacti (iHkpycTtoBani Ta Hi) 1 acuMeTpuuHi
3ipyacTi TPpUXOMHM i3 pO3UIMPEHOK OCHOBOK i AyxKe
JOBI'MMHU /JIBOMa Ta KOPOTKHUMHU KiJIbKOMa IPOMEHSAMU
(Pucynox 7).

ExoJsioriunui CIIEKTP XpecTOLBITUX (Tpuba
Alysseae), omnyuieHUx 3ipyacTUMH  TPUXOMAaMH,
Biflo6paxae IXHE MOXO/PKEHHS — Cepe/I3eMHOMOPChKO-
ipaHo-TypaHCcbKe. PocivHM 1€l rpynu IiCTOpUYHO

PucyHok 4 TpuxoMmu JIUCTKIB i KBiTKOHIKOK BuAiB Tpubu Alysseae DC. (Alyssum L.):
a - A. alyssoides L.; b, ¢ - A. calycocarpum Rupr.; d - A. desertorum Stapf; e — A. gmelinii Jord. et Fourr,; f - A. hirsutum M.Bieb.;
g - A. iljinskajae V.1.Dorof,; h, i - A. minutum Schlecht. ex DC,; ¢, h, i - kBiTKOHDKKa

Figure 4 Trichomes of leaves and peduncles of Alysseae DC. tribe species (Alyssum L.):

a - A. alyssoides L.; b, ¢ - A. calycocarpum Rupr.; d - A. desertorum Stapf; e - A. gmelinii Jord. et Fourr; f - A. hirsutum M.Bieb.;
g - A. iljinskajae V.1.Dorof.; h, i - A. minutum Schlecht. ex DC,; ¢, h, i - peduncle
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PucyHok 5 TpuxoMu JUCTKIB i KBITKOHDXOK BUAIB poay Alyssum L.:
j, k, 1 - A. lenense Adams; m - A. smyrnaeum C.A.Mey.; n, o, p - A. parviflorum M.Bieb.; q, r - A. rostratum Steven; k, 1, 0, p, r -

KBITKOHIXKKa
Figure 5

Trichomes of leaves and peduncles of Alyssum L. species:

j, k, 1 - A. lenense Adams; m - A. smyrnaeum C.A.Mey;; n, o, p - A. parviflorum M.Bieb.; q, r - A. rostratum Steven; k, 1, 0, p, r -

peduncle

aJlanToBaHI Z0 ripoTepMaJibHOTO cTpecy,
00yMOBJIEHOMY CIIEKOTHUM Ta CYXUM JIiTOM
i X0JI0AHOI0 Ta BOJIOTOIO 3MMOI0 W TOJIEpaHTHI 10
6igHOrO0 cyocTpaty. Taki 0co6/IMBOCTI XapaKTepHi A1
ksaimaty CepegsdeMHOMOpcbKOl Ta IpaHo-TypaHCBKOI
duopuctuunux  obsacteid  (Takhtajyan, 1978;
Rotondi et al, 2003). Ha TepuTopii YkpaiHu BOHHU
NIpUYpPOYeHi 0 BUCOYMH, OCUNUL] | OTOJIEHb, B TOMY
YUCJAI KpeHJsHUX, KaM'SIHUCTHUX TipChbKHUX CXHJIiB
pi3HUX BUCOT, BallHSAKIB, TPaHIiTIiB (3pifKka), milaHuKiB
Ta mickiB. Yci 6ioTomu, A0 CKJIaLy SIKUX BXOJATh
BUAW i3 3ipyacTuM omnymeHHsM, O0‘€HYE Ie ABi
0COOJIMBOCTI — HasIBHICTb iHTEHCHBHOI iHcoJdnii Ta
6igHicTh cy6cTpaTy. PopMyBaHHS T'yCTOTO ONYILIEHHS
Ha pOCJMHAX € afalTali€lo A0 eKCTpeMaJbHUX YMOB
iCHyBaHHfl, B TOMY 4YMCJi [0 IHTEHCUBHOI COHAYHOI
pazianii. BupasHa 3aTHICTh iCHyBaTU B CYBOpPHUX
YMOBax JI0BKiJLJIS 03B0JISIE 6araTbOM 3 HUX, 0CO6JIMBO

OJTHOpPIYHUKAM, aKTUBHO OCBOIOBAaTH aHTPOIIOTEHHO
TpaHcpOpMOBaHi EKOTOTH.

Jdengpoinni Tpuxomu y ¢uopi YKkpalHW XapaKTepHi
JIJ11 TpbOX BU/JIIB J1BOX poAiB: Aurinia Desv. (Alysseae)
i Schivereckia Andrz. ex DC. (Arabideae DC.) (Pucynku
7, 8).

Aurinia saxatilis (L.) Desv. Ha TepuTopii YkpaiHu
XapaKTepHUH /151 TPaHITHUX, C/IaHI|€BUX | BATTHSKOBUX
Bific/loHeHb Ta mnickoBUKiB. KpiM TOro, pociuHu
OO BUJAY YaCTO BUPOLIYIOTb $SK JeKOPaTHUBHI,
BOHM MOXYTb JWYaBIiTH 3 KyJAbTypu. O6uABa BUIU
Schivereckia cteHoTonHi: S. podolica (Besser) Andrz.
ex DC. pocte 3ae6inb1Ioro Ha GeperoBUX BUXOJAx
BalHsAKIB 6acelHy p. [lHicTep, a S. mutabilis (M.1.Alex.)
M.LAlex. - Ha KpeHJsTHUX BiZicTOHEHHSIX GaceiHy p.
C. JoHenp. 3ayBakMMO, 1110 TAaKCOHOMIYHUH CTaTyC
Schivereckia, B 1uisoMy, i Apyroro BHUJY, 30KpeMa,
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PucyHok 6

Figure 6

ocraToyHo Ile He BusHadeHi (Jordon-Thaden et
al, 2013). Bugu po3pisHAIOTBCA 3a XapaKTepoM
ONMyUIeHHs Ta CTPYKTypow TpuxoM. PocaunHu
S. podolica MalOTb AOCUThH PO3CisiHE OMYIIEHHS, SIKe
CKJIAIAEThCA i3 [EeHJAPOIAHUX BOJIOCKIB i3 JOBTUMU
Hi>XkKaMu. OnyuieHHs S. mutabilis 3Ha4HO IiJIbHIIIE,
cbopMoBaHe JBOMa IIapaMH BOJIOCKIB i3 HiXkamu
pisHoil foBxUHU (PucyHok 8).

ManbnirieBi TpUXOMM BJIaCTUBI 23 BUJaM TpbOX
poaiB - Lobularia Desv., Erysimum Ta Syrenia Andrz.
ex DC. (Pucynok 2). Y Lobularia maritima (L.) Desv.)
Taki Bosiocku ABonpoMeHeBi (PucyHok 9). Pocinuu
LbOTO BHUJy LIHPOKO KYJbTUBYIOTb, B TOMY YMCJIi
B YKpaiHi, ie BOHU MOKYTb JJaBaTHU CaMOCiB i Ha iBAHI
dopMyBaTH CIOHTAaHHI MOMyJALii, aje Ha MNiBHOYI
CTPaXAalTh BiA MOpo3iB. MasbnirieBi TpUXOMHU

OnyuieHHs JIMUCTKIB i KBITKOHI>KOK BUAiB Alyssum L.:

s, t - A. kotovii A.P1ljinsk,; u, v, w, x - A. umbellatum Desv. y, z, ab - A. trichostachyum Rupr.; w, X, z, ab — KBiTKOHI>XXKa
Pubescence of leaves and peduncles of Alyssum L. species:

s, t - A. kotovii A.P1ljinsk.; u, v, w, x - A. umbellatum Desv.; y, z, ab - A. trichostachyum Rupr.; w, X, z, ab - peduncle

3 [BOMa, JleKiJibkoMa ab6o 6GaraTbMa MPOMEHSIMHU
cnocrepiratoTbes y BUAIB Erysimum s. str. Y 6araTbox
i3 HUX BOHU (OPMYIOTbCS MalKe Ha BCiX opraHax
POC/IMHH B HEOJHAaKOBUX KOMOGiHAIifX i Mpomopiisx,
110 3/jlaBHa BHUKOPHUCTOBYIOTb B CHUCTeMaTHLi poAy
Ha pi3HUX pIBHAX TaKCOHOMIi4yHOI iepapxii. Tinbku
JBOIIPOMEHEeBI MaJIbIIIri€Bi BOJIOCKU XapaKTepHI JJId
E. diffusum Ehrh. Taki >x TpuxoMU criocTepiraroTbcs Ha
crebuax E. ucranicum J. Gay Tta E. krynkense Lavrenko,
a Ha IXHIX JIUCTKaX € [JOMillKa TPHUIIPOMEHEBUX
BOJIOCKIB. /IBompoMeHeBi Masbliri€Bi TpPUXOMHU
i3 JOMILIKOI0 TpPUIPOMEHEBUX XapaKTepHi JJjs
Erysimum x cheiri (L.) Crantz (= Cheiranthus cheiri L.).
PociuHu nporo BuAy IMPOKO BifOMI, B TOMY YMCJI
B YKpaiHi, K JJeKOpaTHUBHi; BOHU MOXYTb JU4YaBiTH
3 KyJAbTypu (HampukJazn, B Kpumy). [lpupomuuit
apean Erysimum x cheiri BkJw4Yae bankaHu

© Slovak University of Agriculture in Nitra
www.uniag.sk

- 142 -

ISSN 2585-8246



Agrobiodivers Improv Nutr Health Life Qual, 5, 2021(1): 133-159

30k

PucyHok 7 TpuUXOMHU JIMCTKIB i KBITKOHI>)KOK BU/IiB TpuOU Alysseae DC.:
a, b, ¢ - Aurinia saxatilis Desv.; d, e, f - Berteroa incana (L.) DC.; g, h - Clypeola jonthlaspi L.; i - Fibigia clypeata (L.) Medik,;

j, k= Meniocus linifolius DC.; ¢, f, h, k - kBiTKOHIXKa
Figure 7

Trichomes of leaves and peduncles of Alysseae DC. tribe species:

a, b, ¢ - Aurinia saxatilis Desv.; d, e, f - Berteroa incana (L.) DC.; g, h - Clypeola jonthlaspi L.; i - Fibigia clypeata (L.) Medic.;

j, k= Meniocus linifolius DC; c, f, h, k - peduncle

i octpoBu Ereiicbkoro mops (Kotov, 1953; POWO,
2021b). Ha nuctkax E. leptostylum DC. nepeBaxalThb
4YOTUpHU- | n'‘ATUNIpOMeHeBl TpuxoMmy, a iHwi dopmu
CKJaJalTb  fAoMimKy. TpunpomeHeBi  BOJIOCKH
3 ZIOMIIIIKOK JABONPOMEHEBUX YTBOPIOIOThH Gi/IbIIICTh
Ha pocauHax E. witmannii Zaw. (Gostin, 2009),
a YOTHUPHU- i M'ATUIIPOMEHEBI — CIIOCTEPIratOThCS yKe
3pigka. Bugu Syrenia (4acto Bko4aroThb B Erysimum)
BiZ|pi3HAIOTbCA BiJ ycix BUAIB Erysimum s. str
dbopMyBaHHAM Ha IJIOAAX yHonepeK OpPiEHTOBAHUX
JBOIIPOMEHEBUX MaJblirieBux BoJockiB. Togi
4K B pofi Erysimum s. str. ABOIIpOMeHeBi MaJIbHirieBi
TPUXOMU OpIEHTOBAHi MNapasieJbHO [0 [JOBXUHH
miaony. [Jnsa  Syrenia dolichostylos Klokov Ta
S. ucrainica Klokov xapakTepHi jiulie ABONpPOMeHeBI
MaJIbMIri€BI TPUXOMU, TOJIi SIK HA pocauHax S. talijevii
Klokov cnocTepiraetbcs pgomilmka TpUPO3AITBHUX
BOJIOCKIB.

ExoJioriuHui# Aiana3oH JocifKkeHux BUAiB Erysimum,
AK 1 poZly B LijJoMy, Ayxe wUpokuid. Ha Teputopii
Ykpainu feB’aTb BUJIB i3 19 mnoumupeHi B Agyxe
pi3HOMaHITHHUX €KOJIOTIYHHUX YMOBax: BiJ T'yYMiJHHUX
(1icoBux raJjisiBUH, JyKiB, piukoBUX 6eperiB) /o0
apuAu30BaHUX ab0 apuJHUX (CTemiB, BaMHSKOBUX,
rifncoBUX, KpelIsIHUX, TPAHITHUX | MilllaHUX Or0JIEHb,
NilaHUX Ta CyMmllaHUX HaMiBIyCcTeNb), a TaKOoX
BXOJAATb [0 CKJ3Jly aHTPONOreHHO 3MiHeHUX
6ioToniB. /IBa 3 HuX, E. ucranicum i E. krynkense, -
eHZIeMiKU KpeWassHuX oroJieHb. Tpu - E. hungaricum
Zapat, E. witmannii i E. froehneri Polatschek,

MoHTaHHI pocavHu Kapmat i Kpumy. Ha#6inbi
Me3o¢inbHUMU € E. aureum M.Bieb. i E. virgatum
Roth. BoHu nouupeHi B IMPOKOJMCTSAHUX Jicax, Ha
JIICOBHX TajiiBUHAX, y 4YarapHukKax Ta Ha Oeperax
BojloWM. [lomupenHs E. leucanthemum (Stephan ex
Willd.) B.Fedtsch. na TepuTopii YkpaiHu o6mexeHO
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PucyHok 8

Tpuxomu JUCTKIB i KBiTKOHIKOK BUAiB Tpub Arabideae DC. (Schivereckia Andrz. ex DC.:

a, b, c - S. podolica (Besser) Andrz. ex DC; d, e, f - S. mutabilis (M.I.Alex.) M.L.Alex.) Ta Camelineae DC. (g - Catolobus pendulus
(L.) Al-Shehbaz; h, i - Pseudoarabidopsis toxophylla (M.Bieb.) Al-Shehbaz, O‘Kane et R.A.Price); c, f - KBiTKOHIXXKHI

Figure 8

Trichomes of leaves and peduncles of Arabideae DC. tribe species. (Schivereckia Andrz. ex DC.:

a, b, c - S. podolica (Besser) Andrz. ex DC; d, e, f - S. mutabilis (M.1.Alex.) M.I.Alex.) and Camelineae DC. (g - Catolobus pendulus
(L.) Al-Shehbaz; h, i - Pseudoarabidopsis toxophylla (M.Bieb.) Al-Shehbaz, O‘Kane et R.A.Price); c, f - peduncles

[JINHUCTUMH, KaM'SHUCTUMHU 1 COJIOHLIOBAaTHMH
MIiCLIMM B IOJIMHOBUX cTenax. TyT IpoxXoAuTb 3axiHa
MeXa MNPUPOJHOro apeasy uboro Buay. OcTaHHIH
npoctAraeTbes Bif Ykpainu go IliBHiuHO-3axigHOTO
Kutar (POWO, 2021c). Buau poay Syrenia xapakTepHi
JAJI CTeNnoBUX 1 MiBHIYHUX NYCTEJbHUX PErioHIB Bif
Yropuuau (Ha 3axofi) go Mounrouii (Ha cxogi) i fo
Jarectany (Ha miBani) (Kotov, 1953). Ha TepuTopii
YkpaiHM BOHU NpUypoyeHi A0 MmickiB (piukoBUX Ta
MOpCbKUX) i orosieHb Kpeiu (S. talijevii). Binbmiocti
BUBYEHUX BUJIB 3 ONYLIEHHAM i3 Ma/bIirieBUX
TPHUXOM XapaKTEPHUH OJHAKOBUH abO JyXKe CXOXUHN
KOMILJIEKC aIallTUBHUX BJACTUBOCTel. BOHU iCHYIOTB,
K MpaBWJIo, B CkJaAi 6ioTomiB 3 poO3pifKeHOI0
abo MaliKe BiICyTHbOIO POCJMHHICTIO, K | YuMMaJa
yactuHa xpecTtonpitux (Ilyinska et al.,, 2007; Dorofeeyv,
2012; Polatschek, 2010-2012, 2013a,b; Turis,

2019). BaraTo 3 HMX NPUCTOCOBAHi J0 iHTEHCHUBHOI
iHcosisilii, 6igHOro  cy6bCTpaTy, HeLOCTaTHbOrO
3BOJIOKEHHS], @ TaKOX /0 OCOGJUBOIO TeIMNJOBOTO
peXXUMy B TipCBKHX Ta B HaliBIYCTeJbHHUX perioHax
3 pi3KMMHU NepenajiaMmu 1060Boi TeMnepaTypu. YiTkoi
Kopesidanii MK AKICHUM CKJI3aZOM MaJbIiri€eBUX
TPUXOM 1 €KOJIOTIYHUMH OCOGJIMBOCTSIMU BHUJIB He
crocrepiraerbcd. Pa3oM 3 TUM BUPA3HO NPOSABISAETHCA
3araJIbHOBiZOMa 3aKOHOMIPHICTb: LiJIbHICTD
ONYLIEHHS POCJUH 3POCTAE 3i 361/bLIEHHAM CTYNEHS
apugHocTi 6ioTomiB. 3BepTae Ha cebe yBary i ToH
dakT, mo y dsiopi Ykpainu Tinibku Erysimum x cheiri,
E. froehneri Tta E. ucranicum € 6araTopiuHHUKaMHU.
Pemmta - 1e MoHOKapmiku (JBOpiYHUKH a60
OJIHOPIYHHUKH).
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a - Lobularia maritima (L.) Desv.) Ta Arabideae DC.; b, c — Arabis alpina L.; d, e - A. caucasica Willd.; f, g, h - A. gerardii Besser;

b, ¢ - Arabis alpina L.; d, e - A. caucasica Willd,; f, g, h - A. gerardii Besser; and - A. hirsuta (L.) Scop.; h - epicuticular lamellar

Pucynok 9 Tpuxomu JIMCTKIB BU/iB Tpub Anastaticeae DC.:

i - A. hirsuta (L.) Scop.; h - eniKyTUKY/IIpHUH JIaCTUHYATHH BicK
Figure 9 Trichomes of leaves of Anastaticeae DC. tribe species:

a - Lobularia maritima (L.) Desv.) and Arabideae DC;

wax
@ypkaTHI TpUXOMH 3a JiTepaTypHUMU JaHUMHU

XapaKTepHi [/ HelllofaBHO 3HalJeHoro B Kpumy
Olimarabidopsis pumila (Stephan) Al-Shehbaz, O‘Kane
et Price (Fateryga et al,, 2019). Abdel (2005) HaBogUTH
JUISL IbOT'O0 BUAY JIBA THUITH BOJIOCKIB: trifixed i Y-shaped.
Beilstein et al. (2008) Taki TpUxOoMU BiJHOCATH A0
Tuny «dendritic». BignosigHo go Hawoi kaacudikarii,
BOHH BiJITOBiIal0Th GYypKAaTHUM BOJIOCKAM i3 ABOMQ,
TpbOMa 4YM YOTHpPMa MpPOMEHSIMU. Y KJACUYHUX
dbyioprcTUYHUX po6OTaxX AJis LbOr0 BU/Y BKa3yBasu
KOpOTKi  posranyxeHi Tpuxomu (Bush, 1939;
Kotov, 1979). Buja xapakTepHUU 3/e6ibLIOTO AJIs
COJIOHIIEBUX Ta COJIOHYAKOBUX 6iOTOIIIB.

lerepoMopdHe onymeHHs Brassicaceae ¢uopu
Ykpainu popmyeThbcs JBOMa abo AeKiibKOMa TUIIAMHU

NoKpUBHUX TpuxoM (PucyHok 2). [lo Horo ckjaany
MOXYTb BXOJUTH 3a/J103UCTI BOJIOCKH ab0 3a/I03KH.

leTepoMopdHe omnyuieHHS 6e3 3a7103UCTUX CTPYKTYP
xapakTepHo aJas 45 BugiB Brassicaceae ¢uopu
Ykpainu.

Komb6inanis mnpoctux 1 QypkaTHUX  TPUXOM
CIOCTepiraeTbCsi B  HAWGINIBLIOTO YHCIA BUJIB
(44) (Pucynku 9-11). BoHM BXOAATb A0 CKJIAAY
17 pogniB nekinbkox Tpu6: Arabideae DC. (Arabis
L., Aubrieta Adans., Draba, Drabella (DC.) Fourr,
Erophila DC., Pseudoturritis Al-Shehbaz), Camelineae
DC. (Capsella, Pseudoarabidopsis Al-Shehbaz, O‘Kane
et R.A.Price, Arabidopsis (DC.) Heynh., Catolobus
(C.AMey.) Al-Shehbaz, Neslia Desv.), Euclidieae
DC. (Euclidium W.T.Aiton, Neotorularia Hedge
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PucyHok 10 Tpuxomu JUCTKiB BUZiB TprOu Arabideae DC.:

a - Arabis hornungiana Schur; b, ¢ - A. recta Vill,; d, e - A. sagittata (Bertol.) DC.; f - A. sudetica Tausch; g, h - Draba aizoides L.;

i - D. cuspidata M.Bieb.; h - eniky TUKy/IIpHUH [JITaCTUHYATHH Bick

Trichomes of leaves of Arabideae DC. tribe species:

a - Arabis hornungiana Schur; b, ¢ - A. recta Vill,; d, e - A. sagittata (Bertol.) DC.; f - A. sudetica Tausch; g, h - Draba aizoides L.;
i - D. cuspidata M.Bieb.; h - epicuticular lamellar wax

Figure 10

et J.Léonard, Strigosella Boiss.), Descurainieae  (E.Fourn.) O.E.Schulz, D. sophioides (Fisch. ex Hook.)

Al-Shehbaz, Beilstein et E.A.Kellogg (Hornungia Rchb.,
Descurainia) ta Turritideae Buchenau (Turritis L.).
Y opHuxX BUJIB 06MABAa THUINH TPUXOM PO3BUHEHI
MalKe 0JlHAKOBO, HAaNpUKJIaJ, y Pseudoturritis turrita
(L) Al-Shebaz (Lang, 2020), B iHmmxX - 30KpeMma
B poaax Pseudoarabidopsis, a Takox Capsella Ta
Descurainia (Ilyinska and Shevera, 2003b) foMiHy0TB
dypKaTHi TpUXOMH, 0COGJIMBO GaraTonpoMeHeBi, sKi
4YacTO Ha3UBaKTb 3ipyacTUMHU abo JAeHApOiAHUMU.
[IpocTi BOJIOCKM CIOCTEpIralOTbCAd 4K JoOMillka:
y P. toxophylla - no kpat i 3HU3Y 10 KHUJIIIi JUCTKIB
(Ilyinska et al, 2007), a B D. sophia (L.) Webb ex
Prantl - 3ge6isbmoro Ha creb6JiaX. 3aBakKUMO, IO

0.E.Schulz), xapakTepHi 3ano03ucti nanisu (Al-Shehbaz,
2010). ®ypkaTHi TPUXOMM MOXKYTb CIOCTepiraTucs
JLy’)Ke 3pifka abo 30BCIM 3HUKATH, HaNpUKJIA[,
y ripcbkoro Arabis hornungiana Schur (PucyHok
10) i Hell0Z@BHO OMKCAHOTO HOBOTO BUAY Camelina
neglecta ].R.Brock, Manddkovd, Lysak et Al-Shehbaz
(Brock et al, 2019). KinbkicHe cniBBifHOLIEHHSA
npoctux i GypkaTHUX TpUXOM, ixHA Tomorpadisa Ha
pOC/IVMHI, B L[iJIOMY, i Ha JIMCTKax, 30KpeMa, LiIJIbHICTb
onyuieHusi, ¢opMa i posMmip TpUXOM, 4YHUCAO |
Opi€eHTaliAd NpOMeHiB, TOBLIUHA KJITUHHOI CTiHKH,
a TaKOX XapaKTep IHKpycTalii NOBepxHi y BHUZIB
pony Arabis pyxe BapiwioTb (Pucynku 9, 10), wo

iHluM Bugam poay Descurainia (Hemae B YKpaiHi) BUKOPUCTOBYIOTb [JJisl [JiarHOCTUKW BUJIB. [lyxe
BJACTUBE LIiJibHe omnyuieHHs. KpiM Toro, geskuMm  cBOepifHi 4yoTupunpoMeHeBi QypkaTHi BOJIOCKM Ha
(D. incisa (Engelm.) Britton, D. longepedicellata

- 146 -

© Slovak University of Agriculture in Nitra
www.uniag.sk

ISSN 2585-8246



Agrobiodivers Improv Nutr Health Life Qual, 5, 2021(1): 133-159

—
SO sim

Pucynok 11 Tpuxomu BuaiB Draba L.:

a, b, ¢ - D. carinthiaca Hoppe; d, e, f - D. nemorosa L.; g, h, i - D. sibirica (Pall.) Thell,; i - renepaTuBHe cTe610, iHII - JTUCTKH

Figure 11  Trichomes of Draba L. species:

a, b, c - D. carinthiaca Hoppe; d, e, f - D. nemorosa L.; g, h, i - D. sibirica (Pall.) Thell,; i - generative stem, others - leaves

JLOBI'MX HDXKKaX CIoCcTepiraloTbcs Ha JUCTKax A. alpina
L.1A. caucasica Willd. (PucyHok 9).

Arabis sagittata (Bertol.) DC. BiapisHsieTbCA Bif iHIINX
BU/IiB POy HasIBHICTIO Ha cTe6J1i JOBIMX IPOCTHUX, @ HA
JIUCTKAX - JBO-, TPU-, @ iIHOJI ¥ YOTUPHUNIPOMEHEBUX
¢dypkatHux BoJsiockiB (Pucynok 10). [Jlna Arabis
sudetica Tausch xapakTepHi HeomylleHe CTe6J0
i mpocTi ¥ ABONpOMeHeBi GypKaTHI BOJIOCKH 10 Kparo
guctkiB (PucyHok 10). Pi3Hi komb6iHamii mpocTux
i ypkaTHUX TpUXOM MatOTb BUAU Draba (PucyHnku 10,
11). o kpato ucTkiB D. cuspidata M.Bieb. opmyeTbcsa
BilyacTe onylleHHA 3 JOBIMX HNPOCTUX BOJIOCKIB
3 IOMIlIIKOI0 IBOMTpoMeHeBUX GypKaTHUX. Y D. aizoides
L. BiliuacTe omylieHHs1 JIUCTKIB cdopMoOBaHe TiJbKH
NpPOCTUMU BoJsiockaMu (PucyHok 12). Jlns JMCTKIB
D. nemorosa L. i D. carinthiaca Hoppe, XxapakTepHi
npocTi (HeyrcieHHi) Ta 1BO-, TPU- i YOTUPUNIPOMEHEB]

¢ypkaTHi Tpuxomu (PucyHok 11). ¥ duopi Ykpainu
He3HauHe reTeporeHHe ONYIIEHHS Ta IJIaCTUHYATHUU
eNiKyTUKYJIAPHUN Bick (IHKOJIM) MamOThb BHUAMU POLY
Arabidopsis (PucyHok 12).

BignoBigHO [0  €KOJIOTIYHOI  NIPUYPOYEHOCTI],
BCi BU/JM, 1[0 MawTb KOMGiIHOBaHe ONyLIeHHS i3
bypKaTHUX | MPOCTUX BOJIOCKIB, MOXXKHA PO3/iJTUTH
Ha ABi rpynu. Ilepmy - ckjafalTb BUAU PiBHUHHUX
a6o/i ripcbkux 6iOTOMIB 3 JOCTAaTHbOK YU HaBITh
MiIBUIIIEHOI0 BOJIOTICTIO ¥ MOMipHOIO iHTEHCUBHICTIO
iHcossinil. Lle mnpepcraBHuku Tpub Arabideae,
Turritideae Ta Camelineae (4acTkoBo). IxHe onymenue
chopMoBaHe, fK MpaBUJO, BeJIUKUMU U [yxe
PO3CITHUMHU TPUXOMaMH, a Ha JIUCTKAX GOPMYIOThCS
IHOAI MJIACTMHYACTI KpUCTaJM BOCKY, HaIpUKJA/
y Arabis hornungiana, Arabidopsis ovirensis (O‘Kane
et Al-Shehbaz) A.Plljinsk,, Draba aizoides L. Ta iH.
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PucyHok 12 Tpuxomu sucTkiB BUAiB Arabidopsis Heynh. (Camelineae DC.) Ta Bunias (Buniadeae DC.):
a - Arabidopsis arenosa (L.) Lawalrée; b, ¢ - A. multijuga (Borbas) D.A.German; d, e, f - A. ovirensis (O‘Kane & Al-Shehbaz)
A.Plljinsk; g, h, i - Bunias orientalis L.; f - enikyTUKyJIApHUH IUIaCTUHYATUH BicK; i - 6araTokJiTHHHA 3a/103Ka

Figure 12

Trichomes of leaves of Arabidopsis Heynh. (Camelineae DC.) and Bunias (Buniadeae DC.):

a - Arabidopsis arenosa (L.) Lawalrée; b, ¢ - A. multijuga (Borbas) D.A.German; d, e, f - A. ovirensis (O‘Kane & Al-Shehbaz)
A.Pllyinsk.; g, h, i - Bunias orientalis L.; f - epicuticular lamellar wax; i - multicellular gland

(Pucyunku 10, 12). ipyry rpymny cKjiajiu NpeACcTaBHUKU
Tpu6 Euclidieae (Euclidium, Neotorularia Hedge

et J. Léonard, Strigosella Boiss.), Alyssopsideae
Al-Shehbaz  (Olimarabidopsis  pumila  (Stephan)
Al-Shehbaz, O‘Kane et Price) i Descurainieae

Al-Shehbaz, Beilstein et E.A.Kellogg (Descurainia,
Hornungia Rchb.). Y ¢uopi Yxpainm Bci Buau
niel rpynu - HelJIbHO ONylleHi OJHOPIYHUKH.
IM xapaktepni gayxe api6Hi ¢ypkaTHi TpuxoMu
3 po3rasly’KEHUMU IPOMEHSIMH i 1y»Ke KOPOTKHUMHU abo
HaBiTh Mal>Ke HEPO3BUHEHUMU HiXKKaMH, Ha BiIMiHYy
BiZl BOJIOCKIB BHUJIB IeplIOi IPyIH, BHACAILOK 4OTO
Taki BOJIOCKHM 4acTO BiJHOCATH [0 AEHJPOIJHUX YU
o 3ipyactux. i BUAM aZjanToBaHi [0 IHTEHCHUBHOI
iHconAuii ¥ xapakTepHi [iI1 He3aJlepHOBAHUX
CTENOBUX CXWJiB, KaM'STHUCTHX OCMIIMIL, TiCKiB,
MilaHUX HaNiBIyCTeJ b, COJIOHIIIB a60 COJIOHYAKIiB Ta

iHIIMX apUAHUX ab60 apUM30BaHUX GIOTOIIB, B TOMY
YUCJII BXOAATBb [0 CKJIALy CYXUX pyZepasi3oBaHUX
JleBacToBaHUX OioTomiB. Jlo wi€l rpynu HajleXxuTb
Capsella bursa-pastoris, 10 TNOIIUPEHUNA B [JyXKe
NIMPOKOMY Jliama3oHi 6iOTOMIB - BijJ XOJIOAHUX
NyCTeJbHUX, TYHJPOBHUX, TaWrOBHUX, aJbIilCbKUX
i cybasnbIidCbKUX 0 CHEKOTHUX NMYCTEeJbHUX i CyXO-
TponiuHux raBaicbkux (CABI, 2021a; POWO, 2021a),
a TaKOX Y CKJIa/li TEXHOT€HHUX Ta IHIIUX NOPYIIEHUX
6ioTomiB, 0COGJMBO Ha JIETKUX MilAHHUX [PyHTax.
Pemrta BUZiB MaloTh JOCUTH JIOKaJbHUM apeaJ, aje
TakK caMo aZ,allTOBaHi /10 HEPETy/JISPHOTO 3BOJIOYKEHHH
cy6cTpary, iHTeHCUBHOro Y®-BUNPOMiHIOBaHHS,
J0 TIPyHTIB pi3HOro Tumy ¥ pi3HOro 6araTcTBa,
B TOMY 4YHCJi COJIOHIIOBAaTUX 1 COJIOHYAaKOBUX
(Pseudoarabidopsis toxophylla (M.Bieb.) Al-Shehbaz,
0O‘Kane et R.A.Price).
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PucyHok 13 TpuxoMmu JIMCTKIB i KBiTKOHIOK BUAiB Tpub Chorisporeae C.A. Mey.:
a, b - Chorispora tenella (Pall.) DC.) Ta Hesperideae Prantl in Engler & Prantl (c, d, e - Hesperis tristis L.; f - H. matronalis L.;
g - H. pycnotricha Borbas & Degen; h, i - H. steveniana DC.); a, h, i - kBiTKOHDXKHY; b, d, i — 3a7103uCTi BoJs10CKH

Figure 13

Trichomes of leaves and peduncles of Chorisporeae C.A.Mey.:

a, b - Chorispora tenella (Pall.) DC.) and Hesperideae Prantl in Engler & Prantl tribes species (c, d, e - Hesperis tristis L.;
f - H. matronalis L.; g - H. pycnotricha Borbas & Degen; h, i - H. steveniana DC.); a, h, i - peduncles; b, d, i - glandular hairs

Kom6iHanis sipuactux i eHApoigHUX TpuxoM y dJiopi
YkpaiHu cnoctepiraetbcs Tinibku B Fibigia clypeata
(Tpuba Alysseae) (PucyHok 7). Tpu BuUA03MiHU
3ipyaTux i OfHa — AEHJPOIJHUX TPUXOM HABOAATDH
TaKOX [IJIsl POCJMH 11bOT0 BUAY 6Gosrapcbkoi duiopu
(Ancev and Goranova, 2006).

[eTepoMopdHe onyueHHss i3 3ajo3kaMu  abo
3aJI03UCTUMH BOJIOCKAMU BJIacTUBe 14 BUJAM H'TH
poaiB n‘atu Tpu6: Chorisporeae C.A.Mey. (Chorispora),
Dontostemoneae Al-Shehbaz et Warwick (Clausia
Korn.-Trotzky), Hesperideae Prantl in Engler et Prantl
(Hesperis), Anchonieae DC. (Matthiola), Buniadeae DC.
(Bunias) (Pucynku 12, 13).

Komb6iHaniss mpoctux i1 ¢ypkaTHUX BOJIOCKIB Ta
6araTOKJITUHHUX CUJSYUX 3a7I030K CIOCTEPIraeThCcs
Jvile y BUAIB oJirotunHoro poay Bunias L.

MOHOTHUIIHOI Tpu6u Buniadeae DC. (PucyHok 12).
Cepen3eMHOMOPCHKUM 3a MOXOMKEHHSAM B. erucago
L.y ¢Jsiopi YkpaiHu HalIeKUTh 10 YMCJIa aIBEHTUBHUX
pOC/IWH, BIJOMUX TIJIBKM 3 KIJIBKOX JIOKaJITeTiB
(Kucherevs'kyy, 2004; Ilyinska et al, 2007; Yena
and Svirin, 2011). [lepejHeasilicbkkuii B. orientalis
L. HaneXXuThb [0 YMCJa BHUCOKOIHBAa3WBHUX BH/IIB
(Bimomuit i3 6sam3bko 50-Tu kpain) (CABI, 2021b).
[IpakTU4HO Ha BCil TepuTOpii YKpaiHu BiH BXOJUTH
0 CKJaZly aHTpPONOreHHO TpaHCPOpPMOBAHUX,
pyAepasnizoBaHHUX i  pekpeallilHUX  6GioTOIiB
(Ilyinska et al., 2007).

Kom6iHariito npocTux i 3a103UCTUX 6AaraTOKJITHHHUX
BOJIOCKIB MalOTb pOC/JAMHHU CepefHbOa3ilCbKOro 3a
noxomxeHHsM Chorispora tenella DC. (PucyHok 13)
i [pKyHrapo-moHroJsibcbkoro Clausia aprica (Stephan
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ex Willd) Korn.-Trotzky. Ilepmnii BujJ BXOAUTH
Jl0 CKJIaJly COJIOHLIOBAaTUX i Oyp'ssHOBUX 6iOTOIIIB,
ocobsinBo B CxifHii YkpaiHi. Jlpyruit — xapakTepHHUM
JIJIsl BallHSIKOBUX 1 KpeUJsHUX CXUJiB cTemniB. Yepes
MiBHIYHO-CXiHY YaCTUHY YKpaiHH, IPOXOAUTD 3axXiHa
Mexa Moro apeaJy.

Komb6iHamisi mnpocTtux, ¢ypKaTHUX i 3aJI03UCTHUX
6araTOKJIITUHHUX BOJIOCKIB ¥ ¢Jiopi Ykpainu BaacTuBa
Jule BUAaM poay Hesperis (Pucynok 13).

XapakTep po3nojisly Ha pPOCAMHAX TPUXOM KOXKHOTO
THUIY | IMIJIBHICTD ONyLIEHHS B Pi3HUX BUAIB Bapiloe€.
['ycti poBri mpocTi W psICHI 3aJ03UCTI BOJIOCKH
cnocTtepiraloTbcs Ha TMJIOAOHIDKKax H. sibirica L.,
Tinbku ypkaTHiI ¥ 3aso3ucti - mae H. pycnotricha
Borbas et Degen. /lns H. steveniana DC. xapakTepHi
npocTi, ypKaTHi ¥ psicHi, 30KpeMa Ha IJIOJOHIXKKAX,
3aJ103UCTi TpUxXOMU. Hesperis sylvestris Bij3Ha4a€TbCs
FYyCTUM  ONYLIEHHAM i3  KOPOTKHUX  INPOCTUX
i 3a/03uUCTUX BOJIOCKIB Ta (QypKaTHUX TPUXOM
(mominika, Bropi). KBiTkH, KBITKOHIXKKH i Bich CyIBITTSA
H. suaveolens (Andrz.) Besser ex Steud. a6o po3cisHo
ONylLlIeHi 3aJ03UCTUMU 1 KOPOTKHMHU MPOCTUMU
BOJIOCKaMHU, abo roJii. Po3cisine onymenns H. matronalis
CKJIAIAETbCA 13 JJOBIUX I KOPOTKUX IIPOCTHUX BOJIOCKIB
i3 MoxMBOIO JAoMilikowo ¢ypkaTHUX (Bropi) Ta
3ano3uctux. Ha pocnunax H. tristis L. mepeBaxarTb
po3cisiHi mpocTi TpuxoMu i3 gomimikow (Bropi)
dypKaTHHUX Ta 3a/103UCTHUX (iHOI).

Y ¢aopi Ykpainu Bugu Hesperis BXOASTb A0 CKJIAAy
JIICOBUX, TipChbKHUX i cTenoBux 6ioTomiB. /leski 3 HUX,
Hanpukaag H. matronalis, H. sibirica Ta H. pycnotricha,
MPOABJIAIOTh BUCOKY aHTPONOTOJIEPAHTHICTb. BoHuU
PO3IOBCIOAUINCA AAJNEKO 32 MeXi CBOr0 IPUPOJHOTO
apeany (Gudzinskas, 1997; Herloff, 1999; Ebel’, 2002;
Francis et al., 2009; Costache, 2011; Laz'kov et al.,
2011; Dorofeev, 2013; Mandakova et al,, 2017; CABI,
2020). Ha Tepuropii YkpaiHu 1i BuUJU BiAJalOThb
nepepary 6ioTomaM i3 OiJbLI-MeHII ONTHUMAaJIbHUM
3BOJIOKeHHsIM. Y perioHi cyyacHoro ¢opMoBOro
pisHoMaHiTTs poay Hesperis (bankanu, KaBkas, [paHo-
Typadcbka ¢JopuUcTHYHA 06J1acTh) IMEpPEeBAXKAOTH
ripcbKi BH/IM, 30KpeMa CyOabIilChKi Ta aJbIiHChKi,
o0 TMOoIIMpeHi Ha cxuiaX, ckessax, kpydax (Cullen,
1965; Takhtajyan, 1978; Duran, 2008; Duran and Cetin,
2016). llinbHicTh onyimeHUs POCIAUH L€l rpyny, K
i monepeaHix, 36iJbIIYETHCS i3 TOCUJIEHHSIM CTYIEHS
apUJHOCTH CepeJl0BHLIa IXHbOTO iICHYBaHHH.

Komb6iHaniss  mpoctux, ¢ypkaTHUX, 3ipyacTux,
JleH/IpOiTHMX 132/103UCTUX 6AaraTOK/II THHHUX BOJIOCKIB
y dJuiopi YkpalHu xapaKTepHa TiJbKU AJI YOTUPbOX
BUJIiB poxay Matthiola (Anchonieae DC.). ¥ nBox

baraTopiuyHukiB (M. odoratissima (Pall. ex M.Bieb.)
W.T.Aiton ta M. fragrans Bunge) i BOX iHTpOAyKOBaHUX
oaHopiuHukiB (M. incana (L) W.TAiton Ta
M. longipetala (Vent.) DC.) BoHU (OpMYIOTH AyXKe
rycTe MOBCTUCTE ONylleHHA. B misiomy, Bci iHLII BUAH
Matthiola TakoXX MawTb T'yCTe ONyIIeHHS U iCHYIOTh
B KaM'SHUCTHUX CTelax, Ha CKeJSICTUX TipChKUX
CXWJaX, KpeWAssHUX 1 BalmHSAKOBUX OTOJIEHHSX.
Bonu azanToBaHi 0 TENJOBOrO PeXUMy 3 PiSKMMHU
nepenazaMyd  J060BOI  TeMIepaTypH, CHJIBHOTO
Y®-BunpoMiHOBaHHS ¥ ToJiIepaHTHI 0 6iJHOrO
CyOGCTpaTy Ta HELOCTATHBOIO BOJIOTO3abe3NeyeHHs
B Makaponesii, Cepeazemuomop‘i, IliBHiuno-CxifHii
Adpuui, na bainsskomy Cxozi Ta B [liBgeHHO-3axiAHIN
A3ii (Gowler, 1998; Zeraatkar and Assadi, 2018; Kaya
etal, 2019).

Tunu TpuxoM y pogax Ta Tpubax, Aki GopMyOTh
eBoOJIIOLIiMHI JiiHiT Brassicaceae (Nikolov et al., 2019),
nomupeHi HeofHakoBO (PucyHok 14).

Y ¢aopi YkpaiHM TiIbKM TpPOCTI Hepo3rayKeHi
BOJIOCKM BJIaCTUBI pOCAMHaM 72 BUAIB THUX TPHUO,
0 BKJIOYEHI A0 ckiaajy eBoJonidHoi JjiHii LIl
(Sisymbrieae, Brassiceae, Thlaspideae, Calepineae,
Coluteocarpeae). Y BujiB geskux poaiB (Crambe,
Myagrum, Brassica Ta iHIIi) BOJIOCKM MOXYTb OyTH
30BCIM BiZiCyTHI.

losi pocnvHU XapakTepHi AJist BUAIB poay Subularia,
10 TpeJACTaBJIIE OKpeMy eBoOJIOLiNHY JiHilo LV,
a TpubOBa HAJIEXHICTb LLOTO POAY, BiANOBiIAHO [0
MOJIEKYJ/IIDHUX JJaHUX, Llle He BU3HAYeHa.

Jlo ckaaay eBoJsrwouiniHoi Jinil LI y ¢usopi Ykpainu
yBilKM 97 BUAIB Brassicaceae i3 pisHOMaHiTHUMU
TUIIAaMU TPUXOM. Y BUIiB 4OTHPHOX TpU6 (Camelineae,

Turritideae,  Alyssopsideae = Ta  Descurainieae)
dbopmyeTbCA reTepoMopdHe ONyLIEeHHH, 110
CKJaJA€TbCs i3 mpocTuX 1 QypKaTHUX TPUXOM.

Y ocTaHHIiX KiJIbKICTb MpPOMEHIB Bapiloe 3a3BUYal
Bif IBOX /10 M'ATU-ceMHU. BupasHa Hi’Xkka ¥ HasiBHICTb
Ha OAHOMY M TOMYy » JIUCTKY BOJIOCKIB i3 pi3HUM
YUCJIOM INPOMEHIB Ja€ MifCTaBy BiJHOCUTHU IX [0
ofHoro i toro »x Ttuny. Tpuba Erysimeae BkJito4ae
BU/IM i3 MaJIbIIrieBUMM BOJIOCKaMHU. fIK i B pypKaTHUX
TPUXOMaX, KIJIbKICTb IPOMEHIB Y HUX TaKO0>X MiHJIMBA.
Tinbkun B oKpeMux BHJIB (HampukJaazg Erysimum
diffusum Ehrh.) cnoctepiraroTbcsi TUNOBI MasbIIirieBi
TPUXOMHM i3 JIBOMA INMpOMeHsIMH. B 6GaraTbox iHIIUX
€ GiJibllIa YM MEeHIIa JJoMilllKa BOJIOCKIB i3 AeKiJibKoMa
MPOMEHSIMH, 110 BUKOPUCTOBYIOTH JJIS1 [1arHOCTUKH
BuJiB (Polatschek, 2010-2012, 2013a,b). ¥ Tpubax
Lepidieae Ta Cardamineae, onylleHHs MpeJCTaBJeHe
NPOCTUMHU BOJIOCKaMHU abo BificyTHe 30BciM. Tak camo,

© Slovak University of Agriculture in Nitra
www.uniag.sk

-150 -

ISSN 2585-8246



Agrobiodivers Improv Nutr Health Life Qual, 5, 2021(1): 133-159

Continuation 1

Continuation 2

LII
Sisymbrieae LV LIV
Sisymbrium H Tpuba HesusHaueHa Arabideae
Isatideae Subularia A Arabis H, F2,F3, F4, F5-7
Isatis H LI Aubrieta H,F2,F3, F4,F5-7
Myagrum A Camelineae Draba H, F2,F3, F4
Brassiceae Arabidopsis H,F2F3, F4 Drabella H,F2,F3, F4
Brassica H Camelina H,F2F3, F4 Erophila H,F2,F3, F4
Cakile A Capsella I F3, F4 Schivereckia D
Crambe AH Catolobus H,F3, F4 Stevenieae
Diplotaxis H Neslia H,F3, F4, F5-7 Pseudoturritis H, F5-7
Eruca H Pseudoarabidopsis H,F3, F4, F5-7 Alysseae
Erucastrum H Turritideae Alyssum S, AS
Hirschfeldia H Turritis H,F2, F3, F4, F5-7 Aurinia D
Raphanus H Alyssopsideae Berteroa S, AS
Rapistrum H Olimarabidopsis H,F2, F3,F4, F5-7 Clypeola S
Sinapis H Erysimeae Fibigia S,D
Thlaspideae Erysimum M2, M3, M4, M5-7 Meniocus S
Alliaria H Syrenia M2, M3 Odontarrhena S
Sobolewskia H Descurainieae LI
Thlaspi A Descurainia H,F2, F5-7 Anchonieae
Calepineae Hornungia H,F2 Matthiola SS, D, GH
Calepina A Lepidieae Buniadeae
Goldbachia H Lepidium H Bunias HF, G
Coluteocarpeae Cardaria AH Euclidieae
Noccaea AH Coronopus H Euclidium H,F2,F3
Microthlaspi A Cardamineae Neotorularia H,F2,F3, F4
Conringieae Armoracia A Strigosella H, F2, F3,F4, F5-7
Conringia A Barbarea H Hesperideae
Anastaticeae Cardamine AH Hesperis H, F2, F3, GH
Lobularia M2 Dentaria H Dontostemoneae
Cochlearieae Leavenworthia A Clausia H, GH
Cochlearia A Nasturtium H Chorisporeae
Iberideae Rorippa AH Chorispora H, GH
Iberis H Biscutelleae
Teesdalia H Biscutella H
Lunaria H

PucyHok 14 PisHOMaHIiTHiCTb TUIIB TPUXOM po/iiB Brassicaceae ¢psiopu Ykpainu: Tpu6u Ta poau eBosoLinHux jainin (LI, LII,
LIII, LIV, LV) i TakcoHH, 1110 He BKJIIOUEHI A0 >ko/iHO{ eBoJIONiMHOI /iHil (He BUAi/NeH] KOIbOPOM), po3TalIoBaHi
3rigHo i3 ¢pinoreHomuuM pocaimkeHHsaM Nikolov et al. (2019):
TpuGOBa HaJIEXHICTb poay Subularia uie He BH3HAYeHa, 3TiHO i3 MOJIEKY/ISIPHO-DIJIOr€HETUYHUMHU JAOCTiPKEHHSIMU;
A - Tpuxomu BiacyTHi; H - npocti Bosiocky; F2, F3, F4, F5-7 - pypkaTHi TpuxoMu 3 BOMa, TpbOMa, YOTHUPMa ab0 I'ATbMa —
cimoma npomeHsamu; M2, M3, M4, M5-7 - masibnirieBi BoJIOCKHY 3 IBOMa, TPbOMa, YOTUPMA ab0 I'sITbMa — CiMOMa MPOMEHSIMU;
S - sipyacTi TpuxoMu cujs4i, SA - 3ipuacti acumeTpuuHi, SS - 3ipuyacTi Ha Hixkkax, D - geHipoiAHI BosOCKU

Figure 14  Diversity of trichomes types of Brassicaceae genera of the flora of Ukraine: tribes and genera of evolutionary
lines (LI, LII, LIII, LIV, LV) and taxa not included in any evolutionary line (not highlighted by color) located
according to the phylogenetic study of Nikolov et al. (2019):
Subularia genus is not yet been assigned to tribe, according to molecular phylogenetic studies; A - trichomes are absent; H -
simple hairs; F2, F3, F4, F5-7 - forked trichomes with two, three, four or five - seven rays; M2, M3, M4, M5-7 - malpighian hairs
with two, three, four or five - seven rays; S - appressed-stellate, SA - asymmetric-stellate, SS - stalked-stellate; D - dendritic
hairs

gk i B Biscutelleae, sgka, BignosigHo go Nikolov et al.
(2019), He OyJsia BKJIIOYEHA /10 >KOJIHOI €BOJIIOLiHHOI
JiHi1 Brassicaceae, a ni3Huime BigHecena go LII (Liu et
al.,, 2020).

Jo eBouroniiinoi siHil LIV y duopi Ykpainu HanexaTtb
48 BuaiB TpbOoX TPUG: Arabideae, Stevenieae Ta Alysseae
(Nikolov et al,, 2019). I[IpeAcTaBHUKYM NepUIMX JBOX

MawTb rerepoMopdHe OMyLIEHHS, IKE CKJIAJAEThCS
i3 mpoctux Ta ¢ypkatrHux TpuxoMm. Ha mnpukaazi
[UX TPUO JIETKO MPOCTIAKOBYEThCSA 3aJIEXKHICTh MiX
CTYIIEHEM pO3TaJy>K€HOCTI TPUXOM 1 ILIJBHICTIO
ONyIIEHHS Ta EKOJOTiYHMMHM YWHHUKAMH OCeJMI]
BU/JiB. B poai Draba - oaHOMy 3 HaMbGiabmIKX 32
BU/I0BOIO YU CeJIbHICTIO, ripCcbKO-aJIbMiNCKUN
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D. aizoides, Big3Ha4ya€TbCA JyXe He3HAYHUM
ONyIIeHHAM i3 IPOCTHUX BOJIOCKIB IO Kpalo JIMCTKa
Ta eMiKyTUKYJAPHUMU IJIACTUHYATUMU KpHUCTaJaMH
BOCKY, 110 Ma€ TriApodo6Hi BiacTuBoCTi. B iHmMx
BU/IB, 110 HasABHI y ¢Jiopi YkpaiHy, onymeHHs go6pe
pO3BUHEHE | CK/IaZa€ThCsA i3 NpOCTUX Ta QypKAaTHUX
TPUXOM i3 JIBOMa, TPbOMa YU YOTUPMaA MPOMEHSIMH.
llipHe onmylleHHS i3 AeHJPOIAHUX BOJIOCKIB MalTh
BUaU Schivereckia. B ekcTpeMasbHUX GioTomax
CIOCTepiraeTbes 36i/blIeHHs CTYIeHsl raly3UcTOoCTi
dypKaTHUX BOJIOCKIB a60 MLI[iJIbHOCTI OMylIeHHS
TakoX y BUJIIB Arabis. Y ripcbko-anibnildcbKux
A. alpina Ta A. caucasica [OMIHYOTb I'yCTi YOTUPHU- Ta
'ITU-CEMUIIPOMeHEBI QypKaTHI BOJIOCKH, TOJI SIK
y Me300inbHUX A. sagittata, A. gerardii Ta A. hirsuta
nepeBakaloTb PO3CisiHi  ABoNpoMeHeBi ypkaTHi
TPUXOMHU a60 TIMBKH MPOCTi HEPO3TATYKEHI BOJOCKH.
Jlo ckjany iHTEHCHUBHO 1HCOJIbOBAaHUX 6i0TOIIIB
Cepen3eMHOMOpP’'ss BXOASTh TYCTO ONyIlleHi BUJU
Aubrieta, onyH 3 SIKUX MOUIMPIOETBHCS B YKpaiHi sk
iHTpoaykoBaHa pocsauvHa (Illinska et al.,, 2019).

AnasoriyHa TeHJeHIisl 36iJblIeHHS TaJly3UCTOCTi
TPUXOM | LIJIBHOCTI ONYIIEHHH, CIOCTepiraeTbcs
i B HellloZlaBHO onMcaHil Tpubi Stevenieae (Al-Shehbaz
etal, 2011), no sikoi BkItouMIU Pseudoturritis turrita,
110 MOIIMPEHUN Ha AOC]i/PKyBaHild TepuTtopii. Jyxe
CBOEPIJHI 3a KOHCTPYKILi€I0 TPUXOMU XapaKTepHi
nns Ptilotrichum canescens (DC.) C.A.Mey. (= Stevenia
canescens (DC.) D.A.German = Alyssum canescens
DC.), ujo po3noBcroaxeHuid Bif [liBaeHHO-3axizHOrO
Cubipy mo 3axiguux iManais (B Ykpaini BigcyTHii). Ix
ONMCYBaJ/IM {K 3ipyacTi i3 mip4yacTo-po3rajayKeHUMU
npoMmeHsaMu (Bush, 1939) ab6o gk pgeHzpoigHi
(Beilstein et al, 2008). Po3BuTok Hixku i1 ABOX
IIEPBUHHUX IPOMEHIB BKa3ye€ Ha IXHIO HaJIeXKHICTb
o dypkaTHUX TPUXOM i3 mipyacTo-po3ranyKeHUMHU
npoMeHsMu. OTKe, 36iJblIEHHSI PO3rajy>KeHOCTi
TPUXOM € QaJaNTUBHOI peakLi€l0 pOCAWH Ha
eKCTpeMasIbHl yMOBM icHyBaHHdA. lle nigTBepmxye
I rycTe ONyLIeHHA i3 3ip4acTUX TPUXOM, L0 BJIACTUBE
6i71b1IOCTI BUAIB ipaHO-TYpPaHCHKOI 3a MOXOKEHHAM
Tpubu Alysseae. Tpuxomu Aurinia saxatilis BU3Ha4aIu
dK 3ipyacTi, ase Halle LOCJHiJpKeHHs IOoKa3aJlo, L0
ix Tpeba kBasidikyBaTH AK JeHApOIgHI. [lomiGHi
BOJIOCKH (OpPMYIOThCS, K AOMilIKa A0 3ipyacTux,
i B Fibigia clypeata. Jns pOCAMH LbOro BUAY i3
Bosrapii BkasywoThb 3ipyacti (cuasdi Ta Ha HiXIH)
i nengpoigni Tpuxomu (Ancev and Goranova, 2006).
3ayBakMMO, 1[0 pIi3HOMaHiITHI 3a XxapaKTepoM
rajy>keHHsl 3ipyacTi TPUXOMH PO3BUBAIOTHCHA TaAKOXK
y BHU/IB NiBHIiYHOAMEPHUKAHCBbKOI, 37e6iabpuIoro,
Tpubu Physarieae (0’Kane, 2010; Fuentes-Soriano

and Al-Shehbaz, 2013). Buau o6ox Tpub mnozioHi
3a XapaKTepoM ekoJiorii 6i0TomiB, J0 CKJaAy SKUX
BOHU BXOJATb — iCHYIOTh B 6ioTOomax KaM'SIHUCTHUX
Bific/loOHeHb 3i CJ1aGKOPO3BUHEHUM POCJUHHUM
MOKPHUBOM, IHTEHCUBHOIO iHCOJIAII€I0 Ta 6iAHUM
cyocTpaToM. OTKe, MOXKHA MPUIYCTUTH, 1[0 B POAUHI
Brassicaceae aeHApoOifHI BOJIOCKM - Ile TOXiAHUH
TUIl TPUXOM, 110 MOe popMyBaTUCS B pe3yJbTaTi
36iJIbIIIEHHS CTYyNEeHS Ta/ly3UCTOCTI iHIIKX IXHIX TUMIB,
30KpeMa QypKaTHHUX YU 3ipyacTHUX.

EBosiniiHy  JiHi0 LIII (abo CynepkJaaay
«E»)  chopmyBanu Bugu Tpub6 Chorisporeae,
Dontostemoneae, Hesperideae, Anchonieae, Buniadeae,
Shehbazieae Ta Euclidieae (Beilstein et al., 2006, 2008;
Koch et al,, 2007; Franzke et al, 2011; Huang et al,
2015; Guo et al, 2017; Mandakova et al, 2017; Ta
in.). lle eauHa dinoreHeTHyHa rpyna XpecTouBiTHX,
[0 CKJIaJly SIKOi YBIMIJIM 34e6iJbIIoro Ti BHUAH, 1110
MalTb Yy CBOEMY OIyLIEHHI 3a/J03UCTiI CTPYKTYpH.
Y ¢nopi Ykpainu Takux BUJIB 14. AKIO pO3BUTOK
NOKPUBHUX TPUXOM € INEPLIOK 3aXUCHOI peaKLi€lo
enifiepMasibHOI TKaHUHM POCJMH Ha eKCTpeMaJbHi
(oco6siBO HagMipHY iHCOJAL{O i BUCOKI a60 HU3bKI
TeMIlepaTypu) YMOBHU iCHYBaHHf, TO (OpPMyBaHHS
CEKPETOPHUX CTPYKTYp MHOB’sI3yI0Tb 3i crenudikoro
00MiHYy pe4OBUH THUX UM iHIIMX TPy POCAHH. Y IXHiX
KJITUHAX HAKONHWYYKTbCH, K MPaBUJIO, BTOPUHHI
npoayKTH MeTaboJtizmy, edipai osii (Huchelmann et
al, 2017; Schuurink and Tissier, 2020). CekpeTopHi
yTBOPEHHS XapaKTepHi [JJs Ayxe 6araTboX BHUJIB
cecTpyvHCbKOi poauHK Cleomaceae, 1o mnoumuMpeHi
3/1e6isblIoro B Tpomikax Ta cy6Tpormikax CTaporo
iHoBoro cBiTy. 3rigHo 3 slanumu Angiosperm Phylogeny
Group (APG 1V, 2016), Cleomaceae € ceCTpHUHCbKO
poauHow Brassicaceae. Y BU/ZiB KJIEOMOBHX YHUCJIEHHI
W Jyxe pi3HOMaHiITHI 3a CTPYKTypolO 3aJI03HUCTi
BOJIOCKM M pigkicHi a6o 30BciM BizcyTHi mnpocri
Tpuxomu (Pax, 1891; Iltis et al., 2011; Ilyinska, 2015).
OTKe, pO3BUTOK 3aJ1I03UCTUX CTPYKTYP TaKOX BKa3ye
Ha iCHYBaHHA GJIM3bKUX CIOPiJHEHUX 3B'3KiB Mix
poavnaMu Brassicaceae Ta Cleomaceae i € ogHUM i3
CBiZlueHb NapaJieJJbHOTO PO3BUTKY LIMX JIBOX POJUH
(Hall etal,, 2002; Iltis et al., 2011; APG-1V, 2016).

Y TakcoHiB ¢uiopu Ykpainu, mo HajaexaTtb o LIII,
NpOCTe OMYILIeHHS CKJaJAa€EThCS i3 Hepo3raayKeHHUx
(Clausia Ta Chorispora) a6o i3 IpocTHUX Ta GypKATHUX
(tpubu Hesperideae, Euclidieae Ta Buniadeae) 4w
i3 3ipuactux i geHgpoigHux (Anchonieae) Tpuxom.
XapakTepHo, w0 6isbwicTe BuAiB JjiHil LIII Ha
JOCJIKyBaHIM TepyuTOPil 3HAXOAATHCSA HAa MeXi CBOTO
npupojHoro nomupenHs (Clausia aprica, Chorispora
tenella, Strigosella africana, Neotorularia torulosa,
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N. contortuplicata, Bunias orientalis, Euclidium syriacum
(L.) W.T.Aiton) abo Ha/jexaTb [0 4YHMC/JIa 3aHECEHUX
(Bunias erucago), 44 THX, WO BijoMi B KyJbTypi
(Matthiola incana, M. longipetala) 1 mnomupeHi
3/1e6UIBIIOTO B TPaB’siHUX, CUHAHTPOIHMUX GioTonax
abo B iHIIMX, aJie i3 cJ1abKO PO3BUHEHUM POCAMHHUM
IIOKPHUBOM. 3a HAllMMU JAaHUMHU TiNbKU pif Hesperis
B YKpaiHi BKJIIOYAE AEB’SATb BUJIB, OIJbIIICTh IKUX €
CKJIaIOBUMU psny Matronales Tzvel. (Tzvelev, 1959).
Pe3ysbTaTH HeL[OAABHIX MOJIEKYJSPHO-6i0JIOTIHHUX
JocaimkeHb 6su3bko 40 BUAIB MoOKasasH, 10
pin Hesperis cdopMyBaBcsi B ipaHO-TYpaHCbKOMY
dsiopucTUdHOMYy perioHi B cepeJHbOMY MioleHi
mifg yac peaykuil TeTica i po3mIMpeHHs 3HeTiCHEHUX
TepUTOPil, a ypKaTHI 1 3a/103UCTi BOJIOCKHU HAJIEXKATh
Jlo Horo aHnectopHux o3Hak (Eslami-Farouji et al,
2021). ¥ BugiB Hesperis, mo nouvpeHi B [liBJjeHHO-
3axigHii Asii, HanpukJ/a/, ONyLIeHHs 3HA4YHO I'YCTillle,
HIX y THX, 110 XapaKTepHi s ¢siopu Ykpainu (Cullen,
1965; Dvorak, 1968a,b; Duran and Cetin, 2016; Eslami-
Farouji, et al., 2018).

BucHoBoOK

Buau Brassicaceae ¢psiopu Ykpainu MaroThb i3oMopdHe
(170 BugiB) abo rerepomMopdHe (59 BU/iB) onylieHHS.
Y 23 BuAiB TpPUXOMH 30BCiM BijcyTHi. [3oMmopdHe
onylleHHs B HauWbinbmoro uyucaa (120) Bujis
CKJIQJIa€EThCS i3 MPOCTUX BOJIOCKIB, ¥ Heb6araTbox — i3
MasbnirieBux (23) ab6o 3ipyactux (23) Tpuxom;
Jly’Ke He3HayHa 4YacTKa BU/JIB Mae JeHApoigHi (3)
Ta ¢ypkatHi (1) Bosocku. /[ljisg reTepoMopdHOTo
ONyIllleHHS  XpecTolBiTUX YKpaiHU  HaHGiJbIe
XapaKTepHa KOMGiHallisi mnpocTUx 1 QypKaTHUX
BOJIOCKIB (44). [loeqHaHHSA AeHAPOIAHUX Ta 3ipUyacTUX
TPUXOM - CIIOCTEPITa€TbCA JIMILE Y OJHOrO BUAY,
a 3aJI03UCTI CTPYKTYPHU BJIACTUBI Tisibku 14 Bugam. Ha
JOCJipKyBaHiil TepUTOpii 3a BUJ0BOI YHCEJTbHICTIO
HaWKpallle MpeJCTaB/JeHI XPecTolBiTi eBOJIIOLiiIHO-
¢dinoreHeTnyHux aiHi# LI Ta LI Y uiomy, cTpyKTypHa
pisHOMaHIiTHiCTb TpuxoM Brassicaceae BifoGpakae
LIMPOKY €KOJIOTIYHY aMILIITYAy BHUAIB 1 KODEJIIOE,
IIeBHOK MIpOl, 3 IOMipHO-KOHTHUHEHTAaJbHUM
kJiMaToM VYkKpaiHu. Y 6ioTomax 3 [0CTaTHbOKO
BOJIOTICTIO, OITUMAJIbHOK IHCOJIALI €10 Ta3aL0BIILHOIO
SKICTIO TPYHTY CIOCTepirawTbcs BUAW 6e3 BOJIOCKIB
abo omyuieHi MPOCTUMH TPUXOMaMH, B TOMY 4YHCII
B KOMOiHauil 3 ¢ypkaTHUMHM BOJIOCKaMM. Buju i3
LIIIBHUM OIyILIeHHAM 13 pO3rajy:KeHUX TPHUXOM
HaceJsIlOTb MOCYLUJIUBI 6i0TONM 3 IHTEHCHUBHOINO
iHCcoJsId1li€0, HemOCTAaTHIM 3BOJIOXKEHHSIM i OGiZHUM
cy6CcTpaToM.
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Taxonomic characteristics of vegetative organs for invasive
species of Reynoutria Hook.
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Species of the genus Reynoutria Hook. were originally intentionally introduced from East Asia and in the twentieth
century, three of them were successfully naturalized in Europe: R. sachalinensis (F. Schmidt) Nakai, R. japonica Houtt.
and their cultigenous hybrid R. x bohemica Chrtek & Chrtkova, which arose in the secondary distributional range of
the parent species. As the taxa of the genus Reynoutria bloom very late, in late September-October, the characteristics
of their leaves - shape, and type of pubescence - are mainly used as diagnostic ones. Identification of the species is
often difficult, so this paper aims to identify diagnostic characters of their leaves in the secondary distribution range.
Spontaneous invasive populations in Luxembourg, the Czech Republic, and Russia have been investigated. Comparisons
have been made with plants growing in the natural range in Japan. Morphological characters were studied using
a Keyence VHX-1000E digital microscope and an LEO 1430 VP scanning microscope. R. sachalinensis was found to
be well distinguished from other species by its larger leaves with a heart-shaped base and a non-retracted apex.
On the underside of the leaf, there are long uniseriate filiform trichomes along the lateral veins or outside the veins
and peltate glands with 4-, 6- or 8-cell heads. For R. x bohemica, the presence of unicellular conical trichomes on the
midrib was found to be a diagnostic feature in plants growing in Middle Russia (but not always) and is not applicable
to plants from Czech populations, from which this species was actually described! In the taxonomic description of
R. japonica, it has been suggested that the maximum height of the shoots should be significantly reduced (from 3 m to
1 m), as in the natural range this taxon has prostrate shoots. Plants of the secondary range with tall shoots are likely to
be really R. x bohemica hybrids. It has been suggested that in Eastern Europe R. japonica grows generally very rare and
predominantly in culture, and the information about most plants from invasive populations described in the literature
as R. japonica should in fact be attributed to the hybrid complex R. x bohemica.

Keywords: Reynoutria, leaves, morphometric analysis, trichomes, variability

BBegeHue 3TU CBeJleHUs AJs1 4yKePOJHbIX BUJIOB C TeM, YTOOBI
KaK MOXXHO 6oJiee paHblie AUAarHOCTUPOBATb HOBBIU
MHBA3UOHHBIN TAKCOH U MPUHSTH MepPbl 10 KOHTPOJIIO
ero JlaJibHeulIero paccejeHusl.

HUccnenoBaHne aHaTOMMM W MHKpoMopdosioruu
BEreTaTUBHBIX OPTraHOB /IaeT BO3MOXXHOCTb BBISIBUTD
JIOTIOJIHUTE/IbHbIEe ~ JUAarHOCTUYEeCKHWe  MPU3HAKU
AJIsT CUCTEMAaTHKH  «TPYAHBIX»  TaKCOHOB WM  Bujwl posa Pednytpusi Reynoutria Hook. (= Fallopia
BU/OB C N03/jHEOCEHHUM LBeTeHHeM (Atalay et al,  Adans.) cemeiicTBa Polygonaceae — 3To MHOrOJIeTHHE
2016; Svidenko et al, 2018; Hrytsyna et al, 2019;  rtpaBaHuCTble pacTeHHS C MOIJHBIM BETBHCTBIM
Vinogradova et al,, 2021). Oco6eHHO Ba)KHO MOJIYYUTh No/A3eMHBIM KOpHeBHUILeM. CTe6JIM MHOTOUUCIEHHBIE,
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BBICOTOH 1-3 M, TOJIble, TPSIMOCTOSYHE, BBEPXY
BETBHUCTble M YaCTO JYTOBHUJHO HW30THYTbIE, BHU3Y
OOBIYHO C KPAaCHOBATBbIMM MSITHAMH WJIM IITPUXAMH
(Vinogradova et al., 2010).

B ecrectBeHHOM apeasie B Kopee R. sachalinensis
(F. Schmidt) Nakai BcTpeyaeTca B  Buje
JofekamnouoB ¢ 2n = 132; y R japonica Houtt.
OTMeYeHbl TeTpamouabl (2n = 44), rekcanjoupsbl
(2n = 66) u oktomsouabl (2n = 88); R. forbesii
BCTpevyaeTcs Kak rekcamaou/]; (2n = 66) ¥ OKTOMJIOU/
(2n = 88). OueBUHOU KOPpPESALUU MEXK/Y YPOBHSIMU
MJIOUAHOCTU 3THUX TAKCOHOB M MOpP(OJIOTrHUYeCcKUMHU
MpU3HAKaMU He CylIeCTBYeT, 32 UCKJIIDOUEHUEM TOTO,
YTO TeTpamiouabl R. japonica MMeWT HECKOJbKO
6osiee TosicThle UCThsA (Kim and Park, 2000).

BEBpormneHaTypaanu3oBaauch TpuBUAA: R.sachalinensis,
R. japonica v X KyJbTUTe€HHBIN TUOPUA R. x bohemica
Chrtek & Chrtkova, BO3HUKIINI BO BTOpPUYHOM apeasie
pPOAUTENBCKUX BUJOB. ['MOpuau3anus 4y>KepoaHbIX
BU/IOB IIpUBeJia B 3TOM cjy4ae K (GOPMUPOBAHUIO
TaKCOHA C BBICOKMM HHBA3HWOHHBIM IOTEHLMAJIOM,
BbIlllE, YeM Y pojauTesbckux BugoB (Buhk and
Thielschb, 2015). R. japonica otmeuen B EBpome
B 31 cTpaHe, B 12 U3 HUX 3TOT BUJ, pacCMaTPUBAETCA
KaK MHBAa3UOHHBIM. R. sachalinensis oTMmeuyeH B EBporne
B 29 cTpaHax, B 18 U3 HUX 3TOT BU/I pacCMaTPUBAETCS
KaK MHBAa3UOHHBIN. R. x bohemica orMeuyeH B EBpomne
B 26 cTpaHax, B 10 M3 HUX OH BKJIIOYEH B CIIHCOK
WHBa3WOHHBIX BUJ10B (CABI, 2021).

HecMoTpss Ha BBICOKMH HMHBA3WOHHBIA MOTEHLUAJ,
pelHYTpPHIO 0 CUX [TOP UCIOJIBb3YIOT B IeKOPATUBHBIX
nesax. MoJsiogble nob6eru roTOBAT B HHULY Kak
crapky. B TpaJguIlMOHHON KHUTalCKOW MeAuliMHe
R. japonica wucnonb3yeTca nAJi JiedeHUS THOWHBIX
3aboJieBaHUHN, 60JM B ropJje, 3y6HOH 60JiH, fA3BHI,
reMopposi, XpoHudeckoro OponxuTa (Patocka et
al, 2017; Zhang et al, 2019). [lo6ern U KOpHHU
06/1a1aI0T AaHTHUOKCUJAHTHBIMY, aHTUBUPYCHBIMHY,
NPOTHBOBOCHAIUTENBbHBIMHU, KAPAUOIPOTEKTOPHBIMU
M I[POTUBOOMyXOJIeBbIMU cBoicTBamMu (Nawrot-
Hadzik et al, 2018). B coBpemMeHHOU MeaullMHE
pelHYTpUI0 WCNOJb3YIOT JAJA JledeHusl HeMpo-
KapAUOBaCKYJISIPHBIX U BOCHAJIUTENbHbIX
3ab60JsieBaHUN, TpUMNNa, TUNEPJIUNIUAEMUU U OXKOTOB
koxH (Saito et al., 1997; Nhiem et al,, 2014). Ha ocHoBe
pedHYTpPUH BBINYCKAIOT IpemapaT I0J TOPTOBOM
Mapko# Milsana*, koTopbiti 3pdeKTHBEH /17151 60PbObI C
My4HUCTOH pocoli ToMmaToB (Konstantinidou-Doltsinis
et al, 2006). MMewTca [gaHHble, YTO PENHHYTPHUIO
MOKHO MCI0J1b30BaTh B KauecTBe puTOpeMeauaTopa
JUIM CHIDKEHUSl COJlepKaHUsl TsOKesblX MeTaslJIoB
(Ibrahimpasi¢ et al., 2020).

[Tocko/BKY TakKCOHBI popa Reynoutria 3anBeTarwT

O4YeHb MO03JHO, B KOHIIE CEHTAOPSA-OKTAGPeE,
B KauecTBe JMarHoCTUYEeCKUX NPH3HAKOB,
B OCHOBHOM, MCHOJIb3YIOTCS OCOGEHHOCTH HUX

JINCTOBOM IJIACTUHKHU — GOpMa U XapaKTep ONMyLIeHHUs.
BbIsIBJIEHBI TPU OCHOBHBIX THIIA TPUXOM:
1. KOHHYeCKHe OZHOKJIETOYHbIE TPUXOMBI,

2. OfHOpAAHBbIEe HUTEBUHbIE TPUXOMBI, COCTOSALUE
u3 1-8 KJeToK,

3. meJsibTaTHbIE XKeJIe3UCThle TPHUXOMBI.

Tunel TpUXOM U HUX pacmpejesieHHe MOTYT ObITh
MOJIE3Hbl JIJI1 pPa3IMYeHUs] TAKCOHOB B CEKIUH
(Moon et al, 2011). OTMmeueHo, yTto R. sachalinensis
XapaKTepusyeTcsiclieiupriecCKMMUaHAaTOMUYECKUMU
0COOGEHHOCTSMU: HaJIMUUEM B JIUCTBSX APYy3 OKcaslaTa
KaJIbI[Us U KpaxMabHbIX rpany. (Cirlig et al., 2016).

B Hamelt npouioi pa6ote (Vinogradova et al., 2010)
Mbl XapaKTepHU30Ba/Iu [0 MPHU3HAKaM BereTaTUBHbIX
OpPTaHOB CJeAyIOlLINe PA3IUYHsI MeX/y TAKCOHAMMU:

* R sachalinensis (F. Schmidt) Nakai. J/IucTbs oueHb
KpynHble, AJAHOU A0 20-45 cM, ¢ SIBCTBEHHO
cep/iLeBUAHBIM OCHOBAaHUEM, HMXKHSSI CTOPOHA
JINCTOBOU IJIACTUHKMU C JJIMHHBIMU (4acTo 60Jiee
2 MM) MHOT'OKJIETOYHBIMU BOJIOCKaMHU.

var. japonica. PacteHusa
BbicoTo 1-4 M. JlucTtoBas IJIaCTUHKA
dllleBU/IHAs WM OBaJibHas C OTTSHYTOU
TPEeyroJibHOM BEepXYILUKOW, CHU3Yy roJias WU IO
JKUJIKaM Talu/Io3Has, OCHOBAaHUE yCeueHHOe
WM LIIHUPOKO KJIMHOBUAHOE, YAaCTO HECKOJIbKO
HepaBHOGOKoe. CaMble KpymHble JIUCTbSl Ha
IJIaBHOM Iobere aJjuHod g0 20-25 cM, Ha
OOKOBBIX II0OErax JHUCThsI MeJIbye.

* R japonica Houtt.

* R japonica var. compacta (Hook. f.) Moldenke.
PacteHust BbicoToM 710 1 M. JIMCTbsI JJOBOJIBHO
MeJIKMe, JJIMHA CaMblX KPYNHbIX W3 HHUX He
npesbimaet 10 cM.

* R x bohemica Chrtek & Chrtkova. JlucTtbs
C YyCe4YyeHHBbIM, pexe CepALeBUAHBIM WU
LIMPOKOK/JIMHOBUAHBIM OCHOBaHMEM. JINCTbA
CHHU3Y XOTs Obl 110 KUJIKAM C TYCTIMU OCTPBIMHU
KOHUYEeCKUMU 1-3-KJIEeTOYHBIMUA BOJIOCKAMHU.
Y TeHeBBbIX pacCTeHUM JIMCTbS MHOTAA MOYTHU
roJjible, HO KOHHWYeCKHe BOJIOCKHA COXPaHSAKTCA
XOTsl 6bl B OCHOBAaHWUM JIMCTOBOM MJIACTUHKMU.
B Hauase Maf npu pa3BepTbIBaHUHU JIMCTOBBIX
MJIAaCTUHOK, 110 KpallHel Mepe, y YacTH pacTeHU M
€ 06euX CTOPOH JIUCTA XOPOIIO 3aMeTHBI GoJiee
JUITMHHBIE IPOCTbIE BOJIOCKU AJUHON 1-2 MM.
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Pucynok 1 Crestouiuecsi noberu Reynoutria japonica Houtt. B ecTecTBEHHOM apease
Figure 1 Prostrate shoots of Reynoutria japonica Houtt. in the native distribution range

HccinepoBaHud, npoBelleHHble HaMU B IMOCJAeLHUE MOCYACTJIMBUJIOCH HAOIIOAATE R. japonica var. japonica

ro/ibl, IOKa3aJy, YTO 3TOT KJIIOY He BCerja IpUMEHUM B ee eCTeCTBEHHOM apeaJsie B OKpPeCcTHOCTSAX TOKHO
U HYyXJaeTcd B KoppekTupoBKe. Tak, B 2016 1. HaMm U Ha ocTpoBe CukoKy. Ha paBHHMHe pacTeHUS UMeJU

&b/ 00

Pucynok 2 ®dopma JMCTOBON IJIAcTUHKU Reynoutria japonica Houtt. B ecTecTBeHHOM apeasie (KaXAbld JIUCT COOpaH
B Pa3HbBIX KJIOHAX)

Figure 2 Leaf blades of Reynoutria japonica Houtt. from the native distribution range (each leaf collected from a different
clonas)
© Slovak University of Agriculture in Nitra -162 - ISSN 2585-8246
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cremoudecs: noberu (PucyHok 1), a B HWXKHEM
nosice rop BbICOTA pacTEHUM He mpeBbllasa 1 M.
OcHOBaHMeE JIMCTOBOM MJIACTHHKH Y BCEX 0COOEN OBLIO
KJIMHOBU/IHBIM (PUCYHOK 2) M He 04eHb CX0XKHUM C TEMU
JIUCTBSIMU, KOTOpble Mbl HAOJIOAAEM y pacTeHUH
B CpenHeil Poccuu. 3TO MOATONKHY/IO HAcC K GoJiee
JleTaJIbHOMY W3Y4YeHHUIO0 NPU3HAKOB JINCTAa TAKCOHOB
poaa Reynoutria Bo BTOpUYHOM apeavie.

MaTepnaJI U METOAUKaA

PacTureibHBINH MaTepHuaJ

R. x bohemica: nvuctbs cobpaHbl B 5 JIOKaJbHBIX
MOMYJ/IALUSIX (nm KJIOHAX) L. MockBbl
U B 9 nmomyndAnuax MOCKOBCKOH — o6JiacTu:
B basamuxuHckoMm, [JMUTpOBCKOM, JloJaronpygHoM,
MpITULIMHCKOM, OJUHLIOBCKOM (2 MecTOOOUTaHUSA),
OpexoBo-3yeBckoM, I[lymikuHckoM u PameHckoM
p-HaxX. B aHanu3 ObLIM BKJIIOUEHBI TaKXKe JIMCThS,
cobpaHHble aBTOpaMU B I. BbsiHZIEH U B 3apOC/sX MO
peke Crop (J/Irokcem6bypr), B I. [Ipara u B OKpeCTHOCTAX
r. KapsioBbl Baps! (Uexusi) ¥ KyJIbTHBUPYEMBIE KJIOHBI
B noceJsikax lOxxHoro Bepera Kpbima.

R. japonica var. japonica: nucTbsi cCO6paHbl aBTOPaMH
B eCTeCTBEHHOM apeaJie B noc. MuHamu (0-B CUKOKY,
fAnoHus) U B OKPeCTHOCTSAX I. TOKKO. ITOT 3Ke TaKCOH,
COIVIAaCHO I3THKETKe, COJEpXHUTCS B KOJUIEKLUU
HukuTtckoro 6oTanudyeckoro caja (3ToT o6paser Mbl
TaK>Ke BKJIIOYMJIN B aHAJIU3).

R. japonica var. compacta: JUCTbsSI C pacTeHUH,
KyJIbTUBUPYEMBIX B
cay Poccuiickoit

60TaHUYECKOM
(’BC PAH,

['naBHOM
aKaJleMUu HayK

MockBa, Poccus) u B 6oTtanmdyeckoM cany KapJsiosa
yHuBepcuTeTa ([Ipara, Yexus).

R. sachalinensis: nyucTbs cOOpaHbl aBTOPAMH B TpeX
JIOKaJIbHBIX HNONMY/IALUAX (MHTPOAYKLMOHHASA
nonyasuuss B BC PAH, r. 3BeHuropoj MocKoBCKOM
obsacti W padoH HoBokocuHOo T. MOCKBBI)
Y MIOJIY4Y€eHbl U3 eCTECTBEHHOr0 apeasia (OKpeCTHOCTH
r. KOxHo-Caxa/inHCK).

06beM HcCIel0BaHHOTO MaTepuala GblLI YBeJIUYeH
3a CYET MPOCMOTpa repb6apHbIX 06PaslOB TAaKCOHOB
pona Reynoutria, xpansamuxcs B ['epbapuu 'BC PAH
(MHA) u B l'ep6apuu MI'TIY (MOSP).

Mop¢omeTpuyecKuii aHa/Iu3

U3 Kaxk01 JIOKaJIbHOU MOonyJsAliMU (= KJIOHA) 6pau
no 3 oceBbIX Mo6Gera U NpocMaTpUBaId MO 2 JHUCTA
C KaxJioro Ha 1udpoBoM MUKpockomne Keyence VHX-
1000E npu yBestmyenuu a0 x 200. JIUCTbs ¢ GOKOBBIX
no6eroB B aHA/IM3 He BKJIIOYAJIH, TOCKOJIbKY X popMa
oTIMYaeTcss OT GOopMbl JIMCTbEB TIJIABHOrO IMobera.
®opMy 0CHOBaHHUSA JIUCTOBOU MJIACTUHKH OTpeiesIsiIn
1o yruy, chopMHpPOBAaHHOMY CpeHEeH KUITKOU U OChIO,
NPOXOJSILYI0 OT OCHOBAaHUS YepellKa K Kpato IMCTOBOU
IJIACTUHKU. [l HCc/ieloBaHUS Y/IbTPACKYJIbITYPHI
JINCTOBOM IJIACTUHKHU MCIOJIb30BaJN CKaHUPYIOIIUN
3JIeKTpOHHBIN MUkpockon LEO 1430 VP.

CraTucTu4yecKUid aHAIU3

Pe3ysibTaTbl 06pab0TaHbl METOJAMU MAaTEMATUUECKOU
CTaTUCTUKHU B nporpaMmme PAST.

Pucynok 3 JlucroBas niacTuHka Reynoutria x bohemica Chrtek & Chrtkova:
a - BepXHsisl CTOPOHA 6e3 YCThUIL; b — HHXKHSA CTOpPOHA C aHOMOLMTHBIMHU YCTHUIIAMHU U TEJIbTAaTHOM jKeJle3KOH
Figure 3 Leaf blade of Reynoutria x bohemica Chrtek & Chrtkova:

a - upper side without stomata; b - lower side with anomocytic stomata and peltate glandular trichome
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Wi NMag= BDX Ggnal A=SE{  Date 51 Mer 2017
o/ WD'= 12mm Photo No.=85g8 Time :11:50:11

Pucynok 4 Jluct Reynoutria sachalinensis (F. Schmidt) Nakai: cepaueBuiHoe ocHOBaHUe, OAHOPAHBIE JJIUHHbBIE TPUXOMbI
Y IeJIbTaTHas KeJie3Ka C BOCBMHKJIETOYHON r0JIOBKOW Ha HIKHEH CTOpOHe JICTa

Figure 4

Leaf blades of Reynoutria sachalinensis (F. Schmidt) Nakai: heart-shaped base, uniseriate filiform trichomes and

peltate glandular trichome with 8-celled head on the lower side of leaves

Pe3y/bTaThl M 06CYKAEHUE

Y Bcex BHUAOB JIUCTbA Ye€pelKOBbIe, BepXHAA
CTOpPOHaA JIMCTOBOM  IJIACTUHKH roJsiad, JiMCTbA
TUInocToMaTHu4eckKue, T.€. yCTbHLa y HHUX

pacriosiararoTcs TOJIbKO Ha HUXKHEH CTOPOHE JIMCTOBON
nacTuHkM (Pucynoxk 3).

R. sachalinensis XOpOLIO OTJINYaeTCqd o
cepALEeBUAHOMY OCHOBaHUIO JucTa (PucyHok 4): yron
MeX/ly Cpe/iHel )KUJIKOM U OCbI0 OT OCHOBaHUs YepelIKa
K Kpalo JIMICTOBOM IJIACTUHKU Y BCceX 06pa3l0B TYIOH,
T.e. >90° U B cpeaHeM cocTaBJsieT 97.7 £2.7° (ot 95 no
103°). Bepxyl1ika JiucTa He OTTSIHy Ta.

Xopowo OoTJhYaeTcsl TaKCOH U N0 MHUKpoMopdo-

JIOTUYECKUM IpU3HAaKaM: Ha HUWXHEH CTOpOHe

JINCTOBOU MJIACTUHKU UMEETCs JiBE TPYIIbl TPUXOM:
1. KOpOTKHUe O cCpeJiHEN KUJIKE,

2. JJIVHHBIE [10 BTOPOCTENEHHbIM KUJIKaM UJIM BHE
xu10K (PucyHok 4).

CpeaHsist AJIMHA JUIMHHBIX TPUXOM Y 3BEHHUT'OPOJACKOTO
obpasna 256.6 (149-494) MKM, y HOBOKOCHHCKOTO
obpasna - 373.5 (210-494) mkM. OueHb JJIMHHBIX
TpUxoM (A0 2 MM), KOTOpble YIOMHUHAKOTCSH
B OINpeJieJIUTessX, Mbl He HaxoAuau. [lenbTaTHble
JKeJIe3KU MMeIOT 4allle BCero roJIoBKy U3 4 KJIETOK,
HO BCTpeyalTcs JKeJe3KM H € 6-KJIETOYHOH,
U ¢ 8-KJIeTOYHOM roJIoBKOW. BMecTe ¢ XxapakTepHBIMU

IPU3HAKaMU reHepaTUBHBIX OPraHOB — OMYLIEHHBIMU
[[BETOHOXKKaMU M OINYLIEHHbIMH JINCTOYKAMH OKOJIO-
[[BETHUKA BHENIHETO Kpyra, HaJIU4WeM OOHIbHOU
NbIJIBLBI X1 CITIOCOOHOCTBIO K dKTHBHOMY IJIOJOHOILIEHHU IO
(Vinogradova et al, 2016) ocobu, mpuHajJexaliye
K 9TOMY BU/Y, OTIPE/IE/ISIOTCS OAHO3HAYHO.

R. japonica var. compacta BbleNeTCa Cpefu APYTUX
TAKCOHOB I10 IJIOTHOH TEKCTYpPE U 110 popMe JTUCTOBOH
IJIACTUHKU. JIUCTbsl Y 3TOro pacTeHHs KOXKUCTble
U 6/M OKpyIJible, 3 HEPEJKO IIHMpPHUHA JIUCTA Jaxe
npeBbimiaetT ero JuuHy (PucyHok 5). Ha HmkHeH
CTOPOHE JINCTA UMEIOTCS TNesbTaTHbIE KeJe3KH, HO
TPUXOMBI OTCYTCTBYIOT, B TOM YHCJIE U MO YKUJIKAM.

— 1cm

Pucynok 5 Jluctba Reynoutria japonica var. compacta
(Hook. f.) Moldenke
Leave blades of R. japonica var. compacta
(Hook. f.) Moldenke

Figure 5
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R. japonica var. japonica B eCTeCTBEHHOM apeaJe
(Pucynox 2) uMeeT KJIMHOBHJHOE OCHOBaHHUeE JIUCTA,
Y yroJl MeX/y CpeJiHel »KUJIKOH U 0CbI0 OT OCHOBAHUS
yepelliKa K Kpao INCTOBOM IIJIACTUHKH y BCeX 06pa3IioB
ocTpbil, T.e. <90° u B cpesHeM cocTaBisieT 63.4 +4.5°
(or 54 pgo 79°). EpnuHCcTBeHHBIH o6paseln 3TOro
TaKCOHa U3 BTOPUYHOIO apeasia, KOTOPbIH, COTJIACHO

AOKYMEHTAallUH, HaMepeHHO HHTPOAYLUHUPOBAH
HemnocpeJCTBEHHO n3 Anonuu, co6paH HaMH
B HUKHTCKOM GOTaHHYECKOM caly MW TaKXe

XapaKTepU3yeTcst OCTPbIM yriioM (70°), 0iHAKO UMeEeT
6osiee okpyriayr ¢opMmy. Ha HeMHOroducieHHBIX
repbapHbIx 06pasyax, cobpaHHbIX HEMOCPeJCTBEHHO
B Anonun (MHA, MW, MOSP), aToT npU3HaK TaKxXe
NPOCIEXKUBAETCS.

CI)opMa JINCTbEB BCeEX OCTaJIbHbIX o6pa3u013
BapbupyeT HACTOJIbKO CHUHJIbBHO, 4YTO OO 3TOMY
IIpHU3HAKY pa3rpaHU4YMBaATb BO BTOPHUYHOM

apeasie R. japonica var. japonica oT R. x bohemica
JloCTaTO4YHO npo6seMaTuyHo (PucyHok 6). [loaTomy
OCTaJIbHble HCCJIe[OBaHHble HAaMU 00paslbl U3
eBpONENCKOM YacTH BTOPUYHOTO apeaja MbI
npeABapUTEJbHO OTHOCUM K TUOPUJOCeHHOMY

KOMILIEKCY R. x bohemica, BK/1l04aw1eMy 63KKPOCChI
C pOAUTENbCKUMU BUAAMU.

R.  x bohemica: ¢opMa 0CHOBaHUSI JIMCTOBOH
IJIACTUHKY BapbUpyeT OT €/1abo cepALeBUAHOM (YyroJ
97°) 1o oKpyIIo-KJIUHOBUHOU (yros 73°), B cpeiHEM
84.2 +1.6°. DopMa BapbHpYeT JlaXKe B IIpe/iesiax OZHOT0
KJIOHA, YTO Mbl HabJI0JJaJii B MHOTOKUJIOMETPOBOMU
3apocJiu B osinHe peku Crop B JItokcembypre (PucyHok
6 m-p). K ToMy ke siicThbs, GopMuUpyoLIMecs K KOHLY
BereTalMOHHOT0 ce30Ha (Ha 60KOBbIX MOOEerax ujiu Ha
BepXYyLIKaX 0CeBbIX N06EroB), HEPeJKO 3HAUYUTENbHO
oTIMYalTca 1o ¢opMe OT JIMCTbeB CpPeAUHHOU
dopmanuu Ha oceBbix mnoberax (PucyHok 6 i-l).
Bepxy1uka JiucTa OTTSHy Tasl.

HanpotuB,  Mukpomopdosioruyeckue  HpPU3HAKU
JIUCTbEB y BCexX 0OpasuoB BapbUpylOT cyaabo. Ha
BepxXHel CTOPOHe JIMCTOBOM IJIACTUHKH TPHUXOMBI
OTCYTCTBYIOT. Ha HMXKHeHl CTOpOHe JIUCTa HUMEIOTCS
neJbTaTHBIE >KeJIe3KH, PacloJIoKeHHble BHE KUJIOK.
Yucso ux cocTapsisiyio oT 3 A0 5 B MM?, a juamMeTp -
oT 40 no 50 MM (Tabsuua 1). OcTpble KOHUYECKHE
OJIHOKJIETOUHblE TPUXOMBbI 10 TJIABHOH JKUJIKe
OTCYTCTBYIOTY pacTEHUH, COOpaHHbBIX B YexuH, a TaKxe

Ta6smmua 1 [lpusHaku aucTbeB Reynoutria x bohemica Chrtek & Chrtkova us pasnnunbix nonyasnuid BocroyHoit EBponbl

Table 1 Leaf characteristics of Reynoutria x bohemica Chrtek & Chrtkova from different populations in Eastern Europe
HcciiegoBaHHbIE NOMYJISILUU Teorpaduyeckue *Yros Konuueckue IlenbTaTHBIE KEIE3KU
KOOPJHMHATHI B OCHOBaHHUH TPUXOMBI IO C 4-X KJIETOYHOH
JINCTA, TPAAYChI IAaBHOM KHJIKe rOJIOBKOM
N 49.9093
JIrokcemGypr, peka Ciop E 59272 95-103 HET ecTb
Yexus, [Ipara, Borannyeckuii N 50.0717 75_87 et ecTh
HHCTUTYT E 14.4216
Yexus, KapsioBsl Bapsl, N 50.2300
y aBTOGYCHOTO BOK3aJia E 12.8626 77-89 Her ecry
N 50.2300
Yexus, KapsioBbl Bapsl, UHCTUTYT E12.8724 82-88 HeT eCcTb
MockoBcKasi 06j1acTh, OpexoBo- N 55.5028 76-90 et eCTh
3yeBo, XoTenyu E 38.7936
N 55.7519
MockoBcKasi 06j1acTh, PeyToB E 37.8628 75-86 ecThb ecThb
N 56.4474
MockoBcKas 061acThb, OpyabeBO E 375142 75-80 ecTb eCTb
N 56.0266
MockoBcKasi 061acTh, [lyIKuHO E 37.8328 77-85 ecThb ecThb
N 55.7339
MockBa, HoBokocMHO E37.8473 70-82 eCcTb eCTb
N 55.5995
MockBa BocTtoyHoe BuprosieBo E 37.6746 87-90 eCcTb eCcTb
N 44.6711
Anymra, Kpeim E 34.3979 86-90 eCcTb eCTb

l'lpnmeqa}me: * yroJa Mmexay cpeAHeﬁ JKUJIKOU U OCbIO OT OCHOBAHUS qJepellka K Kparo JINCTOBOM MJIACTUHKH
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Eoan G- Wipa Mag= 3084 SignalA=SE{  Date 51 Mar2017
EHT=2000kY WD= 1dmm PhotoNo.=8561 Time:11:23:34

0 Mag= 131K Xgnal A= SE1  Date 31 Mar 2017
KW WD= 1Emm Photo Ho, = 8528 Time :10:44.07

i 3
504X Signal A= SE1  Date 31 Ma
Imm photoNo. = 8516 Time 11032

PucyHok 6 Jluctbs Reynoutria x bohemica Chrtek & Chrtkova:
a-h - pa3nble k10HbI U3 MOCKOBCKOH 06J1acTH; i-1 - pa3Hble koHbl U3 CpesHelt Poccuu (¢ uHAeKkcoM 1 ¢ oceBbIX 06Eros, a
C MHJIEKCOM 2 — ¢ GOKOBBIX TOOETOB TOTO K€ PAacTeHUs); M-p — O/IHA MPUOpexkHas nomysnsanus no pexke Ciop (JIrokceMoypr)
c ocobeif, Npou3pacTawIIUX He MeHee, 4eM B 50 M ApyT OT ApYyra; I'-q - KOHU4YeCcKHe 0JHOK/IeTOYHbIe TPUXOMBI 110 CpeHel
XKUJIKE; S-t - YCThHLA U MeJIbTaTHBIE KeJIe3KHU C YeThIPEXKJIETOYHOH roJIOBKOM

Figure 6 Leaves of Reynoutria x bohemica Chrtek & Chrtkova:
a-h - different clones from the Moscow Region; i-1 - different clones from Central Russia (with index 1 from axial shoots and
index 2 from lateral shoots of the same individual); m-p - one coastal population along the Syur River (Luxembourg) from
individuals growing at least 50 m apart each other; r-q - conical unicellular trichomes along the middle vein; s-t - stomata
and peltate glandular trichomes with 4-celled head
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B OJHOW M3 momyasuuil MockoBckol o6siacTu (U3
OpexoBo-3yeBo). Ha rep6apHbIX JIMCTAX, XPAHSALIUXCS
B MHA, MW u MOSP, sTOT TUI TPUXOM OTMEYEH JIHIb
y 40 % o6pa3uoB.

[lonyyeHHble  HaMMU  pe3yJabTaTbl  MO3BOJISIOT
OpeJNoJIOKUTh, YTO UHTPOAYLUPOBAHHAS B AHIVIUIO
6osee 100 sier Hasax R. japonica var. japonica
KOMIIEHCHpOBaJla  OTCYTCTBHEe  IepBOHAYa/JIbHOH
reHeTUYeCKo U3MEeHYHMBOCTU OOIIMPHON cepueit
MEXBUA0BOU TUOPHUAU3ALUN C UHTPOAYLMPOBAHHOM
no3gHee R. sachalinensis ©1 o6pa3oBaHUEM TUOpHUAA
R.xbohemica,cnioco6HOT0 K06paTHOMY CKpeIllMBaHU IO
C PpOAWUTENbCKHUMHU BHAAMU U TeHEepUPOBAHUIO
pPa3HOOOpa3HbIX TEHOTUIIOB. ITO MOATBEPKAAETCS
KaK pasJIMYHbIM YPOBHEM IUIOWJHOCTH KOMIIJIEKCA
R. x bohemica - OT TeTpamonJ0B [0 OKTOIJIOU/OB,
TaK U ero reHeTUYeCcKMM pa3Hoob6pasueM. B Yexuw,
HanpuMmep, B 88 u3yYeHHBbIX KJIOHAaX BBbISIBJIEHO
33 MyJbTHJIOKYCHBIX reHoTHna (Mandak et al., 2003,
2005; Bailey, 2012). OxHako CBelieHHsI MO YPOBHIO
MJIOUAHOCTU pelHyTpuU B C/10Bakuu, B KprBaHbCKUX
ropax, uHble. C MCI0/Ib30BaHHEM METO/A MPOTOYHOH
LUTOMETPUHM I[OKAa3aHO, YTO 3apOoCId peHHyTpUu
COCTOAT W3 TpPeX TAKCOHOB, KaXKJAbIM M3 KOTOPBIX
npeJcTaBJeH TOJIBKO OIHUM LUTOTHUIIOM:
reKcariouZiHpiM (2n = 6x ~ 66) y R x bohemica
(23 k10Ha), oKTOMIOUAHBIM (2n = 8x ~ 88) y R. japonica
var. japonica (18 KJIOHOB) U TeTpPaIJIOUAHBIM (2n =
4x ~ 44) y R. sachalinensis (2 knoHa). MopdomeTpus
23 NpU3HAKOB JIMCTbEB NPOJEMOHCTPUPOBAJA, UTO
HauboJiee HAJIEXKHbIM AUArHOCTUYECKHUM MPU3HAKOM
Reynoutria saBidgeTcd onylleHue Jiucta. [Ipu3HaHo,
yTo R. xbohemica odyeHb yacTo nyTtaloT ¢ R. japonica
var. japonica, IPUCYTCTBUE KOTOPOW BHE KYJbTYpPbI
nepeonenuBaetcs (Mereda et al.,, 2019).

B ecTecTBeHHOM apeasie M3y4yaeMble TaKCOHBI elle
60Jiee pa3HOOOpa3Hbl: OHU NpeJCTaBJeHbl 0COBIMU
C pa3/IMYHbBIMU YPOBHSIMU IJIOUJHOCTU U OoJiee
pasHoo6pasHbIMUKeIe3KkaMU. Tak, Mbl HE 00HAPYKUJIU
Ha JIMCTbAX IMeJbTaTHBIX eJie30K C 2-KJIeTOYHOU
U ¢ 14-TU KJIETOYHOU rOJIOBKOW, KOTOpPble OTMEYEHbI
Kopeiickumu ydeHblMu (Moon et al, 2011).
Pazinuuii Mexay BUJAMH MO0 3TOMY NPU3HAKY MBI
TaK)Xe He OTMeTWUJ/IM: BCe TAaKCOHbI MMeJIH JKeJIe3KH
€ 4-X KJIETOYHOU r0JIOBKOH, TOJIbKO Y R. sachalinensis,
KaK HCKJIIOYeHHe, HAGJI0AAITCS KeJle3KH C C 6-TH
U C 8-MU KJIEeTOYHbIMM ToOJIOBKaMu. Hamnportus,
B ecTeCcTBeHHOM apeasie B Kopee y R. japonica
06Hapy>KeHbI TOJbKO BOCbMUKJ/IETOYHBIE TEeJIbTaTHbIE
KeslesKd, a y R. sachalinensis - 4eTblpex- WU
BocbMUKJIeTOuHbIE xesie3ku (Khalil et al., 2020).

BbIBOABI

Kurou g onpepesieHuss TaKCOHOB pofia Reynoutria
BO BTOPUYHOM apeajie 10 IpH3HAKaM JIUCTOBOM
IJIACTUHKY HYX/JaeTCs B HEKOTOPOM KOPPEKTUPOBKE.
Bo-nepBbIX, HEOO6XOAWMO OTKa3aThbCsl OT YKa3aHUs
TaKOW 3HAYUTEJbHOU BbICOTHI NMoGeroB (1-4 M) aus
R. japonica var. japonica, 1 onpeieJUTb ee BBbICOTY
B 1,0-1,5 M. Bo-BTOpBIX, B KJIIOY CJIeAYyeT BKJIOYUTh
OTMeYeHHbIe HAMU Pa3/IM4yHrs B CTPOEHUH NeJIbTaTHbIX
»KeJsie30K - ¥ R. x bohemica oHU UMeIOT 4-X KJIETOYHYIO
roJIOBKy, Torja Kak y R. sachalinensis, moMumo
4-X KJIETOYHBIX TOJIOBOK, BCTpEYalOTCHd KeJIe3KH
C 6-TH U C 8-MU KJIETOUHbIMU I'0JIOBKAMU. B-TpeThux,
st R. x bohemica Hanmuiue KOHHUYECKHX BOJIOCKOB
Ha CpeJHed JKUJIKe SBJSETCS [JUAarHOCTUYECKHUM
NPU3HAKOM y pacTeHUH, NIPOU3PpaCTAIOLIUX
B CpegHeit mosioce Poccuu (HO U TO He Bcerja),
OJlHAKO He XapaKTepeH [JJfl U3 YeLICKUX MONyNALUH,
OTKyZa I3TOT BH/J, COOCTBEHHO, U ObLI OMNHCaH.
BoamoxkHo, B BocTouHoii EBpone R. japonica BooG1e
NpoU3pacTaeT KpailHe pe/iKo, U NPEeUMyIeCTBEHHO
B KYJIbTYpe, a CBeJleHHsl 10 GOJIbIIMHCTBY pacTeHUH,
ONIMCbIBAeMbIX B JIMTEPATYPHbIX HCTOYHHUKAX Kak
R. japonica, Ha camMoM [JeJie cjeAyeT OTHOCUTb
K THOpUI0TeHHOMY KoMILIeKcy R. x bohemica.
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The publication aims to present some knowledge about the less-known but at the same time very scarce bituminous
rock alginite with comprehensive practical use in the form of a brief overview. Alginite is an organic-bituminous
rock that was formed about six million years ago from dead fossil algae Botryococcus braunii Kiitz and diatoms in the
area of today‘s Pannonian Basin. In Europe, alginite deposits have been discovered in Hungary, Austria and Slovakia
in Pincina village. Alginite mining is mostly used in Hungary in the Gerce area. Alginite is grey to dark grey, in the
wet state dark laminated, clayey with the form of disintegrating clay. Alginite has very valuable physical, mechanical
and chemical properties. It is a natural bituminous rock with a favourable content of basic nutrients (P, K, Ca, Mg
and S) for plants except for nitrogen content. Alginite contains a large number of microelements, which increase
the agrochemical possibilities of its use. It can be applied in its natural form without chemical treatment. It is an
ecological raw material that improves the soil and does not negatively affec the environment. Alginite has become
the subject of research in many workplaces. The overview presents the basic physical, mechanical and chemical
properties of alginite and selected knowledge and research results that have enabled the practical use of alginite in
natural or technologically modified form in agriculture in the formation of growth, development and crop formation
and quality of seeds and fruits of cultivated crops, forestry, remediation and improvement of soil and water properties,
decomposition of herbicides, stabilization of beneficial microorganisms in animal organisms and other areas.

Keywords: alginite, bituminous rock, organic matter, properties, knowledge, use, agriculture, forestry, remediation waters,
decomposition of herbicides

Introduction only by the maintaining of the fertility of the soil. The
fertility of soil can be adjusted by added minerals and

nutritious and safe raw materials for food by economic nutr¥ents. In the. soil, which is an 1ndepend§nt living
processes and sustainable and environmentally media the nutrients are exposed most diverse of

responsible production thereof. The duality of the chemical and biological transformations before they
are utilized by plants. The cultivation and fertilizing

The basic purpose of modern agriculture to provide

agricultural production namely the connection between ‘ : e _ _
the saving of environment and the profitability is the should keep the intensive soil life because intensive
most important question recently which can be solved soil fertility without intensive soil life is not possible. As
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aresult of the agricultural practices of the last decades,
the fertility of the soils is decreased considerably
because the amount the organic materials which
provide intensive soil life is reduced considerably. Our
soils suffer from carbon-starvation which is enhanced
by the fact that the produced primary and secondary
organic products are transported from the production
area for industrial use. Besides the lack of organic
matters the microelement content of our soils also
reduces.

For providing the proper agricultural functionality
the organic content of the soil has to be at least 2 %.
With this, the soil provides the life conditions of
microorganisms that mineralize the organic materials
and which activities determine basically the fertilizer
capability of the soil. Soils having less organic content
are unable to maintain the nutrients evolved from
the mineralized organic compounds, thus these are
washed out from the soil caused severe environmental
problems e.g. the lack of microelements in food plants
which cause severe health problems for humans at the
end of the food chain. The forms of the disadvantageous
changes of soils are the compactness of the soil, bad air
and water management, the starting of the salinization
on the watered areas, the erosion and deflation. The
basic cause of these changes is the degradation of
the organic-mineral colloids of soil which results that
there are no reactants enough in suitable amount or
composition for the chemical and biological reaction in
the soil. In the soil, the mineral elements for the life of
the microorganismsare provided by aso-called organic-
mineral, in other words, organomineral complex. The
restoration of the structure and the function of these
organomineral complexes are the primary purpose of
soil improvement and soil conditioning.

Bituminous rock alginite — a scarce natural
raw material

Research institutes in many countries around the
world are also looking for and testing several natural
rocks. One of these mineral rocks is alginite.

Alginite as a bituminous rock is a scarce natural raw
material. Hitherto, alginite has been discovered in
Australia (Ozimic, 1982), Hungary (Solti, 1987),
Austria (Solti et al., 1987), Slovakia (Vass et al,, 1995,
1997a,b,c, 1998), USA (Stankiewicz et al.,, 1996) and
China (Jia etal.,, 2013).

The first research and its practical use with bituminous
rock in the Gerce region is in Hungary. Alginite from
Hungary became the subject of follow-up research
(Ravasz et al., 1994; Németh et al., 2008; Kadar et al.,

2015; Vigh etal., 2016; So6s et al., 2018) and the search
for practical possibilities of its use in Austria (Solti et
al,, 1987), the Czech Republic (TuZinsky et al., 2015;
Holzer et al, 2018), Spain (Mastalerz et al., 2013),
Slovenia (Komac, 2016), Romania (Kentelki, 2010),
Germany (Hippmann et al, 2016, 2018) and Russia
(Motyleva et al., 2014).

An economically important deposit of alginite was
also located in Slovakia in Maar near Pincina village
north-east of the town of Lucenec (Vass et al,, 1997a).
The exploitation of alginite from the deposit is only in
the beginning stage. Nevertheless, alginite has become
an important research object even in the conditions of
Slovakia at the Geocomplex research workplace (Kovar
et al., 2021), University of Veterinary Medicine and
Pharmaceuticals in KoSice (Nemcovaetal.,, 2012-2015;
Stykova et al., 2016; Strompfova et al., 2018), Technical
University of Zvolen (Bublinec and Gregor, 1997;
Belacek, 1998, 2003, 2006; Belacek et al, 2002;
Sarvasova, 2009), Slovak University of Agriculture
(Kulich et al., 2001, 2002; Kovar et al., 2021), National
Agriculture and Food Centre - Soil Science and
Conservation Research Institute (Barancikova et al.,
2003; Litavec and Barancikova, 2013; Baranc¢ikova and
Litavec, 2016), State Geological Institute of Dionyz Stiir
(Balaz et al., 2010), many research institutes (Elecko
et al,, 1998) and other universities (Bednarova, 2019).

Since 2016, significant research activities have been
provided by several research teams at the Slovak
University of Agriculture in Nitra. Research activities
at the level of basic and applied research are focused
on the development and application of various
preparations developed from natural alginite on
various plant species to recognize the effects of alginite
on germination, plant growth and development,
biomass formation, seed and fruit yields, tolerance of
biotic and abiotic factor of the growing environment
and the quality of plant parts.

Alginite, as an organic-bituminous rock, originates
mainly from the bodies of dead algae (from the Latin
algae). It formed as a rock during various geological
periods, especially those that gave algae optimal
conditions for growth and reproduction. Post-volcanic
crater lakes or swamps were sites where alginite
arising (Vass et al., 1995, 1997a,b,c, 1998).

The complex characterization of the alginite deposit in
Pincina in Slovakia was processed by Vass et al. (1995,
1997a,b,c) and other research teams (Kulich et al,
2001, 2002; Litavec and Barancikova, 2013).
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Basic characteristics of alginite

Alginite, which fills a former inland sea at Pincing,
is a grey to dark grey laminated, clayey rock rich in
organic substances, weakly strengthened organogenic
sedimentary rock with a form of disintegrating clay
(Vass, 2005). It was formed from algae in the aquatic
environment. In the rock, the dark and light laminae of
0.5 to 2.0 mm in thickness are alternating (Figures 1
and 2). Dark laminae are rich in Botryococcus remains
whose funnel cell covers consist of organic material
similar to sporopoleminium (Vass, 1998). The light
lamina is formed from clay material and contains
repositories of diatoms formed by opal (Vass, 2005).

In the wet state, there is a dark-coloured unconsolidated
clayey rock. This is confirmed by the results from
various boreholes in the alginite deposit in Pincinag,
which drilled in 2020 by Geocomplex (Figure 3).

Alginite has the characteristic of organic soil. Organic
substances significantly increase humidity and

plasticity. The humidity determined by drying at

Plates of natural alginite (Photo: ]. Vrabel,
2020)

Figure 1

22-30 °C was in the range of 57.75-78.63 %. Samples
from the top layer of the alginite showed 15 % higher
humidity whendriedat60 °Cthan when open-airdrying.
When dried at 105 °C temperature, the humidity was
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Figure 3 Colour of wet alginite samples obtained from different depths at the Pincina deposit (Photo: A. Oravec, 2020)
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higher than 100 %. These data correspond well with
the water absorption capacity (Vass et al., 1997a,b,c).

The specific weight of alginite was determined by Vass
etal. (1997a,b,c) in the range of 2.06 to 2.35 g.cm™ and
Kulich et al. (2002) 2.568 g.cm. The specific weight of
alginite compared to standard soil (2.65-2.75 g.cm?) is
relatively low. The presence of organic matter affected
the bulk density and specific weight of the dry rock.

Vass et al. (1997a,b,c) determined a porosity for
alginite in the range of 62.44 to 68.45 % and Kulich et
al. (2002) only 40.8 % and high absorbency of 82.0 %
indicate a high sorption capacity, which originates in
a polymineral composition of alginite containing clay
minerals and organic matter.

The water absorption capacity of alginite (Aranyi
coefficient) in alginite Pincind was determined by
Vass et al. (1997a,b,c) in the range of 80-108. This
is more than the value of the water absorption
capacity of alginite in natural soils. Heavy soil has the
largest water absorption capacity, 61-80 (Vass et al,,
1997a,b,c). The water balance of the soil depends on
the content of the clay component in the soil and on
its mineralogical composition. In the case of alginite,
the absorption capacity also depends on the organic
matter content.

Alginite from Pincind is an important natural raw
material for improving the absorption properties of the
soil, as well as for increasing the water holding capacity.
One kilogram of alginite from Pincina can absorb and
retain about 1 litre of water for a long time without
expanding its volume. It also retains decay, similar
to the unsaturated state. Therefore, alginite makes it
possible to accelerate and improve the transport of
water into plants according to the needs of individual
plant species (Vass et al.,, 1997a,b,c).

Vass et al. (1995, 1997a,b,c) determined in alginite
from Slovakia the pH values in the range 5.87-7.10,
Litavec and Barancikovd (2013) in the range of
5.50-7.20, which indicates a weakly acid to the neutral
reaction of alginite. Only in the case of sampling point
11 at a depth of 8 m did they detect a weakly basic
reaction of alginite (pH = 8.13), with a considerably
high concentration of inorganic carbon of 4.6 %. Vass
et al. (1997a,b,c) determined an average pH of 6.28
in alginite. The results of the authors agree with the
results of analyzes in the Algalit laboratory (Hungary),
according to which the pH in alginite from Hungary
was determined in the range of 4.79-6.94 (Ravasz et
al,, 1994). The basic pH values of alginite allow the
classification of alginite among neutral natural raw

materials with a higher humus content in the range of
6.53-33.10 % (Kulich et al., 2002).

The relatively low content of CaCO, in alginite from
Pincina was caused by geological conditions. There are
no carbonate rocks around the deposit. The authors
(Vassetal., 1997a,b,c) determined the content of CaCo,
in alginite in the range of 1.16-3.72 % (mean 2.17 %)
by atomic absorption spectrometry. In the alginite from
the borehole VPA-7, it determined the CaCO, content
from 1.06 to 14.74 % (mean 2.61 +3.03 %). Ravasz et
al. (1994) determined a CaCO, content ranging from
0.0 to 14.0 % (mean 0.7 +2.16 %).

Salt content is an important indicator in the evaluation
of fertilizers and soil activators. Soils should contain
as few salts as possible to avoid the salinity of the
soil. According to the total salt content, the following
are distinguished: soils with a trace salt content
(<0.05 %), slightly saline soils (0.05-0.15 %), saline
soils (0.15-0.40 %) and highly saline soils (>0.40 %).
Plants sensitive to soil quality do not grow on weakly
saline soil, on saline soil only the most resistant plants
and on strongly saline soil no plants grow (Ravasz et
al, 1994). The salt concentration was determined by
the laboratory Algalit (borehole VPA-1 and 3) and GS
SR (borehole VPA-7). The average salt content was
determined to be 0.1, respectively 0.041 %. Kulich et al.
(2001) determined the salt content in alginite samples
in the range of 0.04-0.05 %. According to Vass et al.
(1997a,b,c) alginite from the Pincina deposit with salt
content corresponds to weakly saline soil, respectively
soil with a trace salt content.

Vass (1998) determined an average C,, content of
about 9 % from analyzes of organic matter of alginite.
The distribution of organic carbon is unequal. From the
contents of Corg by multiplying a Welt coefficient of 1.72
(Valla et al., 1980), the humus content was calculated
to be about 15 % (Vass et al., 1998).

Although alginite from the Pincind deposit contains
a higher content of organic carbon in the alginite,
the content of humified organic matter is low. Type
II kerogen predominates in organic matter of algal
origin (Vass, 1998). The fractional composition of the
humified organic matter has a higher content of fulvic
acids than humic acids. This is evidenced by the low
value of the carbon ratio of humic acids to fulvic acids
(Litavec and Barancikova, 2013).

The proportion of the clay fraction in the alginite
from the Pincina deposit was determined to be in
the range of 11-79 %. Of the clay minerals, illite and
kaolinite predominate, the most represented mineral is
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Table 1 Mineralogical composition of alginite according to the values of diffraction maximum values (Kulich et al., 2001)
Minerals Diffraction max. values Minerals Diffraction max. values
Smectite 14-15 A Kaolin 7.0-3.6 A
Quartz 42-33A Dolomite 2.8A
Illit-mica 10.0-5.0-3.3 A Chlorite 7.0-4.7-3.6 A
Calcite 3.8-3.0A Feldspars 3.7-3.24

smectite. The specific surface area of alginite confirms
its high sorption capacity with a specified range of
313-654 m%g?! (Vass et al, 1997b). There is a direct
linear relationship between the specific surface area
and the smectite content as well as the organic matter
content. Sorption tests confirmed the ability of alginite
to bind lead from polluted waters, cadmium sorption is
less efficient (Vass et al., 1997a).

Clay minerals (smectite, illite), carbonates (calcite,
dolomite) and amorphous quartz and silica are the
dominant mineral components of alginite, while
gypsum, plagioclase, K-feldspar, siderite, goethite,
pyrite and magnesite can also be found in smaller
amounts. In 1974, within the framework of the
mapping research programme of the Geological
Institute of Hungary (MAFI), Solti (1999) explored
one-time volcanic craters buried in alginit and basalt
bentonite. The mineralogical composition of alginite is
also reported by the team of Kulich et al. (2001), which
documents the data in Table 1.

Chemical composition of alginite

Concerning biogenic elements, in addition to the
nitrogen content, the presence of P, K, Ca, Mg and
S can be positively assessed for alginite (Table 2).
A comparison of the content of macroelements shows
significant variability between alginite samples.
This is because alginite as a sedimentary rock is not
homogeneous (Russell, 1990; Vass et al, 1997a,b,c;
Kulich et al,, 2001).

Alginite contains a large number of microelements that
increase the agrochemical value of alginite (Table 3).
Regarding the risk elements (As, Cd, Pb, Ag, Cr, Se) in no
case were the values of the limit contents according to
the standard valid in the territory of the Slovak Republic
exceeded (Kulich et al,, 2001). The comparison of the
content of microelements shows significant variability
between alginite samples.

Regarding the nutrients available to plants from
natural alginite, the contents of phosphorus,
potassium, calcium and magnesium are higher than
the optimal contents of these elements in agricultural

Table 2 Basic chemical composition of samples of powdered alginite (% of dry matter) from the Pincind deposit according
to the results of the accredited laboratory Reg. No. 038 / S-025
Measured | Evaluation of an alginite sample by authors’ results of this article Results from literary data
parameter alginite alginite alginite sample Vass et al. (1997) Kulich et al.
sample 3533 sample 3548 3536 borehole VPA1,3,4,5 (2001)

Sio, 47.55 47.29 47.10 39.1-53.04 37.50-53.30
ALO, 17.85 18.31 18.44 13.06-17.89 11.05-22.50
N - - - 0.10-23.80 -

Tio, 1.11 1.11 1.11 0.90-1.30 1.10-1.34
Fe 6.86 7.08 7.03 0.97-5.75 5.85-8.00
Ca0 1.07 0.97 0.90 0.93-2.32 0.80-8.40
MgO 1.43 1.42 1.39 0.62-1.92 0.60-4.02
MnO 0.04 0.04 0.04 0.01-0.36 0.04-0.30
PO, 0.12 0.13 0.13 0.42-0.92 0.15-1.64
Na,0 0.30 0.45 0.43 0.33-0.81 0.33-0.74
K,0 1.09 1.54 1.54 1.05-1.85 1.05-1.37
SO, - - - 0.42-2.47 -
Humidity 8.65 1.71 1.58 - -
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Table 3

results of an accredited laboratory Reg. No 038/S-025

Content of microelements in powder alginite (mg/kg of dry matter) from the Pincind deposit according to the

Measured parameter | Alginite sample 3533 | Alginite sample 3548 | Alginite sample 3536 Vass (1997a)
Cr 138 183 145 18-68
Ag <0.1 <0.1 <0.1 0.1-2.19
As 4.87 6.22 494 1.48-9.35
Ba 364.2 374.3 386.0 196-1109
Be 1.8 2.3 2.3 0.93-1.85
Bi 0.25 0.53 0.58 <10
Cd <0.5 <0.5 <0.5 0.010-0.145
Co 25.8 344 32.6 4-29
Cs <5 5.2 5.1 -

Cu 309 40.5 43.7 31-83
Ga 24 20 20 9-20
Ni 123 173 146 43-209
Pb 10.7 17.3 20.6 6-58
Sn 5 6 11 <3

Sr 59.8 58.9 59.4 51-123
\% 121 124 121 30-75
In 85 109 119 76-120
Zr 137 130 132 135-321
Sb 0.92 0.51 3.56 0.04-7.80
Rb 27 88 86 45-98
Se <0.1 <0.1 <0.1 0.01-0.05
Te <0.5 <0.5 <0.5 -

La 34 34 35 -

Nb 23 26 26 -

Ce 64 64 64 -

Y 21 22 22 -

soils. Only the nitrogen content is insufficient (Kulich
etal, 2001).

Organic matter of alginite

Ognjanova-Rumenova and Vaas (1998) found that the
dark layers of alginite are rich in residues of the algae
Botryococcus braunii Kiitz. The finer, lighter layers of
alginite are rich in diatoms. In the published study a
total of 181 taxa are observed in the present study.
They refer to 35 genera, 128 species, 37 varieties and 6
forms, and belong to 13 families, 4 orders and classes
Centrophyceaea and Pennatophyceaea. Diatoms were
identified to species whenever possible; however ten
entities could be assigned to the genus only. The diatom
flora mostly consists of modern species - 92.4 %, but
the group of extinct species (7.6 %) is abundant in

some levels (i.e. Pliocaenicus omarensis (Kiitz.) Round
& Hak., Aulacoseira distans var. scala (Ehr.) nov. comb,
etc.). In general, pennate forms are the most varied
(94.5 %). The species-rich genera Navicula Bory and
Cymbella Ag. can be distinguished, they account for
26.5 % of the entire flora. These are followed by the
genera Pinnularia Ehr. (8.8 %), Fragilaria Lyngb.
(7.2 %), Achnanthes Bory (7.2 %) and Gomphonema
Ehr. (6.1 %). The class Centrophyceae accounts for
5.5 % of the diatom flora. More of its representatives
are widely spread, in some levels they are rock-forming
and occur as dominants or subdominants.

The authors of the presented publication analyzed
more than 200 samples of alginite from different parts
of the Pincind deposit and confirmed the results of the
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Figure 4 Demonstration from some species of diatoms found in alginite samples from the Pincind deposit (Photo:
R. Ostrovsky, 2017)
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works of Ognjanova-Rumenova and Vaas (1998), which
we also document in Figure 4.

In 74 samples of alginite, Vass (1998) determined
a humus content in the range of 6.88-45.37 %. Kulich et
al. (2001) determined the humus content in the range
of 6.53-31.1 % and Pichler et al. (2001) document
a humus content of 15.5 % in alginite.

In experiments, Litavec and Barancikova (2013) found
that alginite, despite a sufficient content of organic
carbon (OC = 5.5 %), contains relatively little humified
organic matter. Its fractional composition has a higher
content of fulvic acids than humic acids.

Vass (1998) determined an average COrg content of
about 9 % from analyzes of organic matter of alginite.
The distribution of organic carbon is unequal. From
the contents of Corg by multiplying a Welt coefficient
of 1.724 (Valla et al., 1980), the humus content was
calculated to be about 15 %.

Organic matter in alginite is converted to kerogen.
Kerogen (gr) is a complex mixture of organic
chemical compounds that make up the most abundant
fraction of organic matter in sedimentary rocks. As
kerogen is a mixture of organic materials, it is not
defined by a single chemical formula. Its chemical
composition varies substantially between and even
within sedimentary formations. Kerogen is insoluble
in normal organic solvents in part because of the
high molecular weight of its component compounds.
The soluble portion is known as bitumen. When heated
to the right temperatures in the earth's crust, (oil
window c. 50-150 °C, gas window c. 150-200 °C, both
depending on how quickly the source rock is heated)
some types of kerogen release crude oil or natural
gas, collectively known as hydrocarbons (fossil fuels).
When such kerogens are present in high concentration
in rocks such as organic-rich mudrocks shale, they form
possible source rocks. Shales that are rich in kerogen
but have not been heated to the required temperature
to generate hydrocarbons instead may form oil shale
deposits (Vandenbroucke and Largeau, 2007).

Practical use of alginite

Alginit as a natural material and its organic-
mineralogical composition to give a possibility to use
in organic farming system management. As mineral-
rich in high organic matter content, biogenic and trace
elements have excellent preconditions for use mainly
in agriculture as a natural fertilizer increasing fertility.
Alginit is also very interesting for the high content of
humic substances, which are an important component
of natural organic matter in soil and sediment. Humic

substances heterogeneous organic compounds are
environmentally important substances that can
improve soil fertility. With its hydro-saving properties,
it is one of the excellent water absorbent material
with the potential to regulate the distribution of water
toward the plant roots.

In more than 40 years since the discovery of alginite
as a bituminous rock and knowledge of its properties,
significant research has gained significant knowledge
of its comprehensive use. The next part of the review
presents some results and findings from various areas
of research, which documents (..research, which
documents...) that alginite is a unique, but still little
known bituminous rock.

Effects of alginite application on plant
germination

The influence of alginite and extracts from it on
germination of Kentucky bluegrass (Poa pratensis L.)
researched Kovar et al. (2021). The effect of alginite
(powder, crushed alginite) and extracts from it (ALGEX
2 - “sodium solution”, ALGEX 4 - “potassium solution”)
was observed in a controlled condition of a climatic
chamber (26 °C/15 °C; 12 h light/12 h dark; 70 % rh)
in an experiment with Poa pratensis L. on parameters
as germination dynamics, average germination,
germination rate and mean germination time. There
were 5 treatments in this experiment: V1 - control
without alginite and extracts from it; V2 - alginite
powder 10 % vol; V3 - crushed alginite 10 % vol;
V4 - 1.5 % extract ALGEX 2 and V5 - 1.5 % extract
ALGEX 4. A significant increase in the germination of
Poa pratensis L. was recorded as early as the 7% day of
the experiment, using the ALGEX 4 extract, where the
germination reached 340.00 % compared to the control.
From the overall point of view, the positive and at the
same time significant (p = 0.0000) effect of alginite and
its extracts were manifested. The application of the
solid form of alginite increased the average germination
by 51.70 % (powder) and 201.70 % (crushed alginite),
while the use of alginite extracts increased by 33.33 %
(ALGEX 2) and 334.20 % (ALGEX 4) compared to the
control. Alginite and its products can also be positively
evaluated in terms of their effect on the germination
rate, which they increased by 0.04-1.52 seeds/day
in Poa pratensis L. compared to the control. The most
apparent acceleration of germination was achieved
with the application of alginite in liquid form (ALGEX
4) - 1.57 seeds/day, respectively alginite in solid form
(crushed alginite) - 0.75 seeds/day with significant
(p=0.0052) differences between treatments. The values
of the mean germination time showed a shortening
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of the germination time in all treatments using alginite,
namely by 2.82 days with powder application, by 3
days with crushed alginite, by 1.31 days with ALGEX 2
extract and by 4.95 days with extract ALGEX 4.

Effects of alginite application on soil
improvement and crop production

Vass et al. (2002) in a three-year experiment, the
authors tested the effect of alginite from the Pincina
deposit on the chemical properties of soils in three
sites - light soil, agglomerated brown soil, sandy-clay
soil with a comparison of unfertilized parcels and
other fertilization combinations. At the end of the
experiment, the decrease in pH of alginite-fertilized
soils was the lowest of all fertilization combinations.
The content of plant-acceptable P and K in the soil
decreased significantly, which means that alginite
facilitates nutrient uptake by plants. The humus
content also decreased but in the alginite-treated
soil the least. The content of exchangeable bases was
higher than in unfertilized soil. The sorption capacity
level at one site reached the fully saturated degree,
decreased at other sites, but relatively least in alginite-
treated soils. The contents of heavy metals in the soils
changed slightly, with exception of the site in Pitelova,
where the contents before and after the end of the
experiment exceeded the indicator value, which is
probably a consequence of the floods of the river Hron.
Relatively higher concentrations of heavy metals in
alginite-treated soil indicate a higher sorption capacity
of alginite, which protects plants from increased uptake
of toxic metals.

Gomoryova et al. (2009) tested the effect of the
amendment with alginite, an organic rock originating
from the biomass of fossilized unicellular algae, on
microbial activity of forest soils using a pot experiment.
Five variants of soil-alginite mixtures were tested in
three replicates with two forest soils: a loose sandy
soil and a sandy loam. Gravimetric moisture closely
correlated with the dose of alginite in both soils. Basal
respiration and catalase activity increased with the
dose of alginite in the sandy soil, but not in the sandy
loam, where the highest response was observed at
intermediate doses of alginite. The correlations of
microbial activity parameters with moisture in the
sandy soil were also much closer than in the sandy
loam. The amendment with alginite was thus effective
in improving some of the selected microbial activity
indicators, but the optimum dose of alginite strongly
depended on soil texture.

Effects of alginite application on growth,
development, crop formation and quality

Kadar et al. (2015) studied the effect of alginit on the
soil and triticale over three years (2012-2014), in
a long-term field experiment set up on acidic sandy
soil in Nyirlugos. A 100 t.ha* rate of alginit was applied
in concentrations 0, 50, 100 and 150 kg.ha'.year
N. On alginit-treated plots, the pH (KCl) increased
from 3.9 to 6.2 Every year the application of alginite
increased the yield of straw and grain triticale. Alginit
treatment generally doubled the yields, especially on
plots treated with 150 kg.halyear! N, which became
acidified and impoverished in Ca, Mg, K and P. Alginit
treatment increased the Mg, Mo and Cd uptake and
reduced that of Mn, Zn and Ba by triticale seeds. The
Ca, Mg, S and Mo concentrations increased in the straw,
while the incorporation of Mn, Zn, Ba, Cu, Ni and Co
was inhibited by alginit. Alginit is a suitable mineral
for the amelioration of similar acid sands, which may
eliminate the acidity caused by excessive N supplies
and improve the water holding capacity, colloidal and
nutrient status and drought-tolerance, and thus their
fertility.

Komac (2016) determined the application of alginite as
an additive for improving water-retention properties
of soil, and if its use improves the quality and increases
crop yields. An experiment carried out with a Chinese
cabbage (Brassica rapa subsp. pekinensis (Lour.)
Hanelt) and a germination test with cress. Even the
highest dose of alginit (A2 = 60 t.ha™) did not alter the
soil water capacity. Germinating cress test showed that
alginit is not phytotoxic but encourages the emergence
and growth of seedlings. Alginit increased the yield of
the fresh mass of cabbage compared with unfertilized
control of 22-30 % and had a similar effect as the
bovine farmyard manure.

Vigh et al. (2016) studied “P37N01” hybrid maize
(Zea mays L.) in a large-plot fertilization experiment
on brown forest soil. Two various nitrogen fertilizers
(Nitrosol - 30 % N and Pétis6 - 27 % N) were
applied. Five various treatments were conducted with
130 kg.hal, and one with 165 kg.ha specific amount
of nitrogen active ingredient. At three treatments
the “Nitro-sol 130 kgha'” was applied altogether
with additives: Alginit 10 Lha?, Dudarit 10 Lha® and
Dudarit 10 L.ha* + Alginit 10 Lha. It was found that the
nitrogen uptake in the leaves was highest at “Nitrosol
130” treatment; the phosphorus uptake was the
highest at “Nitrosol + Alginit + Dudarit” treatment. The
highest boron concentration in leaves was observed at
“Nitrosol 165” treatment; the copper and manganese
concentrations were the highest at “Nitrosol 130”

© Slovak University of Agriculture in Nitra
www.uniag.sk

-178 -

ISSN 2585-8246



Agrobiodivers Improv Nutr Health Life Qual, 5, 2021(1): 169-184

treatment; the molybdenum at “Nitrosol + Alginit +
Dudarit” treatment, while zinc uptake was the highest
at “Nitrosol + Alginit” culture. Dudarit and alginit mixed
with Nitrosol facilitate primarily the incorporation of
essential macro- and microelements in the seeds (not
to leaves) of maize.

Oravcovaetal.(2018) researched the contentofmercury
in soil and in plants grown in contaminated soil with
the addition of Alginite. Samples of soil contaminated
with mercury were taken from the locality of Malachov
and then mixed with Alginiteina 1: 3 and 1 : 1 ratio.
These substrates were applied on Brassica napus L. var.
napus. (rape). Plant and soil samples were analyzed
on a dedicated spectrophotometer - AMA 254. In the
samples of substrates used for growing rape, we found
a mercury content from 0.0929 to 2.9085 mg/kg. The
mercury content in the above - rape biomass from
0.0425 to 0.3302 mg/kg. The sorption properties of
Alginite were most pronounced in the above-mentioned
rape biomass when a drop-in mercury content of
0.2005 mg/kg was recorded. The resulting values were
compared with the limit values that were exceeded in
many cases. From the values, it has found, that Alginite
has confirmed its sorption properties, which can be
further used in the treatment of the physical-chemical
properties of lighter soils, the decontamination of soils
devastated by anthropogenic activity.

Effects of alginite application on rooting
and growth of forest plant species

TuZinsky et al. (2015) evaluated the effect of alginite
on the growth parameters of seedlings of Douglas-
fir, Scots pine and line mixture of pedunculate oak,
red oak and Norway maple (broadleaves) on former
agricultural land with an unfavourable hydrophysical
regime. The following doses of alginite were tested in
the experiment: control (variant A without alginite),
0.5 kg of alginite (B) and 1.5 kg of alginite (C) when
planting both conifers and mixtures of broadleaves.
The number of seedlings on the sub-plots was
400 individuals, only in the case of Douglas-fir,
the number was 200 individuals. Therefore every
combination of tree species and the amount of alginite
had 4 replications. The parameters of growth and
development of individual trees (height, increment
and mortality) show that after 2 years, both doses
of alginite had statistically positive effects on height
increments.

Sarvasova (2009) tested the effects of the alginite on
growth and development of 4-years-old European
silver fir (Abies alba Mill.) and Norway spruce (Picea
abies (L.) Karst.) plants. The best results as measured

by the height of the aboveground part, length of the root
system and root-collar diameter. The positive effect of
alginite for silver fir was observed only at the height of
the aboveground part and the length of the root system,
for spruce as well as in thickness root neck. Alginite
belongs to perspective natural soil conditioners.

Beldcek et al. (2002) documented that alginite in
forestry can be used notonly as a fertilizer. Fundamental
to the argument is the following observation that
alginite improves; supports the entrance of water
to plants that is very important mainly after forest
planting. During the first years, the root system of
plants is not able to gather water from deeper horizons
of soil. Grounds for supposing that alginite can be used
mainly for sandy types of soil (spread mostly in Zahorie
and Cerova vrchovina highlands) are just because
these types of soil are with underdeveloped structure.
They are very light, permeable and without the ability
of water retention for a longer time.

Effects of alginite application on water
remediation

One class of contaminants gathering increasing
concern is endocrine-disrupting chemicals (EDCs).
This pollution stems from one of three sources:
agriculture (pesticides), industry (plasticizers, etc.),
and pharmaceutical products. With the multitude
of chemical additives, nature-based solutions are
in particular demand. Alginite, mined in Hungary,
has been studied regarding its potential for EDC
remediation in polluted water. Alginite is immature
oil shale, consisting of clay minerals, feldspars, quartz,
accessories, and an organic component. This organic
component, mainly derived from ancient algae and
pollen, has been diagenetically modified and is now
harmless, rendering Alginite a safe material for treating
water. Although the material is already approved and
in use for soil amelioration, technologies for water
treatment are still missing. Guhl et al. (2018) found the
extensive capability of Alginite toimmobilise EDCs, such
as 17b- estradiol, diclofenac, and others. Adsorption
isotherms have been determined for a multitude
of compounds; the general capability of Alginite to
remedy endocrine-disrupting contamination has thus
been shown. However, the actual mechanism of EDC
removal by Alginite remains elusive. Acknowledging the
heterogeneous nature of this material, a fractionation of
the material into clay-rich and organic-rich parts aims
at understanding the individual component’s action
towards pollutants. Interestingly, ethinylestradiol- and
carbamazepine-polluted waters react differently to
Alginite components. However, it has already been
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published that organo-clay materials are suitable
for treating diclofenac-polluted waters (diclofenac
adsorbs poorly onto untreated clay).

The adsorptive removal of endocrine-disrupting
chemicals (EDC) from municipal wastewater is
a problem of wastewater treatment technology that has
not yet been fully resolved (Kropp et al,, 2021). Trobs
and Bertau (2017) examined alginite for its suitability
as an adsorbent for water purification. Nevertheless,
alginite (43 m2g?') compared to activated carbon
(594 m%g?') has a lower specific surface area, the
area-related loading capacity compared to activated
carbon is high and is only below the values found for
activated carbon in the case of EDC with a high degree
of dissociation. This is the result of the interaction of
kerogens as a nonpolar organic phase as well as basic
seam-neutral crystal surfaces of the inorganic matrix.
The adsorption of the EDC takes place primarily at the
kerogen phase of the alginate. The differently realizable
equilibrium loads can be explained well by the different
lipophilia of the investigated EDC model substances.
The adsorption behaviour on alginite is strongly
influenced by the degree of dissociation dependent on
the pH value. Considering the economic application of
alginite in municipal wastewater treatment technology,
the adsorbent mustbe assessed with regards to its area-
related, weight-related loading capacity. This shows
that alginate and activated carbon can complement
each other extremely effectively and develop an
improved cleaning effect in combination. From an
economic point of view, the significantly lower price
of alginite (approx. 50-100 €.t vs. 1000-2000 €.t1)
has a positive effect. For these reasons, alginite seems
highly interesting for wastewater treatment. Due to its
high carbonate content, alginite also shows a buffering
effect, so that the addition of chalk (lime) to the
revitalization basin could be minimized.

Fristak et al. (2015) used Alginite, as a component of
some types of kerogen alongside amorphous organic
matter for adsorptive separation and removal of Cd?*
ions from aqueous solutions. Alginite material was
characterized by X-ray diffraction, ATR-FTIR, cation
exchange-capacity and specific surface area analyses.
Evaluation of alginite sorption properties showed
the effect of solution pH value in the range from 2 to
6 on the sorption capacity of alginite. At slightly acidic
conditions (pH 6.0-6.5), the alginite samples exhibited
a sufficient sorption capacity and stability. The pseudo-
second-order kinetic model described the sorption
data better than the pseudo-first-order kinetic model.
The equilibrium of cadmium sorption by alginite was
reached within 120 min. Maximal sorption capacity

(@) calculated from experimental equilibrium data
(Langmuir adsorption isotherm) was 23.62mg.g
Sorption energy of Cd* ions calculated from the
Dubinin-Kaganer-Radushkevich model confirmed
the ion-exchange mechanism of cadmium removal for
alginite sorbent. The alginite from central European
geological maar (Pula, Hungary) can be utilized for
the production of new non-conventional sorbents or
mineral filters for the removal of toxic metals.

Effects of alginite application on herbicide
degradation

Rauch and Foldényi (2012) studied the catalytic effect
of an alginite was studied under laboratory conditions
on the decomposition of herbicide propisochlor. The
breakdown process was followed in four parallel
experiments: buffered solution (pH = 7), in buffer
solutions containing alginite or bentonite (a common
rock), also in the solution obtained from the extraction
of the alginite (alginate/buffer = 1/10). In the aqueous
phase, the decomposition of the herbicide was
followed by using HPLC-UV and the metabolites of
degradation were identified by GC-MS techniques. For
the phenomenological description of the experimental
decay curves, two parallel reactions with first-order
kinetics were taken into account. During the time
of experiments, no significant decomposition was
observed either in the pure buffer solution or in the
presence of bentonite. When, however, alginite was
addedtothe systemthe degradation of propisochlor was
accelerated dramatically: after 5 days, its concentration
dropped below 50 % of the initial value. The identified
degradation products indicate both reductive as well
as oxidative biological mechanisms operating under
anoxic conditions. [t was proved earlier that the sulfenic
and sulfinic acid ester derivatives of the propisochlor
appeared in the metabolic pathways of animals and
plants, butthey were not detected yetin the degradation
process occurring in the soil environment. Among the
degradation products, a dehydrochlorinated derivates
is a new metabolite identified in experiments. Results
corroborate the algae-related origin of the alginite and
forecast its application as a soil ameliorating agent.

Benei and Rauch (2016) performed adsorption
experiments with alginite with acetochlor, propisochlor
and 2,4-dichlorophenol. The alginite has a high
content of organic matter, but its composition differs
significantly from the humic substances in the soils.
In alginite, humic substances make up only a quarter
of all organic matter, 75 % of which is kerogen, which,
according to the test results, plays a significant role in
the binding of organic pollutants. This is supported
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by the adsorption experiments performed on humus-
depleted alginite and, as the main mineral constituent,
bentonite. Humic substances on the surface have
been shown to inhibit access to kerogen, so the tested
substances bound in the highest amount in all cases of
demineralized alginite. Studies have also shown that
due to the excellent buffering capacity of alginite, media
with different pH do not cause a significant change in
the amount of material bound.

Humic acids of soils and alginite

Barancikovd and Litavec (2016) examined the
differences in chemical composition between humic
acids (HA) from alginite and humic acids isolated
from different soil types. The differences in elemental
analysis and ash proportion in HA extracted by
modified [HSS (International Humic Substances
Society) method (C = 35.4, H = 43 atomic %, ash
content = 0.08 %) and simplified extraction method
(C = 31, H = 31 atomic %, ash content = 7.42 %) can
be caused by different concentration of extraction
solution, and also differences in the purification of HA.
The differences in chemical structure between alginate
HA and HA isolated from different soil types according
to the data of elemental analysis (C content of alginite
HA = 35.4 atomic %, C content in soils HA = 38.2-
49.1 atomic %) and 13C nuclear magnetic resonance
(NMR) spectra (degree of aromaticity of alginite
HA = 24.4 % and soil HA= 35.9-53 %) were found.
Results of 13C NMR show that the content of aromatic
carbon was decreasing in the following order: Haplic
Chernozem HA > Andic Cambisol HA > Haplic Cambisol
HA > alginite HA. Based on the obtained results, it
can be concluded that the differences in the chemical
structure of alginite and soil HA can be explained by the
difference in the origin of organic matter in alginite and
soil samples. The source of organic matter in alginite
is mainly type II kerogen from algae and that of soil is
lignin and cellulose (type I1I kerogen) of higher plants.

Effects of application of alginite on stabilization
of beneficial microorganisms in animal
organisms

Strompfova et al. (2018) investigated the effects
of dietary supplementation with canine-derived
probiotic strain Lactobacillus fermentum CCM 7421 in
combination with alginite in dogs. Alginite is aloam-like
material of volcanic origin composed of clay minerals
and fossilised unicellular algae. The effects of these
additives on faecal microbiota, faecal characteristics,
short-chain fatty acid profile, haematology, serum
biochemistry and cellular immunity parameters

were monitored. The results of this straightforward
experiment showed beneficial effects in the combined
Alginite + L. fermentum group. In detail, a decrease in
faecal coliforms and clostridia and an increase in lactic
acid bacteria, haemoglobin and serum magnesium
levels compared to baseline were observed in the A + LF
group (p <0.05). In contrast, sole application of alginite
(A group) led to several unexpected effects such as an
increase in clostridial population and serum alanine
aminotransferase and a decrease in haemoglobin
concentration (p <0.05). The addition of alginite
prevented a decrease in faecal pH and serum mineral
content observed in the LF group. This indicates the
possibility of applying alginite in dogs’ nutrition as
a combinative additive with probiotic bacteria for
restoring optimal acid-alkali balance without affecting
positive probiotic effects.

Nemcova et al. (2012-2015) investigated the potential
utilization of alginite and its humin extracts for
stabilisation of beneficial microorganisms intended
for the development of new application forms of
these microorganisms. Procedures for preparation of
laboratory extracts of alginite suitable for preparation
of optimum alginite skeleton for solid substrate
fermentation of beneficial bacteria and production of
alginate containing cultivation media were developed
and validated. A patent proposal was prepared to
consist of the description of the way of stabilisation of
beneficial micro-organisms by cultivation on alginite
grains. Binding to an alginite carrier saturated with
a suitable cultivation medium stabilizes probiotic
micro-organisms during production and their
application. The probiotic microorganisms capable of
producing biofilm on alginite grains are in a dormant
(quiescent) state with minimal metabolic processes,
exhibit resistance to stress and multiply in the
body after passaging in the body intestinal or skin
microenvironment with a positive biological effect.

Conclusions

The report presents only very brief information and
knowledge about alginite. Alginite is a natural and
non-toxic organic-bituminous rock, with a significant
content of basic nutrients (P, K, Ca, Mg and S) for
plants except for nitrogen and content of more than
60 microelements, which increase its agrochemical
value. Alginite can be practically used in its natural
and technologically modified form. The application of
alginite does not damage the soil or the environment.
The physical, mechanical, chemical, pedological,
agrochemical and other properties of alginite
confirm that alginite as a bituminous rock has unique
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possibilities for practical use in agriculture, forestry,
remediation and soil and water improvement, pesticide
decomposition and stabilization of microorganisms in
animal organisms and various other fields. Alginite
applied to the soil can retain water and nutrients
dissolved in it, which it gradually releases to the roots
of plants during periods of precipitation deficit. When
applied correctly, it significantly affects the yield and
quality of seeds and fruits of crops. It actively affects
the biological, physiological and biochemical processes
of plants. Despite many findings, alginite is still a less-
known bituminous rock. The least knowledge is about
the chemical composition and thus about the effects of
the organic part of alginite, which is referred to as type
Il kerogen.
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