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PERSICA (L.) BATSCH AND MALUS DOMESTICA BORKH. TREE
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The effect of nine species of cover crops (calendula, eastern galega, tartary buckwheat, mustard, tansy
phacelia, lemon balm, golden marigold, sainfoin, blue fenugreek) on allelopathic and biochemical
characteristics of the rhizosphere soil from-under 30-year-old Malus domestica Borkh.and Prunus persica
var. persica (L.) Batsch plantations in model laboratory experiments were studied. The samples of the
rhizosphere soil were collected at the beginning of the growing season (fruit trees bud development),
dried, sieved and placed into the plastic pots. The seeds of the tested cover crops were sown into the
pots. After the emergence of the seedlings 10 plants per pot were left and cultivated for 4 months under
laboratory conditions. The contents of the nutrients, organic carbon and soil acidity were determined
at the beginning of the experiments. Every two weeks after the start of the experiments, the allelopathic
activity of the soil was assessed using bioassays on the cress root growth and radish seeds germination.
The number of free phenolics in soil solution was determined at the beginning and the end of the
experiments. Analysis of the content of soil nutrients showed that the content of manganese and iron
3-6-fold exceeded the optimum level, and the content of free phenolics in soil solution exceeded the
phytotoxic threshold almost 10-fold. Growing of cover crops improved the allelopathic and biochemical
regime of the studied soil. The most effective were Tagetes tenuifolia, Phacelia tanacetifolia, and Sinapis
alba. The size of the positive effect was correlated with the duration of cultivation of the cover crops in
the soil. We consider the above-mentioned plant species promising for further study of their potential
to restore soil fertility in the old apple and peach orchards.
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Introduction

Presently soil sickness (SS), which is also known in agronomy as “soil fatigue” or “replant
disease problem”, in the orchards of fruit trees is a global problem, causing huge economic
losses for fruit producers and significantly limiting the development of fruit production
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(Benizri et al., 2005; L et al., 2018). SS affects most of the fruit trees including both pome and
stone fruit trees after long-term (commonly 20-ty years and more) cultivation of the same
orchard species in the same field. As a result, a general decline in the growth and productivity,
vigor and performance of the fruit trees are observed, without causes clearly defined (Benizri
etal, 2005; Thakur et al.,, 2018).

Plant ecologists refer to SS as a negative plant-soil feedback emphasizing the mutual negative
interactions between plant and soil (Cesarano et al., 2017). The problem is specific to a plant
genus or species and persists for up to 20 to 30 years. The problem of SS in the fruit orchards
was reported in the literature for more than two centuries ago. However, until the present, the
causes of this phenomenon have not been clearly defined yet. The decline in the fruit yield has
been attributed to phytotoxic allelochemicals, depletion of mineral nutrients, phytopathogenic
fungi, bacteria, insects, and nematodes (Benizri et al., 2005). However, none of the mentioned
above factors fully explain the species-specificity, as well as the long durability of SS. A better
understanding of the factors causing SS is a necessary step to develop eco-friendly solutions
to overcome this problem.

Analysis of the available literature data on SS in apple and peach orchards revealed that one
of the underlying causative mechanisms of this problem is the accumulation of phytotoxic
phenolics in the rhizosphere soil. Particularly, phlorizin, phenolic acids, vanillic aldehyde,
etc. were found to be responsible for SS in old apple monoculture. While in the rhizosphere
soil from under old peach tree phytotoxic concentrations of catechin, amygdalin, and their
derivatives were reported (Moroz, 1990; Liu et al., 2008; Yin etal,, 2016). The mentioned above
allelopathic inhibitors showed phytotoxic effects on a wide range of higher plants (Reigosa
and Pazos-Malvido, 2007; Yin et al., 2016). It has also been shown that the decay products of
root and leaf residues of apple and peach trees stimulate the development of phytopathogenic
and producing phytotoxic substances microorganisms and inhibit agronomically beneficial
microflora (Catska et al., 1982; Benizri et al,, 2005). Particularly, in the rhizosphere soil of
older apple trees, an increase in the counts of micromycetes and actinomycetes and a decrease
in bacterial counts were found in agreement with the decreasing pH of the rhizosphere soil.
The number of phytotoxic micromycetes was higher in ‘sick’ soil as compared with control soil
in which apple trees had not been grown for at least 15 years. The latter, via their metabolites,
affected negatively the microbial equilibrium and biological activity of the soil and thus also
the growth, development, and health of the plants (Catska et al., 1982). Benizri et al. (2005)
noted a shift in the structure of bacterial communities in “sick” peach tree rhizosphere soil
with an increase in phytotoxic microorganisms capable of producing toxic cyanide compounds
and inhibition of beneficial microbiota. The inhibition of the growth of agronomically useful
microflora leads to enhanced development of soil-borne pathogenic microbiota (Manici et al.,
2003). The mentioned changes in soil biochemical and biological characteristics impair soil
structure and cause depletion or immobilization of nutrients which, in turn, worsen further
growth condition for cultivated plants (Moroz, 1990; Politycka and Adamska, 2003).

In this context, chemical or/and biological removal of phytotoxins is of utmost importance
because it affects not only plant vigor and growth, but also the structure and performance
of soil microbiota. Present agricultural practices aimed to combat or reduce SS in old apple
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and peach tree orchards include soil fumigation with EDTA (ethylenediaminetetraacetic
acid), fertilization, soil chemical sterilization, biocontrol using plants with high phytosanitary
potential, arbuscular mycorrhiza and other microbial agents (Moroz, 1990; Singh et al., 2017;
Luetal, 2018; Thakur etal., 2018). Sufficient research has been done on chemical control with
fumigation, however, research is needed to develop environment-friendly biological methods
and to restore soil fertility (Singh et al.,, 2017; Thakur et al., 2018). There is also a need to
develop an integrated approach combining chemical and biological control of factors causing
SS (Singh et al,, 2017; Thakur et al., 2018).

In this aspect, the use of cover crops with phytosanitary potential could be a promising
solution to the problem of SS in fruit orchards. Cover cropping is environmentally friendly,
cost-effective and is less vulnerable to weather fluctuation than microbial preparations. Today
cover cropping is widely used to manage soil fertility, water retention capacity, chemical,
and physical characteristics, for control of weeds, pests, diseases, as well as an increase
in biodiversity and stability of agroecosystems. It is a major challenge in the sustainable
management of fruit orchards, because of its complex effect on soil biological, biochemical,
agrochemical and physical characteristics. When properly fit cover crops not only alter
allelopathic and biochemical regime of the “sick” soil but also enrich the soil with additional
organic matter, which stimulates microorganisms involved in mineralization processes and
suppresses phytopathogenic and phytotoxic strains (Manici et al., 2015; Zhou et al., 2019).
The changes in soil microbial community affect further detoxification and mineralization
processes and contribute to the restoration of the balance of nutrients. Besides, their
phytomass after incorporation into the soil creates additional moisture reserves (Rodrigues
etal,, 2018).

In the long-term field studies performed by Moroz (1990) the positive results of cultivation of
legumes and cruciferous cover crops in old peach and apple tree orchards for the alleviation
of SS were obtained. The best effect was achieved when in the spring under cover of cereals
clover or alfalfa were sown and cultivated for 2 years. The described intercropping practice
promoted the accumulation of organic matter in the soil, activated microbiological processes
and improved allelopathic regime (Moroz, 1990).

The positive effect of the permanent cover of alfalfa plus fescue mixture (Medicago sativa +
Festuca arundinacea Schribn.); strawberry clover (Trifolium fragiferum L.), common vetch
(Vicia sativa L.) on the mineral nutrients balance in the soil, apple tree growth and yield as
compared to control (apple trees are grown with natural vegetation of grasses and legumes)
was shown by Sanchez et al. (2007).

Conducted by Alicia Morugan-Coronado et al. (2020) meta-analysis to assess the effect
of soil management techniques on soil properties and crop yields in fruit crops (including
peach, almond, avocado, citrus, grapevine, etc.) in Mediterranean region highlighted the
overall positive effects of permanent intercropping (namely, maintenance of a permanent
cover crop in the alleys, such as aromatics Thymus sp, Lavandula sp, Salvia sp, Rosmarinus
sp, Brachypodium sp, Asparagus sp or natural grass), and annual intercropping (cover
crops in the alleys that are annually harvested or incorporated into the soil) on soil organic
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matter and nitrogen content. The mentioned agricultural practices make the agroecosystem
more resilient to drought and erosion events, with no negative effects on fruit yield. The
authors concluded that the incorporation of such cropping systems and practices in policy
measures could provide a meaningful contribution to securing the long-term soil quality of
Mediterranean orchards. The analysis used the results of 187 experimental treatments from
46 peer-reviewed articles, including the countries of Spain, Italy, France, Portugal, Greece,
Turkey, Slovenia, Tunisia, Chile and the United States of America.

The impact of three cover crops with phytosanitary potential (namely, barley (Hordeum
vulgare L. cv. Tidone), alfalfa (Medicago sativa L. cv. Europe), marigold (Tagetes patula L. cv.
Disco Marinetta) on the soil microbial community colonizing apple trees in orchards suffering
SS was studied by Manici et al. (2015). All studied cover crops showed the potential to
increase soil microbial diversity in long-term permanent cropping systems and to manipulate
root colonizing fungi involved in crop health. The most effective in this respect was marigold,
which increased the abundance of nonpathogenic root inhabiting fungi and stimulated the
growth of young apple seedlings more than other cover crops. The author concludes that the
appropriate use of a cover crop pre-plant can reduce the inoculum of soil-borne pathogens
and give an effective advantage in the early post-plant stage, during which young fruit trees
are most susceptible to root rot fungal pathogens (Manici et al., 2015). Tongy Zhou et al.
(2019) demonstrated that the incorporation of cover crops (mixed herbs or red clover) into
the soil in apple orchards improved the chemical composition and had a positive influence on
microbial communities.

The objective of our study was to evaluate the potential of nine medicinal and fodder crops to
alleviate soil sickness in the 30-year-old peach and apple tree monocultures.

Soil sampling

Soil samples (gray podzol) for this study were taken at a depth of between 20 and 50 cm from
under 30-year-old apple trees (Malus domestica Borkh., cv. Slava Pobediteliam) and peach
trees (Prunus persica var. persica (L.) Batsch, cv. Druzhba) at the beginning of the growing
season (bud development stage) cultivated in a fruit orchard at the M.M. Gryshko National
Botanical Garden (Kyiv, Ukraine).

Experimental set-up

Pot experiments were conducted in the laboratory conditions at the Department of Allelopathy
ofthe M.M. Gryshko National Botanical Garden. Air-dried and 2-mm sieved soil was placed into
the 11 plastic pots. The latter were arranged in a randomized block design and maintained at
22-28°Cwith a 12/12 light cycle, soil moisture of 60% of full physical soil water capacity for
4 mo.

Seeds of calendula (Calendula officinalis L.), eastern galega (Galega orientalis L.), tartary
buckwheat (Fagopyrum tataricum L.), mustard (Sinapis alba L.), tansy phacelia (Phacelia
tanacetifolia Benth.,), lemon balm (Melissa officinalis L.), golden marigold (Tagetes tenuifolia
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Cav.), sainfoin (Onobrychis arenaria (Kit.) DC.), blue fenugreek (Trigonella caerulea (L.) Ser.)
were surface-sterilized with 1% sodium hypochlorite and sown into the pots. After the
emergence of seedlings, they were thinned to 10 plants per pot.

Assessment of soil characteristics

The amounts of nutrients, organic carbon, and soil acidity were determined at the beginning
of the experiments. The content of biogenic elements in soil samples was analyzed using the
method described by G. Ya.Rinkisand V.F.Nollendorf (1982) with the help of spectrophotometer
ICAP 6300 DUO. The acidity of soil solution was determined using ion meter HI 2211 (HANNA
Instruments).

Every two weeks after the start of the experiment, the allelopathic activity of the soil
was determined using bioassays on cress (Lepidium sativum L.) radicle elongation and
radish (Raphanus sativus L., cv. Krasny s belym konchikom) seeds germination (Grodzinski,
1991). As a control, we used the same fruit tree rhizosphere soil exposed to the same
temperature, light and watering conditions but without cover crops. Seeds of the test plants
were surface-sterilized with 1% sodium hypochlorite. For germination tests and root
elongation tests, seeds were sown on Whatman no.1 paper disks placed over the tested soil
samples in Petri dishes with 10-cm-diam. All control and test treatments were replicated
three times. Germination was assessed after 48 hours; radicle length was measured 3 days
after cress seeds were sown.

The content of free phenolics in the soil solution was determined at the beginning and the end
of the experiments. Phenolic allelochemicals were extracted from soil samples with methanol
and their amount was determined by the method described in (Grodzinski et al., 1988) with
the help of spectrophotometer Specord 200, Analytic Yena 2003.

Statistic analysis

Statistical analysis on quantitative data and visualization of the results was performed using
descriptive statistics and ANOVA with the help of STATISTICA 10.0 software (StatSoft Inc.,
Tulsa, Oklahoma, USA) and Microsoft Excel 7.0. Mean germination and mean root elongation
indices were compared to their respective controls. The results of the assessment of the
allelopathic activity of soil samples presented on figures are % to their respective values in
control. The least significant differences test (LSD at p <0.01) was used to compare the means
of different treatments.

Analysis of the nutrients contained in the soil collected from under 30-year-old apple
and peach trees showed that the content of manganese under the apple trees was within
179.4 mg/1 of soil. This is 20% above the phytotoxicity threshold of this metal in soil solution
(150 mg/1 of soil) according to (Bityutskiy, 2014). Iron content in soil under peach 375 mg/1
by 25% exceeded the phytotoxicity threshold of this element in soil solution (300 mg/I soil,
according to Bityutskiy (2014) (Table 1).
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Table 1 The content of mineral nutrients (mg/1 of soil), hummus (C%), free phenolics (mg/] of
soil), pH in soil from under 30-year-old apple and peach trees plantations, p <0.01
Fruit NH, NO, P K Ca Mg Fe S Mn pH % Total
tree phenolics
Apple
tree 1947 7.5 1635 3825 5831.0 5182 2585 774 1794 7.21 2.05 120
::i:::h 31.7 3.8 1724 447.0 2,165.0 263.8 375.0 49.2 1156 69 296 140

Note: C% - hummus %

The content of phenolic allelochemicals in the tested soil samples was 120 and 140 mg
per liter, which is almost an order of magnitude higher than the phytotoxicity threshold of
these substances - 15-20 mg/]1 (Reigosa and Pazos-Malvido, 2007; Perveen et al., 2019).
Phenolic compounds are a major group of allelochemicals ranging from phenols, hydroxy
acids, aldehydes, benzoic acids cinnamic acids, coumarins, tannins, and flavonoids. They are
produced by various plant species and their inhibitory effects on higher plants have been well
reported (Makoi and Ndakidemi, 2007; Reigosa and Pazos-Malvido, 2007; Liu et al., 2008;
Yin et al,, 2016). Apparently, the phytotoxicity of the studied soil samples is mainly due to
the accumulation of free phenolic compounds. Taking into account the ability of phenolics to
form chelate complexes with metals (Makoi and Ndakidemi, 2007), and thus retaining them
in the soil medium, it is possible to predict that the toxic effect of the excess concentrations of
manganese and iron was also significant.

The results of the allelopathic analysis showed that Ph. tanacetifolia and T. tenuifolia most
effectively improved soil allelopathic regime in apple orchards as compared to the other
studied cover crops (Figure 1). A significant stimulating effect was observed after a month
of cultivation of these cover crops and lasted until the end of the experiments. Somewhat
less effective was Trigonella caerulea. Cress radicle elongation was the most responsive to
the tested cover crops allelochemicals as compared to radish seed germination. The former
bioassay is considered to be one of the most sensitive to phenolic allelochemicals (Perveen et
al,, 2019).

The results of the allelopathic analysis were in good agreement with the data of the assessment
of free phenolics content in the soil solution (Figure 2). The lowest amount of phenolics was
revealed after the cultivation of T tenuifolia. A slightly higher content was detected after the
cultivation of S. alba, C. officinalis, T caerulea and Ph. tanacetifolia. The highest amount of
phenolics was found after the cultivation of O. arenaria.

Similar results were obtained for soil samples collected from under 30-year-old peach trees.
All studied cover crops significantly improved the allelopathic and biochemical regimes of this
soil (Figure 3 and 4). The greatest positive effect was observed at 3-4 months of cultivation
Ph. tanacetifolia and S. alba.
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Figure 1

Effect of cover crops cultivation on the allelopathic activity of the soil from-under 30-year-old
apple trees. Bioassays: radish seed germination and cress radicle elongation

1 - Tagetes tenuifolia; 2 - Onobrychis arenaria; 3 - Sinapis alba; 4 - Calendula officinalis; 5 - Trigonella
caerulea; 6 - Phacelia tanacetifolia. Vertical bars - the least significant difference at p <0.01%
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Figure 2 Effect of cover crops cultivation on the content of free phenolics in the soil from-under 30-year-

old apple trees after 126 days of cultivation of cover crops

1 - control (without crops); 2 - Tagetes tenuifolia; 3 - Onobrychis arenaria; 4 - Sinapis alba; 5 - Calendula
officinalis; 6 - Trigonella caerulea; 7 - Phacelia tanacetifolia. Vertical bars - the least significant difference
atp <0.01

[t should also be noted that all the cover crops studied except Galega orientalis and Onobrychis
arenaria significantly reduced the content of free phenolics in soil solution. This not only
helped to reduce the phytotoxic properties of the soil but also contributed to the diversity
of soil microbiota, including agronomically useful microorganisms. In addition, the observed
decrease in the amount of total phenolics increases the mobility of toxic metals such as
manganese and iron, facilitating their washing out of the soil solution.

A positive effect of marigold species on the allelopathic and biochemical characteristics of soil
was shown in our previous studies (Didyk and Mashkovska, 2006). According to the results
obtained by Manici et al. (2015) marigold used as a pre-plant in apple orchards demonstrated
the highest stimulative effect on apple rootstock plantlets growth as well as the increase in
the abundance of nonpathogenic root inhabiting fungi more compared to the other tested
cover crops. Besides, marigolds (Tagetes spp.) have been shown to suppress certain nematode
species (Kimpinski et al.,, 2000) and some noxious weeds (Didyk and Mashkovska, 2006).
Tansy phacelia is commonly used as a cover crop in arable rotations and is considered to be
particularly effective in conditioning soil structure, in sandy loam and clay soil (Bacq-Labreuil
et al, 2019). Root exudations of tansy phacelia were also shown to control root-lesion
nematodes (Kimpinski et al., 2000), and the infection by such soil-borne fungi as Alternaria
alternata, Fusarium oxysporum, F. culmorum etc. (Patkowska and Konopinski, 2011). Mustard
exometabolites contain glucosinolates which could be further hydrolyzed by the enzyme
myrosinase to form isothiocyanates (ITCs), compounds toxic to a variety of soil-borne plant
pests, including nematodes, bacteria, fungi, and weeds (Matthiessen and Kirkegaard, 2006;
Hossain et al,, 2015; Brennan and Smith, 2018). Another reason for this suppressive effect
could be a change in the structure of the soil microflora (Hossain et al., 2015). Allelochemicals
of S. alba were shown to selectively inhibit soil-borne pathogens without major side effects
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Figure 3 Effect of cover crops cultivation on the allelopathic activity of the soil from-under 30-year-old

peach trees. Bioassays: radish seed germination and cress radicle elongation
1 - Calendula officinalis; 2 - Galega orientalis; 3 - Fagopyrum tataricum; 4 - Sinapis alba; 5 - Phacelia
tanacetifolia; 6 - Melissa officinalis. Vertical bars - the least significant difference at p <0.01
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on the genetic potential of beneficial soil microorganisms involved in N cycling (Hossain et al.,
2015). Besides they stimulate the development of antagonistic organisms towards pathogenic
fungi in soil (Matthiessen and Kirkegaard, 2006). The present study demonstrated the good
potential of the mentioned above cover crop species to reduce soil phytotoxicity caused by
an accumulation of phenolic allelochemicals in old apple and peach tree monocultures. Due
to the mentioned above features marigolds, tansy phacelia, and mustard present the most
promise for further studies of their effectiveness in alleviating soil sickness in the old fruit
orchards.
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Figure 4 Effect of cover crops cultivation on the content of free phenolics in the soil from-under 30-year-

old peach trees after 126 days of cultivation of cover crops
1 - control; 2 - Galega orientalis; 3 - Calendula officinalis; 4 - Fagopyrum tataricum; 5 - Sinapis alba; 6 -
Phacelia tanacetifolia; 7 - Melissa officinalis. Vertical bars - the least significant difference at p <0.01

Soil quality is one of the central factors that control yield and crop health in agro-ecosystems.
Amelioration of soil allelopathic and biochemical regimes control its microbocenoses, organic
matter dynamics, nutrient mineralization and suppression of pathogens. Today cover crops
are widely used for increasing crop health in sustainable and organic agriculture (Moroz,
1990; Manici et al., 2015; Morugan-Coronado et al., 2020). Primary benefits from cover crops
conventionally include improving soil quality (soil macroporosity, water retention, nutrient
supply, etc.), erosion (Bacg-Labreuil etal.,2019) and weed control (Didyk and Mashkovska, 2006;
Manici et al,, 2015). The results of our study demonstrated the effectiveness of cover cropping in
the alleviation of soil sickness caused by the accumulation of phytotoxic allelochemicals.

The data obtained indicate that SS in the investigated 30-year-old plantations of apple
and peach trees are associated with the accumulation of toxic concentrations of phenolic
allelochemicals, as well as toxic metals of Mn and Fe. Cultivation of cover crops improved
the allelopathic and biochemical regime of the SS. In particular, it significantly reduced the
concentrations of phytotoxic phenolics and improved the biological activity of soil. The
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highest ameliorative effect was observed after the cultivation of Tagetes tenuifolia, Phacelia
tanacetifolia, and Sinapis alba. We consider these cover crops to be promising as eco-friendly
solutions to alleviate SS in the apple tree and peach tree plantations.
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This study was aimed to investigate the biochemical composition of plant raw material of Artemisia spp.
in conditions of M.M. Gryshko National Botanical Garden of the NAS of Ukraine (Kyiv) at both budding
and flowering stages. It was investigated the following species of Artemisia L. genus: A. abrotanum L.,
A. annua L., A. argyi H. Lev. & Vaniot, A. austriaca Jacq., A. japonica Thunb., A. ludoviciana Nutt., and
A. maritima L. The content of dry matter determined by measuring till constant weight, the total content
of reducing sugars by Bertrand method, tannins with indigo carmine, titratable acidity by titration with
sodium hydroxide, and ascorbic acid with 2.6-dichlorophenol-indophenol, and the content of carotene
on spectrophotometer with Kalosh petrol. At the stage of budding content of dry matter was from
26.72 (A. annua) to 48.63 (A. maritima) %, the content of reducing sugars from 5.11 (A. austriaca)
to 8.93 (A. maritima) %, the titratable acidity from 2.06 (A. abrotanum) to 3.52 (A. japonica), the
tannin content from 2.77 (A. abrotanum) to 5.1 (A. ludoviciana) %, ascorbic acid content from 11.65
(A. argyi) to 37.68 (A. japonica) mg%, and the content of carotene from 0.09 (4. ludoviciana) to 0.56
(A. abrotanum) mg%. At the stage of flowering, dry matter in raw was from 31.64 (A. annua) to 42.74
(A. austriaca) %, the content of sugars from 6.8 (4. austriaca) to 8.23 (A. annua) %, titratable acidity
from 2.8 (4. abrotanum) to 4.66 (A. annua) %, tannin content from 4.22 (A. austriaca) to 6.36 (A. annua)
%, the ascorbic acid content from 12.93 (A. abrotanum) to 65.18 (A. annua) mg%, and carotene content
from 0.14 (A. austriaca) to 0.22 (A. annua) mg%. Also, at the period of budding very strong correlation
was between titratable acidity and tannin content (r = 0.824), moderate correlation between dry matter
and sugars content (r = 0.581). At the stage of flowering determined a very strong correlation between
sugars and tannin content (r = 0.890), titratable acidity and tannins (r = 0.957), titratable acidity and
ascorbic acid content (r = 0.999), tannins and ascorbic acid content (r = 0.966). In the M.M. Gryshko
National Botanical Garden of the NAS of Ukraine just plants of A. abrotanum, A. annua, and A. austriaca
passed in the period of flowering. Obtained data can be used for the deep further biochemical and
pharmacological study.
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Artemisia L. genus belongs to Asteraceae Bercht. & J. Presl. family and concludes more than
200 species (Isani et al., 2019). Species of Artemisia spp. exhibited antioxidant, antimicrobial,
and anti-inflammatory activities (Pavithra et al.,, 2018; Moaca et al., 2019). The secondary
metabolite artemisinin from A. annua L. a unique sesquiterpene lactone demonstrated
antimalarial properties (Knudsmark et al., 2014; Czehowski et al., 2019). A. annua is an
important medicinal plant widely used in Africa for the treatment of malaria and other
diseases (Chukwurah Nkachukwu et al., 2014). Also, this species has been used for centuries
in Traditional Chinese Medicine. Among 600 phytochemicals identified in A. annua, the most
dominated are sesquiterpenes, flavonoids, and coumarins (Isani et al., 2019). Some reviews
demonstrated the antioxidant activity of A. annua but A. ludoviciana had a higher value of
this parameter (Lutgen, 2018). Also, the antimicrobial activity of A. abrotanum described
against gram-positive and gram-negative bacteria and Candida albicans (Ivashchenko et al,,
2014).

Among secondary metabolites of A. nilagarica organs determined alkaloids (the mostin shoot
buds), saponins (the most in stems), steroids (the most in roots), phenols (the most in leaves),
etc. (Nganthoi et al., 2016). Powder of A. annua content gross energy 3,876.7 kcal/kg, total fat
3.04%, cellulose 27.61%, ash 8.90%, amino acids (aspartic acid 1.77%, glutamic acid 1.74%,
leucine 1.32%, threonine 1.26%, arginine 1.02%, rest of amino acids was less 1% of content)
(Panaite et al., 2018).

This study aimed to determine the peculiarities of biochemical compound accumulation in
raw of different species of Artemisia L. genus in conditions of M.M. Gryshko National Botanical
Garden of the NAS of Ukraine.

Biological material

In this study investigated following species of Artemisia L. genus: A. abrotanum L., A. annua L.,
A. argyi H. Lev. & Vaniot, A. austriaca Jacq., A. japonica Thunb., A. ludoviciana Nutt., A. maritima
L. Plants collected from the experimental collection of Department of Cultural Flora in M.M.
Gryshko National Botanical Garden of the NAS of Ukraine (NBG) at the stage of budding and
flowering during 2019-2020. Biochemical analyses were conducted in the laboratory of
Department Cultural Flora of M.M. Gryshko National Botanical Garden. All investigated plants
are perennial.

Biochemical analyses

Dry matter determination

Plant samples were dried in drying oven at the 105 °C till constant weight in aluminum boxes.
Results are given in percentages (Hrytsajenko et al,, 2003).



Korablova, O., Vergun, O., Fishchenko, V., Haznyuk, M., Rakhmetov, D.
Agr.bio.div. Impr. Nut., Health Life Qual., 2020, 13-22

The total content of sugars determination

The total content of sugars was investigated by Bertrand’‘s method in water extracts. 4 g of
fresh mass mixed and homogenized with distilled water (approximately 50 ml) in the 100
ml test-tubes and heated in the water bath at 70 °C during 15-20 min. After cooling in the
obtained mixtures added 1 ml of the phosphate-oxalate mixture. After this was added 1.5 ml
of lead acetate. The obtained mixture brings to the mark (100 ml) with water. After filtration
from obtained solution took 50 ml and mixed with 8 ml of 20% HCI (at the 70 °C in a water
bath for 5 min) and after cooling was neutralized by 12% NaOH and brought to the mark
by distilled water (100 ml). 3 ml of obtained solution mixed with 6 ml of Fehling’s solution
reagent (6 min boiling in the water bath). Obtained mixture analyzed for the total content of
sugars. Results are given by percentages (Hrytsajenko et al., 2003).

The total content of ascorbic acid

Determination of ascorbic acid content conducted by method offered by K. Murri. 2 g of fresh
mass mixed with 50 ml of 2% oxalic acid. Obtained mixture put into the dark for 20 min.
Content of ascorbic acid of obtained extracts determined by a 2.6-dichlorophenol-indophenol
method that based on the reduction properties of ascorbic acid. Obtained results expressed in
the mg% DW (Hrytsajenko et al,, 2003).

The total content of carotene

The concentration of total carotene determined according to Pleshkov (1985) using extraction
with rubber solvent (petrol). 1 g of absolutely dried raw mixed with 20 ml of Kalosha petrol
for 2 hours. After this obtained filtrate measured spectrophotometrically at the wavelength
440 nm at the Unico spectrophotometer. Obtained results expressed in mg% DW.

The total content of tannins

The content of tannins was determined with indigo carmine as an indicator (Yermakov et al.,
1972). 5 g of fresh mass mixed with distilled water (approximately 50 ml) in 100 ml taste-
tubes. Obtained mixture heated in the water bath at 70 °C for 2 hours. After cooling, adding
water to the 100 ml and following filtration 10 ml of filtrate used for determination of the
total content of tannins. This procedure used 700 ml distilled water and 25 ml of 1% solvent
of indigo carmine. Obtained results expressed in %.

The total content of organic acids

The total content of organic acids determined with phenolphthalein and results calculated
with a malic acid coefficient (Krishchenko, 1983). 10 ml of filtrate (the same procedure
described for the determination of total content of tannins) titrated with 1 N solvent of NaOH
in presence of phenolphthalein. Obtained results expressed in percentages.

Statistical analysis

The mean values of three replicates and the standard deviation are given. Data submitted
with ANOVA and differences between means compared using Tukey-Kramer test (o = 0.05).
Correlation analysis performed using Pearson’s criterion.
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Results and discussion

Our investigation of biochemical composition and antioxidant activity of plant extracts
of representatives of Asteraceae, among which Artemisia dracunculus L. Rhaponticum
carthamoides Willd., Serratula coronata L., Scorzonera hispanica L., Silphium spp. have
studied (Korablovaand Rys, 2012; Andrushchenko etal., 2018; Vergun etal., 2018; Ivashchenko
etal, 2019; Rakhmetov et al,, 2019; Vergun et al., 2019).

We found the content of dry matter for plants of Artemisia spp. from 26.72 (A. annua) to 48.63
(A. maritima) % at the stage of budding (Figure 1). Sugars are the most important regulators
of many physiological processes such as photosynthesis, seed germination, flowering and
processes under abiotic stresses (salt, drought, and cold stresses) (Sami et al.,, 2016). The
study of Triticum aestivum showed that tolerant genotypes elevated reducing sugars, while
susceptible plants had decline sugar content (Khan and Naqvi, 2012). The content of reducing
sugars was from 5.11 (A. austriaca) to 8.93 (A. maritima) %. The titrable acidity values of
investigated plants determined from 2.06 (A. abrotanum) to 3.52 (A. japonica) %.

One of the most important secondary metabolites tannins plays an important role in the
growth of plants and act as protective compounds. They characterized by antimicrobial,
antihelmintic and protein bypassed effects (Hassanpour et al., 2011). The above-ground part
of plants identified tannin content from 2.77 (A. abrotanum) to 5.1 (A. ludoviciana) % at the
stage of budding (Figure 1).
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Figure 1 The content of dry matter, reducing sugars, tannins, and titrable acidity in the plant raw

material of Artemisia L. species at the period of budding

1-A. abrotanum; 2 - A. annua; 3 - A. argyi; 4 - A. austriaca; 5 - A. japonica; 6 - A. ludoviciana; 7 - A. maritima
(means in columns followed by different letters are different at p = 0.05. Each value represents the mean of
three independent experiments (+SD))

According to Igbal et al. (2012), the content of carbohydrates was 8.3%, fat 6.09%, fiber
14.2%, total tannins 0.61%. Tannins are naturally occurring polyphenol compounds that
form complexes with proteins (Singh et al., 2012). As reported Lutgen (2018), the content of
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tannins in different organs of various species of Artemisia from Turkey, Iran, Algeria varied
but leaves of A. annua had a higher content of tannins in approximately 10 times. Singh et al.
(2012) determined the content of tannins expressed on gallic acid equivalent to 30.44 mg/g
in the water extract. The dry matter of A. annua powder in an investigation of Panaite et al.
(2018) was 88.30%. Also, we determined the accumulation of ascorbic acid and carotene
concentration in the above-ground part of the investigated plants (Figure 2).
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Figure 2 The content of ascorbic acid and carotene in the plant raw material of Artemisia L. species at the
period of budding

1-A. abrotanum; 2 - A. annua; 3 - A. argyi; 4 - A. austriaca; 5 - A. japonica; 6 - A. ludoviciana; 7 - A. maritima
(means in columns followed by different letters are different at p = 0.05. Each value represents the mean
of three independent experiments (+SD))

Ascorbic acid content at the stage of budding was from 11.65 (A. argyi) to 37.68 (A. japonica)
mg%. We identified the content of carotene from 0.09 (4. ludoviciana) to 0.56 (A. abrotanum)
mg%.

Smoylovska et al. (2010) found the content of ascorbic acid in A. absinthium during vegetation
0.035-0.113% (its matches 35-113 mg%). The most content of ascorbic acid determined in
the full spring vegetation and budding stage.

Observations on plant growth showed that three species only passed to the next stage of
growth (flowering): A. abrotanum, A. annua, and A. austriaca. We found that the content
of dry matter of three investigated plant species at the stage of flowering was from 31.64
(A. annua) to 42.74 (A. austriaca) % (Figure 3).

Content of sugars in our study was from 6.8 (4. austriaca) to 8.23 (A. annua) %, titrable acidity
from 2.8 (A. abrotanum) to 4.66 (A. annua) %, and tannin content from 4.22 (A. austriaca) to
6.36 (A. annua) %. It should be noted that dry matter content, sugars content and titratable
acidity for A. abrotanum at the stage of flowering was approximately the same as at the stage
of budding, while the content of tannins at the stage of flowering increased 1.7 times. The
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values of these investigated parameters for A. annua, A. austriaca increased in the stage of
flowering comparing with a budding stage.
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Figure 3 The content of dry matter, reducing sugars, tannins, and titrable acidity in the plant raw
material of Artemisia L. species at the period of flowering (means in columns followed by
different letters are different at p = 0.05. Each value represents the mean of three independent
experiments (+SD))
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Figure 4 The content of ascorbic acid and {3-carotene in the plant raw material of Artemisia L. species at

the period of flowering (means in columns followed by different letters are different at p = 0.05.
Each value represents the mean of three independent experiments (+SD))
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The ascorbic acid content in raw of investigated species at the stage of flowering was from
12.93 (A. abrotanum) to 65.18 (A. annua) mg% (Figure 4). At the stage of flowering carotene
accumulated in the range from 0.14 (A. austriaca) to 0.22 (A. annua) mg%. Content of
ascorbic acid and carotene decreased from the budding stage to flowering for A. abrotanum
and A. austriaca, while for A. annua increased. Taking into account previous studies with
A. dracunculus, the highest content of ascorbic acid found in the leaves at the stage of spring
vegetation up to 730 mg%, the least content found in stems of this species at the stage of
flowering 24.6 mg% (Korablova, 2003).

We also conducted a correlation analysis between the accumulation of investigated
compounds in two stages of growth (Table 1). We found that at the period of budding very
strong correlation was between titratable acidity and tannin content (r = 0.824), moderate
correlation between dry matter and sugars content (r = 0.581), a weak correlation between
sugars and titratable acidity (r = 0.127), and very weak correlation was between carotene and
ascorbic acid content (r = 0.023).

Table 1 Correlation analysis between investigated parameters of Artemisia spp.

Parameter Dry matter Sugar Titratable Tannin Ascorbic
content acidity content acid content

Budding
Sugar content 0.581* 1
Titratable acidity -0.311* 0.127* 1
Tannin content -0.094 -0.081 0.824* 1
Ascorbic acid content -0.527* -0.622* -0.053* -0.142 1
3-carotene content -0.299 0.202* -0.278 -0.690 0.023*
Flowering
Sugar content -0.999 1
Titrable acidity -0.743* 0.720* 1
Tannin content -0.905* 0.890 0.957* 1
Ascorbic acid content -0.764 0.741* 0.999* 0.966* 1
3-carotene content -0.413 0.445* -0.302 -0.013* -0.272

Note: significant according to the t-test (p <0.05)

At the stage of flowering determined a very strong correlation between sugars and tannin
content (r = 0.890), titratable acidity and tannins (r = 0.957), titratable acidity and ascorbic
acid content (r = 0.999), tannins and ascorbic acid content (r = 0.966). Strong correlation
found sugars and titratable acidity (r = 0.720), sugars and ascorbic acid content (r = 0.741).
The moderate correlation found between sugars and carotene (r = 0.445). Rest relations
determined as negative correlated.
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Taking into account obtained data of the biochemical composition of Artemisia L. spp., it should
be noted that in the M.M. Gryshko National Botanical Garden of the NAS of Ukraine just plants
of A. abrotanum, A. annua, and A. austriaca passed in the period of flowering. Investigation
of the biochemical composition of Artemisia species showed a very strong correlation
between titratable acidity and tannin content in both budding and flowering stages, sugars
and tannin content and ascorbic acid with tannin content and ascorbic acid with titratable
acidity. The most content of dry matter and sugars at the budding stage was maximal in raw
of A. maritima, titratable acidity and ascorbic acids in raw of A. japonica, tannin content in
raw A. ludoviciana, carotene content in raw of A. abrotanum (as well as in flowering stage).
At the flowering stage, the high content of dry matter found in raw A. austriaca, the total
content of sugars, tannins, ascorbic acid, and titratable acidity in raw A. annua. Obtained data
can be used for the deep further biochemical and pharmacological study.

The publication was prepared with the active participation of researchers in international
network AgroBioNet.
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SPECTRAL QUALITY OF SUPPLEMENTAL LED GROW LIGHT
ALTERS CHILLING TOLERANCE IN ORNAMENTAL PLANTS
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The spectral properties of light changes the direction and intensity of metabolic processes in the
plant, which allows it to adapt to changing environmental conditions. The influence of the spectral
properties of light on plant physiology is still not fully understood, and a significant part of the research
is devoted to the short-term effects of processing with monochromatic light in growth chambers. The
purpose of this study was to determine whether the spectral modifications of additional LED lighting
in greenhouse production can alter the characteristics of ornamental plants after growing, which is
susceptible to chilling injuries. We grew snapdragons (Antirrhinum majus nanum L.) cv. Flora Shower
White, tagetes (Tagetes patula L.) cv. Karmen, and multi-flowered petunia (Petunia hybrida L.) cv.
Mambo blue in greenhouse conditions, using two different additional methods of irradiation with
LEDs: 100% red (A = 600 nm) (RL variant) and 100% blue (A = 400 nm) (BL variant), followed by
modeling the effect on the seedling of short-term cooling. The plants studied in the experiment are
often used in urban landscaping and are exposed to low positive and zero temperatures, especially in
the first days after transplanting into open ground. Morphological indicators and levels of hormonal
regulators (salicylic acid (SA) and abscisic acid (ABA)) and water-soluble sugars, as well as changes in
the selective permeability of cell membranes, were determined at the end of the exposure period. Light
treatment showed a noticeable effect on the resistance of seedlings to cooling. Short-term exposure
to low temperatures caused a violation of the semipermeability of cell membranes in all experimental
variants, but it was minimal in plants under exposure to spectral light: the electrolyte yield decreased
by 50% in comparison with the control in petunias, up to 37% in snapdragon and up to 37% in tagetes
eighteen %. In the test variants, after cooling, the yield of potassium ions and the content of salicylic
acid decreased - by 9 and 14% (RL) and 21, respectively, by 37% (BL), and the content of water-
soluble monosugars increased. After cooling, tagetes quickly restored turgor in the RL variant, but in
the control and when using BL this process was slowed down, there was damage on the leaf edges.
Plants of snapdragons and petunias under illumination (RL and BL) quickly recovered, they maintained
a habitus close to the original, and budding began. In control plants, restoration proceeded more slowly;
their decorative qualities were low. When transplanted into the open ground (at night temperatures
of 2-5 °C), the survival rate of ornamental plants after exposure was 80-100% versus 60-70% in the
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control. Additional illumination with narrow-spectrum light when growing seedlings of ornamental
plants can reduce the death of plants from spring frosts.

snapdragon, tagetes, petunia LED light, chilling injury, cell membranes, water-soluble
carbohydrates, salicylic acid

[Ipo6sieMa MOBBIILIEHUS] YCTOWYUBOCTH [JeKOPATUBHBIX PACTEHUH K HeBJaronpUsiTHbIM
YCJIOBHUSM CpeZibl UMeeT Ba)KHOEe HayyHOe W MpaKTUuecKoe 3HavyeHue. [Ipy 3TOM ofHUM
M3 aKTyaJIbHbIX HallpaBJeHUN OCTAlOTCS MCC/Ae[0BaHUs, HalpaBJeHHble Ha BbISIBJEHUE
MEeXaHM3MOB aJlalTallud pPacTUTEJbHbIX OpPraHM3MOB K HHU3KHM TeMiepaTypaM. Tak
KaK HHU3KOTEeMIEpPaTypHbIM CTpecC U BbI3BAaHHblE WM MOBPEX/JEHHS PaCTUTEJbHBIX
TKaHeW SIBJSIOTCA OJHHUM W3 OCHOBHBIX (PAKTOPOB OrpPaHUYMBAIOLIMX POCT pPaCcTEHUH, UX
NPOAYKTUBHOCTb, @ TaKXe pacHpocTpaHeHUe MO0 KauMaTuyeckuM 3oHaM (Turchaninova,
2006; Trunova, 2007). 9ToT paKTop He TepseT CBOEro 3HauyeHHUsd U NPHU O3eJIeHEeHHUHU
ropofioB, KOrjla paccajy AeKOPAaTHUBHBIX TeIJIOJIOOUBBIX PAaCTeHHH MepecaXUBAOT U3
OpaH)XepeuHbIX YCA0BUN B I'pyHT. PopMUpPOBAHUE XOJIOAOYCTOMUYUBOCTH [Jl€KOPATUBHBIX
pacTeHUH 06YC/IOBJIEHO pa3JIMYHbIMU H3MEHEHUSIMH KJETOYHOTO MeTaboJIM3Ma,
B TOM 4YHCJEe yBeJUYEHHEM COJep>KaHHUsl CaxapoB, CUHTE30M CTPECCOBBIX [OPMOHOB,
HM3MeHeHHEeM CBOMCTB MeMOPaH, MPoLeccoB bixaHus, doTocunTe3a u ap. (Tarchevsky, 2001;
Avercheva et al., 2009).

B HacTosimee BpeMsi K UWCJYy OPHOPUTETHBIX HANpaBJeHUH COBpPEMeHHOU
arpo6UOTEXHOJIOTUM  OTHOCUTCS ~ M3y4yeHHe  MeXaHU3MOB  peryjsdlud  pocTa
U YCTOWYHUBOCTHM pACTEHUHW K pasHbIM @O0 MpUpofe He6GJAaronpusTHbIM ¢aKTopaMm
cpeAbl TOJ BJMSHUEM Pa3W4YHbIX (AKTOPOB, HAMPUMEP, TAKUX KaK Y3KOIMOJOCTHBIN
CHEKTPa/IbHBIA CBeT. U3BECTHO, YTO CHEKTPATbHBIM COCTAaB CBeTa MEHsSeT UHTEHCUBHOCTh
M HamnpaBJIEHHOCTb MeTaboJsinuyeckux mnpoueccoB B pacteHuu (Olle and Virsile, 2013;
Avercheva et al., 2009). UHTEHCUBHOCTb OCBElIeHHs], €ero MPOJO/DKUTENbHOCTh U JJIMHA
BOJIHBI MOTYT BbI3BaTh KCIIPECCHIO OIpe/ieIEHHBIX TeHOB M CUHTE3 Psi/ila HOBBIX BELECTB,
BJIMSIIOIMX Ha reHepaTUBHbIe opraHbl pacTeHuit (Causin et al., 2006; Vanninen et al., 2010;
Colquhoun et al., 2013). OgHako $pU3M0J10TO-6HMOXUMUYECKHE OCHOBbI 3N TAl[UH OCTAKTCS
HeJOCTAaTOYHO U3y4yeHHBbIMU. CyllecTByeT NpPeANoIOKEHNE, YTO Y3KOCIEKTPaJbHbIN
cBeT cBA3aH ¢ akTuBuzauued COR reHoB, MHULUUPYIOLIMX CUHTE3 OEJIKOB X0JIOJ0BOrO
cTpecca. B 3TOT Kackaj B3aMMOCBSI3aHHBIX NpPeo6pa3oBaHHWM BOBJIEKAETCS HECKOJIbKO
CBETO3aBUCUMBIX peaKlui, 4YTO CYLIeCTBEHHO KOPPEKTUPYeT MeTaboJIU3M pacTeHUl;
MeHSIeTCSI TOPMOHAJIbHBIN U YIVIEBOAHBIN CTATYC €r0 KJIETOK, IPOHULIAeMOCTb UX MeMOpaH,
aKTUBU3UPYeETCA WM UHrHMbupyeTcsl pabora oTfesnbHbIXx pepMeHTOB (Chinnusamy et al,
2006; Crosatti etal.,, 2013). BaToT Kacka/i B3aUMOCBSI3aHHbIX IPe06pa30BaHU I BOBJIEKAIOTCS
HECKOJIbKO CBETO03aBUCHUMBIX peaKIU{, YTO CYLIeCTBEHHO KOPPEKTHUPYeT MeTabosu3M
pacTeHHUs: MEHsIeTCS TOPMOHAJIbHBIA U YIJIEBOAHBIA CTATyC KJIETOK, IPOHULAEMOCTb UX
MeMOpaH, aKTUBUPYETCS UJIU UHTMOUpyeTcs paboTa HeKOTOphIX pepMeHTOB (Kreslavsky et
al,, 2007; Trotta et al., 2014; Van Gelderen et al., 2018). [loBbilIeHUE YCTOUYHMBOCTU paCTEHU N
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K THIIOTEPMHUU CBSI3aHO C MOJ|aBJIEHUEM OKHUCJUTEJIbHOTO CTpecca 3a CYeT CBSI3bIBAHMS
aKTUBHbIX (opM kucaopoza (ADPK) u cBOGOAHBIX paJUKaoB, OJarofaps JeHCTBUIO
AHTHUOKCUJAHTHBIX (PEepMEHTOB U HAKOIJIEHHWI0O HHU3KOMOJIEKYJSPHBIX OPTraHUYeCKUX
a"HTUoKcuZaHToB (Pennycooke etal., 2005; Patton etal., 2007). [Ipu aganTanuu K XoJ10Z,0BOMY
CTpeccy pacTeHUs aKKyMYJUPYIOT CTpPecC-MPOTEKTOPHbIE BeleCTBA — aMUHOKHCJOTHI,
pacTBOpUMBIe caxapa, CaXapoCHUpPTbl U Jipyrue MetabosuThl (Patton et al, 2007; Van
Gelderen etal,, 2018).

BroickasbpiBaeTcsi MHeHHe, 4yTO COR-reHbl aKTUBUPYIOTCS NpPHU O0O0JIy4eHHU KpaCHbIM
(A = 660 HM) ¥ cuHuM (A = 400 HM) cBeTOM, TO €CTb B PETrYJSLUI0 3KCIPECCUH 3ITHX
reHOB BOBJIEKAIOTCSl CBETOBOCIPUHUMAIOIIUE pelenTopbl GUTOXPOMbl U KPUITOXPOMBI
(Crossatti et al., 1999; Zhao et al.,, 2014). UHbopmManuss 0 CTAOUJIU3UPYIOLIEM BJIUSHUU
KpPacHOTO W CHHEro CBeTa MPHU PETY/ISALNU IKCIPECCUU TEHOB B CTPECCOBBIX YCIOBHUSIX
M03BOJISIET MNPEAINOJ0KUTb HaJuyue IMePBUUYHBIX 3JUCUTOPHBIX CHUTHAJIOB pa3JUYHOU
NpUpOAbl. AJANTalMI0 K MOHMKEHUIO TeMIepaTypbl MOAENUPYeT psij, B3aUMOCBSI3aHHBIX
MPOIECCOB, MO3BOJISIOIINX PACTEHUI0O U3MEHUTb KJETOYHbIA U MeTaboJnyecKUun
romeocTa3 (Rejeb et al,, 2014). CyuiecTBeHHY0 POJib B pab0Te 3ITUX KaCKaJHbIX MEXaHHU3MOB
urpatoT canunuioBas (CK) u a6cuusonas (ABK) kuciotrel. CK - oMH U3 MeTa6oOJUTOB,
WHULUUPYIOLIUX 3KCIPECCUI0 TeHOB CUHTe3a (epMEeHTOB AHTHOKCHUAAHTHOM 3alllUThI,
YTO MO03BOJIAET KOHTposaupoBaTbh A®DK, coXpaHUThb IEJOCTHOCTh KJIETOYHBIX MeMOGpaH
U OKHUCJHMTEJbHO-BOCCTAHOBUTEJbHBIN CTAaTyC KJeTOK pacteHus (Janda et al, 2007;
Mahdavian et al,, 2008; Yuan and Lin, 2014). Hakonsienne ABK B TkaHsix BkiwovaeT ABK-
CUTHaJIbHBIN KacKa/J, KOTOpbli 3aBepliaeTcsd skcnpeccueit COR-reHoB, omnpejessiioulyio
XO0JIOJIOBYIO TOJIEpaHTHOCTD BUAA (Shi and Yang, 2014).

B nmpexacrtaBseHHONW paboTe Mbl H3y4Yald BJHMSIHHE Y3KOIMOJOCHOTO KpacHO-CHHETO
CIEKTPaJIbHOTO OCBEellleHUs1 Ha pPOCT W pa3BUTHE paccajbl JeKOPAaTUBHBbIX pacTeHUH
W B JajbHellleM ONpejessiJiu BJUsSET JU JaHHas TIoJcBeTKka Ha QopMUpOBaHUe
YCTOMYUBOCTU paccajibl K HEMPOJO/LKUTENbHOMY BO3J€UCTBUI0 HU3KUX MOJIOKUTETbHbBIX
TeMIlepaTyp MPU BeCEHHUX 3aMOPO3KaX.

06BbeKThI Ucc/IeJOBaHUS

B kauecTBe 0GBEKTOB HCCAeOBAHUs OBbLIM B3AThl JeKOPAaTHBHbIe PACTEeHUs], YacTO
HCII0JIb3yeMble B OTKPbITOM I'PYHTe NP 03eJIeHEHUU TOPOJI0B — JIbBUHbBIH 3eB (Antirrhinum
majus nanum L.), HU3Kopocabid copt Flora Shower White, Taretuc (Tagetes patula L.),
HU3KOpOCJbIH copT Karmen, ¥ MHOTOLBeTKOBast netynuus (Petunia hybrida L.) copra Mambo
blue.

PacTeHus B cTaguu 5 - 7-ro JIMCTa BbICAXKUBAJIU B COCY/bI C IECKOM (110 5 paCTeHUH, B KaXK/10M
BapHaHTe no 15 cocyzoB). PacTeHus BbIpalUBaju B CJAeJyHOLUX ycA0BUAX: KoHTposb
(1-#t BapuaHT - K) - pacTeHus, BblpallleHHble NIPU €CTeCTBEHHOM OCBellleHWH. BapuaHT
2 - K eCTeCTBEHHOMY CBeTy Z06aBJsid KpacHbId (max A = 600 M) (KC) cBeT; BapuaHT
3 - K eCTeCTBEHHOMYy CBeTy A06aB/sau cuHUM (max A = 400 uMm) (CC) cBeT. B kayecTBe
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JIONOJIHUTEJIbHBIX UCTOYHUKOB CBETAa MCHOJIb30BaIU CBETOAUOAHBIE JaMiibl Mozenu [1C-2
(YCC-12) («Dokyc», Poccus). UHTeHCHBHOCTD (m1oTHOCTH ¢poToHOB) Juisd KC cocTtaBisiia
2,58x10'® u gna cunero - 6,04x10'® poronos/(mM*kc). MloacBeTKy pacTeHHi TPOBOJMIH
exxeJHEBHO 1o 12 4. [losIMB AUCTUJIMPOBAHHOU BOJOW OCYLIECTBJISJIM €XeJHEBHO,
NOAKOPMKY mpoBoAuau 1 pa3 B Hejesrw 150 M nutaTesabHoW cMechbto Kuoma (0,25 1
docdara kanus, 0,25 r cynbdara maruus, 1 r KasbuueBod cesutpsl U 0,125 r xa0pucToro
KaJsivsi Ha 1 J1 AMCTUIIMPOBaHHOM Bo/bl ). [loc/ie okoHYaHU s NOACBETKU IOJIOBUHY pacTEeHUH
s kaxjaoro BapuaHTta (KC, CC, K) noMemanu Ha 24 4 B KaMepy ¢ TeMmnepaTypou 2 °C,
OCTaBILKECS PAaCTEeHUsI OCTaBJISIN 6e3 oxaxgeHus. [Ipo6bl /151 6UOXMMUYECKUX aHAJIU30B
6paJsiv Ha 35-1 (moc/ie OKOHYaHUS OACBETKU) U 37-1 ieHb (Ha 2-H JleHb II0CJIe BO3/IEHCTBUS
X0JIOJL0BOT0 CTpecca).

OnpegeneHue PyHKIMOHATIBLHOTO COCTOSTHUSI MEMGpPaH

Juis onpefesienust GyHKIIMOHAJbHOTO COCTOSIHUS MeMOpaH KJIeTOK HaBecKy JUCTbeB 0,3 T
MoMelaad B OUJUCTUIIAT, BbIJIEPXKUBAIU 24 4 B TepMocTaTe Npu TemnepaTtype 26 °C
U U3MepsJIM 3JIEKTPOINPOBOAHOCTh 3J10aTa, ONMpeJessiJd B HEeM cojaep:kaHhe MOHOB K*
MOTEHLIMOMETPUUYECKU C UCIOJb30BAaHUEM HOHOCEJNEeKTUBHBIX 3jekTposoB (MUTAH, 000
«HIIIT «ToMbaHanuT»», Poccus); MOHOCeNEKTUBHbIM 3nekTpon daut-031, 000 «HHUKO
Ananut», Poccus) no padee ony6snkoBaHHOU MeTouke (Kondratieva et al,, 2011).

OHPEAEJIGHI/IE CoAEpPIKaHUA CaXapoB

CoJlep>kaHrie MOHOCAXapoB olpeessiuiu ciekTpopoTomerpudecku (Specol 1300, «Analytik
Jena AG», I'epmaHusl) C moMOLIbI0 NUKPUHOBOM Kuca0Thl (Kondratieva et al, 2008).
KosnvectBo canuuuioBoit (CK) u a6cuuzoBoit (ABK) KuCI0T aHANMM3UPOBaIM U3 OJHOM
HaBeCKH: 2 T ChIPBIX JIUCTbEB 3KCTparupoBasu 3TaHosoM (80 %), sKCTpaKT ynapuBasiu o
BOJIHOH a3kl KOTOPYIO [leJIMJIU Ha JiBe paBHble 10 06 beMy yacTH. [is Beigesienus CK u ABK
3KCTPAKT OYHUILAIM MO0 MOAMPULMPOBAHHON B JlabopaTopuu MeTojauke (Shelepova et al,
2012). Ha 3akJ/I04MTEJbHOM 3Talle UCN0JIb30BaJIM U30KPATUUECKYH0 BbICOKO3QPEKTUBHYIO
KUAKOCTHYI0 XpoMmaTorpaduio (M30KpaTudeckuil xpomaTtorpad Craiiep, 3A0 «AKBUJIOHY,
Poccust) ¢ kosonkoi RP-18 (250/4,6 mM) («Phenomenex, Inc.», CILIA).

CTaTucTU4YecKue MeEeTO/J bl

CTaTUCTUYECKYI0O O06pabOTKy JaHHbIX NPOBOJUJIM C NPUMeHeHHeM mporpaMmmbl PAST
v3.0 (Hammer et al., 2001). Onpegensiu cpeAHUe 3HAYEHHUsT U3Y4aeMbIX IOKa3aTesel
(M), crangaptHble omUOKU cpefHuX (+SEM) u moBepuTe/bHbIH HUHTepBas npu 95 %
JOBEpUTEJIbHOM YpOBHE (to,os +SEM). [locTOBepHOCTb pa3jUuUil MeXJy BapHaHTAMHU
oneHuBanu B nporpamme PAST v3.0 mMeTonoM HemapaMeTpUdecKod (KpUTepUH MapHBIX
cpaBHeHUH llanupo-YuaKOKCOHA) CTAaTUCTUKU. Pasnnyus Mexay BapUaHTaMU CUMATAIU

JocToBepHbIMU 1pH p < 0,05.

Hepenaabl CYyTOYHBIX TeMIlepaTyp B BECEHHHUM U OCEHHUM nepuoabl 4aCTO BbI3bIBAIOT
NOBpPEeXAEHUA KU [JaxKe rubesib paCTEHI/Iﬁ. TeMnepaTypa, HCIIOJIb30BAHHAA HaMHU [OJIA
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MO/IeJINPOBaHUs X0JI040BOoro crpecca (2 °C), He JieTaJbHA AJI1 U3y4yaeMbIX PACTEHHUH, HO
MOXET BbI3BaTh CyLeCTBEHHbIE MOBpex/eHus JucTheB (Petrovskaya-Baranova, 1983).

[Tocne okoHvyanus nojacBeTku KC 1 CC cBeTOM 0COGBIX pa3IuyHU 110 TaOUTYCY U MOPDOJIOTHUU
y TareTHca 10 BapuaHTaM He ObLI0. I B onbITe, M B KOHTPOJIe 0OTMeYad XOPOIIUH Typrop
auctbeB, nouT y 30 % pacTeHUM Hadasach OYTOHM3aLMA. Y TareTuca, JIbBUHOTO 3eBa
YU neTyHuu nocije noxacBeTku KC yBesnyusiach 6UoMacca Ha/3eMHOM 4YacTH pacTeHUMU
(coorBeTcTBeHHO B 1,2, 1,3 u 1,6 pasa) u kopHer (B 1,5; 1,2 u 1,8 pasa) no cpaBHEHHIO
¢ koHTposieM (Pucynok 1). A mocie mogcBetku CC y Bcex Tpex BHU/IOB JEeKOPATHUBHBIX
pacTeHUH yBesMuuach 6MoMacca KopHel - B 1,8 pasa y Taretuca U B 2,2 pasa y JIbBUHOTO
3eBa M neTyHuU. CpoKH Hayasa LBETEHUS B OMNBbITHbIX BapUaHTaXx He OTVIMYAJIWUCh OT
TaKOBBIX B KOHTPOJIE, HO MPOAYKTUBHOCTDb LIBETEHUS Bo3pocsaa Ha 19-23 % mo cpaBHEHHUIO
¢ KoHTpoJsieM. B Mae mpu mepecajike B OTKPBITBIA TPyHT (IpU AHEBHOH TeMIepaType
10-12 °C v HoyHoM 2-5 °C) npmxkuBaeMocTb pacteHui B BapuaHTax KC u CC 6b11a oT 100 %
(taretuc, netyHusi) 1o 80 % (NbBUHBIN 3eB), TOrAa Kak y KOHTPOJIbHBIX pacTeHUN OHa
coctaBuja 60-70 %.

mTp
EAm

= Ph

PucyHok 1  BiusiHMe pa3HbIX BUJIOB [IO/[CBETKA Y3KOCIEKTPaJIbHBIM CBETOM Ha GMOMaccy pacTeHuH (T)
BapuaHThI onbITa — K (koHTposb); KC (kpacHblii cBeT); CC (CHHUH cBeT). a — Ha/I3eMHas1 YaCTh pacTeHUH;
b - xopHu pacrenuil. Tp - Taretuc (Tagetes patula L.), copt Karmen; Am - nbBUHBIH 3eB (Antirrhinum
majus nanum L.), copt Flora Shower White; Ph - netynus (Petunia hybrida L.), coptr Mambo blue

Figure 1 The influence of different types of illumination by LED light on the biomass of plants (g)
experimental options - K (control); KC (red light); CC (blue light). a - aerial part of plants; b - plant roots.
Tp - tagetes (Tagetes patula L.), cultivar Karmen; Am - snapdragon (Antirrhinum majus nanum L.), cultivar
Flora Shower White; Ph - petunia (Petunia hybrida L.), cultivar Mambo blue

BakHBIM MOKa3aTeJsieM CTPECCOYCTOMYHUBOCTH PACTEHUM CJIYKUT COCTOSIHHE MeMOpaHHOMN
CUCTeMbI KJIETOK JINCTbeB. CoxpaHeHMe U30UpaTeJbHON NMPOHULLAEMOCTH IlJIa3MasleMMbl
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JIJIs1 HEKOTOPBIX MOHOB U [JIJIs1 MOJIEKYJ/I BOZbI IO3BOJISIET MO/ JepKHUBATh TOMEOCTa3 KJIeTOK
(Tarchevsky, 2001). [ ero coxpaHeHUs] B KJIeTKE Ba)KHO HAKOIJIEHHE HOHOB HATpUs
B BaKyoJie, MojjepkaHue (U3UOJOTHIECKOW KOHIEHTPAIMU HMOHOB KU U BBICOKOTO
cootHouieHuss K+/Na+ B purtomiasme (Munns and Tester, 2008), To ecTb yBeJu4eHUE
BbIXOJJa MOHOB KasIUsl yKa3blBaeT Ha HeraTUBHble HW3MeHEHUs] BO BHYTpeHHel cpeje
KJeTKU. B TKaHfAX JIMCTheB y TareTuca IOCJAe OKOHYAHHSI JOCBETKH H30HpaTesbHas
MPOHULAeEMOCTb MeMbpaH cHU3uIach B BapuaHTe KC (27,4 pCm/MJ1) ¥ ocTasach B Ipejiesiax
koHTpoJsA (41,0 pCm/ma) B caydae CC (40,6 pCm/Mi1), TOT/Ia Kak y pacTeHUH JIbBUHOTO 3€Ba
Y IeTYHUU BbIXOJ] 3JIEKTPOJIMTOB N0/ Bo3eiicTBueM KC Bo3poc o cpaBHEHHUIO C KOHTPOJIEM
He3HauuTesNbHO (Ha 4,4 U 2,2 pCm/MJI, COOTBETCTBEHHO), a B ciaydae CC - 3HAYUTEJBHO
(Ha 24,5 u 10,3 pCm/ma, cooTBeTCTBEHHO). [Ipy 3TOM BBIXOJ, HOHOB Kaslus CYL[ECTBEHHO
CHU3UJICS B 060UX BapUaHTAaX ONbITAa OTHOCUTENbHO KOHTPOJIS, YTO [T03BOJIUJIO COXPAHUTD

BbicOKOe cooTHomenne K'/Na® B uuTOomiasme KJETOK pacCTeHWi, I0/iBePraBIIUXCs
noacseTke (PucyHoxk 2).

16
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8 uTp
6
HAm
4
= Ph
2
0

PucyHok2 BiusiHMe pasHbIX BHJOB IOJCBETKH Y3KOCHEKTpaJbHbIM CBETOM Ha IPOHHUIAEMOCTb
KJIETOYHbIX MeMOpaH pacTeHUH (BbIXOJ, MOHOB KasIUs, MKI/MJI): BapHaHThl ombiTa - K
(konTpoOJb); KC (kpacHbIi cBeT); CC (cuHUH cBeT)
1 - mokasaTeJib Ha MOMEHT 3aBeplLIeHHs MOJCBETKHY; 2 — I0KasaTeJb [0CJIe BO3/eHCTBUS X0I0,0BOr0
ctpecca. Tp - Taretuc (Tagetes patula L.), copt Karmen; Am - 1bBUHBIH 3eB (Antirrhinum majus nanum L.),
copt Flora Shower White; Ph - netynus (Petunia hybrida L.), coptr Mambo blue

Figure 2 The influence of different types of illumination by LED light on the permeability of plant cell
membranes (yield of potassium ions, ug/ml)
experimental options - K (control); KC (red light); CC (blue light). 1 - Indicator at the time of completion of
exposure; 2 - Indicator after exposure to cold stress. Tp - tagetes (Tagetes patula L.), cultivar Karmen; Am -

snapdragon (Antirrhinum majus nanum L.), cultivar Flora Shower White; Ph - petunia (Petunia hybrida L.),
cultivar Mambo blue
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Y Bcex pacTeHMH BO3/lefCTBHEe HHU3KHMHU IOJIOXKUTEJbHBIMU TeMIlepaTypaMu MPHUBEJO
K HapyLIEHHIO MOJIYNPOHUI[AeMOCTH MeMOpaH, HO B KOHTPOJIE OHO GbIJI0O MaKCUMAaJIbHBIM.
Hawnb6osiee ycTOWYMBBIMHU K KPaTKOBPEMEHHOMY XOJIOZJ0BOMY CTPECCY OKa3aJMCh pacTeHHs
netyHuy, noacBedyeHHble KC u CC: B TKaHSAX WX JIMCTbEB BBIXOJ 3JIEKTPOJIUTOB CHU3UJICS
Ha 51-52 % mo cpaBHEHUIO C KOHTPOJIEM, TOTZA KaK y TareTuca CHUXKEHHE COCTAaBUJIO
12-18 %, a y 1pBuHOrO 3eBa - 9-37 % (Pucynoxk 2). [1Ipu Bosaeiicteuu KC u oco6erno CC
y BCeX pacTeHUH JOCTOBEPHO CHU3WJICS BBIXOJ, HOHOB Kaius. CiefyeT OTMETHUTb, UTO
IpU JJOCBETKE Y3KOCHEKTPAJIbHbBIM CBETOM BOCCTAaHOBJIEHHWE PACTEHHUH MOCJEe OKOHYaHHS
XO0JIOZIOBOTO CTpecca Lo ObicTpee, ocobeHHO B BapuaHTe KC, Tora Kak KOHTPOJIbHbIE
pacTeHUs: He TOJILKO MejlJieHHEee BOCCTAaHABJIMUBAJIUCh, HO U CHUXKaJIACh UX JiIeKOpaTUBHasI
OIleHKa.

[TogcBeTka paccajbl [eKOPAaTUBHBIX PacTeHUH Y3KOCHEKTpPaJbHbIM CBETOM 3HAYUMO
He IOBJIMAJIAa Ha COAEeprKaHHe BOAOPACTBOPHMMBIX YIVIEBOJOB B TKaHAX JIMCTbEB — y BCeX
Tpex JeKOpPAaTHBHBIX pacTeHHWH J[JaHHBIM IOKasaTesJb OCTaBaJiCi Ha YpOBHe KOHTPOJIA
(PucyHok 3). OmHako BO3/eHCTBHE XOJIOZOBOrO CTpecca INPHBEJO K YBeJUYEeHHIO
co/lep>KaHUsI MOHOCAaXapoB y TareTUcCa, JbBUHOTO 3€Ba U MeTyHUHU B 060ux BapuaHTax (KC
1 CC) no cpaBHEHUIO C KOHTPOJIEM, IPU 3TOM HauboJiee CyllecTBEHHO Bo3poco (Ha 37 %
y neTyHuu U Ha 21 u 20 % y JIbBUHOrO 3eBa U TareTHca, COOTBETCTBEHHO) COZEp:KaHUe
BOJ,0PaCcTBOPUMBIX yryieBOJAOB moJ BaussHueM CC. U3BecTHO, 4TO MOHOcCaxapa, He TOJIbKO
CJIY’KaT dHEePreTUYEeCKMM pecypcoM, HO M UrpalT CYLIeCTBEHHYI MPOTEKTOPHYIO pPOJib
IpYU COXpaHEHUHM roMeocTasa KJeTok npu crpecce (Trunova, 2007). BeposiTHO, B HalieM
ONBITE OHU CHOCOGCTBOBAJU GOPMHUPOBAHHIO PeaKLUU PACTeHUH, obecleynBaOled UX
BbLKMBaAHMeE B CTPECCOBBIX YCJIOBUAX TUIIOTEPMUH.

OZHUM U3 TPUTTEPOB MPOTEKTOPHOr0 CUTHAJIBHOTO MYTH CAYKHUT CAJULUI0BAs KUCIOTA.
Ee posb B 3amycke W peryasuuy aJanTalMOHHOrO MexaHHW3Ma HeoJHo3HayHa (Yuan
and Lin, 2014). HemoctaTok uau u36bIToK CK MOXeT BbI3BaThb yCUJIEHHE CTPECCOBOrO
BO3JIeHCcTBUS, TaK Kak kosndecTBa CK u AOK koppesupytor, a ¢ cogepxkanvem CK cBsizana
WHUIMALMSA KacKkaja 3alldTHbIX peakiui (Mateo et al, 2006), KoTOpbli CBETO3aBHCUM
U JIeHCTByeT B KOMIIJIEKCe C JAPYTMMH NPOTEKTOPHbIMU MexaHusMaMu (Bechtold et al,
2005). ¥ Bcex pacTeHUH IoOcCJe OKOHYAHHUs MOJCBeTKH KosndecTBO CK Bo3pocso mo
CpaBHEHUIO C KOHTpOJIEM, HauboJiee cyuecTBeHHO - moj BiausHueM KC y Taretuca (Ha
223 % mno cpaBHeHHIO ¢ KOHTposieM) (Pucynok 4). [lo-BuauMoMy, B 3TOM C/Iydae Hadas
MEHSATbCS FTOPMOHAJIbHBIA 0ajlaHC B TKaHSX JIMCThEB M, KaK CJeACTBUE, NlepecTpanBasIcs
Becb MeTabosiM3M pacteHUd. [locie xosofoBoro crtpecca cofepxkaHve CK y pacTeHui
TareTuca B 060MX BapHaHTax CHU3UWJIOCh KaK 10 CPAaBHEHUIO C KOHTpoJseM (Ha 29-61 %),
TaK U OTHOCUTEJIbHO NOKa3aTeJsed [0 BO3/EWCTBUS XOJIOJOBOTO CTpecca: B BapUaHTe
KC - B 2,3 pasa, CC - B 2,0 pasa. Y pacTeHU! JIbBUHOI'0 3€Ba U NMETYHUH T0CJTE€ OKOHYAHUS
nozacseTku KC n CC copepxxanue CK 3Ha4MMO He MU3MEHUJIOCH 10 CPABHEHHUIO C KOHTPOJIEM.
Bo3zelicTBue X01010BOTO cTpecca Ha nojacBedyeHHble KC u oco6eHHo CC pacTeHust 060UX
BU/I0B IIPUBEJIO K yBesindeHuo cofepxannusa CK - Ha 9 n 14 % (BapuanT KC) nHa 211 37 %
(BapuaHT CC) COOTBETCTBEHHO Y JIbBUHOI'O 3€Ba U NETYHUHU.
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= Ph
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PI/ICVHOK 3 Bausinue PAa3HbIX BUAOB INOJACBETKU Y3KOCIIEKTPAJIbHBIM CBE€TOM HaA COAEPXKaHHE COBO60,C[HbIX

MOHOCaxapoB (MKI'/MT CyXOro BellecTBa)

BapuaHThl onbiTa - K (koHTposb); KC (kpacHbii cBet); CC (cuHUH cBeT). 1 - mokasaTesb HA MOMEHT
3aBeplIeHus MOCBETKY; 2 — [I0Ka3aTeJIb [10CJIe Bo3/eicTBUs Xoo40Boro ctpecca. Tp - Taretuc (Tagetes
patula L.), copt Karmen; Am - 1bBUHBIH 3eB (Antirrhinum majus nanum L.), copT Flora Shower White; Ph -
netyuus (Petunia hybrida L.), coptr Mambo blue

Figure 3 The influence of different types of illumination by LED light on on the content of free monosugars
(ng/mg dry matter)
experimental options - K (control); KC (red light); CC (blue light). 1 - indicator at the time of completion of
exposure; 2 - indicator after exposure to cold stress. Tp - tagetes (Tagetes patula L.), cultivar Karmen; Am -
snapdragon (Antirrhinum majus nanum L.), cultivar Flora Shower White; Ph - petunia (Petunia hybrida L.),
cultivar Mambo blue

CnefyeT OTMETUThb, YTO pAaCTEeHHUsI TareTuca IPH IOJCBETKE CHHHMM CBETOM IIOCJIE
BO3/IeCTBUS X0JI0I0BOTO CTpecca GbICTPO MOTEPSIIM TYProp, HayaaoCh MOBPEXAeHHE KpaeB
JIUCThEB. PacTeHus1 B 9TOM BapHaHTe OIBITA J0JII0 BOCCTAHABIUBAIUCH OT MOBPEX/IEHUH,
MO3JHO 3allBeJK, MOYTH TPEeTh M3 HHUX Moru6Jya. MeHee BbIpaOKEHHBIE NPU3HAKU
MOBPEX/IeHUH ObLIM ¥ KOHTPOJIbHBIX PAaCTEHHUH, OHU MEepPeHeCIn OXJaXKJeHUe JIydlle, HO
ObLIN MeHee JIeKOPATUBHEI (c/1aboe BETBJIeHUE, MeJIKUe 6yTOHBI). PacTeHus, moJicBeYeHHbIe
KpaCHBIM CBETOM, UMeJTU XOPOIUIUH TYProp JILCThEB, y HUX OTMeYaJIu PACKPbITHE [[BETOYHBIX
OyTOHOB. B0O3M0>XHO, U3MeHeHHe TOPMOHAJNIbHOTO CTaTyca TKaHeH TareTuca MpHy MoJICBETKe
KpaCHbIM CBETOM CITOCO6CTBOBAJIO BKJIIOUEHHIO TPOTEKTOPHOT0 Kacka/ja peaKIiiii, KOTopble
HUBEJIUPOBAJIM HeraTUBHbIE MOCJEJACTBUS OT OXJaXKJeHUs. M3MeHeHHe COOTHOIIEHUS
FOPMOHOB 1M0J, BO3/JleICTBMEM CHHEro CBeTa He JaJjio MO0J0XUTeJbHOro 3ddekra.
PacTeHuUs IbBUHOIO 3eBa U METYHUHU OLICTPO BOCCTAaHOBUJIUCH IIOCJIE X0JI0Z0BOTO CTpecca
B 00oux BapuaHTax onbiTa (KC 1 CC): ux Typrop, HaJi3eMHas Macca U rabuUTyC MOYTH He
HM3MeHUJIUCh. [IpY 3TOM B KOHTPOJIE BOCCTAHOBJIEHUE TTOCJIE X0JI0/[0BOI'0 CTPeCca y IbBUHOT'O
3eBa U METYHUH LILJIO MeIJIEHHO, CHU3UJIACh Macca Ha/[3eMHbIX (Ha 15 %) u mo/j3eMHBIX (Ha
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10 %) opraHoB, JleKOpaTHUBHas OlleHKa HEKOHTPOJIbHBIX PACTeHUH Gblia HUXKe, UeM NPU
MO/ICBETKE.

ETp
= Ph

HAm

PucyHok4 BiusHue pasHbIX BHJIOB IOACBETKH Yy3KOCIHEKTpaJbHbIM CBETOM Ha COAepXKaHUe
CaJIMIIMJIOBOM KUCJIOThI (MK /T CHIPOTO BellleCcTBa)
BapuaHThbl onbiTa - K (koHTpoub); KC (kpacHbliit cBeT); CC (cuHuit cBeT). 1 - nokasaTesb Ha MOMEHT
3aBeplLIeHHs NOJICBETKH; 2 - MOKasaTeJIb N0c/ie BO3/eHcTBUsA Xo040Boro cTpecca. Tp - Taretuc (Tagetes
patula L.), copt Karmen; Am - nbBuHBIH 3eB (Antirrhinum majus nanum L.), copT Flora Shower White;
Ph - netynus (Petunia hybrida L.), coptr Mambo blue

Figure 4 The influence of different types of illumination by LED light on the content of salicylic acid
(ng/g of flabby matter)
experimental options - K (control); KC (red light); CC (blue light). 1 - indicator at the time of completion of
exposure; 2 - indicator after exposure to cold stress. Tp - tagetes (Tagetes patula L.), cultivar Karmen;
Am - snapdragon (Antirrhinum majus nanum L.), cultivar Flora Shower White; Ph - petunia (Petunia
hybrida L.), cultivar Mambo blue

B mHUIIMALMIO KaCKa{HBIX PeaKui, pOpMHUPYIOLUIUX OTBET HA AaOUOTHYECKHUI CTPECC, TaKXKe
BOBJIeueHa abcuu3oBas kuciaoTa (Shi and Yang, 2014). 3TOT ropMOH OmpeAessiid TOJbKO
B TKaHAX pacTeHUW Taretuca. [locse okoH4YaHUA NMOACBETKU cozepxaHue ABK B TKaHAX
pactenui Bo3pocso mnoj BaussHueM KC (mo 0,191 +0,02 MKr/r) U HeCKOJIbKO CHHU3HUJIOCh
(mo 0,037 +0,005 mkr/r) B ciaydae CC no cpaBHeHUo ¢ koHTpoJsieM (0,043 +0,003 mMkr/T).
[Tocsie BO3eMcTBHS X0J10[0BOT0 cTpecca KoanyecTBo ABK B TkaHsAX iMCTheB B BapuaHTe CC
CyLIeCTBEHHO YBEJMYHJIOCH MO CpaBHEHMUIO ¢ ucxoAHbIM (0,066 0,008 MKT/T), B KOHTpOJIE —
MoYTH He u3MeHus0och (0,048 £0,004 MKr/T), a IpH OICBETKE KPACHBIM CBETOM — CHU3HUJIOCh
B 5 pas (70 0,038 +0,004 Mkr/T). To €CTb 3TH pe3y/IbTaThl TAKXKE CBUETENbCTBYIOT B IOJIb3Y
Halllero TNpeAlNoJoKeHUs] 00 U3MeHeHHWHU TOPMOHAJbHOro 6GajiaHca B TKaHAX JIMCTbEB
TareTuca Ipy NOJICBETKE U, KaK CJeJCTBUE, O IepeCTpoiike BCero MeTabo1u3Ma pacTeHU .
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B0o3MOHO, CBeT pa3/IMYHOIO CIIeKTPaJbHOT0 COCTAaBa BKJIIOYaJ/ pa3Hble yTH aKTHBALMU
NPOTEKTOPHBIX MexaHu3MOB. TpurrepHyro ¢yHKIHMI0O B TakoW aKTUBALlUU MOTYT
BbINOJHATL U CK, 1 ABK, Ux curHasbHble IyTH YacCTUYHO NlepeKpbiBaloTcda. PopmupyeTcs
MHPOPMaLMOHHAsA CETh C aHTAlOHUCTUYECKUMHU U CUHepruyeckuMu 3BeHbsaMHU (Trunova,
2007). BoamoxkHo, B ciay4yae CC canuiuioBass KHCIOTA CIOCOGCTBOBaJia OBICTPOMY
MepeKII0UeHHI0 MeTa60TMYECKUX MTPOLIECCOB HAa aJlallTALlMOHHBIN PEXUM, a TP MO/ICBETKE
KpacHbIM CBETOM 3TOT MEXaHHW3M MOT BKJIIOYaThcs nocje Boiopoca ADPK, u canunuioBas
KHCJIOTA He BOBJIEKAJIOCh B 3KCIIPECCUI0 3L M THBIX T€HOB.

COoBOKYNHOCTb (QU3MOJOTUYECKUX U OUOXMUMHYECKUX H3MEHEHUH B TKaHfAX JIUCTbEB
JIeKOpaTUBHBIX pacTeHUud (raburtyc, MopdoJiorus, HaKOIJIeHHWe 6GUOMacChl, BBIXO]
3JIEKTPOJIUTOB, COJlepPKaHUE HOHOB KaJusl, CAaJULMJIOBON U abCLM30BOM KHCJOT, CYMMBbI
CBOOOJIHBIX MOHOCAXapoB) IO3BOJISIET CJieJlaTh BbIBOJ, YTO MOJACBETKA CIEKTPaJbHbIM
CBETOM CIIOCOGCTBYET Hadaly NepecTpPOWKU MeTaboJMYeCcKUX NPOLLeCCOB U aKTUBALMU
HecnenMPUUeCKUX TPOTEKTOPHBIX MEXaHU3MOB, COXPAHSIOIINX HOHHBIA U OKUCJIUTENbHO-
BOCCTAHOBUTEJIbHBIA TroMeocTa3d KkJeTOK. [Iloka3aHo, 4YTO MOACBeTKa paccajbl
y3KOCIIeKTpa/IbHbIM CBE€TOM I03BOJIMJIA 3THUM pacTeHHUSAM YCIEIHO aJalTHUPOBaTbCA
K KpaTKOBpeMEHHOMY BO3JeHCTBHUI0 HU3KUX TeMmnepaTyp. [Ipu nmepecajke B OTKPBITHIH
IPYHT (B YC/IOBUAX HOYHOU TeMmiepaTyphl 2-5 °C) UX NPHUKHUBAEMOCTb MOCJE MOJICBETKU
cocrtaBuna 80-100 % mnpotuB 60-70 % B koHTpoJse. CiefoBaTesbHO, A0GaBJIEeHUE
y3KOCIIEKTPaJIbHOTO CBeTa OT CBETOAMOJAHBIX NIaHeJIell K eCTeCTBEHHOMY OCBEllleHUI0 IIpU
BBIpAIMBAHUU PaccaZibl IeKOPATUBHBIX PACTEHUH 03BOJUT CHU3UTb UX F'H6eb OT Pe3Kon
CMeHBbI YCJI0BUM OOUTAHUSA NPU UCII0JIb30BAaHUU /1JIs 03€JIeHEHUSI TEPPUTOPHUIL.
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Adenocaulon adhaerescens Maxim. is the potentially medicinal species with high antioxidant activity.
Morphometric characteristics of achenes (seeds) for the species have been studied in four populations
of native distribution range in Primorsky Krai (Russia). The distance from the southernmost (Popova
Island) to the northernmost (buffer zone of the Ussuri Nature Reserve) of the seed collection point is
about 100 km, and this, of course, is not enough to identify correlation between geographical latitude
and seed size. The environmental conditions in all four habitats are also the same - shaded paths in the
forest along streams or wet plots, so that light and moisture do not seem to influence the size of the
seeds. Studied plants in the fruiting phase had an average height of 83.9 cm, with 70% of the main
axis being the inflorescence and the number of lateral axes of the inflorescence ranging from 10 to
28. The size of the leaf at the base of the panicle was, on average, 8.8 x 10.6 cm. Plants on Russky
Island have reliably smaller achenes (5.4 x 1.9 mm) than in other studied populations (6.7 x 2.3 mm).
[t was noted that the length and diameter of the achene vary in the native distribution range at a low
level (CV = 10-12%). However, we were surprised to compare our data with ones in the Moscow: in
the secondary distribution range, which is almost 9 thousand kilometers away from natural habitats,
the average size of seeds of this species has not changed over 70 years of introduction. In the native
distribution range, seed productivity of one plant is two to three times higher than in the secondary
distribution range formed in the Moscow. This is explained not by the large number of seeds in a head
(5-7 seeds), but by the large number of heads formed on the plant (46-77 vr. 25-30 heads).

Keywords: Adenocaulon adhaerescens, seed, achenes, morphometric characteristic, native
distribution range, Primorsky Krai

BBegeHue

JlanbHEeBOCTOYHBIM BUJ| mpuaunaso npucrawiiee (Adenocaulon adhaerescens Maxim.)
vMeeT HeoObIYHble aJisd ceMelcTBa Asteraceae Bercht. & J].Presl mopdosiornueckue
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npu3Haku. Ha ceMsiHKax OTCYTCTBYeT Maniyc, HO ecTb KpymnHble >xkesne3ku (Karrfalt and
Kreitner, 1980). KpaeBble IBETKH *KEHCKHE, a CPeIUHHbIE — MYXKCKHe, TOT/Ia Kak B HOpMe
JUIsT CeMeNCTBA XapaKTepHO KaK pa3 Ha/IMYMe KeHCKUX [[BETKOB B I[eHTpe KOP3UHKHU. Pox
Adenocaulon oTHocuTCs K 0co60# Tpube Mutisieae (Funk et al., 2016).

Pon Adenocaulon Bkjo4aeT Bcero 6 BuJ0B: A. bicolor Hook., A. chilense Less., A. lyratum
S.F. Blake, A. nepalense Bittmann, Adenocaulon adhaerescens Maxim. u A. himalaicum
Edgew. Hau6oJiee xopo1io n3yyeH nocjaeJHUN BU/JI, TOCKOJIbKY OH 06J1aJlaeT X035 CTBEHHO-
LleHHbIMHA NpHU3HAKaMHU. JKCTPaKTbl pacTeHUM A. himalaicum MOryT HCHOJb30BaTbCS
B KayecTBe XUMHUOINpenapaToB JJs NpoUIAKTUKHA H/WJIM JiedeHUs] pakKa yesoBekKa
(Yun et al, 2013). Ero Bo3ayliHble YacTH MNPUMEHSJIMCb [Jis JiedeHHsl abCIeccos,
KPOBOU3JIMSHUH W BOCHaJIeHUH B KOPEHCKOW HApOJHOW MeJUIIMHE, 2 POCTKH CheJO6GHBI
(Kwon and Lee, 2001).

Byin3Kkopo/CTBEHHBIA aMepUKaHCKUN BuJ, Adenocaulon bicolor He UCHOJb3yeTCH CTOJIb
IIMPOKO, HAIIPOTUB, HEXKeJIaTeJIeH KaK UICTOYHUK KopMa [1Jid osieHel. OH SIBJISIETCS BAXKHBIM
KOMIIOHEHTOM TPaBSIHUCTOTO sIpyca B JiecaxX U3 CEKBOMU U CJYKUT pacTeHUeM-UHAUKATOPOM
OCBeLIeHHOCTH B JiecHOM coobiectBe (Pfitsch and Pearcy, 1989a,b; Pearcy and Yang, 1998).

Y Bcex BuoB poja Adenocaulon ceMeHHasi NPOAYKTUBHOCTb W MapaMeTpbl CEMSHOK He
u3ydeHbl. B Poccun npouspacrtaeT efuHCTBeHHbIH BUJ — Adenocaulon adhaerescens. Ero
apeas 3aHuMaer [Ipumopsne, [Ipuamypbe u octpoBa CaxasuH u KyHamup.

93TOT BUJ, YCHEIIHO aJalTHPOBAJICA K YCJOBUAM MOCKOBCKOIO KJMMaTa U CHOPMHpPOBaAI
YCTOMYMBYI0 HMHBA3UOHHYI0 MHOMy/sALMio B [yaBHOM G6GoTaHudeckoM cajy Poccuiickoit
akazeMuu Hayk (MockBa) U B psifie MOCKOBCKHX JIECONIAPKOB. BBIIBIIEHO, YTO 3TOT BUJ
MOXeT CTaTb MOTEHIMAJbHbIM HCTOYHUKOM OHOJIOTMYECKH AKTHUBHBIX BEIIECTB JJid
yJydlleHUs] CUCTeMbl aHTHOKCHAAHTHOM 3awuThl 4esoBeka (Vinogradova et al, 2019).
Ccpuika Ha MCTOYHMKHM Hanbosiee BbICOKOH aHTHOKCHMAAHTHOM aKTHBHOCTBIO 06/1aAal0T
MOJIOJble JIMCTOYKH, COOpaHHble B TeueHHe 1 — 2 Hezesb NOC/e TasiHUsI CHEra, a TaKkKe
COLIBETHs B CTaANH Havasa uBeteHus (Vinogradova et al.,, 2019).

Bo BTopuuyHOM apeasie Mopdo-6uosoruyeckue npusHaku A. adhaerescens U3y4eHbI
JocraTto4yHo xopouo (Vinogradova and Rykhlikova, 2006; Vinogradova, 2010; Vinogradova,
2013). OgHo pacteHue GopMHUPYeT 32 BereTalMOHHbIM ce30H 0KoJsio 25 - 30 KOP3HHOK,
KaKJasi U3 HUX COZIEPKUT 6 - 8 LBETKOB, U B Hel oOpasyeTcs: 5 - 7 ceMAHOK pa3MepoM
6.8 £0,1 x 2.5 +0,0 MM, yTO cocTaBJisieT nopsizka 250 ceMsiH Ha ogHOM pactenuu (Ganina
and Vinogradova, 2019). OgHako B eCTECTBEHHOM apeaJsie U3MEHYUBOCTb GUOJIOTHUYECKUX
IPU3HAKOB 3TOr0 BU/A J10 CUX IOP NPAaKTUYECKU He U3y4yeHa.

[lesib HACTOSILIETO UCCJIeOBAHUS — OLEHUTD MOTEHIIMAJbHYI0 CEMEHHYIO TPOJAYKTUBHOCTh
Y BapHabeJibHOCTh pa3aMepoB ceMsAHOK A. adhaerescens B eCTeCTBEHHOM apeaJie U IPOBECTH
CpaBHEHUE C aHAJOTUYHBIMU MapaMeTpaMHU BO BTOPUYHOM apeajie Ha OCHOBE HallUX
npeAblAYLUX UCCe0BaHUH.
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MaTepuaJi uccjie0BaHUS

Cemsanku Adenocaulon adhaerescens Jiyis1 ananu3a cobupasu B ceHTs6pe 2019 . B yeThIpex
MecToOoOUTaHuUsX ora [[puMopcKoro Kpas:

A) octpoB Pycckuit N 42.9712 E1 31.8858;

B) octpos [lonmoBa N 42.9622 E 131.7249;

C) r. BraguBocCTOK, iecHasi TeppuTOpHrs 60oTaHudeckoro caga N 43.2226 E 131.9932;

D) okpectHocTu T. Yccypuiicka, 6ydepHas 30Ha Yccypuickoro 3amoBesHuka N
43.6323 E1 32.2651.

Kaxxap1ii U3 yeTblpex 06pas1oB ceMAH BKJIIOYaJl BCe CEMAHKH, cobpaHHble ¢ 10 pacTeHU U3
KaXkJloro yHKTa coopa. CeMeHa XpaHU/IM IPA KOMHATHOW TeMIlepaType B TeYeHHe HeJlelH.
[Ipo6a a5 onpeseneHuss MopboMeTpUIECKUX IPU3HAKOB Cofieprkasia He MeHee 70 ceMsHOK.

MeToabl McC/IeJOBAHUSA

Ha nudpoBom mMukpockorne Keyence VHX-1000 onpeaesnsiiv JuuHy (L) ¥ fUaMeTp CEMSHOK
B caMo¥ wmHpokod ux 4vactu (D). CpesHuil o6beM CeMSHKH BBIUMCAAIN 1O dopMmyJsie
snnuncouza 4/3 mwld’, rael=1/2 L, d =1/2 D; popMy ceMAHOK - 0 COOTHOmeHHMo L/D.

CraTucTUYecKas 06paboTKa

JaHHble o6pabaThiBaiK B mporpamme PAST 3.17.

Cemsanku A. adhaerescens o6GpaTHOsHIeBUAHbIE, 3€J€HOI0 HWJIM KOPUYHEBOTO LBETa,
MOKPBITHI XKeJIe3KaMHU C KJIeWKHUM 3KCCYaTOM, OCbh COLIBETHSI TAKKe OIyIlIeHa KeJIe3UCTbIMU
BoJiocKkaMU (PucyHok 1).

Ha mnob6epexbe ocTpoBa Pycckuit Ha Mbice Tobusumna N 42.9574 E 131.8768 ™Mbl
O0GHAPYXUJIH ellle 0/iHY nonyasuuio A. adhaerescens. OHaKO B 3TOW MOMYJISALUK PACTEHHUS
OT/IMYasiacb MeHblllel AJUHOU couBetus (57 cMm), Gosiee MeJKUMH JUCTbAMU (7,3 x
8,9 cM) 1 HEMHOTOYHCJIEHHbIMU KOP3WHKaMHU (B cpefiHeM 46 IIT.) C MEJIKUMH CEMsSIHKaMU.
CeMsIHKH, COGpaHHbIE B 3TOU MOMYJISALMH, MbI B aHAJIM3 He BKJIIOUAJIH, CTapasiCh CPaBHUBATH
CEMEHHYI0 NPOAYKTUBHOCTb PacCTeHUH cpeJiHel A1 BU/Ja BUTATUTETHOCTH.

B 13y4eHHBIX YeThIpex NONyJAslHUaIX BTOPUYHOIO apeasia pacTeHUs B $pase NJI0JLOHOIIEHNUS
HMMeJIU B BbICOTY B cpesiHeM 83,9 cM, npudeM 70 % ryiaBHOM OCU IPUXO/UJIOCH Ha COLIBETHE,
a 4uCI0 GOKOBBIX OCel colBeTHs1 Kosebasock oT 10 mo 28. Pa3Mmep JiMcTa B OCHOBaHUH
MeTEeJIKHU COCTaBJiAa B cpefHeM 8,8 x 10,6 cMm.

Pasmepbl ceMsIHOK BapbHpPOBaJM HE3HAYUTEJNbHO, TOJIbKO O6Opasel] W3 IeHTPaJbHOU
YacTH OCTpoBa Pycckuil nocToBepHO oTyinMyascs 6osiee MeJkuMU (PHCyHOK 2) ceMsIHKaMHU.
JnHa ceMsiHOK ¢ ocTtpoBa Pycckuit cocraBasia 3,8 - 6 ,7 (5,4 £0,0) MM, nuameTtp -
1,2-2,6 (1,9 £0,0) MM, 06bem - 11,0 £0,4 MM°, OTHOLIEHUE JJINHBI CEMSIHKU K ee uaMeTpy
cocrapuisiyio 2,2 - 3,5 (B cpesgHeM 2,8). B 3TOM e mony/siiiii 0JJHO pacTeHUE B CpeJJHEM
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dopMupoBasIO MEHbILIEE YUCJI0 KOP3UHOK (0T 7 10 96, B cpeiHEM 46), HO Bce paBHO CeMeHHas
MPOAYKTUBHOCTb OJJHOI'O0 PAaCTeHHs B MOJITOpPA-ABa pa3a BhIllle, 4eM BO BTOPUYHOM apeaJsie
(276 npotuB 162 ceMSHOK).
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3aBogckon
=0
) \4 KpasuoBka ApTem [ miss]
.d LkoToBO
o o TpyAoBoe
r bg}-!auMOHaanbm - CmonsHmi
napk "3emns C 2. 45
neonappa"
[lecyaHbIn
rocyaapcTBeHHbIN
pUpOAHBIS BnapusocTok 5oy bLUGH
3anoBegHUK ;}”’é\ MEPBOMAMCKMA P-H KameHb
&
KenpoBas nagb Q‘T Pycckwi :
v‘§ Pic - YCCyDMMCKMIJISaJ
be3sepxoBo g doknHo
A PenHeke 3 |
oViMa OyHan
ChagsaHKa -

Pucynok 1  Adenocaulon adhaerescens Maxim
1 - o6wui BUA pacTeHus; 2 - MJIOJbL; 3 — MYHKThI c60opa ceMsiH JJis aHanusa; A - octpoB Pycckuii;
B - octpoB [TonoBa; C - Botanuyecku caj, r. BraguBoctok; D - Yccypuickuil 3arnoBeiHUK

Figure 1 Adenocaulon adhaerescens Maxim
1 - habitus of the plant; 2 - fruits; 3 - collection points for seed’s analysis; A - Russky Island; B - Popova
Island; C - Botanical Garden, Vladivostok; D - Ussurian Reserve

—
1000.00um

PucyHok2 CemsHka (cieBa) ¥ och coueTus (cnpaBa) Adenocaulon adhaerescens Maxim
Figure 2 Achene (left) and rachis of inflorescence (right) of Adenocaulon adhaerescens Maxim
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CeMAHKHU y pacTeHUH, IPOU3PACTAIOLIMX B OCTAJbHBIX TPEX MECTOOOUTAHUSX, ObLIN Gosiee
KPYIHBIMH, HO JOCTOBEPHOTO pPa3/Uyds MEXAY 3TUMH TpeMsl NPoOaMU He BBISBJIEHO
(Tabnuua 1). [lnuHa cemsHok coctaBiasieT 4,2 - 8,1 (6,7 *0,0) mMm, auametp - 1,2 - 3,1
(2,3+0,0) MM, 06beM - 3,0 - 32,5 (18,5 £0,4) MMS, OTHOIIEHHE AJTUHBI CEMSIHKH K €€ JAuaMeTpy
coctasusiyio 2,1 - 3,9 (B cpeanem 3,0). MeTesika cofiep:kajia B cpefiHeM 77 KOpP3UHOK (22 -
240), T.e. B TpH pasa 60Jibllle, YeM BO BTOPUYHOM apeasie B MOCKBe, a MAaKCUMaJIbHOE YK CII0
KOP3MHOK Ha pacteHuu gocturano 240 wrt.! CeMeHHas NpOAYKTUBHOCTb OJHOTO paCcTEeHHUA
cocTaBJisila B cpefiHeM 462 ceMSIHKH, UTO TaK)e B TPU pasa Bblllle, YeM BO BTOPUYHOM
apeaue.

Ta6smmua 1 MopdoMeTpudeckre npu3Haku ceMssHOK Adenocaulon adhaerescens Maxim.

Table 1 Morphometric characteristics of achenes for Adenocaulon adhaerescens Maxim.

MecToo6uTanne L (mm) D (mm)

PENN min max X %S, min max
A 54 +0,1 3,8 6,7 1,9 £0,02 1,2 2,6
B 6,5+0,1 54 7,4 2,3+0,01 1,8 31
C 6,6 £0,1 5,0 8,1 2,3+0,01 1,7 2,9
D 7,0 £0,1 4,2 8,0 2,2+0,01 1,2 2,8
MecTooGuTaHUe L/D V (mm?®)

PENN min max PENN min max
A 2,8 £0,03 2,2 3,5 11,0 +0,4 3,1 21,5
B 2,8 £0,02 2,1 3,4 18,9 £0,6 8,8 31,7
C 2,9+0,02 2,4 3,8 19,2 0,08 8,8 31,8
D 3,2+0,03 2,8 3,9 17,6 £0,06 3,0 32,5

[Ipumeuanue: A - octpoB Pycckuii; B - octpoB IlonoBa; C - Yccypulickuil 3anoBeHUK; D - BoTaHuueckuil caj, I.
BnaguBoctok; L - anuHa; D - wmupuHa; L/D - OTHOlIEHHWE JUIMHBI CEMSHOK K IIUpUHE; V - 06'beM CEMSIHKM; min —
MHUHMMaJIbHOE 3HaYeHHe; Max — MaKCUMa/lbHOe 3HaueHHe; X — Cpe/iHee 3HaYeHue; S, — CTaHZlapTHOe OTKJIOHEHHe
CiejoBaTesIbHO, pa3Mep CEMSHOK Y pacTeHHH U3 BTOpUYHOro apeana (6,8 0,1 x 2,5 +0,0) He UMeeT 3HAYUTEJbHBIX
OTJIMYUM OT pa3MepoB CeMSIHOK PacTeHUH, IPOU3PACTAIOIUX B eCTECTBEHHOM apeaJe.

Y Bcex yeTbIpex 00pa3L0B U3MEHUYUBOCTb MOPPOMETPUUYECKUX NMPU3HAKOB Obljla HU3KOM:
k03¢ PULIMEHT BapUaLlMK COCTABJISI JIJIsl AJIMHBI ceEMSIHOK 9 %, AuaMmeTpa ceMsiHOK — 12 %,
otHoueHust L/D - 11 %. O6beM ceMsIHOK BapbHpoOBa/J Ha CpeJjHEM ypOBHe: y o6pasua
¢ octpoBa Pycckuii 28 %, y c6opHOT0 06pasia U3 oCTa/lbHbIX Tpex MecToo6uTaHui — 31 %.
[To opMe ceMsAHOK 06pasLibl TaKKe He pasandainch (PucyHok 3).

CemoBaTe/IbHO, pa3Mep CEMSIHOK y pacTeHUH U3 BTOpUYHOro apeasna (6,8 0,1 x 2,5 +0,0)
He HMMeeT 3HAYMTeJbHbIX OTJIMYUH OT pa3MeEpPOB CEMSHOK pacTEHUH, MPOU3paACTAIIIUX
B €eCTECTBEHHOM apeaJie.
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PucyHok3 MopdoMeTpuueckue npu3HaKku ceMssHOK Adenocaulon adhaerescens Maxim
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Figure 3 Morphometric characters of achenes of Adenocaulon adhaerescens Maxim
L - lenght, mm; D - diameter, mm
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PucyHok4 Qopma cemsHok L/D (ock y) M cpepHuii o6beM cemsiHok V (och x, MM°) Adenocaulon
adhaerescens Maxim B pa3/InYHbIX MecTOO6UTaHUsX [IpuMopckoro Kpas
KpacHBIM IIBET — OCTPOB Pycckuii; cuHMil 1BeT - ocTpoB [lonoBa; ¢puoseTOBBINH LBET — YCCypUHCKHUI
3al0BEeIHUK; 3eJIeHbIH LIBeT — boTaHW4YecKui ca, I. BiaguBocTok
Figure 4 Shape of achenes (L/D, y-axis) and average V, mm?® (4/3 mLD? x-axis) of Adenocaulon

adhaerescens Maxim in the different habitats in Primorsky Krai
red - Russky Island; blue - Popova Island; violet - Ussurian Reserve; green - Botanical Garden, Vladivostok
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O6cyxaeHue

[Togo6HO ApyrumM Bujam poja Adenocaulon, ceMsaHku A. adhaerescens UMeIOT KeJIe3UCThIe
BOJIOCKM U IO3TOMY JIETKO PACcCEUBAIOTCS, MPUJIKINAsA K OJEXJe YeJ0BeKa WU LIEePCTU
x«uBOTHBIX (Redonda-Martinez et al., 2020). K coxxasieHH10, HET JUTEPATYPHBIX JAaHHBIX
0 pasMepax CeMsHOK 6JIM3KOPOJCTBEHHBbIX BUAOB Adenocaulon, ojHaKO AJs1 MHOXeCTBaA
JPYTUX BUJI0B OTMEYEHO 3HAUUTE/bHOE BApbUPOBAaHUE PA3MEPOB CEMSIHOK B 3aBUCUMOCTHU
OT 3KoJioTu4eckux dpaktopoB (Massimi, 2018; Pinto et al,, 2018). YTto KacaeTcsi OleHKH
XapaKTEePUCTUK NPUPOAHBIX W WHBA3HUOHHBIX MOMYJAIUA B TMOJEBBIX YCIOBHUSAX, TO
vccaef0BaHUM 3/1eChb J0BOJIbHO MHOT0. UHTepec K 3TOMy BOIIPOCY BO3pPOC NOCJIe NOSIBJIEHUS
TUIIOTE3bl YBeJIMYEHUs] KOHKYPEeHTHO!U crioco6HocTH Buza EICA, KoTopast yTBepXK/aeT, UTo
mocsie U36aBJIeHUsI OT NMPUPOJHBIX BParoB, BO BTOPUYHOM apeasie 3BOJIOLUS 3aHOCHBIX
BHU/IOB YCKOpsieTCs. EC/IM 3TO MPOUCXOAUT B pe3ysibTaTe paclpe/ieieHUs] PeCypCOB MEXIY
POCTOBBIMU U 3aLIUTHBIMU MeXaHHW3MaMH, eCTECTBEHHbIH O0TOOP JO/KEH UATH B CTOPOHY
CO3/laHUsI MeHee 3allUIeHHbIX, HO 60Jiee KOHKYPEHTOCIOCOOHBIX TEHOTHUIIOB B YCIOBUSX
BTOpUUYHOTO apeaJa (Blossey and Notzold, 1995). OcHOBHOM yTh NPOBEPKH ITON IMIIOTE3bI
COCTOUT B CPaBHEHUH TIOTOMKOB IPUPOJHBIX U UHTPOAYKLMOHHBIX NONY/ISALUN BYCTONYHUBBIX
ycJI0BUSX cpeibl. OiHAKO paboThl, B OCHOBHOM, KacaloTCsl pa3MepoB MNOMYJ/ISALUI U BbICOThI
pacTeHH, a MOJyYeHHbIe pe3yJbTaThl MPOTUBOPEYUBLL. TeM He MeHee, CeMb U3 [JI€BATU
CpaBHEHMH pa3MepoB U IJIOAOBUTOCTH PACTEHUU MOKA3bIBAIOT, YTO 3TU IMapaMeTpPhI BbIlIe
Bo BTOpu4HOM apeasie (Khoroon, 2014).

PaccTtosHue oT camoro okHoro (octpoB IlomoBa) Ao camoro ceBepHoro (6ydepHas
30Ha Yccypuiickoro 3amoBefHUKA) NyHKTa cbopa ceMsiH A. adhaerescens cocTaBJjsieT 1O
npsmoi okosio 100 KM, U 3TO, pa3yMeeTcs,, HEJOCTATOYHO, YTOObI YJIOBUTb CBSI3b MEXKAY
reorpaguyeckoyd LIMPOTON MECTHOCTH M Pa3MepOM CEMSHOK. JKOJIOTUYECKUE YCJIOBHUS
Npou3pacTaHusl PacTeHUH BO BCEX YeTbIpex MEeCTOOOHUTAHUSIX TaKXKe OJHOTUIHBI — 3TO
3aTeHeHHble TPONMHKU B JIeCy BJOJIb PyYbeB WJIM TONKHUX MECT, TaK YTO Ha pa3Mep
CEMSHOK CBeT W BJara, Mno-BUAUMOMY, He OKa3bIBAIOT BJUSAHUA. OT/IMUMEe MNOMyJIsSIUU
¢ ocTpoBa Pycckuil mo HauboJsiee MeJKHUM CEMSHKAM Mbl OOBSICHSEM PacCHOJIOXKeHHUEM
NONYy/ISILIUY HeJJaJIeKO OT MOPCKOT'0 N06epexbsl U CUJIbHBIM aHTPOINOIeHHBIM BO3/leiCTBUEM
(ynmyioTHeHHMEeM IPyHTa MHOTOYUCAEHHBIMU TYPUCTAMHU).

OpHaKo yIUBUTEJbHBIM [IJIsl HAC OKasaJicsl PakT, 4ToO U B MOCKBe, BO BTOPUYHOM apealie,
yJlaJIeHHOM OT €eCTeCTBEHHBIX MECTOOOWUTAHUW MOYTH HAa 9 ThIC. KUJIOMETPOB, CPeJHUN
pasMep CeMAHOK 3TOro Bu/a 3a 70 JieT MHTPOAYKLIMUA He U3MEHUJICH.

Pasmepbl ceMsIHOK y pacTteHuidl A. adhaerescens B eCTeCTBEHHOM apeajie BapbUPYIOT
B 3aBUCHUMOCTH OT MeCTOOOMTAHMS: Ha OCTPOBe Pycckuil ceMeHa [OCTOBEPHO MeJbye
(5,4 x 1,9 MM), 4eM B OCTaJIbHBIX U3yYE€HHbIX Nonyasanusx (6,7 x 2,3 MmM). B ectecTBeHHOM
apeasie ceMsiHKU A. adhaerescens He pas3Jiu4alTcsd Mo mnapaMmeTpy L/D, a Takxe Mo
k03pounmeHTy Bapuauuu napameTpoB L u D. Pactenusi A. adhaerescens BO BTOPUYHOM
apeaJsie B MOCKBe OT/IMYAIOTCS OT PaCTEHUH eCTECTBEHHOI'0 apeaJsia He [0 pa3MepaM CEMSHOK
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Y He 110 YUCJIy CEMSAHOK B KOP3UHKe, a 110 Yuc1y GOPMUPYIOIUXCSA HAa FreHepaTUBHOM nobere
KOP3MHOK: B MOCKBe YHCJI0 KOP3UHOK B cpefiHeM 25 - 30, Tor/ia Kak B eCTeCTBEHHOM apeaJie
46 - 77. TakuM 06pa3oM, ceMeHHasl MPOAYKTUBHOCTb OJHOTO PAacTeHMsl B eCTECTBEHHOM
apeasie B JiBa-TpH pasa Bblllle, 4€M BO BTODUYHOM apeaJle.
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METAL RESISTANCE AND TOLERANCE TO TEMPERATURE
STRESS OF PLANTS INOCULATED WITH ENDOPHYTE
CYLINDROCARPON MAGNUSIANUM WOLLENW.
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Inoculations of Cylindrocarpon magnusianum Wollenw. endotrophic micromycete and
inoculant reactions to the action of heavy metal salts in the substrate (for Soldnum
lycopérsicum L.) and the effect of high temperatures (for Poa pratensis L.) were studied. The
experimental design included inoculation with the culture of the fungus and populations
of the fungus adapted to the action of the stress factor. Then, inoculated plants were grown
under control conditions and on substrates with the addition of different concentrations of
zinc, copper, lead and chromium salts, or under conditions of temperature stress.We have
not revealed a stimulating effect that increases the resistance of plants to the action of
salts of heavy metals during inoculation of plants with a control population of the fungus.
When using non-biogenic chemical elements, adaptive plant reactions associated with
the content of photosynthetic pigments in the leaves and the formation of plant biomass
were significantly manifested when plants were inoculated with adapted populations of
the fungus C. magnusianum on substrates with the addition of chromium and lead salts.
Under these conditions, a more intense development of fungal infection in plant roots was
observed, in contrast to the use of the control fungal population. High temperatures led to
significant changes in the content of ascorbic acid, photosynthetic pigments in the leaves,
the distribution of plastic material between the aerial part and the root system of plants in
inoculated plants. These reactions are adaptive. The facts obtained indicate the most effective
partnership of the fungus C. magnusianum and the root system of plants under conditions
extreme for plant life.
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B HacTosilllee BpeMsi B Hay4YHOM COOGLIECTBE MOBLICUJICS HMHTEpPeC K H3YYEHUI0 POJIHU
KOHCOPTUBHBIX CBSI3eM pacTeHUH C KOPHEBBIMU MUKpoMuleTaMu. OnpesesieHHbIE YCIeXu
JIOCTUTHYTBI B U3YYEHUU POJIM 3HAOMHUKOPHU3bl U ee caMOM pacrnpocTpaHeHHON GOopMbl —
apbyckyssipHON MUKOpHU3bl (AM), KoTopasi XapakTepHa /sl 60JbIIMHCTBA COBPEMEHHBIX
dunoreHeTUYeCKUX TPYNN pacTeHUM, NMpejAcTaBjeHAa BO BceX OHMOMax 3eMHOro Liapa
(Wilkinson, 2001). OHa d¢opMupyercsa rpubaMy, NPUHAAJIEKANUMUA K TMOAOTAENY
Glomeromycotina otnena Mucoromycota (Yurkov et al, 2018). Ho ucnosbzoBanue AMI
B PacTeHUEBO/CTBE OTPAaHUYEHO, YTO SIBJISAETCS C1eCTBUEM UX 06JIMTaTHOW cUMOUOTpoduU
(Iido etal., 2011).

B cBsI3W ¢ 3TUM 0COGBIA HMHTEPEC BBI3bIBAET H3YYEHHE POJIM JIPYTUX TPYII KOPHEBBIX
MUKPOMULIETOB 3HAOPUTOB U HUX OTAEJbHBbIX IHpejcTaBUTeNed B QOpMUPOBAHUU
MEeXaHM3MOB YCTOMYMBOCTU Y BBICIIUX pacTeHUH. McTopuuecku, OBbLIM BblAeJEHbI
aBe rpynnel aumodutoB (Clavicipitaceous (C) u Nonclavicipitaceous (NC)) Ha ocHOBe
dusoreHMd ¥ NpPU3HAKOB >XM3HeHHoOro Inukia (Rodriguez et al, 2009; El-Samad and
El-Hakeem, 2019). B 1iesioM 3Ta pa3sHOpoAHas TpyIlina rpuboB MOXKET OKa3blBaTb CUJIbHOE
BO3/lefiCTBUE HA paCTUTeJbHbIEe COOOGIIECTBA MOCPEACTBOM ObecledyeHUs] YCTOMUYUBOCTU
pacTeHUl K abUOTHYECKOMY UM OGMOTUYECKOMY cTpeccaM. Oco6blii UHTepec NpejCTaBAsAIT
HCCIeJOBAaHUsI POJIM 3HAOOUTOB B GOPMUPOBAHMH MeTA/JIPE3UCTEHTHOCTU PACTEHUH,
BKJIIOYAsl CeJbCKOXO3siMcTBeHHble KyabTypbl (Rodriguez et al, 2009; lkram et al,
2018; El-Samad and El-Hakeem, 2019; Surbhi et al.,, 2019; Bilal et al., 2020), npuyem B
OTHOILEHHUU 0CO00 OMACHBIX JJIs1 pacTeHUM XUMHUYecKUX 371eMeHTOB (Ali et al., 2019; Bilal et
al, 2019; Lietal,, 2019; Sharma et al., 2019; Hou et al., 2020). Psii vcciieoBaHUM HanpaBJieH
Ha HcCae[j0BaHUME BO3MOXKHOCTM NPUMEHEHHUs] MUKPOMHULETOB B KauyecTBe repOULIUJOB
(Boyette et al.,, 2016; Boyette et al., 2018; Meepagala et al., 2019; Sobowale, 2019).

OfHMM M3 NepcrneKTUBHbIX MUKPOMUIETOB sBaseTcsa 3HAoduT Cylindrocarpon
magnusianum Wollenw. (Sogonov and Velikanov, 2004; Amaral et al, 2009; Bukharina
and Islamova, 2016; Bukharina et al., 2019; Bukharina et al., 2019a). YcTaHOBJIeHO, YTO €ro
MeTaboJIMThl MOT'YT ObITh HUCNOJIb30BaHbl B 60pbbe ¢ HeMaToAaMu (Amaral et al., 2009),
OH CIIoco6eH pacTH B YCJIOBUSAX BICOKOTO Cofiep:kaHUs1 HepTeNpoAyKTOB B oYBe (Sogonov
and Velikanov, 2004; Amaral et al., 2009). B cepuu aBTOPCKUX 3KCIIEPUMEHTOB, IPOBEIEHHBIX
¢ C. magnusianum, yCTAHOBJIEHO, YTO KyJbTypa 3TOro rpuba crnocobHa BbIIepPKHUBAThb
JIeiCTBHE BBICOKOTO OCMOTHYECKOT'O JaBJIeHHUs, COXpaHsAsl POCT KYJbTYpPaJbHOTO
MULeNUsl. A ONbITBI C WHOKYJIMPOBAaHHBIMU JaHHbIM TPUOOM pacTEeHUSIMU MOKas3aau
BO3MOXXHOCTb €ro HCIO0JIb30BaHHUsI B KauyeCcTBEe areHTa MOBBILIEHUS COJIEYCTOWYHUBOCTHU
U TepMocToiikoctu pacteHuil (Bukharina and Islamova, 2016; Bukharina et al, 2019;
Bukharina et al., 2019a).

llesiblo HALIKMX MCCAELOBAHUM SBJSNIOCH H3yYeHUE BJIMSIHHUE HHOKYJISLUU KYJbTYpPOH
rpuba C. magnusianum Ha GOpMHUpOBaHUe aJANTUBHBIX peakLUld pacTeHUH K AeHCTBHUIO
coJlell TsDKeJIbIX MeTa/lJIoB B cybcTpaTe (Ha INpuUMepe TeCTOBOM KyJbTypbl TOMarta
Soldnum lycopérsicum L.) 1 K IeCTBUIO TEMIIEPATYpPHOTO cTpecca (Ha mpuMepe MATIHKA
sayrosoro (Poa pratensis L.).
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MaTepuaJi uccjies0BaHUS

Kyaerypa C. magnusianum BblJe/leHa U3 KOPHEBOW CUCTEMBbl JpeBEeCHBbIX pacTeHUU
(Acer negundo L. xopouiero >»U3HEHHOTO COCTOSIHHA), AJIUTEJbHO IPOU3PACTAIOIIUX
B YCJOBUSIX TOPOJCKMX IOYB C BBICOKUM COJiepXKaHUEM COJiel TsKeJblIX MeTaJlJoB
(mpuMarucTpajbHble MOCAAKH, CaHUTApHO-3alUuTHasA 30Ha OAO ,Mxcranp®, r. WUxeBck,
YnomypTus). pub KyJbTUBUPYeTCS Ha NUTATeJbHONW cpeJle BHe KOpPHEBOW CHUTEMbI
pacTeHui. BuzioBas npuHa/i/IeXXHOCTb rprba ycTaHOBJIEHA MeTOJaMU MUKPOCKOTIMPOBAHUSA
U MoJiekyasipHoro aHaiusa [JHK B snabopatopun JIeHGHUIKOTO HWHCTUTYTa OBOILHBIX
U IeKOPaTUBHbBIX Ky/abTyp (T. bepsaun) (Bukharina et al.,, 2016).

MeToabl MCcC/IEJOBAHUSA

CortacHO cxeMe 3KCHEpPUMEHTA IOJTOTOBJEHbl MONYJASUUU Tpuba, aZANTHPOBAHHBIE
K cy6CTpaTaM € pa3HbIMU KOHILIEHTpALMSIMU coJiel TsKesblx MeTasioB (TM), mr/a: AO -
KOHTpPOJIbHBIN; Al - Hacy6cTpare cZn,; A2 - Cug; A3-Cu,,; A4 - Cu,. ;A5 -Pb, ;A6 -Pb,;
A7 - Cr, ; A8 - Cr . MunesimasbHble JUCKH KYJIbTYpbl rpuba (¢ = 5 MM) GbLJIM IlepeHeCeHbl
Ha neHTbso-AeKCTpOSHym arapusupoBanHymo cpey (PDA medium) c BHeCeHHBIMU, COTJIACHO
pacyeTHBIM KOHIeHTpauusM, colsiMd TM U HMHKYOMPOBAJUCh B TeYeHHUE [BYX HeJesb
B KJMMaTH4ieckod kamepe «BinderKBWF720» npu Temmepatype + 25 °C. 3aTeM 6bLIM
IOJrOTOBJIEHBI CYCIEH3UOHHbIE KYJbTYPbl 3THUX MOMYyJAALUN (cofepxaHue cnop — 3 MJIH.
1IT./MJT; parMeHTOB MULlesus — 200 IT./MJ1) ¥ MPOBeieHa MHOKYJISIIUS PaCTEHUH METOI0M
MOJIMBA CesIHIIEB B IMepPHOJ| MUKUPOBKU. [|JisT MPUTOTOBJIEHUSI CYCHEH3UOHHBIX KYJIBTYP
rpuba B cTepuJbHbIM KapTodesbHbIN 6y/bOH C JeKcTpo3oi (Potato Dextrose Broth) 6b11um
BHECEHbl MUIle/IMa/lbHble JUCKU aJalTUPOBAHHBIX NONY/ALUN rpuba U UHKYOHUPOBATUCH
B TeueHue 10 aHel B TepMo-leliKepe-UHKy6aTope (TeMmepartypa +25 — 27 °C, BpalieHue
60 ob6oporoB/MuH (Pemenne POCIIATEHTa o Bbljjlaye maTeHTa Ha U300peTeHHUeE, 3asBKa
Ne2019112511/10(024247) ot 2.04.2020r .).

OnbIT BKJIIOYAJI BapUAHTHI:

1. UHOKYJIMpOBaHHble TOMAaTbl (MHOKYJSAIMS KOHTPOJbHBIM H30JTOM A0)
BhIpAlUBaJIMCh Ha Cy6CcTpaTaX C pa3HbIM COZEpPKAHUEM COJIEH TSKeJbIX
MeTas10B, MT'/J1: BO — koHTpoJibHBIN - 6€3 TM; B1 - Zn B2 - Cu.,; B3 -Cu
B4 - Cu,.,; B5 - Pb,; B6 - Pb.; B7 - Cr,; B8 - Cry;

2. TOMaTbl, MHOKYJUPOBAaHHbIE MOMNYJSALUSAMU TPUOOB, aJANTUPOBAHHBIMHU
K TSDKesJbIM MeTasiaM (Al — A8), BbIpalliMBaJuCh Ha CybcTpaTax 6e3 BHECEHUS
(BO) u c BHecenueM cosiedi TM (B1 - B8).

100’ 507 100’

[IoBTOpHOCTHP BapHAHTOB OMNbITA 4YeTbipexkpaTHas. Cy6cTpaT mnpefCcTaBJsa Co60M
cMechb Topda HU3KOU 30/IbHOCTHU U Mecka 1 : 2. PacTeHus BbIpallMBaiM B KJIUMaTUYECKON
kaMmepe «BinderKBWF720» npu co6stofieHHd ONTUMa/bHBIX YCJIOBUM Ky/NbTYpbl TOMaTa
(B1axkHOCTBL cybcTpaTa 75 %, ocBeweHHocTh 20 000 snk (16 4 B cyTKM), TeMieparypa
Bo3ayxa jgHeM - 23 °C, Houybto — 19 °C). Hcmosib30Ba/id KapJIMKOBBIA COPT TOMAaTa
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«bankoHHOe qya0». Pactenus BbIpallilMiBaJIM B TE4YE€HHE 3 MecdneB A0 CTaguH Ha4daJjia
IJIOJOHOIIEeHHU .

A M3ydeHUs BNUSHUSA UHOKYISLIMM HAYCTOMYMBOCTbIra30HHBIXKY/IBTYP KTEeMIIEPATYPHOMY
CTpeccy MOMMMO MCIHOJb30BaHUS KyJbTypbl rpuba ObLIM MOATOTOBJEHbl NONYJISALUHU
rpuba, npeiBapUTENbHO aJJallTUPOBAHHbIE K IEHCTBUIO BbICOKUX TeMiepaTyp (33 - 37 °C).
OnbIT BKJIIOYAJ BapUaHTbl: MHOKYJUPOBaHHble pacTeHUs (Al - KyabTypa rpuba, A2 -
aJlaliTUpOBAaHHAs MomyJsus rpu6a, A0 — KOHTPOJIb, 6€3 MHOKY/SALMUHK) BbIPAIIUBATUCH
B YCJOBUSIX ONTHUMa/JbHOro pexkuma TeMmnepatyp (BO) u mpu BbICOKMX TeMImepaTypax
(B1). PacTeHusi BblpalllMBaJUCh B KJIMMaTU4YeCKOW Kamepe: ocBelieHHocTb 20 000 sk
16 4 B CyTKHY; TeMIlepaTypa Bo3ayxa AHeM — 25 °C, Houbt — 22 °C (ONTUMaJIbHBIHA PEXUM
TeMIlepaTyp); TeMnepaTypa Bo3ayxa gHeM — 37 °C, Houbto — 33 °C (3KCcTpeMaJibHbIN peXXuM
TeMnepaTyp). [loBTOpHOCTb BapuaHTOB OIbITa YyeTblpexkpaTHas. CybcTpaT npejcTaBsisl
co60i cMech Topda HU3KOH 30JIbHOCTH U Tlecka 1:2.

[lo 3aBeplLIeHUH IKCIIEPUMEHTA Oblja MPOBeJEHA OLIEHKA Pa3BUTHUs T'PUOOB 3HA0PUTOB
B KOpHSIX METOJIOM cBeTOBOM MukKpockonuu (Shtark and Labutova, 2014). Onenka
YCTOMUUBOCTU DACTeHUN NpPOBEeJeHAa HAa OCHOBE: COJepXKaHUsl HUTPATOB B JIUCTbSX -
noHoMmetpudeckuM MetoznoM ([OCT 29270-95); 6uomacchl U MPOLEHTHOTO COJIepKAHUS
CyXOro BelllecTBa B Ha/J3eMHOM 4YacTU U KOpPHEBOM CHUCTeMe pacTeHUH BeCOBbIM
MeTonoM (I'OCT 28561-90); GOTOCUHTETUYECKHUX MUTMEHTOB B JIMCThSIX CPeJIHETO sipyca
(x710podusIBI @ U b, KAPOTUHOUABI) CIIEKTPOPOTOMETPUIECKUM METOJIOM B alleTOHOBBIX
3KCTpakTax (nmorsouieHue 662, 644 u 440,5 HM, COOTBETCTBEHHO), pacieT KOHLeHTpaL U1
MUTMEeHTOB [IPOBe/IeH 10 ypaBHeHUAAM Xo/Ma-BeTTuuTeliHa.

CraTucTUYecKasa 06paboTKa

MaTeMaTHuecKyto 06paboTKy MaTepHasioB OCYILeCTBJISIM CIPUMEHEHHEeM CTAaTUCTUYECKOTO
naketa «Statistica 6.0» MeToaMu omucaTeJbHOW CTATUCTUKU. /lOCTOBEpHbIe pa3inyus
ycTaHoBJIeHbI 1pu p <0,05.

Ananus pesynbTaToB Mokasaj (PucyHku 1 — 3), 4TO BO Bcex BapUaHTaX C BHECEHUEM
LMHKa COZlep:KaHWe NUTMEHTOB B JIUCThAX pacTeHUU HMeJsio o6live 3aKOHOMEPHOCTH:
WHOKYJIALMSA pacTeHUH KOHTpoJbHOU nonyssiiyei (AQ) npu BblpallliBaHUHK Ha Cy6GCTpaTe
C UMHKOM He MOBJIMSIIIA Ha cofiep:kaHhe (QOTOCHHTETHUYECKUX MUTMEHTOB; MHOKY/ISALUSA
pacTeHH aJaNTUPOBAHHBIMHM MNOMYJISALMWSMH MPU BbIPALMBAHUU Ha KOHTPOJBHOM
cyberpate (BO) BbI3Basa JJOCTOBEpPHOE yBeJUYEHUE COJEpKaHUA XJIOpoPUJJIOB a U b,
KapOTHHOHW/IOB, a NMPU BbIpallMBaHUU Ha CyOCTpaTe C LMHKOM, HAa060pOT, HA6JII0Jan0Ch
3HAYUTEJbHOE, MOYTH B JIBAa pasa, CHIDKEHHE COJEepKaHUs MUTMeHTOB. UYTo KacaeTcs
JIPYyTrUx u3ydaeMbIx nokasatesel (Tabsmua 1), To MHOKY/AALUA KOHTPOJbHON Nony/asiluen
Ipy BbIpAllMBAaHUU paCcTeHUW Ha Cy6CTpaTe C LUHKOM IIpUBesJa K JOCTOBEPHOMY
CHIDKEHUIO COZlepXKaHHUsI CyXOro BellleCcTBA B KOPHEBOM cucTeMe pacTeHUU. MHoKynsauus
aJlallTUPOBAHHBIMHU TONYJASLUSAMHA rpuba BbI3Bajsa [JOCTOBEPHOE CHH)XXEHHe HaJ3eMHOU
6uoMacchbl pacTeHUM (MpU BbIpallMBaHUKU Ha KOHTPOJIbHOM Cyb6CcTpaTe) M He MOBJIMsIA
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Ha M3y4yaeMble NapaMeTpbl pacTeHUH NMPU KyJbTUBUPOBAHUHU Ha CyGCTpaTe C BHECEHHEM

[MHKA.

41 m2 =3

— A4B0
~ —iA5B0
——A7B0

[] +~—AIBO

Znyy, Cug, Cuygo Cuysy Pb,, Pby, Crys Cryy

AOB1
— 1A3B0
- A3B3

PucyHok 1

Figure 1

CozepkaHue XJopoduIa d B JIUCTbSIX MHOKYJMPOBAHHBIX PACTEHUH TOMaTa B YCIOBUSIX
pa3HbIX KOHIIEHTPALUH TSKeJIbIX METAJIJIOB B cy6CcTpaTe

1 - nonynsauusa rpuba (Al - Zn,; A2 - Cugy; A3 - Cuygp; A4 - Cuygo; A5 - Pb,; A6 - Pb,; A7 - Crz's;
A8 - Cr,y) + cybcTpar 6e3 Tsxesblx Metasios (B0); 2 - nonynauusa rpuba (Al - Zn,,; A2 - Cug;
A3 - Cuyp; A4 - Cuy.; A5 - Pb,; A6 - Pbe; A7 - Crz,si A8 - Cr, ) + cyb6CTpaT ¢ BHECEHMEM COJIEH TAMKEbIX
meTasoB, Mr/a (B1 - Zn,,; B2 - Cug; B3 - Cuy,; B4 - Cu;.; B5 - Pb,;; B6 - Pb,; B7 - Crz,si B8 - Cr,,);
3 - koHTpoJsibHas nomyasnus (A0) + cy6GeTpaT ¢ BHeCEHUEM CoJIeH TspKeJbIX MeTa/uioB mr/a (Bl -
Zn, . B2- Cugy; B3- Cuyyy; B4- Cuye; BS - Pb,; B6 - Pb; B7- Crz's; B8 - Cr,,); AOBO - KOHTpoJIbHas
nomysnALMsA rpuba Ha cyGcTpaTe 6e3 BHECEHHMS TXKEJbIX MEeTa/IOB (KPacHBIM MPAMOYTOJBbHHUKOM
0603Ha4YeH JI0BepUTeTbHbIA HHTEPBaJl CPeJHUX 3HAaYeHUH NToKa3aTesis AJis JaHHOT0 BapHaHTa)

The content of chlorophyll a in the leaves of inoculated tomato plants under conditions of
different concentrations of heavy metals in the substrate

1 - fungus population (A1 - Zn,;; A2 - Cugy; A3 - Cuyo; A4 - Cuyg; A5 - Pb,; A6 - Pb,; A7 - Crz's;
A8 - Cr, ) + substrate without heavy metals (B0); 2 - fungus population (A1 - Zn,,,; A2 - Cug; A3 - Cuy;
A4 - Cu,.; A5 - Pb,;; A6 - Pb,; A7 - Crz,57 A8 - Cr,,) + substrate with heavy metals, mg/1 (B1 - Zn,,; B2 -
Cug; B3 - Cuy; B4 - Cuyg; B5S - Pb,; B6 - Pb; B7 - Crz,5? B8 - Cr,,); 3 - control population fungi (A0) +
substrate with heavy metals (B1 - Zn,,; B2 - Cug; B3 - Cu,; B4 = Cu,5; B5 - Pb,; B6 - Pb.; B7 - Crz's;
B8 - Cr,,); AOBO- control population fungi + substrate without heavy metals (the red box indicates the
confidence interval of the average values of the indicator for this option). On the Y-axis - Content of
chlorophyll a, mg/g"; on the X-axis — Content of heavy metals in the substrate, mg/1“
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PucyHok2 CopepkaHue xjopoduiia b B JUCTbIX UHOKYJIMPOBAHHBIX PACTEHUH TOMaTa B YCIOBUSX
Pa3HbBIX KOHIEHTPALMH TSKeJIbIX METAJIJIOB B Cy6CTpaTe
1 - monynauus rpuba (Al - Zn, ; A2 - Cugy; A3 - Cuyg; A4 - Cuyg; A5 - Pb,; A6 - Pby; A7 - Cryq
A8 - Cr ) + cyberpar 6es Tsxenbix Metaios (B0); 2 - momynsauus rpuba (Al- Zng;; A2 - Cugy;
A3 - Cuyy; A4 - Cu,e; A5 - Pb,; A6 - Pby; A7 - Crz’s; A8 - Cr,) + cybcTpar ¢ BHECeHHEeM coJied
TSKEJIBIX MeTaJLIoB, Mr /1 (B1 - Zn, (s B2 - Cug; B3 - Cuy s B4 - Cuyg; B5 - Pb,; B6 - Pb,; B7 - Cr2,51
B8 - Cry,); 3 - kouTpoJbHasA monynAnus (A0) + cy6eTpaT ¢ BHECEHHEM COJIEH TSXKEJIbIX METaLI0B MT/Jl
(B1- ano; B2 - Cuso; B3 - Cuwo; B4 - CulSO; B5 - Pbm" B6 - Pbso; B7 - Crz’s; B8 - Crlo); AOBO - koHTpO/IbHAsA
nony/sinusi rpuba Ha cy6cTpaTe 6e3 BHECEHMsl TSDKEJbIX MEeTalJIoB (KpacHbIM MPSIMOYTOJbHUKOM
0603Ha4YeH J0BEPUTE/IbHBIA HHTEPBaJ CPeJHUX 3HAYeHUH NoKa3aTessl /sl IAHHOTO BapHaHTa)
Figure 2 The content of chlorophyll b in the leaves of inoculated tomato plants under conditions of

different concentrations of heavy metals in the substrate

1 - fungus population (Al - Zn,,,; A2 - Cug,; A3 - Cuy,p; A4 - Cuy; A5 - Pb
A8 - Cr,,) + substrate without heavy metals (BO); 2 - fungus population (A1 - Zn .
A4 - Cuygp; A5 - Pby; A6 - Pbg; A7 - Cr, ; A8 - Cr, ) + substrate with heavy metals, mg/1 (B1 - Zn
Cugy; B3 - Cuy; B4 - Cuyg; BS - Pb,; B6 - Pby; B7 - Cr, 5; B8 - Cr,); 3 - control population fungi (A0) +
substrate with heavy metals (B1 - Zn,; B2 - Cug; B3 - Cu,,; B4 - Cu,; B5 - Pb,;; B6 - Pb.; B7 - Crz‘s;
B8 - Cr,,); AOBO- control population fungi + substrate without heavy metals (the red box indicates the
confidence interval of the average values of the indicator for this option). On the Y-axis - Content of
chlorophyll b, mg/g"; on the X-axis — Content of heavy metals in the substrate, mg/1“

A6 - Pbso; A7 - Cr2,53
A2 - Cugy; A3 - Cuy
100 B2 =

100
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PucyHok3 CojepxkaHue KapOTUHOHW/IOB B JIMCTbSIX UHOKYJIMPOBAHHBIX PAaCTEHUH TOMaTa B YCJIOBUSX
pa3HbIX KOHLEHTPALUH TsSKeJIbIX METAJIJIOB B cy6CcTpaTe
1 - nonynsauusa rpuba (Al - Zn, ; A2 - Cugy; A3 - Cuyop; A4 - Cuygp; A5 - Pb,; A6 - Pb; A7 - Crz's;
A8 - Cr,y) + cybcTpar 6e3 Tsikesblx MeTasios (B0); 2 - nonysnsauus rpuba (Al - Zn,,; A2 - Cug;
A3 - Cu,; A4 - Cu,.; A5 - Pb,; A6 - Pb.; A7 - Crz,sr' A8 - Cr, ) + cyb6cTpaT c BHECEHHEM COJIeH TAXKebIX
meTasoB, Mr/a (B1 - Zn,; B2 - Cugy; B3 - Cuy,; B4 - Cu,.; B5 - Pb,;; B6 - Pb.; B7 - Crz,s? B8 - Cr,,);
3 - KoHTposibHasA nonyasauusa (A0) + cy6cTpaT c BHECEHHEM CoJed TsxeNbIX MeTaios Mr/a (B1 - Zn, o ;
B2 - Cug; B3 - Cu,yy; B4 - Cuygy; BS - Pb,; B6 - Pb,; B7 — Crz's; B8 - Cr,,); AOBO - KoHTpo/ibHasA
nonyssiiusi rpuba Ha cyGcTpaTe 6e3 BHECEHMsl TSDKEJbIX MEeTalJIoB (KpacHbIM MPSIMOYrOJbHUKOM
0603Ha4yeH J0BEPUTE/bHBIA HHTEPBaJ CPeAHUX 3HAYeHUH NoKa3aTessl JJ/Isl JaHHOTO BapHaHTa)
Figure 3 The content of carotenoids in the leaves of inoculated tomato plants under conditions of
different concentrations of heavy metals in the substrate
1 - fungus population (A1 - Zn,,; A2 - Cugy; A3 - Cuy,; A4 - Cuyg; A5 - Pb,; A6 - Pb; A7 - Crz's;
A8 - Cr, ) + substrate without heavy metals (B0); 2 - fungus population (A1 - Zn, ,; A2 - Cug; A3 - Cuy;
A4 - Cu,.,; A5 - Pb,;; A6 - Pb,; A7 - Crz,57 A8 - Cr, ) + substrate with heavy metals, mg/1 (B1 - Zn,,,; B2 -
Cug,; B3 - Cu,; B4 - Cuyg; BS - Pb,; B6 - Pb.; B7 - Crz's; B8 - Cr,,); 3 - control population fungi (A0) +
substrate with heavy metals (B1 - Zn, ,; B2 - Cuy,; B3 - Cu,;; B4 - Cu,¢; B5 - Pb,; B6 - Pb.; B7 - Crz's;
B8 - Cr,,); AOBO- control population fungi + substrate without heavy metals (the red box indicates the
confidence interval of the average values of the indicator for this option). On the Y-axis - Content of
carotenoids, mg/g*; on the X-axis - Content of heavy metals in the substrate, mg/1“
OTMeudeHbl BBICOKHE TMOKa3aTeJd pPa3BUTHUA TpubHON wuHbekuun C. magnusianum

B KODHEBOM CHCTeMe pacTeHHMH B BapMaHTe KOHTPOJIbHaA nomyaauua/Zn, . (Tabauna 1),
IPYU KCMOJIb30BaHUM e aJalTHPOBAHHBIX NOMY/ALNUN rpubHas HMHeKLus Oblia MeHee
pa3BuTa, 0COGEHHO B BapuaHTe Zn,,/Zn, .

B BapuanTtax ¢ Cu,,, yCTaHOBJIEHO yBeJWYEHHE COJepPXaHUA XJOpPoPuU/IOB a U b
NpU KCIOJB30BAaHUM AJIAITUPOBAHHBIX MOMYJISALMK, B TO BpeMs KaK HWHOKYJISLHS
KOHTPOJIbHOM momy/sinueld, HaoGOpOT, MpUBeja K JOCTOBEPHOMY Pe3KOMY CHIDKEHHUIO
coZiepXKaHUA NUIMEHTOB. B BapuaHTax ¢ MaKCMMaJbHbIM cogepxanueMm Meau (Cu,.,)
Mbl He BBIIBUJIU HW3MEHEHWH B COAEPXKAaHUM KapOTUHOWUJOB, HO HCIOJb30BaHHUE
aJlalTUPOBaHHBIX MOMYJIALUNA TPUBEJIO K YBEJUYEHHUIO CO/lepKaHHUsI XJIOPOUILIOB.
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Pe3y/bTaThl aHa/IU3a APYTUX U3y4yaeMbIX IapaMeTPOB pacTeHU M oKa3asiu, YTO UHOKYJIAL U
pacTeHUWH KOHTPOJIbHOW NONyJislued rpuba NMpUBeJa K POCTY COZEpKAaHUs HUTPATOB
B JIMCTbSIX B BapuaHTax cy6cTpatoB Cug, u Cu, ,, a TaK)Ke K yBEJUYEHHUIO MPOLEHTHOTO
coJiepKaHus CyXOro BelleCcTBa B KOPHEBOW CHCTeMe pacTeHuH B BapuaHTax Cu, , u Cu,..
JTo coriacyeTcs € JAHHBIMHA O BJMSIHUM UHOKY/SILIUM HAa pacTeHUs NPU BO3JAeHCTBUU
TM, cBfI3aHHOH C H3MEHeHHEeM apXUTEKTYpbl KOPHEBOM CHCTeMbl M HaKOILJIEHUEM
obuero asora (Hou et al, 2020). Mcnosp3oBaHKe aJanTUPOBAHHBIX MONYJAALUN rpuba
NPy KyJbTHUBHPOBAaHUM HHOKYJUPOBAaHHBIX pacTEHUH Ha KOHTPOJbHOM Ccy6cTpaTe
NPUBEJIO K CHHXKEHUI0 6MOMacChl KOPHEBOM CUCTEMBI, a B BapuaHTe Cu ., — MU K CHHXKEHHIO
coJilep>KaHusl HUTPATOB B JIUCTbAX. [Ipy MHOKY/ISALMK aJalTUPOBAHHBIMU MOMYJSIUIMU
rpuba Ha cy6cTparax ¢ BHeceHueM Cug, U Cu,., OTMEYEH JOCTOBEPHbINA POCT COAEPIKAHUS
HUTPATOB B JIMCThAX, a pu Cu, ,, — yBeJUYeHHe Ha/JI3eMHON 6HOMacChl paCTeHUH.

Haubosiee uHTeHCMBHO rpubHass HHekuus <¢GopMUpoBaJach MNOPU HCHOJb30BAHHUU
a/lanTUPOBaHHBIX nonyasAuui Cu,,, u Cu .. MakcumManbHOe pasBUTHE TPUOHON HHPEKIUH

ormeveHo B BapuanTe Cu,,,/Cu, 0.

Oco06blii HHTEpeC BbI3BaJIU Pe3yJIbTaThl BADUAHTOB OIbITA C UCII0JIb30BAHUEM HEGUOTEHHBIX
XUMHYECKUX 3JIEMEHTOB (XpoMa U CBUHLA). [IpU MHOKYJISALUU PACTEHUM KOHTPOJBbHOHU
nomnyasuued rpuba M NpU  KyJIbTUBUpOBaHMM Ha cybcrpate Pb,, Hab6stozanoch
JOCTOBEPHOE CHIXKeHHUe XJ10poduJUIoB a u b, Ha cy6eTpaTe Pb,, — xsopodusiia a, npu sTom
JIOCTOBEPHOTO CHUXKEHHSI COEPXKaHUSI KAPOTUHOU/0B He HabJI10/1a/10Ch.

HMcnonb3oBaHWe alaliTUPOBAHHBIX MOMYJISANMN rpuba MpH BbIpAllMBAaHUM PACTEHUH Ha
BO BbI3BaJIO yBeJIMUYEHHUE COJlepKaHHUsI BCeX U3y4YaeMbIX MUTMEHTOB, a MPHU BbIpall[MBaHUU
Ha cy0OcTpaTax C BHECEHHUEM COJiel CBHHIA /IO0CTOBEPHBIX M3MEHEeHHU 10 CpaBHEHHUIO
C KOHTPOJIEM He BbISIBJIEHO.

WHOKyA1Ms pacTeHUW KOHTPOJIbHOW monyjasanuded rpuba npuBesa K JOCTOBEPHOMY
CHWIKEHHIO NPOLIEHTHOTO COZepXaHMUsl CyXOro BellecTBa B HAJ3eMHOW 4acTH pacTeHUH.
[Ipy Mcno/b30BaHMK aJANTHPOBAHHBIX NMOMYJASLMM M NpH BbIpallMBaHUHM PACTEHUH Ha
KOHTPOJIbHOM CyGCTpaTe OTMe4YeHO CHIDKeHHe GUOMacchl KOPHEBOH CHUCTEMBI, a IpH
KyJIbTUBUPOBaHWM pacTeHHWH Ha cy6cTpaTtax ¢ Pb,, u Pb., 6uomacca u cogepxanue cyxoro
BelllecTBa J0CTOBEPHbIX U3MEHEHUH He MMeJd, HO NPH 3TOM OTMeuyeH POCT COJepKaHHUs
HUTPATOB B JIUCTBSIX.

Bo Bcex BapuaHTaX CO CBUHLOM rpUGHast THQEKIUs B KODHEBOH CUCTEME PACTEHUN HMeJIa
BbICOKHE [I0Ka3aTe/Id Pa3BUTHUsA, Haubosibinve — B BapuaHTax Kontposab/Pb,, Pb., u Pb
Pb.,/KOHTpOJIB.

100 100
B BapuaHTax C XpPOMOM WHOKYJSIIUSI PACTeHUH KOHTPOJbHOU monyasuuedt mnpu
KyJIbTUBUPOBaHUM B cybcTpaTe ¢ Cr, . MpuBeJsia K J0CTOBEPHOMY CHH)KEHHIO COZIepIKaHHUs
NHUIMEHTOB B JIMCThAX, a B cy6cTpare ¢ Cry ) — yKe HeT.

I/IHOKYJIHI_U/IH paCTEHI/Iﬁ AalITUPOBAHHBIMHU nonyadnguaMu l"pI/I6a Inpu X
KYJIbTUBUPOBAHUHU HA KOHTPOJIbHbIX CY6CTpaTaX HMeJla pas3jiudud: MNpHu CrZS BbI3BaJia

I,E[OCTOBBIZ)HbII;’I pocCT B cofiepKaHHUHU (l)OTOCI/IHTeTI/I‘-IeCKI/IX IINUTMEHTOB, a IPH Crlo, HaO60pOT,
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JIOCTOBEPHOE CHIDKEeHHe UX cofepikaHus. [Ipu KyJbTUBUPOBAHUK PAaCTeHUN Ha cy6CTaTX
¢ BHeceHHeM Cr, ; 0CTOBEPHbIX U3MEHEHUH He Ha6J101a/10Ch, U JIMLIb IPU BHeceHuH Cr
HabJII0/Ja/IoCh CHUXKEHHE COJlepXKaHUus XJopodula a U KapOTUHOU/JOB, IPU OTCYTCTBUHU
JIOCTOBEPHBIX Pa3/IMYUi C KOHTPOJIEM B COJlep>KaHUU xaopoduiia b.

[Ipy HHOKYJIAIMU pacTeHWH KOHTPOJIbHOW momynsiued rpuba U KyJbTUBUPOBAHUHU
Ha cy6ctpate ¢ Cr;, Mbl HaGJ0OJAalM CHUKEHUE IOKasaTesJed HaJ3eMHOH 6MoMacChl,
MPOLIEHTHOTO COZIEPXKaHUs CyXOro BellleCTBAa B KOPHEBOW CHCTeMe PACTeHHH U HUTPATOB
B JIMCTbsIX. MIHTepec TmpeACTaBJASIOT pe3yJbTaThl BAapHAHTOB C MCIOJIb30BaHUEM
WHOKYJISIUU PAacTeHUH alalTUPOBAaHHBIMU MOMYJISIUAMHU rpyuba: MpU KyJbTHUBUPOBAHUU
pacTeHMH Ha KOHTPOJBHBIX Cy6CTpaTax Mbl HaOJIIOJAld CHIDKEHUE I[OKa3aTesel
6uoMacchl HAaJ[3eMHOW 4YaCTH M KOPHEBOW CUCTEMbl pacTeHUH, HO KOrJa pacTeHus
KyJIbTUBUPOBAIMCh Ha Cy6CTpaTax ¢ BHECEHHEM XpOMa, HA060POT, 0TMEYeH POCT GMOMACCHI
pacTeHuH.

B BapmaHTax ¢ XpOMOM HCIIOJIb30BaHNE aJANTHUPOBAHHBIX MOMYJSLUH Tpuba NMPUBEJO
K HauboJiee BBICOKMM I0Ka3aTessiM Pa3BUTHUS I'PUOHON MHQEKIMH B KOpPHE PaCTeHUH,
npu4YeM MaKCHUMasJlbHbIM - HpPU Haubosiee BBICOKOM COJEPXKaHUU XpoMma B cyGcTparte
(BapuanT Cr,,/Cr, ).

Pe3yspTaTbl NpOBEeJEHHBIX HAMU HCCAE[0BAaHUNA C UCHOJb30BaHHMEM HeOGHOreHHBIX
OMACHBIX JJIS1 JKU3HEJeSTeJbHOCTH PACTEHUH XUMHUYECKUX 3JIEMEHTOB COIJIACYIOTCS
C pe3y/sibTaTaMM HallUX UCCIeJOBAaHUM, TPOBeIEHHBbIX B TedeHHe psaja jeT (Bukharina and
[slamova, 2016; Bukharina et al., 2019; Bukharina et al., 2019a) u MHeHUeM psifia HAYYHbBIX
My6JMKalMi 0 CBoeo6Gpa3HOW ¢opMe MapTHEPCTBA 3HJAOTPOPHBIX TPUOOB C KOPHEBOH
cuctemout pacrenuid (Bukharina et al, 2016; Bilal et al, 2019; Li et al, 2019; Hou et al,,
2020): 3amuTHOE JAeicTBHe T'pu6GOB Haubosiee 3PPEKTUBHO NPOSIBJASAETCS B YCAOBUSX
He6JIarONPUSATHBIX [ )KU3HE/esATeJbHOCTU paCTeHUH.

Pe3y/abpTaThl aKCIepUMEHTA MO BJAUSHUIO TeMIepaTypHOro crpecca kasanu (Tabauua 2),
YTO B YCJOBUSIX ONTHUMAaJbHOIO peXHUMa yepe3 2 HeJesd IOC/e Havasla 3KCIIepUMEHTa,
MHOKYJIMPOBAaHHbIE  PACTeHUs  OTJUYaJNCh  0OoJiee  BBICOKMMH  IIOKasaTessMu
cojlep>KaHUsI aCKOPOMHOBOM KHCJOTBI B JIMCTbSIX O CPaBHEHUIO C KOHTPOJIbHBIMHA He
WHOKY/JIMPOBAaHHBIMU PAaCTEHUSIMU. Y HUX OTMeUYeHO JOCTOBEPHOE CHIXKEeHUE COoZeprKaHUs
xjopodussia b B JIUCThAX, CYIIeCTBEHHOe IepepaciipejiesieHde IJIACTUYECKOT0
MaTepuasia: yBeJIieHrue Ha/l3eMHOW 6MOMacchl U CHUKeHHEe 6UoMacChl KOPHEBOM CUCTEMBbI
(p <0,05).
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Ta6auna 2 [lokasaTeau GMOMAacChl M COZePKAHHS CYXOTO BeleCTBA MHOKYJINPOBAHHBIX paCTeHUN
MSTIUKaA JyroBoro (Poa pratensis L.) B yCJOBUSIX Pa3HbIX TEMIEPATYPHBIX PEXKUMOB

KyJIbTUBUPOBAHUS
Table 2

different temperature conditions of cultivation
BapuaHT onbiTa Buomacca (r)
Ha/Jj3eMHas 4acTh KOPHH

Temneparypa 22 - 25 °C

3,30 £0,05 28,19 +0,80
Koutpo.s (BO) 3,22 -3,38 26,92 - 29,45
Cylindrocarpon 4,80 +0,01 25,01 0,66
magnusianum 4,78 - 4,81 23,96 - 26,07
Cylindrocarpon 4,75 +0,04 13,98 +0,38
magnusianum (AIl) 4,69 - 4,81 13,37 - 14,58

Temnepatypa 33 - 37 °C

KonTpouns (B0) HET JIaHHbIX HeT JJaHHbIX

Cylindrocarpon HeT JAHHbIX 15,15 +0,76
magnusianum A 13,93 -16,36
Cylindrocarpon HeT JAHHbIX 16,13 +0,48
magnusianum (AIl) A 15,36 - 16,90

Biomass and dry matter of inoculated meadow bluegrass plants (Poa pratensis L.) under

Cozep:kaHue CyXoro
BeIlleCTBa B HAI3€eMHOM

vactu (%)

49,8 0,2
49,6 - 50,1

51,2+1,4
49,1-53,4

51,8 +1,3
49,7 - 53,9

HEeT JaHHBbIX

HEeT JaHHBbIX

HeT JaHHbIX

HpHMe‘-laHHﬂ: * - YKa3aHO cpeJiHee 3Ha4yeHHUE IMOKasaTeJisd = CTaHJAAapTHOE OTKJIOHEHME, Z[OBepl/lTeflein;[ HHTEepBaJ

cpesHero sHayeHus nokasaress (p <0,05); All — aganTUupoBaHHas NONMYASAL U

Ta6auna 3 BuoxuMHYecKHe IOKa3aTeJu HWHOKYJIMPOBAaHHBIX PAaCTeHUH MATIMKA JyroBoro (Poa
pratensis L.) B yCJIOBUSIX pa3HbIX TEMIIEPATYPHbBIX PEXKUMOB KyJbTUBUPOBAHUSA

Table 3
different temperature conditions of cultivation

BapuaHT onbITa CoaepxaHue
ACKOPGUHOBOM

Kuca0THI (Mr/100r)  X10poduTa

Temneparypa 22 - 25 °C

Koutpos (B0) *143,01 £2,41 3,235 0,081
P 139,19 - 146,84 3,105 - 3,364
Cylindrocarpon 161,49 £2,09 3,198 +0,094
magnusianum 158,16 - 164,81 3,049 - 3,347
Cylindrocarpon 165,06 +3,67 3,082 +0,023
magnusianum (AIl) 159,21-170,90 3,045 - 3,199
Temnepatypa 33 — 37 °C

400,72 +6,23 4,349 +0,019

Konrpos (BO) 390,81 - 410,62 4,319 - 4,379
Cylindrocarpon 218,14 +0,46 4,652 +0,250
magnusianum 217,41 -218,87 4,254 - 5,050
Cylindrocarpon 383,66 +5,03 5,697 +0,058
magnusianum (AIl) 375,66 - 391,66 5,605 - 5,789

xjopodun b

2,961 +0,269
2,532 -3,390
0,977 0,066
0,872 -1,081
0,615 +0,017
0,588 - 0,642

1,250 0,083
1,118 -1,382
1,042 +0,063
0,942 -1,142
1,673 £0,076
1,552 -1,794

Biochemical parameters of inoculated meadow bluegrass plants (Poa pratensis L.) under

CoazepkaHue POTOCHHTETUYECKUX MUTMEHTOB (Mr/T)

KapOTHHOUAbI

0,661+0,022
0,626 - 0,695
0,691 +0,026
0,649 - 0,733
0,783 £0,065
0,680 - 0,886

1,589 0,014
1,566 - 1,612
1,554 +0,017
1,526 - 1,581
1,271 +0,033
1,219 - 1,323

Hpnmeqaﬂnﬂ. * - YKa3aHO cpejHee 3HAYeHHE MOKa3aTesisd + CTaHJAapTHOE OTKJIOHEHHME, ,E[OBepl/ITeJ'lebIl‘/’l HHTEepBaJ

cpeJHero 3HaueHUs nokasareJs (p <0,05); All - ajanTHpoBaHHAs MOMYJIALUS
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[Ipy KyJbTUBUPOBAaHUM B YCJOBUSIX TEeMIIEPATypPHOro CTpecca y HHOKYJIMUPOBAHHBIX
pacTeHHH MO CpPaBHEHHUIO C KOHTPOJIbHBIMU JOCTOBEPHO CHHXKAJIOCh COJlepXKaHue
aCKOpOMHOBOM KHUCJIOTbl B JIMCTbSIX, NpPU 3TOM Yy paCTeHUN, HWHOKYJIMPOBAHHBIX
aJlallTHPOBAaHHbIMU NONYJAALMUSAMU I'pUba, cofepxaHue XJA0poPUIIOB ObIIO CYLeCTBEHHO
BbILlIE, 2 KAPOTHHOU/I0B — HUKE 110 CPABHEHUIO C KOHTPOJIbHBIMU pacTeHUsIMU. UHOKy A1 Us
aIaNTUPOBAHHBIMM MONYJSANUAMU OKa3asiacb Haubosee 3OPEKTUBHOW B YCJIOBUSAX
TeMIepaTypHoro crtpecca. Ilocie mnosyTopa MecsilieB KyJbTUBHPOBAaHUS pacTeHUHU
B YCJIOBUSX BBICOKHX TeMIIepPaTyp KOHTPOJIbHbIE pACTeHUsI NOTUGJIH, Y UHOKYJIMPOBAaHHbIX
pacTeHHUM Takke HaAGJIIO[ANOCh OTMUPAHHE HAaZ3€MHOW 4YacTH, HO NPU 3TOM KOpHEBas
CHUCTeMa pacTeHUH COXpaHUJIa CBOIO }KU3HECTTOCOGHOCTb.

WHOKyA1MsSl pacTeHUH KOHTPOJIBHOW momyJsuudedl rpuba mnpuBesa K CHHXKEHUIO
cojepkaHusl (OTOCHUHTETHUYECKMX IHMTMEHTOB M 6OHOMacchl, TaKUM 00pa3oM He
cnoco6cTBoBasla  GOPMHUPOBAHHIO aJaNTHUBHBIX peakUuid y pacTeHUH. HHokynauusa
pacTeHUHM aJanTUPOBAaHHBIMU MNONYJAALUAMU HMesa MOJOXKUTEJbHBIN 3ddekT: 4
Zn, ,, - OpU KyJIbTUBUPOBAaHUU PAaCTEHHH Ha KOHTPOJIBLHOM CybCTpaTe; /Jii BapUaHTOB
Cu,, ¥ Cu c, - KaK Ha KOHTPOJIbHOM, TaK M Ha Cy6CTpaTax ¢ BHECEHHEM MeJH; JJisl BCeX
BapHaHTOB C BHECEHHEM COJiell XpoMa M CBHHLA — Ha CyGCTpaTax ¢ BHECEHHEM TXKeJsIbIX
MeTa/lJI0B. WHOKy/AAnuA MATIMKA JIYTOBOTO aJATUPOBAaHHBIMU MONy/IALUAMU Trpuba
IpU KyJbTUBHPOBAaHWMU B YCJOBUSIX TEMIIepaTypHOTO CTpecca, NMpHBesJa K COXpaHEHHUIO
»KM3HECNIOCOOHOCTH KOPHEBOM CHCTeMbl PAacTeHUW NpPU OTMHUPAHUM HAJ3€eMHOM 4YacCTH
B OTJIMYUU OT THbGesr He WHOKYJHMPOBAHHBIX pacTeHUH. ITH aKTbl CBUAETENbCTBYIOT
0 HauboJsiee 3¢deKTUBHOM NMapTHEPCTBe rpuba C. magnusianum U pacTeHUH B YCIOBHUSIX
cTtpecca. 'pubHas MHeKLHSA B KOpPHAX pacTeHUWH BO BCeX BapUaHTax OMNbITa ObLIaA
XOpOLIO pa3BHTa, a HCIO0Jb30BaHWE aJaNTHUPOBAHHBIX K JeWCTBHUIO coJiell XpoMa
uszonaToB C. magnusianum NpH AajlbHelleM KyJbTHUBUPOBAaHUM pacTeHUH Ha cybcTpaTax
C BHECEHHEeM CoJiell XpoMma CTUMY/JIMPOBAIO pa3BUTHe TPUOHOU MHPEKIUH B KOPHEBOU
CHUCTEME pACTEHHUM.

PaboTa BelnoJIHEHA [TPU NOAlep>KKe rpaHTa B paMkax CoralieHus Mexay MUHUCTepCTBOM
BbICLIEr0 06pa3oBaHus U Hayku Poccuiickoit @epepanuu 1 MuHUCTEpCTBOM 06pa3oBaHUsA
CsroBankoi Pecny6yinKy 0 COTpYLHUYECTBE B 06/1aCTH HAyKU U o6pa3zoBanus, 2020 r.
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ADHAERESCENS MAXIM. (ASTERACEAE) AS A MEDICIN PLANT

Vinogradova Yulia'¥, Shelepova Olga’, Vergun Olena?, Ganina Anastasia’

IN.V. Tsitsin Main Botanical Garden, Russian Academy of Sciences, Moscow, Russia
2M.M. Gryshko National Botanical Garden of the NAS of Ukraine, Kyiv, Ukraine

Received: 18. 5. 2020 Revised: 12. 7. 2020 Published: 20. 11. 2020

Many alien invasive species are characterized by the accumulation of biologically active substances
antioxidants, which are used in the prevention of diseases of the cardiovascular system and many
cancers. The purpose of this study was to compare the antioxidant (antiradical) properties of
Adenocaulon adhaerescens Maxim extracts obtained from plants growing in both natural and secondary
distribution ranges. The literature data on the analysis of medicinal properties of closely related species
of the genus Adenocaulon are summarized. The antioxidant activity was determined by the method
using 2.2-diphenyl-1-picrylhydrazil (DPPH) on spectrophotometer Genesis 20, the USA at the Slovak
University of Agriculture in Nitra (Slovak Republic). Water and alcohol extracts (methanol and ethanol)
were tested. The total antioxidant activity of extracts from leaves of juvenile plants was about 80%
(alcoholic extracts) and 34% (water extracts). The total antioxidant activity of leaf extracts collected
from flowering plants was 76% (methanol extracts), 59% (ethanol extracts), and 48% (water extracts).
The total antioxidant activity of extracts from inflorescences was significantly higher and amounted to
83% (methanol extracts), 85% (ethanol extracts), and 49% (water extracts). Indicators of antioxidant
activity of the aboveground part of plants collected in populations from the natural and secondary
ranges do not have reliable differences. Methanol extracts from plants collected in the natural range
have the antioxidant activity of 77-78%, ethanol extracts of 78-81%, and water extracts of 61-66%.
In plants from invasive populations, the antioxidant activity of methanol extracts is 77-80%, ethanol
extracts 76-79%, water extracts 32-67%. The studied species demonstrated a significant antioxidant
activity comparable to many valuable medicinal plants, such as Urtica dioica L., Bidens pilosa Linn.,
Acacia auriculiformis A. Cunn, Salvia officinalis L., and others. Thus, alien (A. adhaerescens) which has
successfully adapted to the Moscow climate and formed a stable invasive population, may become
a potential source of antioxidants to improve the system of antioxidant protection of humans.
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M3ydyeHWe pacTeHHM B MOMCKAX HOBBIX JIEKAPCTBEHHBIX BELIECTB SIBJSETCA OJHUM U3
OCHOBHBIX TNPHUKJAJHBIX HalpaBJieHHUH OOTAaHWUKU. MHOrvMe COeUHEHHSs], BblJeJIeHHbIe
W3 pacTeHUW B TMoC/JAe/lHEe BpeMs B HayyHbIX JabopaToOpHUsX, HCCAeAYIOTCAd Kak
XUMHUOTepaneBTUYeckue «kaHauaaTel» (Lee, 2010). C KaXAbIM TroJioM, TeHJEeHL U
WCII0JIb30BAaHUS PACTUTEJNBHOIO ChIpbsl YBEJUYUBAETCS, U B CBSI3U C MOBBIIIEHUEM CIIpOca
Ha HaTypaJsIbHbIE JIEKapCTBA BO MHOTIHUX CTpPaHaX LIMPOKO KYJbTHBUPYIOT JUKOPACTYIIHE
JlekapCTBeHHble pacTeHUs. OJHAKO [0 CUX MOpP ToJbKO 5% MHUpPOBOH ¢Jiopbl BBEJEHO
B KYJIbTYPY C JIEKAPCTBEHHBIMHU LIEJISIMU, U IPAKTUYECKH HE UCI0JIb3yeTCs 60Jiblas rpynmna
BU/IOB — MHBA3HWOHHbIE PACTEHUs], YUCJIEHHOCTb KOTOPBIX, a TAaKXKe IJI0IIAa/lb BTOPUYHOIO
apeaJia BO BCeX perioHax MUpa YBEJTUYHUBAKTCS C KX/ bIM I'OJIOM.

B 1eHTpe BHUMaHHUSI MHOTOYMCJEHHBIX HCCAE0BATEJbCKUX MPOrpaMM HaXOAUTCS
paspaboTka NOpPOTHBOONyXoJieBblXx mpenapatoB (Balunas, 2005). bBosee 60%
MPOTHUBOOIYX0JIEBBIX JIEKAPCTBEHHBIX CPEJACTB, HCIOJb3yeMbIX B HACTOsIIee BpeMs,
NOJIy4YeHbl U3 MPUPOJHBIX HUCTOYHUKOB, BKJIUYas pacteHus (Cragg, 2005). UyxepoaHbie
MHBAa3UOHHbIe BHUJIbl PAaCTEHUH TaKKe MOTYT MNPUMEHSATbCA [Jis JIeYeHHUs OINyXoJieH,
MMOCKOJIbKY COJlepKaT BellleCTBA C BBICOKOM AaHTHOKCHZAHTHOW aKTHBHOCTbIO. B 3TOM
OTHOILEHWU Hallle BHMUMaHHWe NpPHUBJIEK MasoudydyeHHbIH Buf, Adenocaulon adhaerescens
Maxim. CoriacHo mocJseziHed peBu3auu (Bittmann, 1990), Adenocaulon - 3To He6OJIbIIOK
PO/ IBETKOBBIX pAaCTEeHUN ceMelicTBa ACTPOBbIE, BIlepBble ONMUCAaHHbIN BusibsiMoM ['ykepoM
(Hooker, 1829), Bk/toyaroiiui B ce6si NITh BUJ0OB U OAUH MOJBU/:

» A. bicolor Hook. - CoefuHénHble wtaThl, Kanaza (Nash et al,, 1976).

» A. chilense Less. - Yunu, Aprentrna (Marticorena and Quezada, 1985).

» A. lyratum S.F. Blake - I'Batemasa (Nash et al.,, 1976), Upanac (Breedlove, 1986).

» A. nepalense Bittmann - Henasn (Bittmann, 1986a).

» A. himalaicum Edgew. — Kutaii, Unaus, Anonus, Kopesi, Heman (Yousheng and Hind,

1829).

[Tpu aTOM rpyIa nonyyasiyii, 3aHUMaloIas CeBepo-BOCTOUHY0 YacTb apeasia A. himalaicum
auct.,, yalle paccMaTpPUBAETCS KaK OTAesJbHbIM BUJ A. adhaerescens Maxim. OH BnepBble
onuvcaH Kapsiom MakcuMoBHueM B ero pa6ote no ¢Jiope Amypa (Maximowicz, 1859).

A. adhaerescens (npu/umaso NpUcTawllee) - MHOT0JIeTHEE TPaBSAHUCTOe pacTeHue (PrcyHok
1). [loGeru npsiMoCTOSTYUE C OYEPEHBIM JIUCTOPACIIOJIO)KEHUEM, BbICOTA paCTEHUN BTOPOTO
rofa »usHu - A0 80 cM. JIUCThS MpOCThIe, YyepellKoBble. HIDKHAS MOBEPXHOCTDb JIUCTA
MOKpPBITA I'YCThIM BOMJIOYHBIM ONylleHHUeM. lIBeTeHUe - IOHb-OKTAGPL. [110/bl - cEMSAHKHU
3eJIEHOIO L[BETA, C XKeJie3ucThIMU TpuxoMaMu (Fahn, 1988; Vinogradova, 2013). B 1953 roay
A. adhaerescens MHTpoAyuupoBaH B [J1aBHbIM GoTaHW4yeckuil caj; Akajgemuu Hayk CCCP
(Mockga). Yepes 30 JieT oT[esibHble 0COOU OBLIM OTMeYeHbI 3a IMpeJeaMy 3KCIO3UIHU.
BHacTos1jee BpeMs 3TOT BU/, BCTPeYaeTCsI MacCOBO B/I0JIb [IOPOXKEK 10 BCEMY 60TaHUY€ECKOMY
cajZly, BHEJIpsIETCsSl B eCTeCTBEHHble 11eHO03bl U GOpMHUpYyeT KpynHble (Maowajbio 40 5 M)
JIOKaJIbHble MUKPOIONY/IALMHU IJIOTHOCTBIO 50 pacTeHuii Ha M2 B 2005 r. A. adhaerescens
o6Hapy:xeH B napke OctankuHo u Ha B/IHX, koTopblie rpanuyat ¢ '6C, a B 2007 . oTMeueH
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B Jiecomapke Bo3Jie MeTpo llykuHcKasi. PasMHOXaeTcs NpPeuMylleCTBEHHO CEeMEeHHbIM
cnoco6oMm (Vinogradova, 2010; Mayorov et al., 2013).

PucyHok 1  Adenocaulon adhaerescens Maxim. B ecTecTBeHHOM apeavie B [I[pumMmopbe
Figure 1 Adenocaulon adhaerescens Maxim. in the native distribution range in the Primorsky Territory
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B kauecTBe HCTOYHHKA XUMHUYECKHX coeAuHeHUH A. adhaerescens paHee He
HCII0JIb30BAJICS, OIHAKO, HA3eMHas YacCTh 6JU3KOPOCTBEHHOrO Buaa A. himalaicum Edgew
NpUMEeHsIeTCS B palloHaxX ero ecTeCTBEHHOro npouspactaHus — Kutae, Kopee u fAlnonun
JUIs1 JledeHUs1 abcleccoB, KpoBousaussHUM U BocnaseHui (Hak, Kang, 2001; Wang et al,,
2007).

OCHOBHBIMM [JIeMCTBYIOLIMMU KOMIOHeHTaMU A. himalaicum sBASIOTCA NPOU3BOAHBIE
kopenHoBoU kucaoThl (Kulesh et al, 1986). Xumuueckoe uccie/joBaHUe METAHOJBHOIO
3KCTpPaKTa 3TOr0 pacTeHUs NPUBEJO K BbIJIEJIEHUIO JBYX HOBBIX U BOCbMHM HU3BECTHBIX
coequHeHu  (aumetuseH 1-O-¢epynoun-tetpazeka-4E, 6E, 12E-tpuen-8,10-auuH,
MOHOTEPNEHIVIMKO3U/T 9-TUAPOKCUTUHOUI-3-0-(4-0-kyMmapous) -j3-D- rIoKONUpaHO3UJ,
duTou, napacop603u/, NPYHAa3UH, (Z)-3-rekcenusi/3-D-rioKonyMpaHo3u /]
U 9-ruapokcuHasowarawkosuy). C nomomwpbio TH-AMP u [X-MC aHanusda 6bLIM
UAEHTUPHULIMPOBAHbBI TPU U3BECTHBIX MOHOTINIepUAa, 10-(9Z, 127, 15Z-0oKkTajleKaTpUEHOU)
rnnepuH, 1-0-rekcajekaHouuaraunepud W 1-0-(9Z, 12Z-okTajeKkayueHOuJ) TJIHLEePHUH
(Hak, Kang, 2001). [To3gHee BbiiesieH HOBBIM TPUIUKJINYECKUN O, 3-HEHACHILEHHBIN KeTOH
(ameHOKay/I0H) U HOBBIHM 8-reKCaHOJIAKTOHIIMKO3U/, (afeHokaynoaua) (Wang et al, 2007).

MMeloTcsl TakKe JJaHHble 10 CKPUHUHTY aHTUOAKTepUalbHOM aKTUBHOCTH A. himalaicum.
B KayecTBe KOHTpOJI HCIOJb30Ba/ACA xjaopaMeHukos. CoeAuHeHUMe 2 NPOSBJANO
aHTH6aKTepHaJbHYI0 aKTUBHOCTb NPOTUB E. coli U S. aureus, a coefuHeHue 4 - npoTus E. coli
(Wang et al,, 2007).

JkcrpakTel A. himalaicum copep:aT aHTUNpoJiMdepaTUBHbIE COeJAUHEHUS], KOTOpbIe
MPOTECTUPOBAHbI KaK JieKapCTBEHHbIe CpefCTBa. JKCTPAKThl 0Ka3a/MCh aKTUBHBI IPOTHUB
aJleHOKapLMHOMBI Kesyaka 4yesnoBeka (MK-1), paka maTtku 4esoBeka (Hela), MesaHoMBbI
Mbilid (B16F10) u T-kseTouHbix 4esoBeka Tuma 2 (MT-2), HO He aKTHUBHBI IMPOTHUB
JUMPOTpONHbIX BUPYCcOoB yesoBeka Tuna 1 (HTLV-1) u MT-1 (Kinjo, 2016).

B HacTosillee BpeMs HCCAEAYIOTCA pasjMuHble BapuaHTbl (apMaKoJOrHYeCKUX
BMEUIATEJbCTB C IeJbI0 CHIDKEHHSI 00pa3oBaHUsI aKTUBHBIX (OpM KHCI0pOJa
1 06e3BpeKMBaHUSA YKE UMEIOLUXCSI CBOOOIHBIX Pa/IMKAJIOB C IOMOLIbI0 aHTHOKCUAHTOB.

[Io faHHBIM KOpPeMCKUX y4YeHbIX, aHTHOKCUJIaHTHass aKTUBHOCTb A. himalaicum Hu3Kas:
20,2 % (MeTaHOJIbHBIE 3KCTPaKThl) U 17,8 % (BoaHble sakcTpakThl) (Lee etal, 2011). OgHako
ypOBE€Hb AaHTHUOKCHUAAHTHOM aKTUBHOCTU 3KCTPAKTOB MOXET MEHSTBbCS I0J BJUSHUEM
pa3JuyHbIX (GAKTOPOB: KJMMAT, THUN IMOYBbI, KOJUYECTBO COJIHEUHBIX JHeH, 00beM
BBINABIIMX 0caJKkoB U T.J. (Goriunova, 2009). K Tomy ke A. adhaerescens, x0Tl U 6J1M30K
K A. himalaicum, Ho Bce e apyroil Buja. Kpome Toro, oH fIBJsI€TCS UHBAa3MOHHBIM BHU/JIOM,
a paHee MpPOBEeJEHHBbIH HAMU CKPHUHUHT JAPYrUX UYy:KePOAHbIX WHBA3UOHHBIX pacTeHUU
MPOIEMOHCTPHUPOBA O4YEHb BBICOKYIO CTeleHb BBIPAXKEHHOCTH HX AHTHUOKCUJAHTHBIX
cBoicTB (Shelepova et al,, 2019; Vinogradova et al., 2019 a,b).

He meHee HHTEpPEeCHO CpaBHEHHE €eCTEeCTBEHHbIX W HWHBA3WOHHBIX l'[Ol'Iy'fIHLlI/Iﬁ OJlHOTO
HUTOTO € BUJa [0 UX OHOXMMHUYECKHUM IIPpU3HAKaM, B TOM 4YHCJIE€ U II0 aHTHOKCHﬂaHTHOﬁ
AKTHUBHOCTH. CpaBHI/ITeJIbelf/’I dHaJ/JIU3 Ad€T BO3MOHOCTb IMPOTHO3MPOBATH YCIIEIIHOCTb
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144 HOH6C006pa3HOCTb HNCKYCCTBEHHOI'O BbIpalllMBaHUA (Ky.I'IbTPIBI/IpOBaHI/IH) BHJa B TOM
CJiy4ae, eCJIM OH ABJIAETCA NIOTEHWAJIbHO JIEKAPCTBEHHBIM PACTEHHUEM.

[leb  JaHHOTO  WCCAEJOBAaHUSI — CpPaBHUTEJbHAs  OIeHKAa aHTHOKCHUAAHTHBIX
(aHTHUpagUKaNbHBIX) CBOWCTB 3KCTpPakToB A. adhaerescens, MOJiydeHHBIX W3 PaCTeHUH,
MPOU3PACTAOUIMX B YCJOBHUSIX KaK €CTECTBEHHOTO, TaK U BTOPUYHOT0 apeaJa.

PacTuTe/ibHBIN MaTepuaJl

MaTepuasioM [/ UCC/AeOBaHUS AHTUOKCUAAHTHOM aKTHBHOCTH PAa3/IMYHBIX OPraHOB
pacTeHuss TMOCAYKWUJU pacTeHuss A. adhaerescens W3 HWHBAa3MOHHOW MOMYJSLHUH,
npouspactatwuieit B 'BC PAH (MockBa, N 55.78 E 36.80). B anpesie 2018 1. co6paHbl
JINCTOYKHU IOBEHUJIbHBIX pacTeHUH (o6pasel 1), B aBrycte — cpe/IUHHbIE JUCThs (06pa3er
2) v uBeryuye noberu (o6pasen 3) pacTeHHH B reHepaTHBHOMW ¢asze pa3BUTHUA (HaA4asIO0
LBETEHUS).

MaTepuasioM /il CpaBHEHUsS] aHTUOKCUJAHTHON aKTHBHOCTH B MOMYJISLUAX Pa3JMYHOrO
reorpadryeckoro NpoUCXOX/JAeHHUs ABJSAJNCh NMPOObl BCcel HaJ3eMHOM 4aCcTH pacTeHUMH
u3 3 momyJslMid ecTeCTBEHHOro apeaja M 2 HMHBA3UOHHBIX MOMNYJSALUNA BTOPUYHOTO
apeana. B cenrtabpe 2019 r. pacteHuss cob6upasu B eCTECTBEHHOM apeaje B Tpex
MecToo6uTaHuAX wora Ilpumopckoro kpas: E1) octpoB Pycckuit N 42.97 E 131.89; E2)
OKPEeCTHOCTH T. Yccypuiicka, 6ydepHas 30Ha Yccypuiickoro 3anoBeHuka N 43.63 E 132.27;
E3) r. BraguBocTOK, JiecHast TeppuTopusi 6otaHuydeckoro cajga N 43.22 E 131.99. B koHue
CEHTS6PS TOTO Ke rojila MaTepuas coopasiv B IByX MHBA3UOHHBIX MOMYJISALUSAX BTOPUYHOTO
apeasia: B1) B sieconapke y MeTpo llykuHckasi, MockBa N 55.80 E 37.47 u B2) B [;1aBHOM
6oTaHUYecKoM caZly Poccuiickol aka/leMHUU HayK.

MaTepI/IaJI CYLINJIN IPpHU KOMHAaTHOH TeMIepaType U 3aTeM MOJIOJIN 0 COCTOAHUSA MOPOILIKA.
TECTI/IpOBaJII/I BOJZIHbIE€ U CIIMPTOBLIE (METaHO.ﬂ H 3TaHOII) 3KCTPAKThI.

MeToauKa MPUTOTOBJIEHHS IKCTPAKTOB

HaBecky wu3MesibieHHOro o6pasua (1 r) akcTparupoBad B 25 MJ pacTBOPUTEJS
(mucTUMpOBaHHAS BOJA, 3TAHOJA W METAaHOJI). JKCTPAKIUs MPOBOAUJIACH B TeYeHHE
12 4 mpu HempepbIBHOM IepeMellWBaHUM. [locjie 3TOro 3KCTpaKThl QUIBTPOBAIH AJIS
MOCJIEYIOLIETO U3MEPEHUSL.

A®IIT-MeToA onipeAe/ieHUs] aHTUPAAUKAJIbHON aKTUBHOCTHU PaCTUTEIbHBIX
3KTPAKTOB

AHTHpaJUKaJbHY0 aKTUBHOCTb ompejessyiii o Metoauke Brand-Williams et al. (1995)
¢ ucnojb3oBaHueM 2,2-audeHun-1-nukpuarugpasuia (DPPH) Ha cnekTpodoTomeTrpe
Genesis 20 (CILIA). 3apaHee TOTOBUJIM pacTBop 2,2-ngudeHu-1-nuKpuIrdapasuia
(APII). [nsa storo B3BemuBaiu 0,025 r pajukasa, MepeHOCUIM B MEpPHYH KOJIOY Ha
100 Ms1 ¥ 0BOAMJIM 0 MeTKHW MeTaHoJsioM. /laHHBIH pacTBOp pasbasssad B 10 pas npwu
HENnocCpe/ICTBEHHOM OIpeJieJIeHUH IJIOTHOCTH HUCCJAe[yeMbIX PpPacTBOPOB U XpaHUJIHU
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B XoJsioguibHUKe. [I710THOCTh pabouero pacTBopa pajMKaza HaxoAWIach B Ipejesax
0,700-0,800. B ktoBety po6aBasyu 3,9 ma pactBopa JAPII' u U3Mepssud MIOTHOCTh Ha
cnektpodotomeTpe. Jlob6asiasiium 100 Ma1 HMcciieayeMoro pacTBopa M OCTaBJIsSIJIM B TEMHOTE
Ha 10 muHyT. Ilocse 3Toro cHoBa MNPOBOJUJIM H3MepeHHUs] MNOJYYEHHBIX 3KCTPAKTOB
Ha cnektpodoromeTpe. [losydyeHHble pe3yJabTaThl pPACCYUTBHIBAJIM B MPOLIEHTaX
CHCII0JIb30BaHUEM Cle/lytollero ypasHenus: % Inh = (A,-A,) /A, x 100, rae: A, - norsoueHue
KOHTPOJIbHOTO pacTBopa (pacTBop pajukasa); A; — ONTHYECKas IUIOTHOCTh pPacTBpa
B IPUCYTCTBUHU 06pasua.

CTaTUCTU4YECKHE METO/bI

[Ipy aHa/M3e NOJIyYeHHbIX JAHHBIX MCII0JIb30Ba/IM CpeJHee 3HAayeHUMe M CTaHAapTHOe
OTKJIOHEHUE Tpex MOBTOPHOCTeN. CTaTUCTUYECKUU aHa/IU3 BbIMOJHEH B porpamme PAST
2.17. lanHble IpoaHaIu3UMpoBaHbl ¢ noMoublo Tecta ANOVA, pasindusa Mexay cpeHUMU
3HaUYeHHUSAMU NpU3HaKa IPOBepeHbl 10 KPUTEPHI0O MHOXXECTBEHHbIX CpaBHeHMH TblOKHU-
Kpamepa (p <0.05).

[pynna WHBAa3WOHHBIX pACTEHUH, HapsaAy C JPYTUMH DPACTEHUSIMH, SIBJSIETCS
MOTEHIIUAJbHBIM UCTOYHUKOM ChIPbs [IJ1s1 papMaKoJOoruiecKrux UCCIeJOBaHUH 6arogaps
psAy TMOJIe3HbIX CBOMCTB, KOTOpble MOTYT MCIOJb30BAaTbC B MEAULIMHCKUX LeJIx
(Pappan and Thomas, 2017; Kozuharova et al., 2019). Pactenus u3 ceMmeicTBa ACTPOBBIX
MpeJCTABJSIOT HAYYHbIH UHTEpPeC He TOJbKO B 06J1aCTH 60TAaHUKHU U 3KOJIOTHH, a TAKXKE KaK
HCTOYHUK OMOJIOTMYECKH aKTHBHbBIX BELIECTB U KaK CbIpbe C Pa3JIMYHOW 6MO0JI0TMYeCcKO
AKTHBHOCTBIO, B TOM YHCJe M aHTHOKCHUJAHTHOW (Bessada et al, 2015). OaHuM u3
HaunboJiee U3BECTHBIX U LIMPOKO MPUMEHSIEMbIX METOZ0B ONpe/ie/IeHUsI aHTUPaJUKaJIbHON
AKTUBHOCTH PACTUTEJbHBIX 3KCTPAKTOB SIBJISETCS peaklus o0eClBeUMBAaHHUs pacTBopa
pajuKaja 3KCTpakToM wucciaenyemoro obpasua (APII-mertoxn). MeTon oT/iMyYaeTcs
NPOCTOTOM, He 3aHUMaeT MHOTO BpeMeHU U OTHOCHUTeJbHO 3KoHoMHYeH (Marinova and
Batchvarov, 2011). IlpoBesieHHble HAaMH MCCAE€J0BAaHUST AHTHOKCHUAAHTHOW AKTHUBHOCTH
pas3JIMYHbBIX opraHoB A. adhaerescens, mpouspacraroliero Bo BropuuHoM apease B '6C PAH,
MOKa3aJik, YTO BCe OpraHbl pacTeHHs 00J/1aJlal0T AaHTHOKCUAAHTHOW aKTHUBHOCTBIO, XOTS
U B pa3HOM cTeneHu. O61iasg aHTUOKCUAAHTHAsA aKTUBHOCTb 3KCTPAKTOB U3 JIUCTbEB
I0OBEHUJIbHBIX PAaCTeHHUU, COOGPAHHBIX B anpeJie, 6bljia BBICOKOW U cocTaBuja okoJio 80 %
(MeTaHOJIBHBIE U 3TAHOJIbHbIE 3KCTPAKTHI) U 35 % (BogHbBIE 3KCTPaKTHI). [Ipu aTOM 0611124
AHTHOKCHUAAHTHASI aKTUBHOCTh 3KCTPAKTOB U3 JINCThHEB, COOPAHHBIX B CEHTSGPE CIIBETYIIUX
pacTeHUH, Tak)Ke OCTaBajachb MOBBIIIEHHONW M cocTaBusia okoso 77 % (MeTaHOJIbHbIE
3KcTpakThl), 60 % (3TaHO/NIBHBIE 3KCTpakKThl) U 48 % (BomHble 3KCTpakThl) (PucyHok
2). Ho Haubosiee BbICOKOM 6blia 00Ljasi aHTUOKCUAAHTHAsl aKTUBHOCTb 3KCTPAKTOB U3
COLBETHH, OHA JOCTUTaJIa TpaKTU4YeCKU 85 % [J1s1 ITaHOJIbHBIX U METAaHOJIbHBIX 3KCTPaKTOB
u npaktuyecky 50 % A1 BOAHBIX 3KCTPAKTOB.
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PucyHoK2  AHTHOKCHAAHTHAs aKTUBHOCTb 3KCTPAKTOB M3 pa3HbIX opraHoB Adenocaulon adhaerescens
Maxim meTozom JPIIT (%)
1 - TUCTbs1 FOBEHUJIBHBIX PACTEHUH; 2 - IUCThS FeHePaTUBHBIX paCTeHUH; 3 - COLBETHST; @ - METAHOJIbHbIE
3KCTPAKThI; b - 3TaHO/NBHBIE 3KCTPAKTHI; C — BOAHBbIE 3KCTPAKThI (cpe;u-me 3HA4YeHUdA MPU3HAKA B KOJIOHKeE,
0603HaYeHHOWOYKBaMH, CyIeCTBEHHO He oTin4atTcs, P <0,05)

Figure 2 Antioxidant activity of extracts of different organs of Adenocaulon adhaerescens Maxim by
DPPH method (%)
1 - leaves of juvenile plants; 2 - leaves of generative plants; 3 - inflorescences; a - methanol extracts; b -
ethanol extracts; c - water extracts (means in each column followed by different letters are not significantly
different (P <0.05)

OnHako B mnpakThKe ¢apMakolled S5KOHOMHYeCKH O6oJiee liesiecoo6pa3sHO co6upaThb
Y MCII0JIb30BaTh He OT/eJIbHble OpraHbl, a BCKO HAa/[I3€MHYI0 4acTb pacTeHHUs. ITo TeM GoJsiee
OTHOCHUTCS K U3y4yaeMOMY BUJY, Y KOTOPOTO COLIBETHE 0OUJIbHO OJUCTBEHHO. [loaTOMy A5
CpaBHEHUSl aHTHOKCHJAHTHOM aKTHBHOCTHU pAacTeHUH U3 eCTECTBEHHOI'0 M BTOPHUYHOTO
apeaJioB Mbl 6paJik BCI0 HaJ[I3€MHY10 YaCTh PacCTEHUH LeJTMKOM. Pe3ysibTaThl UccaeJ0BaHUN
npeJcTaBJyeHbl Ha PucyHke 3.

[lokasaTenu aHTHUOKCUJAHTHOM  aKTUBHOCTH  CIUPTOBBIX  3KCTPAaKTOB  JINCTbEB
U COLIBETUH HCCelOBaHHBIX PACTeHUH Bblllle, YeM BOJHBLIX. JTO TOBOPHUT, BEpPOSATHO,
0 coJepXaHHWHU B pacTeHUs O6oJiblledl 4YacTbl0 CIUPTOPACTBOPUMBIX aHTHOKCHJAHTOB
¢$eHOoNIbHOM NPUPO/iBL, KOTOPble NPUAIOT JaHHOMY BU/Y JIeKapCTBEHHbIEe CBOKCTBA.

CylecTBeHHBIX pa3/IMuMil M0 MOKa3aTessIM aHTUOKCUJAHTHONW aKTUBHOCTH PAacTEHUH U3
€CTeCTBEHHOI'0 U BTOPUYHOTI'0 apeaJia He BbIsIBJIeHO. MeTaHOJ/IbHbIe 3KCTPaKThI U3 pacTeHUH,
COOpaHHBIX B ECTECTBEHHOM apeaJie, 06J1a1al0T aHTUOKCUAAHTHOU aKTUBHOCTBIO 77 — 78 %,
aTtaHoJibHbIe - 78 - 81 %, BogHble — 61 — 66 %. Y pacTeHMI U3 MHBAa3MOHHBIX NONYJIALUA
AHTUOKCHUJAHTHAasA AaKTUBHOCTb METAHOJIbHBIX 3KCTPAKTOB cocTasjasger 77 - 80 %,
3TaHOJIbHBIX — 76 — 79 %, BogHbIX — 32 - 67 %.
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PucyHok 3  AHTHUpaAuKaibHasi aKTUBHOCTb A. adhaerescens Maxim B mNonysnsnusx pasMYHOTO
reorpaduyecKoro NporCXOXaeHus
E1 - octpoB Pycckuii; E2 - Yccypuiickuii 3anoBefiHuk; E3 - Boranuuyeckuit caa-unHctutyT /[BO PAH;
B1 - IllykuHcku# sieconapk; B2 - [yaBHbIA GoTaHuWyeckuit cag PAH (cpegHue 3HayeHUsl mpu3HaKa
B KOJIOHKe, 0603Ha4eHHOH 6YKBaMH, CyLeCTBEHHO He oTindatoTcs, p <0,05)

Figure 3 Antiradical activity of A. adhaerescens Maxim in the populations of different origins
E1 - island Russian; E2 - Ussuri Nature Reserve; E3 - Botanical garden-institute FEB of RAS; B1 - Schukin
Forest Park; B2 - Main Botanical Garden of RAS (means in each column followed by different letters are not
significantly different (p <0.05)

TakuM 00pa3oM, HAIIW pPe3yJbTAThl JAEMOHCTPUPYIOT 3HAYUTEIbHYI0 BapUabeJbHOCTDb
bUTOXMMUUECKUX XapaKTepUCTUK A. adhaerescens B TeueHUe BereTallMOHHOTO Ce30HA
Y OYeHb BBICOKYH aHTUOKCUJAHTHYO aKTUBHOCTb (cBbille 80 %) cIUPTOBBIX IKCTPAKTOB
M3 MOJIOABIX JIUCTbEB U COLBETUH JaHHOTO BUAa. M3ydeHHBIH BUJ MPOJEMOHCTPUPOBAJ
3HAYUTEJbHYI0 aHTUOKCHJAHTHYI0 aKTUBHOCTb, COMOCTABUMYI0 CO MHOTHMH IeHHbIMU
JIeKapCTBEHHbIMH pacTeHUsIMH, TakuMU Kak Urtica dioica L., Bidens pilosa Linn., Acacia
auriculiformis A. Cunn, Salvia officinalis L. Polyalthia cerasoides (Roxb.) Bedd. u ap.
(Krishnaiah et al, 2011). AHTHOKCHJAAHTHAas AKTHBHOCTb CIHUPTOBBLIX 3KCTPAKTOB U3
MOJIOABIX JIMCTbEB U couBeTUM A. adhaerescens okasajacb Ha ypOBHE aHaJIOTHUYHBIX
nokasartesiel, 3aUKCUPOBAHHBIX Y BO3JyIIHO-CyXUX JHUCTbeB Solidago canadensis L.
(84 %) (Shelepova et al,, 2019) u cyiiecTBeHHO BhILle, YEM Y JIUCTbEB S. virgaurea L. (64 %)
(Demir et al., 2009) u siuctreB Conyza bonariensis (L.) Cronquist (58 %) (Daur, 2015). ipyroe
vccae0BaHMe FPyINbl pacTeHUH U3 ceMelcTBa ACTPOBBIX IOKAa3aJ/10, YTO aHTUOKCH/IaHTHas
AKTHBHOCTb BOAHBIX 3KCTpaKTOB MeToaoM JAPIIT coctaBusa ot 73,34 (Echinacea purpurea
L) mo 92,56 (Calendula officinalis L.) % (Sytar et al., 2018). B aTom c/ay4yae pe3y/bTaThbl
O0Ka3a/IMCh BBIIIEe TeX, YTO IOJYYHJIH HCCAeAys BOAHble eKCTpakTwl A. adhaerescens.
Arituluk et al. (2016), u3yyass aHTHOKCH/IaHTHbIE NMapaMeTPbl METAHOJIbHBIX 3KCTPAKTOB
5 BupoB Tanacetum spp. ONpeeSUJ aHTUPAAUKAJIbHYIO aKTUBHOCTb HCCIeyeMbIX
pactBopoB (400 pr/mu) B npefenax 77,61 - 84,41 %, 4To 6bLJI0 MPAKTUIECKU UAEHTUUYHO
CPaBHUTEJIBHO C UCCIeAyeMbIMU HaMH pacTBopaMu A. adhaerescens.
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PecypcHblii moTeHLMa/l BUJA B €CTECTBEHHOM apeasie J0CTAaTOYHO BBICOK. Apeas ero
OXBaTbIBaeT MpaKTHU4YeCcKU Bechb [Ipumopckuit kpai, octpoBa CaxasuH U KyHauiup, a Takxe
for XabapoBCKOro kpast. PacTeT aTOT BU/ NPEUMYIIECTBEHHO BJI0JIb AOPOTL, HO B GOJIBIIOM
KosdecTBe. JIoKaIbHbIe MOMy/NSANUY UMEIOT MJIOTHOCTh 50 pacTeHMii/M” U MpoeKTHBHOE
nokpbiTue 10 98 %. [IpakTHYeCcKH 3TO OJAHOBU/IOBBIE 3aPOC/H, UYTO 0beclieyrBaeT MeHee
TPYA0EMKUH C60P ChIpbs. Pecypchbl BO30GHOBJISIOTCS MPUMEPHO Yepes 5 JieT, TOCKOJIbKY B/
MMeeT OOJIbIIYI0 CEMEHHYIO MPOAYKTUBHOCTD (OHO pacTeHUe NMpoAyuupyet ~1,5 Thicauu
CeMdH; NOYBEHHBbIM CeMeHHOM 6aHK cocTaBjageT 2,5 - 3,5 ThbIC. CeMHH/MZ) U CII0COOeH
paspacTaThCs 3a CYET BereTaTUBHOTO Pa3MHOXEHUs, 3aK1a/ibiBasd 1 — 2 3UMYOIHe OYKU
(Vinogradova, 2013).

Yykepoaubii A. adhaerescens, KOTOPbIH yCIEIHO aAallTUPOBAJICS K YCJI0BHUSIM MOCKOBCKOT'O
KJMMaTa U CcGOpMHUpPOBaAJ] YCTOWYMBYIO MHBA3MOHHYH MOMYJSALMIO, MOXeT CTaThb
NOTEeHLHaJbHbIM UCTOYHUKOMAHTUOKCUJAHTOB /IAYJIy4IlleHUA CUCTEMblaHTUOKCUAAHTHON
3amuThlYesioBeka. Hanbosiee BbICOKOM aHTUOKCHJAHTHOM AaKTUBHOCTBI0 06/1a/]al0T MOJIO/bIe
JINCTOYKH,COOpaHHble BTeueHHe 1 -2 HeJlesIb10C/Ie TasiHUS CHEra, a Tak»Ke COLBETH S B CTaAUU
Hadyasa LBeTeHUdA. OZJHAKO U BCA HaJ3eMHasd 4acTb PAacTeHUW OTJIMYAeTCS NOBbIIIEHHBIM
coZlepKaHUEM BelleCTB ¢ aHTUOKCUJAHTHON aKTUBHOCTDBIO: CIIUPTOBbIE 3KCTPaKThl 76-81
%, a BogHble - 32-67 %. KpoMe TOro, pacTeHUs U3 eCTECTBEHHOT'0 U BTOPUYHOI'0 apeaJsia He
HMEIOT CYLeCTBEHHBIX PA3/IMYMU 10 CO/lep>KaHHUI0 BEILECTB aHTUOKCUJAHTHON aKTUBHOCTH,
caef0BaTeNbHO, IPU HaMEePEeHHOM WHTPOAYKLMU pacTeHUH 3TOT MoKasaTesb He OyAeT
n3MeHATbCs. Heo6xoaumo JasbHelllee wuaydeHHe QUTOXMMHUYECKUX XapaKTEPUCTUK
A. adhaerescens Kak B IEPBUYHOM, TaK U BO BTOPUYHOM apeasiax /JJisl BbIsIBJIEHUs1 06pa310B
C BBICOKOW aHTHOKCU/JAHTHON aKTUBHOCTBIO.

HccnenoBaHue BBIMOJHEHO B paMKax MporpaMMbl MUHHCTEPCTBA HayKU U 0O0pa30BaHUSA
Ne 19-119080590035- 9, c yacTuyHOU noaAepxKkoi rpanTa PODOU Ne 19-54-26010.
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Asteraceae Bercht. & J. Presl. is a large family of plants with a different direction of use, among which
are medicine, decorative, dietary crops that widely have used in human life. Plant raw material of
these plants is a source of biologically active compounds with numerous biological activities such as
antioxidant, antimicrobial, anti-inflammatory, etc. This study was aimed to evaluate the antioxidant
potential of selected plants from Asteraceae: Bidens ferulifolia (Jacq.) Sweet, Echinacea purpurea (L.)
Moench, Rhaponticum carthamoides (Willd.) lljin, Silphium asteriscus L., S. lacinatum L., S. perfoliatum
L., S. trifoliatum L. Raw collected from the collection of M.M. Gryshko National Botanical Garden of the
NAS of Ukraine (NBG) in the stage of budding and flowering. Determination of the antioxidant activity
of investigated plants conducted by DPPH free radical scavenging activity. In this case, 1 g of dried and
milled plant raw extracted in methanol and water in volume 25 ml and 100 pl of filtrate mixed with 3.9 ml
of a radical solution. The optical density of the plant extracts measured using the spectrophotometer
Unico 2800 (Russia) at the wavelength of 515 nm. Results expressed in % of inhibition. The DPPH free
radical scavenging activity of methanol extracts of Bidens ferulifolia was 72.27-86.69%, E. purpurea
of 31.19-75.92%, Rh. carthamoides of 56.31-73.14% and Silphium spp. from 34.86 to 92.51%. This
parameter in water extracts was for Bidens ferulifolia 14.68-62.07%, E. purpurea of 45.47-68.90%,
Rh. carthamoides of 52.61-79.05%, Silphium spp. from 14.88 to 93.47%. Thus, a study of the inhibition
ability of different extracts of selected Asteraceae plants from NBG demonstrated the antioxidant
potential of investigated plants than can be used for further study. Also, raw of these plants can be
recommended for farther pharmacological investigations and as useful forage plants.

Keywords: Asteraceae, 2.2-diphenyl-1-picrylhydrazyl, free radical scavenging activity

Introduction

According to some researchers, most plant species (two-thirds) known as medicinal
plants and have appropriate biological activities (Krishnaiah et al.,, 2011). Among known
plant’s families should be highlighting the Asteraceae Bercht. & J. Presl., which consists of

*Corresponding author: Olena Vergun, M.M. Gryshko National Botanical Garden of Ukraine
of National Academy of Sciences, Timiryazevska 1, 01014 Kyiv, Ukraine
[ en_vergun@ukr.net

CCBY-NC-ND 4.0 -70-



Shymanska, O., Vergun, O., Fishchenko, V., Rakhmetov, D.
Agr.bio.div. Impr. Nut., Health Life Qual., 2020, 70-77

approximately 1,000 genera and 25,000 species some of them use in medicine (Bessada et al,,
2015). Family of Asteraceae includes different groups of plants that are important in human
life such as medicinal (Vijaylakshmi et al., 2009; Patel, 2012), forage (Rakhmetov et al., 2019),
food (Garcia-Herrera et al., 2014), etc.

Raw of these plants has exhibited biological activities such as antioxidant (Vergun et al., 2018;
Shelepova et al,, 2019), antimicrobial (Babota et al., 2018), and even invasive representatives
have a high biological activity (Kozuharova et al., 2019). Plants from Asteraceae demonstrate
the antioxidant activity due to the content of different groups of phenolic compounds in
particular. Among them chlorogenic acid, luteolin, quercetin, apigenin, rutin (Bakar et al,,
2015). Also, an important group of biologically active compounds isolated from Asteraceae
is terpenoids that exhibited cancer-preventive effects, analgesic, anti-inflammatory,
antimicrobial, antifungal, antiviral, antiparasitic activities (Siilsen et al, 2017). The
investigation of raw showed that Asteraceae plants produced the essential oil with rich
biochemical content (Raal et al., 2011). The Bidens pilosa oil, for example, demonstrated high
inhibition of DPPH radical, and the main constituent of it was a-pinene, e-caryophyllene,
3-ocimene (Goudoum etal.,, 2016).

Taking into account previous studies of Asteraceae plants, this work was aimed to evaluate
the antioxidant potential of selected species raw as a potential source of antioxidants.

Biological material

It was investigated some representatives from the Asteraceae Bercht. & J. Presl. such as
Bidens ferulifolia (Jacq.) Sweet, Echinacea purpurea (L.) Moench, Rhaponticum carthamoides
(Willd.) ljin, Silphium asteriscus L., S. lacinatum L., S. perfoliatum L., S. trifoliatum L.
An experiment carried out during 2018 at the laboratory of Cultural Flora Department of
M.M. Gryshko National Botanical Garden of the NAS of Ukraine. Plants samples took at the
budding and flowering stages and dried at 45 °C for 72 hours. All investigated plants are
perennial.

Determination of DPPH scavenging activity

1 g of dried and milled plant raw extracted in the 25 ml of solvent (methanol and water)
for 24 hours. After filtration procedure obtained extracts used to determined antiradical
activity on a spectrophotometer Unico UV 2800 (Russia). A working solution of 2.2-diphenyl-
1-picrylhydrazyl (DPPH) prepared the following way: 25 mg of radical dissolved in 100 ml of
methanol. Obtained radical solution dissolved in 10 times till optical density was in the range
of 0.700-0.800. The procedure of measuring conducted by Brand-Williams et al. (1995).
3.9 ml of radical solution mixed with 100 pl of plant extract and put for 10 min in the dark.
During the procedure of measuring on a spectrophotometer at a wavelength of 515 nm used
value of radical solution and value of the radical solution with the sample. Obtained results
expressed in percentages.
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Statistical analysis

The mean values of three replicates and the standard deviation are given. Data submitted with
ANOVA and differences between means compared using the Tukey-Kramer test (p = 0.05).

Results and discussion

Use of DPPH scavenging activity method for evaluating the antioxidant potential of plant raw
material widespread last decades and helps to find new sources of antioxidants. Plants from
Asteraceae, also, not an exception in this relation and wild plants and crops from this plant
family are rich in different compounds with antioxidant activity (Jamuna and Paulsamy, 2014;
Indradi et al,, 2017).

Plants of Bidens spp. use in folk medicine and exhibit numerous biological and
pharmacological activities such as antioxidant, immunomodulatory, antidiabetic,
antimicrobial anti-hypertensive, anti-hyperglycemic, antitumor, immunosuppressive, anti-
inflammatory, antimalarial (Bessada et al., 2015). B. pilosa also has an essential oil that rich
in biologically active compounds and demonstrated high antioxidant activity. In this case, the
DPPH scavenging activity showed inhibition of 18.69-77.4% (Goudoum et al., 2016).

DPPH scavenging activity of different organs of Bidens ferulifolia was 72.27-86.69% in
methanol extracts and 14.68-62.07% in water extracts (Figure 1). The most antiradical
activity of extracts noticed for inflorescences and above-ground parts. Also, it should be noted
that methanol extracts of B. ferulifolia demonstrated higher free radical scavenging activity
than water extracts.
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11 Methanol extracts & Water extracts

Figure 1 DPPH scavenging activity of Bidens ferulifolia (Jacq.) at the stage of flowering (means in columns
followed by different letter are different at p = 0.05; each value represents the mean of three
independent experiments (+SD))

Echinacea purpurea is a well-known medicinal plant with immunomodulatory, anti-
inflammatory, antibacterial, antifungal properties and beneficial effects such as antianxiety,
antidepression, cytotoxicity, antimutogenicity, etc. Among phenolic compounds, an efficient

-72 -



Shymanska, O., Vergun, O., Fishchenko, V., Rakhmetov, D.
Agr.bio.div. Impr. Nut., Health Life Qual., 2020, 70-77

effect determined for cichoric acid (Manayi et al., 2015). That is an ethnomedicinal plant that
used at cough, respiratory infection, and bronchitis. Leaf and root essential oil of Echinacea
spp. rich in volatile components (Nyalambisa et al., 2017).

Scavenging activity of radical in methanol and water extracts of E. purpurea in our experiment
was 31.19-75.92% and 45.47-68.90%, respectively (Figure 2). In this case, most values of
this parameter determined for leaves and above-ground parts.

The pharmacological study of E. purpurea demonstrated immunomodulatory, anti-
inflammatory, antiviral, antifungal, antimicrobial activity, etc. (Barnes et al., 2005). The study
of different extracts of E. purpurea showed antioxidant activity of 89.2% (Rady et al., 2018).
Stanisavljevi¢ et al. (2009) found DPPH scavenging activity for ethanol extracts of E. purpurea
93.6% and antimicrobial activity.
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Above-ground part Leaves Stems Inflorescences
LiMethanol extracts & Water extracts
Figure 2 DPPH scavenging activity of Echinacea purpurea (L.) Moench. at the stage of flowering (means

in columns followed by different letter are different at p = 0.05; each value represents the mean
of three independent experiments (+SD))

Rhaponticum carthamoides commonly known as maral root or Russian leuzea uses in
the folk medicine of some countries because of medicinal properties. The main groups
of isolated compounds of this plant are steroids, flavonoids, phenolics (phenolic acids and
flavonoids), triterpenoid glycosides, terpenes, etc. (Kokoska and Janovska, 2009). At the stage
of flowering, we determined that methanol extracts of Rh. carthamoides were 56.31-73.14%
and water extracts 52.61-79.05% (Figure 3). Methanol extracts of whole above-ground
parts, leaves, and inflorescences had higher values of inhibition than water and stem extracts
opposite. The previous study of the leaf ethanol extracts of this species showed that Trolox
equivalent capacity by DPPH method was 9 mg TE/g and molybdenum reducing power of
extracts was 77.87 mg TE/g DW (Vergun et al., 2019). Roots of Rh. carthamoides well-known
source of biologically active compounds and exhibited antioxidant activity (Biskup and
Lojkowska, 2009; Biskup etal., 2013).
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Figure 3 DPPH scavenging activity of Rhaponticum carthamoides (Willd.) at the stage of flowering
(means in columns followed by different letter are different at p = 0.05; each value represents
the mean of three independent experiments (xSD))

Different species of Silphium genus are a good source of nutrients for forage usage (Rakhmetov
etal, 2019).

Plants from genus Silphium L. studied primarily at the stage of budding and one species
at the stage of flowering (Figure 4). Methanol extracts exhibited results in a range of
34.86-92.51% and water extracts in the range of 14.88-93.47%. If compare generative
organs of S. asteriscus that values of antiradical activity of both methanol and ethanol
extracts increased from budding to flowering period. The study of S. lacinatum showed
approximately the same values in methanol extracts as well as in water extracts. According to
Shang et al. (2017), the scavenging activity of S. perfoliatum extracts was 75.71%.

The study of other species from Asteraceae Tragopogon porrifolius L. showed DPPH free
radical scavenging activity of water and ethanol extracts as 77.3 and 83.2%, respectively
(Al-Rimawi et al., 2016). Tandon and Gupta (2020), determined for Sphaeranthus indicus
Linn. this parameter of whole plant extracts from 27.55 to 87.25%. Mosquera et al. (2009)
evaluated 10 species from the Asteraceae family and determined the DPPH scavenging activity
of methanol extracts from 4.0 (Montonoa spp.) to 33 (Mikania leiostachya Benth.) %.
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Figure 4 DPPH scavenging activity of Silphium spp. at the stage of budding and flowering
SA-b - Silphium asteriscus (budding stage), SA-fl - S. asteriscus (flowering stage), SL-b - S. lacinatum
(budding stage), SP-b - S. perfoliatum (budding stage), ST-b - S. trifoliatum (means in columns followed by
different letter are different at p = 0.05; each value represents the mean of three independent experiments
(xSD))

Conclusions

Thus, all investigated representatives from the Asteraceae family exhibited antioxidant
potential through free radical scavenging activity. The plant raw material of Silphium spp.
showed maximal values of inhibition in methanol as well as in water extracts. It wasn’t found
strong regularity in peculiarities of inhibition in different organs of plants but in some cases,
leaves and generative organs had higher values of scavenging activity than stems. Thereby,
obtained data showed that the accumulation of compounds that possess antioxidant activity of
plant extracts depends on species, stage of growth, and organ. The screening of new resources
of antioxidant compounds among plant species is an important direction of modern science
and allows to use of results for deep pharmacological investigations and others.
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Pseudocydonia sinensis (Thouin) C.K. Schneid. less known plant species in the Ukraine conditions,
but the fruits were widely used in traditional Chinese medicine for the treatment of asthma, colds,
sore throat, mastitis, rheumatoid arthritis, and tuberculosis. In this study, chemical compositions
of the leaves of Pseudocydonia sinensis were investigated. They contained total protein 6.66%, ash
8.54%, lipids 3.38%, beta carotene 90.30 mg/kg DW. Monosaccharide analysis revealed that the
neutral carbohydrate part (fructose, maltose, sucrose, and lactose) was found in low amounts only (<0.5
g/kg). The major quantitative tocopherol in leaves was a-tocopherol (80.73 mg/kg DW). Saturated,
monounsaturated and polyunsaturated fatty acids, palmitic acid (C16:0; 53.36 g/100 g DW), oleic
acid (C18:1; 12.49 g/100 g DW) and linoleic acid (C18:2; 8.24 g/100 g DW), respectively, were found
predominant. Palmitic acid makes up 57.2% of the total amount. The total amount of amino acids found
in the leaves was 53.90 g/kg DW, including total essential amino acids (28.60 g/kg DW) and percentage
of total essential amino acids (53.06%). Glutamic acid was found of leaves to be the dominant free
amino acid (6.5 g/kg DW) followed by aspartic acid (5.4 g/kg DW) and leucine (4.9 g/kg DW DW).
The mineral composition of leaves of P. sinensis demonstrated the presence of elements in following
order:  Ca>K>Mg>P>S>Fe>Zn>Na>Mn>Al>Cu>Ni>Cr>Pb>Cd>Hg>As>Se. = Studied  antioxidant
parameters showed that antioxidant activity by DPPH and molybdenum reducing power was 8.76 and
289.73 mg TE/g, respectively. Also, the total content of polyphenols, flavonoids, and phenolic acids
amounted to 65.77 mg GAE/g, 22.47 mg QE/g, and 9.06 mg CAE/g, respectively. The obtained data
represent that leaves of P, sisnensis contain rich mineral composition, amino, and fatty acid composition
and biologically active compounds such as polyphenols that can be used in the pharmaceutical study to
validate its possible medicinal application. The study of less know and neglected plant species and it's
raw can increase possible use in human life beneficial plant products.
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Interest in plants as a source of natural bioactive compounds has prompted researchers to
investigate their tissue chemical composition and therapeutic potential. It is many plant
species exist in the world have cultivated for food, but still less known, neglected and
underutilized not full while they play important role in procuring the food security to improve
health and nutrition, ecological sustainability and livelihoods (Mal, 2007; Magbagbeola et al.,
2010; Dansi et al.,, 2012; Chivenge et al.,, 2015; Klymenko et al., 2017).

Chinese quince (Pseudocydonia sinensis (Thouin) C.K. Schneid.) of the family Rosaceae Juss.
the only species in the genus Pseudocydonia C.K. Schneid., native to eastern Asia in China.
It is closely related to the East Asian genus, Chaenomeles Lindl. (is sometimes placed in
Chaenomeles as C. sinensis), and to the European genus, Cydonia Mill. (Suzuki, 1994).

Fruits of the Pseudocydonia sinensis are very fragrant, yellow edible pomes with an elliptical
or ovoid shape (Mihara et al., 1987; Monka et al., 2014; Klymenko et al., 2017; Choi et al,,
2018). Their fruits have a big size with a height of 98.06-124.48 mm, an average diameter of
62.33-88.64 mm, and an average weight in the range 0f 197.85-466.38 g (Monka et al., 2014).

The fresh fruit of Pseudocydonia sinensis are sour and hard and consumed after processing
into spreads, marmalades, jams, fruit jellies, candied pulp, sweetened syrups and juices,
wines, liqueurs, and use in preparing of flour products, candies (Hamauzu et al., 2006; Monka
etal,, 2014; Klymenko et al., 2017).

The fruit of investigated species includes organic acids, both flavonoids rutin and quercetin,
procyanidins, and volatile compounds (Hamauzu et al, 2005; 2014). The main volatile
compounds in Chinese quince peel are (E,E)-a-farnesene, isobutyl octanoate, ethyl
octanoate, isobutyl 7-octanoate, and hexyl hexanoate (Mihara et al., 1987). In the peel, ethyl
2-methylpropanoate, ethyl (E)-2-butenoate, ethyl 2-methyl butanoate, methional, (Z)-3-
hexenyl acetate, 3-ionone, ethyl nonanoate, and y-decalactone were found as the potent
aroma-active compounds (Choi et al., 2018).

The fruits of the Pseudocydonia sinensis were widely used in traditional Chinese medicine for
the treatment of asthma, colds, sore throat, mastitis, rheumatoid arthritis, and tuberculosis
(Chung et al, 1988a; 1988b; Hamauzu et al, 2005; 2014; Mihara et al, 1987). The
pharmacological studies have shown the antibacterial, antihaemolytic (Osawa et al., 1997),
anti-inflammatory (Osawa et al., 1999), antipruritic (Oku et al., 2003), antioxidant (Hamauzu
etal, 2005; 2007; Monka et al., 2014; Grygorieva et al., 2020), antiviral (Hamauzu et al., 2005;
2007; Sawai et al., 2008; Sawai-Kuroda et al., 2013), anti-ulcerative (Hamauzu et al,, 2006),
gastroprotective (Hamauzu et al., 2018), antitumor (Chun et al, 2012), and antimicrobial
(Essuman et al.,, 2017; Kabir et al., 2015) properties of Pseudocydonia sinensis fruit.

To the best of our knowledge, there is no previously reported study of the phytochemical
characteristics of Pseudocydonia sinensis leaves and scientific information still not enough.
Therefore, this work was carried out to determine the chemical composition of leaves of less
known species Pseudocydonia sinensis to assess the possibility of using this species in the
future.
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Material and methodology

Biological material

Pseudocydonia sinensis (Figure 1) leaves were collected in the July 2018 from trees growing
in an M.M. Gryshko National Botanical Garden (Kyiv, Ukraine). The concentration of bioactive
compounds detected in the dry material.

Figure 1 Leaves Pseudocydonia sinensis C.K. Schneid.

Chemicals

All the 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 methods specified in ISO
method (ISO 659:1998).

Determination of saccharides

For the determination of saccharides, 1 g of sample was extracted with 10 mL of extraction
solution (ultrapure water and ethanol mixed in ration 4 : 1) in a 50 mL centrifugation tube
placed onvertical shake table (GFL, Germany). After 1 h of extraction, samples were centrifuged
for 4 min at 6,000 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

-80-



Grygorieva, O., Klymenko, $., Vergun, O., Shelepova, O., Vinogradova, Y., llinska, A.,
Horéinova Sedlackovd, V., Brindza, J.
Agr.bio.div. Impr. Nut., Health Life Qual., 2020, 78-93

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, in purpose to the 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 spol. s.r.o., Czech Republic) and hydrochloric
acid (2 mL) (Analytika Praha spol. s.r.0., Czech Republic). After the 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 et al. (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 uM and 8% porosity. The column was tempered 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 (SnCl2) was used as a reducing agent. The prepared solution of ninhydrin was
stored in an inert atmosphere (N2) in darkness at 4 °C. The flow rate was 0.25 mL/min. and
the reactor temperature was 120 °C.

Determination of total polyphenol, flavonoid, and phenolic acid content

The total polyphenol content (TPC) was measured by the method of Singleton and Rossi
(1965) using the Folin-Ciocalteu reagent. A quantity of 0.1 mL of each sample was mixed with
0.1 mL of the Folin-Ciocalteu reagent, 1 mL of 20% (w/v) sodium carbonate, and 8.8 mL of
distilled water. After 30 min in darkness, the absorbance at 700 nm was measured with the
spectrophotometer Jenway (6405 UV/Vis, England). Gallic acid (25-300 mg/L; R* = 0.998)
was used as the standard. The results were expressed in mg/g DM gallic acid equivalent.

The total flavonoid content (TFC) was determined by the modified method described by
Shafii et al. (2017). An aliquot of 0.5 mL of the sample was mixed with 0.1mL of 10% (w/v)
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ethanolic solution of aluminum chloride, 0.1 mL of 1 M potassium 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 (1-400 mg/L; R* = 0.9977)
was used as the standard. The results were expressed in mg/g DM quercetin equivalent.

Total phenolic acid (TPA) content was determined using the method of Farmakopea Polska
(1999). A 0.5 mL of sample extract was mixed with 0.5 mL of 0.5 M hydrochloric acid, 0.5 mL
Arnova reagent (10% NaNO, + 10% Na,Mo0,), 0.5 mL of 1 M sodium hydroxide (w/v) and
0.5 mL of 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 DM caffeic acid equivalents.

Determination of antioxidant activity

Free radical scavenging activity

Free radical scavenging activity of samples was measured using the 2.2-diphenyl-1-
picrylhydrazyl (DPPH) (Sanches-Moreno et al., 1998). An amount of 0.4mL of the sample was
mixed with 3.6mL of DPPH solution (0.025 g DPPH in 100 mL methanol). The absorbance
of the reaction mixture was determined with 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* = 0.989) was used as the standard and the results were expressed in mg/g
DM Trolox equivalents.

Molybdenum reducing antioxidant power

Molybdenum reducing (MRP) antioxidant power of samples was determined by the method of
Prieto etal. (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) was incubated at 90 °C for 120 min, then rapidly cooled.
The absorbance at 700 nm was detected with the spectrophotometer Jenway (6405 UV/Vis,
England). Trolox (10-1,000 mg/L; R* = 0.998) was used as the standard and the results were
expressed in mg/g DMTrolox equivalent.

Statistic 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.

Biochemical study of fruit plants, basically, relates to the composition of fruits and few only
highlight the accumulation of biochemical compounds in the leaves. But, evidently, that leaves
of fruit plants also can be a useful source of nutrients with beneficial biological activities.

Chemical analyses of Pseudocydonia sinensis leaves revealed the presence of protein (6.66 wt/
wt%), lipids (3.38 wt/wt%) and inorganic material (8.54 wt/wt%) (Table 1).
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Table 1 The contents of some phytochemical compounds of Pseudocydonia sinensis C.K. Schneid.
Components XtS Components XS,
Polyunsaturated fatty acids
0,

Total dry matter (%) 92.66 £3.05 (2/100 g oil) 13.40 +0.11
Total content of protein (%) 6.66 £0.14  Fructose (g/kg) <0.5
Total content of ash (%) 8.54 +0.31 Maltose (g/kg) <0.5
Total content of lipids (%) 3.38+0.12 Sucrose (g/kg) <0.5
Beta carotene (mg/kg) 90.30+1.09  Lactose (g/kg) <0.5
Saturated fatty acids Vitamin A (retinyl acetate)

. 70.0 +0.56 <0.1
(g/100 g oil) (mg/kg)
Monounsaturated fatty acids Vitamin E (a-tocopherol)

. 12.95 +0.16 80.73 £2.12
(g/100 g oil) (mg/kg)

Note: X - arithmetic mean; S, - standard error of the mean.

Monosaccharide analysis revealed that the neutral carbohydrate part (fructose, maltose,
sucrose, and lactose) was found in low amounts only (<0.5 g/kg). Monosaccharides are
primary products of photosynthesis. They are involved in nearly all fundamental processes
within plant metabolism, including synthesis of organic and amino acids, polyphenols,
pigments and aroma compounds (Halford et al., 2011). It is important to underline that leaves
with increased monosaccharide content were found in plants when grown under stressful
factors (Wind et al., 2010). Therefore, a lower level of sugars in the leaves indicates optimal
environmental conditions for plant growth.

[t should be noted that the main attention of researchers is aimed at studying the composition
of monosaccharides and polysaccharides of fruits and seeds of Chaenomeles species. Thus,
the polysaccharide fraction from the seeds of Chaenomeles sinensis and Chaenomeles speciosa
consists of arabinose, glucose, xylose, galacturonic acid and glucuronic acid (Wangetal., 2018;
Deng et al,, 2020). Hypoglycemic analyzes showed that polysaccharides have good activity in
inhibiting a-amylase and a-glucosidase. Therefore, a polysaccharide from the Chaenomeles
species can be used as a potential natural source to slow down the effects of postprandial
hyperglycemia. Also, polysaccharides and monosaccharides from these plants can be used in
the food and pharmaceutical industries.

Pseudocydonia sinensis contains beta carotene (90.30 mg/kg). Carotenoids are among the
most common natural pigments, and with B-carotene as the most prominent. They are
pigments that play a major role in the protection of plants against photooxidative processes.
Carotenoids are efficient antioxidants scavenging singlet molecular oxygen and peroxyl
radicals. They interact synergistically with other antioxidants (Stahl and Sies, 2003).

The major quantitative tocopherol in Pseudocydonia sinensis leaves was a-tocopherol (80.73
mg/kg DWP). Four tocopherols and tocotrienols are collectively referred to as vitamin E. The
reactivity with organic peroxyl radicals accounts for their antioxidant activity and is believed
to be their major biochemical function (Shahidi and Ambigaipalan, 2015). These reactions are
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the basis that vitamin E functions as an antioxidant, protecting tissue lipids from free radical
attack.

The oil contents were 3.4% dry weight plant material (Table 1). It is reasonable because
the majority of botanical materials (leaves) contain low amounts of lipids. The fatty acids
composition was comprised of saturated fatty, monounsaturated, and polyunsaturated fatty
acids (70.0; 12.95 and 13.40 g/100 g oil, respectively).

The lipophilic fraction contains of 20 fatty acids (Figure 2); five acids (palmitic acid C-16:0
in quantity 53.4 g/100 g; oleic acid C-18:1 in quantity 12.5 g/100 g; linoleic acid C-18:2 in
quantity 8.2 g/100 g; stearic acid, C-18:0 in quantity 8.0 g/100 g; linolenic acid, C-18:3 in
quantity 8.0 g/100 g) are dominated. Of these acids, amounted to 87.3% of the total (Figure
2). P sinensis fatty acid profiles showed the presence of high amounts of palmitic acid (53.4%)
(Figure 2). Palmitic acid is dominated in fatty acid profiles of leaves of many species such
as Lamiaceae species (27.7-60.0%) (Cacan et al., 2018; Kilic, 2018); Cassia tora (L.) Roxb.
(18.6-38.7%) (Shukla et al., 2018); Nicotiana species (13-18%) (Koiwai et al., 1983); Cistus
ladanifer L. (13.6-17.5%) (Jerénimo et al., 2020). The second quantitatively major compound
was oleicacid (12.5%). There are literature reports of insecticidal activity of oleic acid against
Aedesae gyptii larvae (Kumar et al., 2009).

® Arachidic C20:0 # Behenic (22:0 # Heptadecanoic C17:0 B Lauric C12:0
® Linoleic C18:2 » Linolenic C'18:3 wother m Oleic C18:1
= Myristic C14:0 ® Palmitic C'16:0 ® Palmitoleic C16:1 » Stearic C15:0
2.64 1.79
1.23

0.42

Eicosene Arachidonic
Erucic Lignoceric
-l“:lracu\tuuic m
Dicosadiene Caprylic

Figure 2 Fatty acid composition from leaves of Pseudocydonia sinensis C.K. Schneid. (g/100 g oil). Minor
components (<0.1)
Eicosene C20:1; Arachidonic C20:4; Erucic C22:1; Lignoceric C24:0; Tetracosenoic C24:1; Heptadecanoic
C17:1; Dicosadiene C22:2; Caprylic C8:0; Capric C10:0 are in the right column, their total amount is 0.9
g/100 g oil
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According to the literature, Pseudocydonia sinensis fruit was rich in oleanolic acid and ursolic
acid (Zhou et al.,, 2020). In addition, from the twigs of Pseudocydonia sinensis isolated five
new oxylipins of chaenomic acid (Kim et al.,, 2014).

Lipids consisted of fatty acids, classified on saturated, monounsaturated, and polyunsaturated
fatty acids (MiSurcova et al., 2011). Fatty acids play an important role as nutritious substances
and metabolites in living organisms (Cakir, 2004). Many fatty acids are known to have
antibacterial and antifungal properties (McGaw et al., 2002; Seidel and Taylor, 2004) and also
have an important impact on human health, particularly in the prevention of cardiovascular
disease, coronary heart disease, cancer, hypertension, diabetes type two, renal diseases,
rheumatoid arthritis, ulcerative colitis, and Crohn’s disease (De Caterina et al., 2000; Abedi
and Sahari, 2014).

Fatty acids are involved in the formation of plant adaptive capacity to abiotic stresses: extreme
positive and negative temperatures, lack of moisture causes a change in the composition of
fatty acids (Gigon et al., 2004; Liu and Huang, 2004; Zhon get al., 2011; Li et al., 2017).

Amino acid analysis has shown that the studied Pseudocydonia sinensis leaves contained
18 amino acids (10 essential and 8 non-essential) (Figure 3).

8 -
E 7
a 6
a0
< 5
&
g 4
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< 3
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= 2
g
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0
Arg His Ile Leu Lys Met Phe Thr Trp Val Ala Asp Cys Glu Gly Pro Ser Tyr
( A )
[ |
Essential amino acids Non-essential amino acids
Figure 3 Amino acid composition of Pseudocydonia sinensis C.K. Schneid. leaves, g/kg DM (different

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

Total amount of amino acids found in the leaves was 53.90 g/kg DM, including total essential
amino acids (28.60 g/kg DM) and percentage of total essential amino acids (53.06%). Glutamic
acid was found of leaves to be the dominant free amino acid (6.5 g/kg) followed by aspartic
acid (5.4 g/kg) and leucine (4.9 g/kg).

One important factor for the formation of active constituents in plants is the trace elements
because they are known to play an important role in plant metabolism and active constituents
of medicinal plants are metabolic products of plant cells. In fact, the chemical constituents
present in plants are responsible for their medicinal as well as toxic properties which
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include vegetable bases comprising of alkaloids and amines, glycosides, essential oils
responsible for their characteristic odour, toxic substances known as toxalbumin, resins, and
antibiotics. Whereby the trace elements play a very important role in the formation of these
compounds.

In addition, leaf analysis for mineral elements is an important guide to sustainable plant
nutrition. The mineral composition of plants is influenced by factors such as growing
conditions (climate, soil) and the phase of plant development (phenophase) (Penauelas et al.,
2001; Erdal et al,, 2006; Lipa, 2013; Yildirim et al., 2015).

The results of the elemental analysis of Pseudocydonia sinensis leaves are summarized in
Table 2.

Table 2 Mineral composition of Pseudocydonia sinensis C.K. Schneid. leaves (mg/kg)

Components XtS, Components XS, Components XtS,

P 1,776 £117 Mg 3,113 £218 Se <0.2

K 10,628 £321 Na 13.0 £0.7 As <0.3

Ca 24,304 450 Al 8914 cd 0.051 +£0.003
S 1,335 +98 Cr 0.20 +0.08 Ni 1.37 £0.02
Fe 56.0 +1.6 Cu 6.0 0.7 Hg 0.024 +0.005
Mn 9.8 +0.8 Zn 32.0 £1.5 Pb 0.100 +0.003

Note: X - arithmetic mean; S, - standard error of the mean.

Concentration of various elements of leaves decreases in the order:
Ca>K>Mg>P>S>Fe>Zn>Na>Mn>Al>Cu>Ni>Cr>Pb>Cd>Hg>As>Se. = Among the various
elements As, Se, Cd, Hg are found to be present at the trace level. Fe, Zn, Mn, Na, Al, Ni, and Cu
are at the minor level, and Ca, K, Mg, P, and S are at the major levels. This result confirmed by
the data Lewko et al. (2004) and showed that the leaves of quince (Cydonia oblonga) contained
a large amount of calcium. Calcium is an essential mineral for human health, participating
in the biological functions of several tissues (musculoskeletal, nervous and cardiac system,
bones and teeth, and parathyroid gland). In addition, Ca can act as a cofactor in enzyme
reactions (fatty acid oxidation, mitochondrial carrier for ATP, etc.) and it is involved in the
maintenance of the mineral homeostasis and physiological performance in general (Theobald,
2005; Huskisson et al., 2007; Morgan, 2008; Williams, 2008).

Based on a large amount of scientific data proving the beneficial effect of phenolic content in
humans, it is appropriate to perform estimation of these compounds content of leaves extracts
of Pseudocydonia sinensis.

The amount of total phenolic acid, flavonoids, and polyphenols content was 9.06 mg CAE/g
DW, 22.47 mg QE/g DW, and 65.73 mg GAE/g DW, respectively (Figure 4).
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Figure 4 Parameters of antioxidant activity of Pseudocydonia sinensis C.K. Schneid. leaves

The leaves of crops and wild plants are a valuable source of antioxidant substances,
especially polyphenols. According to published data, the total phenol content for the leaves of
Mangifera indica L. was 65 mg/g, for Anacardium occidentale L. 58.57 mg/g, for Cymbopogon
citratus (DC.) Stapf 28.30 mg/g, for Carica papaya L. 21.80 mg/g (lyawe and Azih, 2011),
for Euphorbia spp. 19.10-20.30 mg/g (Gapuz and Besagas, 2018) and for Azadirachta
indica Juss. 14.43 mg/g (Iyawe and Azih, 2011). Thi and Hwang (2014) found that the total
polyphenol content of Aronia mitschurinii ranged from 139.3 to 250.8 mg GAE/g DW. The
result of another study submitted by Shahin et al. (2019), related to Aronia melanocarpa,
demonstrated that the total polyphenol content in the dried leaves was 765.63 mg
GAE/g. According to Meczarska et al. (2017), Amelanchier alnifolia leaves showed a total
polyphenol content of 185.23 mg GAE/g DW. As reported by Barreira et al. (2010), the total
flavonoid content of Castanea sativa Mill. 73.31-90.39 mg/g, for data of Stankovic et al. (2014)
Cornus mas L. leaves had a total flavonoid content of 22.18 mg/g, according to Al-Saeedi et al.
(2016) for Ziziphus jujuba Mill. methanol extracts were 90.28 mg/g.

The information about the characterization of Pseudocydonia sinensis leaf extract is limited.
Zhou et al. (2020) using HPLC reported the phenolic profile of leaves and found 5-compounds.
Phthalic acid, di(2.3-dimethylphenyl) ester (3.693%), heptasiloxane, hexadecamethyl
(25.425%) and neophytadiene (25.309%) are major compound in the leaves.

Mostresearch on Cydonia oblonga leaf characterization is form Portugal (Oliveria et al., 2007).
The total phenolic content of C. oblonga leaves was very high, varying from 4.9 to 16.5 g/kg
dry matter (mean value of 10.3 g/kg dry matter). In the phenolic profile of Portuguese quince
leaves were found 9 compounds. The 5-0-caffeoylquinicacid was the major compound (36.2%),
followed by quercetin-3-O-rutinoside (21.1%) and kaempferol-3-O-rutinoside (12.5%).
The leaves of Tunisian quince variety “Commune” have 9-phenolic acids and flavonoids
(Benzarti et al., 2018). Among these polyphenols, 6-were identified, one as caffeoylquinic
acid (4-0-caffeoylquinic acid), two as quercetin heterosides (quercetin-3-O-rutinoside and
quercetin-3-0-galactoside), and three as kaempferol heterosides (kaempferol-3-0O-rutinoside,
kaempferol-3-0-glycoside, and kaempferol-3-O-glucoside).
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The evaluation of the antioxidant activity of leaf extracts showed that Pseudocydonia sinensis
leaves have reducing capacity and 2.2-diphenyl-1-picrylhydrazyl (DDPH) radical scavenging
activity. Antioxidant activity by DPPH method and molybdenum reducing antioxidant power
method 8.76 and 289.79 mg TEAC/g DW, respectively (Figure 4).

Zhou et al. (2020) described Pseudocydonia sinensis leaves contain abundant bio-energy
components, such as Heptasiloxane, hexadecamethyl-, which has a higher content in ethanol
extracts, and the active components of medical components, such as d-alpha-tocopherol, which
are contained in both solvent extracts (ethanol and acetone.) Hamauzu et al. (2006) described
Chinese quince fruits and leaves comprise a hopeful natural source of bioactive compounds,
namely caffeoylquinic acids and epicatechin. The antioxidant and antiproliferative activities
described for this material may be indicative of application in nutritional and pharmaceutical
fields, in the prevention and treatment of free radical-mediated human chronic pathologies,
such as cardiovascular diseases and cancer. Leaves from Pseudocydonia sinensis can be used as
an immense natural and inexpensive source of bioactive compounds with major antioxidative
properties along with other mechanisms of action. By modulating various cardiovascular
risk factors such as atherosclerosis, smoking, endothelial dysfunction hypertension, diabetes,
and hyperhomocysteinaemia, Pseudocydonia sinensis leaf extract may have relevance in the
prevention and treatment of different pathological states of ischemic inflammatory and
hypertrophic heart disease.

As aresult, this study demonstrates that leaves of Pseudocydonia sinensis rich source of useful
biochemical compounds that conclude mineral components and polyphenol compounds.
Among mineral compounds, the high concentrations found for calcium, potassium,
magnesium, and phosphorus. Also, plant raw of Pseudocydonia sinensis leaves had potential
as an antioxidant resource that can be used in further study. The findings of this study support
the fact that leaves of Pseudocydonia sinensis can be used as a raw material in medical practice
as well as the development and production of dietary supplements and cosmetic preparations
rich in biologically active compounds.
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Prune dwarf virus (PDV) and Prunus necrotic ringspot virus (PNRV) are most widespread pathogens
in sour cherry orchards in Ukraine. The study is aimed to select the optimal season and tissues of sour
cherry plants for the detection of PDV and PNRV in the climatic condition of Ukraine. The experiment
was performed by DAS-ELISA using certified test kits manufactured by Loewe Biochemica GmbH
(Germany). Trees of cherry cultivars ‘Bohuslavka’ (PDV infected) and ‘Kseniia’ (PNRV infected) were
selected for testing. Healthy plants of the same cultivars were selected as the negative controls. Samples
of various tissue (young leaves, dorman leaves, flower petals, fruits and cambium) were taken at
different terms of the vegetation period. The young leaves demonstrated the highest absorbance levels
of PDV and PNRV in Aprilwhen A, . . was at least 19 times higher comparing to negative control. Also
reliable results were recorded at the beginning of the growing season when flower petals were used.
So leaves and flowers were the most reliable source for the detection of these viruses from April till
August. Instead, in October there was a high possibility of false-negative results as the results didn’t
exceed the negative control value more then 2.5 times. This study will contribute to the optimization of
DAS-ELISA PDV and PNRV detection in Ukraine.

Keywords: virus, cherry, leaf, flower, absorbance

Beryn

Bipycu HekpoTuyHoi kinbueBoi masmucrocti (BHKII) Tta kapsaukoBocti ciauBu (BKC) -
€ HalMouMpeHilIMMHU NaTOreHaMU BUILHI K B YKpaiHi, Tak i mo3a ii mexxamu (Mandic et al,,
2007; Perez-Sanchez et al,, 2017; Pavliuk et al., 2019). Tako>k BOHU CTaHOBJISATH HEOE3IEKY
JUIS1 iHIIMX NpeCTaBHUKIB poay Prunus spp. (nmepcuka, aaudi, ciuBy Ta murganio) (Pallas
et al, 2012). BHKII ta BKC MOXyTb BUKJMKAaTH Ha IJIOJOBHUX JepeBax pi3HOMaHITHI
CUMIITOMM, IPOSIB IKUX 3HAYHO 3a/1eXaThb Bifi poc/MHU-rocnoAaps, i3o/sTa Ta KJ1iMaTUYHUX
yMmoB (Nemeth, 1986). IndikyBanHs BKC Moke cnpuyMHIOBAaTH 3MiHY POpMHU JIUCTKOBOI
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IJIACTUHU — BOHA MOXe 3ropTaTUCS YU 3BYKYBATUCS, TAKOXK Ha JIUCTI 4acTO 3'IBJISIOTHCS
XJIOpPOTHYHI Kinbug Ta maaMu (Oztiirk and Cevik, 2015). B pesysabrari indikyBanna BHKII
BifbyBaeTbca AedopMalisa KBiTiB, JMcTA Ta MiofiB. Ilonpu Te, 10 MaTOreHW MOXKYThb
BUKJMKATH BUpPaKeHi CUMNTOMM, iHQiIKyBaHHS HUMU 4acTO Ma€ JIATEHTHUM XapakTep
(Sokhandan-Bashir et al., 2017).

O6uaBa mocaimkyBaHi Bipycu 6ysu Brnepiie onucadi B CIIA. BKC 6ysno BusBieHo y 1936
poui Ha ciuBi (Thomas and Hildebrand, 1936), 3rogom y 1941 poiii Ha pocJuHax Mepcuka
6ys10 onucaHo BHKII (Cochran and Hutchins, 1941). 3 Toro yacy po3po6uiu psiji METOAIB,
BKJIIOYHO 3 ELISA Ta MosiekynsspHuMU MeToaukamu (3T-I1JIP, dayopecuenTha 31-IIJIP, I1JIP
B PEXUMIi peasibHOTO 4acy, i3oTepMidyHa aMmitidikanis), A8 BUSABJeHHS JaHUX MaTOrEHiB.
Bci 11i MeToau Bifipi3HAIOTHCSA 3a YYTJUBICTIO Ta BUKOPUCTOBYIOThCS JJisl Pi3HUX Lijew,
aJsle HalKpalUM BapiaHTOM /Jisl IPOBEeJIeHHS AiarHOCTUKHU BEJIMKOI KiJIbKOCTiI POCJAMHHOTO
MaTepiasy 3anuiaetrbcsa came ELISA. OqHak BUSIBJIEHHS BipycCiB LIUM METOJIOM MOKe MaTH
NIOMUJIKOBI pe3y/sbTaTH, HapUKJaJ, 3a 3HWKEHHS BIpYCHUX TUTPIB Y POCJIMH B Nepiof
CIIOKOI0 YH IIiJT Yac MiIBUILEHOT0 TeEMIIepaTypHoro pexxumy nositps (Huo et al.,, 2017).

3rinHo pekoMeHJaliil EBponelcbkoi opraHiszanii 3axucTy pocauMH 1o cepTUdikaril
CcaJIUBHOTO MaTepiajly BUIIHI, yepellHi Ta ix niamwen PM 4/29 (1) (2000), yepes 3aaTHICTb
BKC Ta BHKII posmnoBcio/KyBaTHUCS 3 NHJKOM, PEKOMEHJAYETHCS TMepeBipsATH 6a30BHU
MaTepiaJl Ieplioro NOKOJIiHHA Y MaTOYHUX HAca/pKeHHSX COPTIB Ta MmiAllen mopiyHo. Juisa
SIKiCHOI TIepeBipKH pOCJMHHOrO MaTepiajy Ha BiJICYyTHICTb BipyCHUX MaTOTeHiB HeobXiaHe
BH3HAYeHHS ONTHMMAaJbHUX CTPOKIB Ta TKAaHUH POCJIWHHU [Ji NMPOBEJEeHHS [iarHOCTHUKH,
TOMY JlaHe JOCJIi/P)KeHHA € aKTya/IbHUM 3aBJaHHAM.

Poc/iMHHUMA MaTepia

B skocTti gocaipkyBaHUX 3pas3kiB 6ysio 06paHO MaTepias pOCJHWH i3 Haca/KeHb BUINHI
3Bu4aiHoi (Prunus cerasus L.), IHcTtutyTy cagiBauuTBa HAAH (KuiBcbka 0641.). 3MiHy
KOHLeHTpaLik BipycHux TuTpiB BKC BUBYaiM Ha nmpukaazi copty borycnaska, a BHKII -
Kcenii, a B IKOCTi HeraTHUBHOTO KOHTPOJI0 BUKOPUCTOBYBAJU 3J0POBi POCIMHMU THUX XKe
copTiB. 3paskKH Bixbupasu 3 ABox iHdiKoBaHUX JepeB. [lonepeJHbO HASIBHICTH NATOTEHIB
y 06paHuX POCJMH 6yJi0 miATBepAkeHo MeTog oM 3T-I1JIP.

3pasku Big6upanu nporaroMm 2019-2020 pokiB, 3 KBITHS 10 KOBTEHb, 3 YOTUPbOX CTOPIH
JepeBa. [lepeBakHO y SIKOCTI AocC/aifKyBaHOTrO MaTepiajsy obupasu JHUCTS, aje B KBiTHI
JIOJJaTKOBO TEeCTYBaJ/IM KBiTH, B YEPBHI — IJIO/IH, @ Y BepeCHi Ta »KOBTHI — KaM6iH.

IMyHOdepMeHTHUI aHaTi3

Jns  imyHomiarHoctuku BHKIT Ta BKC BukopucToByBasn cepTHdiKOBaHI TecTOBi
Habopu Bupo6HunTBa Loewe Biochemica GmbH (Himeuunna) 3rifjHo 3 pekoMeHAaLissMu
Bupo6Huka. [loctraHoBky ELISA 3pilficHioBasu 3a craHpapTHoioo MeToaukor Clark and
Adams (1977). [lpu TecTyBaHHiI MaTepiasy JUCTA - Bigbupasu 6as3ajbHy YaCTUHY
JIUCTKQ, NPU TeCTYBaHHI KBITiB BUKOPUCTOBYBAJIU MeJIIOCTKUA. MaTepias roMoreHisyBaiu
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B eKcTpakiiiHoMy Oydepi y cmiBBigHomeHHi 1 : 20. KokeH 3pasok TecTyBau
y JIBOKpAaTHOMY MOBTOpIi. [HKy6amito 3/1ilicHI0OBa/IM MPH KiMHATHIN TeMnepaTypi, npoTsirom
60 xBUJIMH MicJisi BHECEHHS cybcTpaTHOro 6ydepa. PesynbraTu peectpyBasiv 3a J0I0MOT00
MikpomiaHueTHoro ¢ortoMerpa ImmunoChem - 2100 Microplate Reader (USA), mpu
AOBXUHI XBUIi 405 HM (A, . . ). [IO3SWTUBHUM BBaXka/IM 3pa3okK, B AKOMY A nepeBUILIYBaB
HeraTMBHUH KOHTpPOJIb B 2,5 pasu.

405 HM

CTaTUCTHYHI 06paxyHKH
CTaTUCTUYHY OO6pOOKY pe3ysbTaTiB 3 BUpaxyBaHHsI CepeJiHIX INOKa3HUKIB A Ta

CTaHJApTHOI MOMUJIKY MPOBOAUIH 3a flonoMoroto nporpamu STATISTICA.

405 HM

Pe3y/ibTaTH Ta 0GrOBOPEHHA

Jlucta € HaWbi/NbII MOLIMpPEHUM MaTepiasioM, IO BUKOPUCTOBYETHCS AJisi TeCTYBaHHSA
Ha HaABHICTb BIpyCiB, OCKiIJIbKM BOHO JOCTYIIHe NPOTArOM TPUBAJOro IMepiofly, a TaKOX
JIETKO MigfaeTbcs roMmorenisauii. B ymoBax [IpaBo6epexxHoi yactTuHu 3axigHoro Jlicocteny
(KuiBcbka 06J1acTh) BereTallisi pOC/JIMH BUIIHI MOYMHAETHCA B APYTid JeKasi KBiTHS, ToMy
JOCJIPKEHHA IOYUHA/IU IPOBOJUTH B JAaHUU NePioA.

[Ipu nopiBHsAHHI piBHIB a6cop61ii BKC y 2019 - 2020 pokax BigmideHo, mo y 2019 poni
MMOKa3HUKHU OYJ/IH 61/1b1I cTabiibHUMHU. HaliBULIUH piBeHb abcopb1iiily 2019 poui ciocTepiranu
B kBiTHI (1,015 #0,03) (PucyHok 1). He3Baxkarouu Ha HiZiBUILEeHHS TeMIlepaTypH B YepBHIi
23 40,07 °C (PricyHOK 2), NOKa3HUKH A, . 3aJIUIIATIUCA B LIbOMY MiCALi JOCUTb BUCOKUMH —
0,527 #0,1, mojasblie 3poCTaHHsS KOHIeHTpalil peectpyBaiu B cepnHi - 0,711 +0,03.
B HacTynHuX MicAUsX MOKasHUKH A, 3HWXKYBAJIKCs, ajle TIePEBUIYBaJU HEraTUBHUM
KOHTPOJIb Oi/ibllle HiXK B 2,5 pa3y, 1110 103BOJISIJI0O HAM BBOXKATH pPe3y/IbTaTH NIO3UTHUBHUMHU.
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0.8
0.6
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0.2
——
0
KBiTeHb TpaBeHb YepBeHb JIuneHb CepneHb Bepecenb  JKoBTeHb

Pucynok 1  CepepHi# mokasHuk piBHsA abcop6uii (A, ., ) BKCy spaskax sucta (2019 - 2020)
Figure 1 The average absorbance level (A ) of PDV in leaf samples during (2019-2020)
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Y 2020 p. piBeHb abcop61ii 6yB aAemo BullMM. Hail6inbmum BiH 6yB B KBiTHI (1,141
+0,01) Ta yepsHi (1,565 +0,2). Bapto BiaMiTUTH, O A, ., AKMH biKCyBasu B 4€pBHI,
O6yB HaWBHUILUM 32 POKU NPOBeJeHHs JOC/ipKeHb. Lle, MOXKJIMBO, NOB'A3aHO 3 MOMipPHOI0
cepeHbOI060BOI0 TEMIIEPATYPOIO MPOTATOM KiJIbKOX THKHIB /10 Bif6opy 3paskis (16,9 +0,2)
Ta aKTUBHUM POCTOM JlepeBa, L0 cupude perutikayil Bipycy. /lasi MoKa3HUKU NOCTYIIOBO
3HMXKYBaJIUCA. B KOBTHI A, . = TlepeBUIllyBaB HErAaTUBHUN KOHTPOJIb Jikiile B 1,6 pasu, 110
He J103BOJISIE BBAKAaTH OTPUMaHUM pe3ysibTaT NO3UTUBHUM.
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PucyHok2 CepenHbofo6oBa TeMnepaTtypa noBitps 3a 30 gHiB g0 Big6opy 3paskis (2019 - 2020)
Figure 2 Average air temperature 30 days before sampling during (2019-2020)

CepenHill mokasHUK abcop6OIlii 32 1BA POKHU Y 3pa3kax KBiTiB ckiazaB 1,332 +£0,04. Januii
MaTepiaJl JaBaB BUCOKi pe3y/IbTaTH Ta JIeTKO MiAJaBaBcs roMoreHisaliii, ajae BiH JOCTYnHUN
JIMIlle KOPOTKUM NPOMIKOK 4Yacy, TOMy HOTO TeCTyBaHHA € oOMexxeHUM. B 4epBHI Ass
JiarHOCTHUKH JI0/IaTKOBO 6paJsiy IJIO/H, Cepe/iHil piBeHb A, . . 3a iBa poKu cTaHoBuB 0,133
0,04 i nepeBHIllyBaB HEraTUBHUW KOHTPOJb B 2,7 pa3u. llell mokasHUK [03BOJISIB HaM
BBaXKaTH 3pPa30K IO3UTUBHUM, aJie TUTP BipyCy 3HaxX04UBCS Ha MeXi Yy TJIMBOCTi TECTOBOTO
Habopy. Y BepecHi, OKpiM JIUCTsl, TECTYBa/IM KaMbia/IbHi TKAHUHY, CEPe/IHIN OKA3HUK Ao
SIKUX 3a AiBa poku ctaHoBUB 0,264 +0,002. [IpoTe Bxe y *OBTHI piBeHb abcop611il 3HU3UBCSA
i nopiBHioBaB suile 0,084 £0,004, 1m0 nepeBUlyBa0o HETATUBHUU KOHTPOJIb B 2,2 pa3u.

OTpumani fani piBHs abcop61ii BHKITy 2019-2020 pp., CUJIbHO pi3HUJIMCS B 3aJIE3KHOCTI Bif
POKY npoBeJieHHs JocaikeHb (Pucynok 3). Ha moyaTky BereTalii mokasHuku A405H 6ymnu
JIOCUTb BUCOKHUMU i MepeBUIIyBaJu HEFATUBHUN KOHTPOJIb B 39 - 46 paziB. B nepuiuii pik
JOC/Ti/I>KeHHSI BUCOKI NMOKa3HUKU QiKCyBasv NPOTAroM BCbOTO BECHSAHO-JITHBOI'O Nepiofy
i3 HeCcyTTEBUM IX 3HMXKEHHSIM OJIMKUYe 0 OCeHi. Y BepecHi Ta »k0BTHi A405H f0piBHIOBAB
0,505 +0,07 Ta 0,267 +0,01 BignmoBigHo. OCiHHI pe3y/bTaTH MepeBHUIyBaJd HeraTUBHUU
3pa3ok Oisblile HiX B 2,5 pa3y, 10 BBaXXaI10Cs MO3UTUBHUM Pe3Y/JIbTATOM.
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Y 2020 p. piBeHb a6cop611ii 6yB HaWBUILKUM B KBiTHI - 2,613 +0,03 Ta TpaBHi - 1,104 +0,08.
B 4epBHIi BifOy/si0csl 3HaYHE 3HWKEHHS TUTPY BipycCy y JIMCTI, ajle JaHUH MaTepias Bce 1ie
6yB NpUAATHUH [IJIS1 CEPOJIOTiIYHOT0 TeCTyBaHHSA Ta YCHIIHOr0 BUABJIEHHS iHpikOoBaHUX Ta
3/l0pOBUX POCJ/IMH.

3 =—A05 .y (2019)
T === HeraTuBHui
2.5 f\ KOHTpoJIb (2019)
A5 (2020)
5 2 e HeTaTUBHU A
2 KOHTpOJIb (2020)
<
1.5
1
0.5
0 — . .

KsiTeHb TpaBeHb YepBeHb JluneHb CepneHn Bepecenb  KoBTeHBb

Pucynok3  CepeaHili nokasHuk piBHs abcopbuii (A, .. ) BHKIl y 3paskax sicts (2019 - 2020)

Figure 3 The average absorbance level (A, ) of PNRV in leaf samples during (2019-2020)

B ocinni micAni nokasHuk A, . . iHOIKOBaHMX 3pa3KiB JIMCTA NepeBUIyBaB HETaTUBHUM
KOHTpOJIb Jinlle B 1,6 pa3u y BepecHi Ta 6yB 0JJHAKOBUM 3 HUM Y »KOBTHI.

BapTo Bifg3HauuTy, wo y 2020 poui Bigbysocs 3arajibHe 3HKeHHS KoHLeHTpanii BHKII
B iHQIKOBaHUX POCJMHAX, 1[0 MO€e CBIAYMTH MPO 33/AiTHHS MeXaHi3MiB 3aXUCTy POCJIHH Bi/
BipyciB Ta nepexiz xBopo6u y xpoHiuyHy popmy (Verderevskaya and Marinesku, 1985; Honjo
etal, 2019).

JlolaTKOBO TeCcTyBaJM KBiTH, IJIOAM Ta KaMmbia/bHi TKaHWUHU. [lOKa3HUKHU Ays o K
dikcyBany 3 MaTepiasy KBIiTiB 6yJIM JJOCHTb BUCOKHMMH, i 3a JiBa POKU CTaHOBUJIHU 2,239
+0,1. Ha BizgMiHy BiJ nmomepejHbOro MaTepiajy, IJIOAW BUABUJINUCA He NPUJATHUMU AJIA
BUSABJIEHHs IHpiKOBaHUX POCIHH. Cepe/iHIf MOKasHUK A, .V IJI0/|aX 3a /Ba POKHU CTAaHOBUB
0,067 £0,009, mo He nmepeBHUIyBaJI0 HETATUBHUN KOHTPOJIb B 2,5 pa3u. ¥ MaTepiasi kaMbiro
piBeHb abcop611ii y BepecHi ckaagas 0,214 +0,01, a y »koBTHi - 0,088 +£0,001. TakuM YHMHOM,
He peKOMeH0BaHo npoBoAuTH AlarHoctuky BHKII y 3paskax BUIIHI BOCEHHU.

B nocuipkeHHAX 3MiHM BipyCHOr0 TUTpPY Bipycy Mo3aiku sa6/1yHi (BMfA), siki 6ynu npoBeseHi
Ha iH}iKOBaHUX POCIUHAX 161y Hi, 6y OTPUMaHi aHa/IOTi4Hi pe3y/IbTaTH 3 HAIIMMU. ABTOPH
NOSICHIOIOTD, 1[0 OTPHMaHi HaBecHi BUCOKiI TUTpU BMS mow’s3aHi 3 TuUM, 10 perikalis
JlaHOT'0 Bipycy Kpallle Bi/j6yBa€EThCS B MPOXOJIOJHY Opy poKy (Svoboda and Polak, 2010).
[HIII HayKOBLi BKa3ywoTh, [0 COPUATINBUM 4YacoM JJIl pelliKalil BipycCiB € nmepiof, KOJu
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TeMIlepaTypa NoBiTpsi 3HaXoAUThCA B Mexax 15 - 30 °C Ta B mepioJ; akTUBHOT'O POCTY
pocaunu (Uyemoto et al., 1989; Scott et al.,, 1992; Honjo et al., 2019).

Hami gocaipkeHHs LiJIKOM MiATBEPAXKYIOTb JaHi TBEPXKEHHS, aJke HaWBUII MOKAa3HUKU
Ayos vy MU GIKCyBaiM HaBeCHI, X04a, AJIAd HALIOTO KJiMaTy, JITHIA Nepiof BUABUBCSA
TaKOX LIJIKOM CIPUATIMBUM JJS TeCTyBaHHs. JJOCTOBIpHICTb TecTyBaHHS 060X BipyciB
3HIKYBaJslacsl y BepecHi Ta »KOBTHi, 1[0 MOXe OyTHU IMOB’SI3aHO 3 3yNUHKOK POCTOBHUX
npouecis. [l1oan He € ONTUMaJIBHUM BapiaHTOM Yy fIKOCTI TeCTOBAHOI'0 MaTepiajly BULIHI
Ha BKC ta BHKIIL. /lo TakuMx BUCHOBKIB AiHLIJIMA BYeHi, IKi yCHiLIHO TeCTyBaJu MaTepiaau
OpYHBOK, JINCTS, KBITiB, KaM6il0 Ta IJI0/|iB MUT/laJ/I10, IepCUKa i CJIMBY, IPOTe NIPU TECTyBaHHI
MJIO/IiB OCTAHHbOI KYJIbTYypHU HE OTPUMAJIM MO3UTHUBHOTrO pe3ysabTaTy (Salem et al, 2003).
Takox € MOBiIOMJIEHHSI MPO Te, IO BeJUYWHA MOKA3HUKA A, . MOXe 3MiHIOBATHUCSA
B 3aJIEXKHOCTI Bi/j COPTOBHX 0CO6JUBOCTEN pocauHU (Zotto et al, 1999).

JaHi gociipkeHHs [03BOJIMJIM BU3HAYMTH ONTHUMaJIbHI CTPOKMU BifGOpY 3paskKiB BHILHI
AJs1 poBeJieHHs cepoJioriyHoi giarHocTuku BHKIT Ta BKC B ymoBax 3axigHoro Jlicocteny
Ykpainu. Hal6isibln 10CcTOBipHi pe3y/sibTaTH OTPUMYBaJIU B KBiTHI - TpaBHi, BHKOPHUCTOBYOYH
IpU LbOMY MOJIOZE JUCTA abo KBiTH. [lnogu € MeHI HaAiMHUM JpKepesoM TKaHWUHU AJf
TeCTYBaHHs B MOPiBHSAHHI 3 JIUCTAM. B ociHHI Micsli MOXXHa OTpUMaTH XMOGHOHEraTUBHUHN
pe3y/bTaT, 0TKe [iarHOCTHUKY POC/IMH BUILIHI Kpallle He IPOBOAUTH B JAHUH Nlepiof,.
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Ipomoea batatas (L.) Lam. (sweet potato) is a popular food crop that is planted vegetatively and native
to the American tropics. It is one of the most economically important crops alongside other that widely
used in the world. This study was aimed to investigate the biochemical composition of plant raw
material of I. batatas in conditions of M.M. Gryshko National Botanical Garden of the NAS of Ukraine.
It was investigated the leaves, stems, and tubers at the end of vegetation. The content of dry matter,
lipids, the total content of reducing sugars, tannins, titrable acidity, ascorbic acid, {3-carotene, total ash
content, calcium, phosphorus, and the energetic value were detected. At the end of vegetation content
of dry matter was from 13.00 to 25.45%, the total content of sugars from 12.32 to 34.43%, the titratable
acidity from 1.82 to 5.48%, the tannin content from 0.82 to 6.96%, ascorbic acid content from 34.1 to
53.34 mg%, the content of f3-carotene from 0.238 to 0.641 mg%, lipids content from 1.89 to 6.93%,
total ash content from 2.1 to 11.99%, calcium content from 0.53 to 1.86%, phosphorus content from
0.51 to 1.81%. The energetic value was in the range 3,242-3,623 Cal/g. Very strong positive correlation
found between total tannin content and ash (r = 0.952), f3-carotene content and phosphorus (r=0.919),
total tannin content and titrable acidity (r = 0.845), 3-carotene content and lipids (r = 0.837). Plant
parts of I. batatas contain functional and nutrient components that make it useful for the food industry.
Obtained data can be used for the deep further biochemical, pharmacological study, and selective work.

Keywords: Ipomoea batatas, biochemical composition, correlation.

Introduction

Ipomoea batatas L. (Lam.) (sweet potato) belongs to the Convolvulaceae family is widely
grown in tropical, subtropical, and warm temperate regions. It is widespread forage (Ruiz
et al.,, 1980; Nguyen et al., 2004), food (Ababukar et al., 2010), medicinal, ritual, agricultural
(Meira et al., 2012) crop in the world.

This plant has different pharmacological activities such as antioxidant, antiviral, anti-
inflammatory, hepatoprotective, gastroprotective, and immunomodulatory effects (Panda and
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Sonkamble, 2012). The antidiabetic potential I. batatas caused its bioactive compounds and
isolated antidiabetic agents have a unique mechanism of action (Kusano et al., 2001; Akhtar
etal., 2018). The most common biologically active compounds from Ipomoea spp. are ergoline
alkaloids, indolizidine alkaloids, nortropane alkaloids, phenolic compounds, coumarins,
norisoprenoids, diterpene, isocoumarin, glycolipids, lignan, triterpenes, etc. (Meira et al,,
2012).

The study of the biochemical composition of leaves indicated the presence of amino acids
(Ravindran et al., 1995), anthocyanin, polyphenols, vitamins, protein (Islam et al., 2002).
The study of mineral composition of I. batatas tubers demonstrated the presence of iron
(0.53-0.73 mg per 100 g), zinc (0.23-0.27 mg per 100 g), calcium (23.04-29.97 mg per
100 g), magnesium (21.30-25.40 mg per 100 g), phosphorus (42.0-46.33 mg per 100 g),
potassium (308.67-328.67 mg per 100 g), and sodium (29.0-34.0 mg per 100 g) (Sanoussi
etal, 2016a).

According to Ababukar et al. (2010), the protein content in sweet potato leaf decoction was
12.41%. This plant is a good source of dietary antioxidants (Alam et al., 2016). Leaf, stem,
and root extracts of I. procumbens demonstrated the antioxidant and antimicrobial activity
(Batiga et al., 2019). The essential oil from leaves of I. batatas contains monoterpenes,
sesquiterpenes, diterpenes, abietadiene, -caryophyllene, abieta-8, 11, 13-triene, trans-
(Z)-a-bergamotol, cis-sabinen, etc. (Ogunmoye et al., 2015). Sweet potato can be used for
bioethanol production (Swain et al,, 2013). The influence of nitrogen fertilizer on biochemical
parameters of I batatas studied and it was indicated increasing of -carotene and crude
protein at 40-80 kg N/ha (Ukom et al., 2009).

This study aimed to determine the peculiarities of biochemical compound accumulation
in raw of two varieties of Ipomoea batatas (L.) Lam., which were grown in M. M. Gryshko
National Botanical Garden of the NAS of Ukraine.

Biological material

This study investigated two varieties of I[pomoea batatas (L.) Lam. (f. 1 and f. 3). Plants
collected from the experimental collection of the Department of Cultural Flora in M.M.
Gryshko National Botanical Garden of the NAS of Ukraine (NBG) at the end of vegetation (at
the beginning of October) during 2018-2019. Biochemical analyses were conducted in the
laboratory of Department Cultural Flora of NBG. All investigated plants are annual.

Biochemical analyses

Dry matter determination

Plant samples were dried in a drying oven at 105 °C till constant weight in aluminum boxes.
Results are given in percentages (Yermakov et al., 1972).
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The total content of sugars determination

The total content of sugars was investigated by Bertrand’‘s method in water extracts. 4 g of
fresh mass mixed and homogenized with distilled water (approximately 50 ml) in the 100
ml test-tubes and heated in the water bath at 70 °C during 15-20 min. After cooling in the
obtained mixtures added 1 ml of the phosphate-oxalate mixture. After this was added 1.5 ml
of lead acetate. The obtained mixture brings to the mark (100 ml) with water. After filtration
from the obtained solution took 50 ml and mixed with 8 ml of 20% HCI (at the 70 °C in a water
bath for 5 min) and after cooling was neutralized by 12% NaOH and brought to the mark
by distilled water (100 ml). 3 ml of obtained solution mixed with 6 ml of Fehling’s solution
reagent (6 min boiling in the water bath). Obtained mixture analyzed for the total content of
sugars. Results are given by percentages (Hrytsajenko et al., 2003).

The total content of ascorbic acid

Determination of ascorbic acid content conducted by method offered by K. Murri. 2 g of fresh
mass mixed with 50 ml of 2% oxalic acid. Obtained mixture put into the dark for 20 min.
Content of ascorbic acid of obtained extracts determined by a 2.6-dichlorophenol-indophenol
method that is based on the reduction properties of ascorbic acid. Obtained results were
expressed in the mg% DW (Hrytsajenko et al., 2003).

The total content of 3-carotene

The concentration of total carotene determined according to Pleshkov (1985) using extraction
with rubber solvent (petrol). 1 g of absolutely dried raw mixed with 20 ml of Kalosha petrol for
2 hours. After this obtained filtrate measured spectrophotometrically at the wavelength 440
nm at the Unico spectrophotometer. Obtained results expressed in mg% DW. This parameter
is determined in the leaves and stems.

The total content of tannins

The content of tannins was determined with indigo carmine as an indicator (Yermakov et al.,
1972). 5 g of fresh mass mixed with distilled water (approximately 50 ml) in 100 ml taste-
tubes. Obtained mixture heated in the water bath at 70 °C for 2 hours. After cooling, adding
water to the 100 ml, and following filtration 10 ml of filtrate used for the determination of the
total content of tannins. This procedure used 700 ml distilled water and 25 ml of 1% solvent
of indigo carmine. Obtained results expressed in %.

The total content of organic acids

The total content of organic acids is determined with phenolphthalein and results calculated
with a malic acid coefficient (Krishchenko, 1983). 10 ml of filtrate (the same procedure
described for the determination of total content of tannins) titrated with 1 N solvent of NaOH
in presence of phenolphthalein. Obtained results expressed in percentages.

The total 3-content of lipids

The total content of lipids is determined using the Soxhlet extractor. Dried raw was extracted
with petroleum ether (boiling temperature 40-60 °C) according to Yermakov et al. (1972).
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The total content of ash, calcium, and phosphorus

The total content of ash is determined by combustion in the muffle-oven at 200-500 °C for
3 days considering the mass before and after combustion (Hrytsajenko et al,, 2003). After the
combustion procedure ash was used to determining calcium and phosphorus content. Total
calcium content was detected by Trilon-B titration (Hrytsajenko et al, 2003). Phosphorus
content determined dissolving ash in the nitric acid (1 : 5), after the routing procedure with
adding molybdenum reactive, mixtures were titrated with sodium hydroxide (Pochinok, 1976).

Energetic value

The procedure of caloricity measurement conducted using calorimeter IKA C-200 (Germany).
0.1-0.2 g of dried plant raw material was combusted in an oxygen bomb for approximately
15 minutes.

Statistical analysis

The mean values of three replicates and the standard deviation are given. Data submitted with
ANOVA and differences between means compared using the Tukey-Kramer test (a = 0.05).
Correlation analysis performed using Pearson’s criterion.

Results and discussion

The biochemical composition study of crops is a very important part of investigations to
evaluate nutrition value. Among other parameters, should be highlighted dry matter content
(Shipley and Vu, 2002) and the total content of sugars that also play a significant role in plant
tolerance to stress factors (Sami et al.,, 2016). The content of dry matter was from 13.00 to
25.45% depending on the plant part (Figure 1).

40
35
30
25
% 20
15
10

(9]

M Dry matter & Sugar

Figure 1 The total content of sugars and dry matter of the plant raw material of Ipomoea batatas (L.)
Lam. at the end of vegetation (means in columns followed by different letters are different at
p <0.05. Each value represents the mean of three independent experiments (+SD))
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The most value of dry matter found in the tubers of L. batatas. Also, tubers accumulated the
most sugars comparing with other plant parts, while leaves had the least content of it. At all,
the total content of sugars was 12.32-34.43%.

Astudy of the chemical composition of sweet potato dishes showed that the content of moisture
in leaf soup varied from 35.15 to 70.54% and carbohydrate content was 25.74-70.00%
(Ababukar et al.,, 2010). According to Dinu et al. (2018), the dry matter content of sweet
potato blades and petioles were 16.0-18.5 and 12.3-16.0%, respectively. Also, it was reported
that reducing sugars content was 23.80-51.91%, depending on the cultivar and plant part. As
reported Hossain et al. (2019), the dry matter content of three I. batatas varieties detected
from 30.3 to 34.5%, sugars from 10.61 to 11.82%. Nascimento et al. (2015) reported that total
carbohydrates content in tubers was 41.08-73.43%. According to Ravindran et al. (1995), dry
matter content of I. batatas cultivars was in a range of 30.6-37.2%.

The ascorbic acid content one of the important parameters to evaluate the nutritive quality
of plant raw material. Ascorbic acid as a biochemical compound acts as an enzyme cofactor,
as a radical scavenger, and as a donor/acceptor on electron transport either at the plasma
membrane or in the chloroplasts (Davey et al., 2000). The raw of f. 1 ascorbic acid accumulated
in the range 34.1-53.34 mg% and f. 3 in a range of 18.86-64.03 mg% (Figure 2). Carotenoids
are natural pigments, including f3-carotene, lycopene, lutein, etc. Among the carotenoids, the
3-carotene one of the most widespread groups of secondary metabolites with high bioactivity
(Bogacz-Radomska and Harasym, 2018). The content of f3-carotene in our study was 0.238-
0.641 mg% for both varieties.
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70 0.7
60 ' 0.6
50 0.5
40 0.4
30 0.3
20 0.2
10 0.1
0 0
tubers leaves stems tubers leaves stems
f.1 f3
== Ascorbic acid =@==[3-carotene
Figure 2 The content of ascorbic acid and 3-carotene in the plant raw material of I[pomoea batatas (L.)

Lam. at the end of vegetation, mg% (means in columns followed by different letters are different
at p <0.05. Each value represents the mean of three independent experiments (+SD))

Alam et al. (2016) reported the total content of carotenoids in different I. batatas varieties
from Bangladesh was from 0.38 to 7.24 mg%. According to Dinu et al. (2018), carotene content
in the blade and petiole extracts was 23.80-25.05 and 16.39-16.60 mg%, respectively. Sweet
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potato leaves accumulated ascorbic acid content of 3.56-5.96 mg% that is approximately 10
times less than our study. As reported Nascimento et al. (2015), the total carotenoid content
in tubers was 3182.0 pg per 100 g. Sri Lankan cultivars had an average sugars content of 6 g
per 100 g DW (Ravindran et al.,, 1995).

The most content of tannins in the raw of investigated I batatas identified in the leaves and
the least in the tubers % (Figure 3). At all, tannins accumulated in a quantity of 0.82-6.96%.
Titrable acidity is determined from 1.82 to 5.48%, depending on the plant part and variety. Li
et al. (2017) found that tannin content for different cultivars of sweet potato was 2.28-4.46
mg per 100 g.

The total lipid content in different parts of I batatas plants was in the range of 1.89-6.93%
(Figure 3).
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f.1 f.3
M Tannins ® Titrable acidity Lipids
Figure 3 The content of tannins, titrable acidity, and lipids in the plant raw material of I[pomoea batatas

(L.) Lam. at the end of vegetation (means in columns followed by different letters are different
at p <0.05. Each value represents the mean of three independent experiments (+SD))

The highest contentofitisidentified in the leaves of f. 3 plants. Lipids are important biochemical
compounds that play numerous biological functions and accumulated in the seeds (Vergun et
al,, 2017), leaves, stems, rhizomes (Andrushchenko et al., 2018), tubers (Ramadan and Oraby,
2016), etc.

The fat content in tubers of 16 cultivars of Sri Lankan sweet potato was in a range of 1.07-2.14
g per 100 g DW (Ravindran et al., 1995). The fat content of I. batatas dishes ranged from 0.30
to 3.88% and tannin content from 0.22-0.86 mg per 100 g (Ababukar et al,, 2010). According
to Nascimento et al. (2015), fat content in the sweet batatas tubers was 0.19-4.50% and
proteins 0.58-2.53%.

The most content of ash among investigated varieties of I batatas found in the leaves and
the least in the tubers (Figure 4). At all, the total content of ash was from 2.1 to 11.99%. The
concentration of calcium was from 0.53 to 1.86% and phosphorus from 0.51 to 1.81%. As
reported Ravindran et al. (1995), the calcium content in tubers of these plants was 89-239 mg
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per 100 g DW and phosphorus 148-226 mg per 100 g DW. According to Ababukar et al., 2010,
the ash content of sweet potato dishes varied from 1.13 to 8.83%, and the concentration of
calcium was determined from 19.19 to 27.99 mg per 100g. Ash content in tubers, as reported
Nascimento et al. (2015), was 0.85-1.29% depending on cultivar.

The energetic value was identified in the leaves and stems and was from 3242 to 3623 Cal/g.
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Figure 4 The content of ash, calcium, phosphorus, and energetic value in the plant raw material of

Ipomoea batatas (L.) Lam. at the end of vegetation (means in columns followed by different
letters are different at p <0.05. Each value represents the mean of three independent
experiments (+SD))

Very strong positive correlation found between carotene content with lipids (r = 0.837), and
with phosphorus (r = 0.919). Total tannin content correlated with titrable acidity (r = 0.845)
and with ash content (r = 0.952). Strong correlation found between dry matter and sugars
content (r = 0.637), titrable acidity and ash (r = 0.750), lipids and phosphorus (r = 0.740).
Ascorbic acid content correlated strongly with carotene content (r = 0.600), total tannin
content (r=0.614), and ash content (r = 0.620), etc. Also, strong relations determined between
ash content and its components.

According to Sanoussi et al. (2016b), dry matter content of I batatas positively correlated
with carbohydrate content and energy value. Total sugar content is also positively correlated
with energy value. Li et al. (2017) found negative correlation between tannin content and
3-carotene (r = -0.214) content while in our study correlation was determined as strong
(r = 0.676). Analise of data concerning biochemical composition of I. batatas petiole and
leaf showed a very strong positive correlation between total phenolic compounds and
reducing sugars, and their extracts exhibited the antioxidant activity that correlated with
phenolic compounds (Dinu et al., 2018). Biochemical composition of I. batatas depending on
geographical location, climate, weather, heat treatment, and terrestrial factors as seen from
the previous report (Shariff et al., 2017).
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Thus, in M.M. Gryshko National Botanical Garden two varieties of I. batatas investigated for
selected biochemical parameters and it was indicated that plant raw material accumulated
a high content of nutrients. The highest content of dry matter and sugars found in tubers,
ascorbic acid, f3-carotene, tannin content, lipids, ash in leaves and stems depending on the
variety. Between some investigated parameters detected a very strong positive correlation
such as carotene content and lipids, carotene and phosphorus, total tannin content with
titrable acidity, and ash content. Strong correlation found between dry matter and sugars
content, titrable acidity, and ash, lipids, and phosphorus. Obtained data can be used for the
deep further biochemical, pharmacological study, and selective work.

The publication was prepared with the active participation of researchers in the international
network AgroBioNet.
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0ld and landraces 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 landraces varieties and fruit-bearing seedlings 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
73 old and landraces varieties of apple trees concentrated and preserved ex-situ in a clone repository
in the village Bactuch and 77 fruit-bearing seedlings, which originated from free pollination and grown
in-situ form around Nitra, Levice, Nové Zamky, Sala, Galanta, Hlohovec, Piestany, Prievidza, Partizanske,
Zlaté Moravce. By morphological analysis we determined for old and landraces varieties/fruit-bearing
seedlings the range for the length of leaf blade 37.41-97.50 mm/57.54-107.93 mm, width of the leaf
blade 27.00-66.44 mm/30.08-62.18 mm, the diameter of flowers 35.43-54.85 mm/32.55-62.08 mm,
length of petals 15.48-24.41 mm/14.63-28.06 mm. The results document that in both collections of
old and landraces varieties and fruit-bearing seedlings, we detected genotypes suitable for organic
cultivation, such as germplasm for apple breeding for agroecological usage.

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

Uvod

Na Slovensku ma pestovanie ovocnych drevin dlhoro¢nu tradiciu. Dominantné postavenie
v ovocinarstve maju jablone. Rod Malus z ¢elade Rosaceae a podcelade Pomoideae ako priklad
ovocnych stromov jablone domdacej (Malus domestica Borkh.) je jednym z najddlezitejsich,
najviac rozsirenych a najlepsie prispdsobenych ovocnych druhov mierneho pasma z hladiska
produkcie a zaujima Ustredné miesto vo folklére, kultire a umeni (Juniper and Mabberley,
2006). Pestuje sa v oblastiach s vysokou zemepisnou Sirkou, kde moézu teploty dosahovat
-40 °C az do vysokych nadmorskych vysSok v trépoch, kde je mozné pestovat dve plodiny
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vjednom roku (Janick, 1974), avSak najlepsie klimatické podmienky su pre tento ovocny druh
medzi 35 - 50°. Jabloii ma rozsah vyskytu severnejsi nez iné ovocné druhy z dévodu relativne
neskorého kvitnutia a vy$Sej mrazuvzdornosti (Hancock etal., 2008). V sicasnosti pestovatelia
najma z ekonomického hladiska vyuZivaju vykonné odrody s novymi pestovatelskymi tvarmi,
s Uzkymi intenzivnymi sponmi, pestovanim na slabo rastuicich podpnikoch atd’ (Forsline et al,,
2003; Shakhnovych and Melnychuk, 2015). Popri intenzifikacii ovocinarstva sa aktivne rozvija
aj ekologické ovocinarstvo, v ktorom sa vyzaduje pestovat odrody vysoko tolerantné proti
biotickym a abiotickym faktorom pestovatelského prostredia (Cornille et al., 2013; Margitay,
2016). Do pozornosti sa dostavaju staré a krajové odrody kultdrnych druhov rastlin, ktoré
vznikli ako sucast dlhodobého procesu domestikacie rastlin clovekom. Boli vyselektované
z prirodnych populécii a pestované pre vyuzitie vo vyZzive alebo pre iné ucely. S ohladom na
ich dlhodobé pestovanie v réznych oblastiach sa adaptovali na urcité Specifické pestovatel'ské
podmienky, ¢im nadobudli vysoky stupen tolerancie proti nepriaznivym faktorom prostredia.
Predstavuju vyrobné prostriedky pre rozvoj agroekosystémov a polnohospodarstva
v Specifickych podmienkach, zdroje pre estetizaciu Zivotného prostredia, krajinotvorbu
a rozvoj kultirnych tradicii (Brindza, 2001; Téth et al., 2004; Ganopoulos et al., 2017).
Zakladanie klonovych repozitérii s cielom zachrany ohrozeného genofondu rastlin ma u nas
uplatnenie pri mnohych ovocnych druhoch akymi sd hruska, ¢eresna, slivka, gastan atd.
(Bolvansky a UZik, 2012; Paprstein et al., 2013; Benedikova et al,, 2016).

Okrem krajovych odréd mozno za vyznamné genotypy pre ekologické ovocinarstvo vyuzit
aj volne rastice semendace jabloni. Je vSeobecne zndme, Ze mnohé krajové odrody ako aj
pestované odrody boli vyselektované zo semendcov (Bocek, 2008). Semenace jablone
domaécej - rastliny dopestovane zo semien sa vyuzivali a vyuzivaju ako vychodiskovy material
pre Slachtenie alebo ako genetické zdroje pre podpniky (Sedov et al., 2013; Solomatin et
al, 2017). Ontogeneticky vyvoj semendacov jabloni a ich vyznam pre Slachtenie jabloni
experimentalne rozpracoval I.V. Micurin (Sedov et al., 1966; Bocek, 2008).

Uvedené problematika sa stala hlavnym objektom experimentdlneho Stidia genetickych
zdrojov jablone domdacej pre ekologické polnohospodarstvo v kolekcii krajovych a starych
odrod ako aj volne rastticich semenacov rozsirenych v podmienkach Slovenska.

Biologicky material
Pre experimentalne ucely sa pouzili dva sibory biologického materidlu ako genetickych
zdrojov:

a) staré a krajové odrody sustredené z réznych oblasti Slovenska a uchovavané
v klonovom repozitdériu formou ex situ v obci Bactch - 73 vybranych genotypov.
V experimentoch sme ich oznacovali skratkou R;

b) volne rastiice hybridy - semenéce z roznych lokalit (Nitra, Levice, Nové Zamky, Sala,
Galanta, Hlohovec, Piestany, Prievidza, Partizanske, Zlaté Moravce) udrziavané
formou in situ - 77 vybranych genotypov. V experimentoch sme ich oznacovali
skratkou V.
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Kvety so stopkami boli odoberané zo stromov a krov v mdji, listy so stopkou z letorastov,
typické, neposkodené v auguste 2010 a prenesené do morfometrického laboratéria na
InStitute ochrany biodiverzity a biologickej bezpecnosti v Nitre na analyzy. Fotodokumentacia
pochadza z exteriéru (habitus) aj interiéru (puciky, kvety, listy); obrazové zaznamy o genotype
boli vyhotovené digitdlnymi fotoaparatmi Fuji FinePix S 7000, Panasonic DMC FZ50.

Morfometricka analyza

Hodnotili sa nasledujice znaky:
» Sirka listovej cepele (mm), n = 30, z kazdého genotypu boli hodnotené znaky na
30 listoch;
» dizka listovej ¢epele (mm), n = 30;
» index tvaru listovej cepele (mm), n = 30;
» priemer kvetu (mm), n = 10, z kaZdého genotypu boli hodnotené znaky na 30 kvetoch;
» Sirka korunného lupienka (mm), n=30;
» dizka korunného lupienka (mm), n = 30;
Kvety a listy boli merané posuvnym meradlom s presnostou na 0,01 mm.

Statisticka analyza

Z&kladné Statistické analyzy boli vykonané s pouZitim PAST 2.17; Variabilitu testovanych
suborov v jednotlivych znakoch sme hodnotili pomocou deskriptivnej Statistiky. Stupeii
variability sme urcovali podla hodnét varia¢nych koeficientov. Dany ukazovatel je nezavisly
na meranej jednotke hodnoteného znaku. Teoreticky méZzu nadobudat lubovolné hodnoty
(Stehlikova, 1998). Na vzajomné zistenie rozdielov medzi hodnotenymi znakmi sme pouzili
analyzu rozptylu ANOVA v programe STATISTICA 1.10.

Hodnotenie a identifikdcia genotypov na zaklade morfologickych znakov je ddlezita z hladiska
detekcie a selekcie jedincov, ktoré st vhodnym genetickym materidlom pre hybridizaciu
a Slachtenie novych odrod, ¢o prispieva k celkovému zachovaniu biologickej diverzity (Monka
etal, 2014; Grygorieva et al,, 2017, 2018; IvaniSova et al., 2017; Vinogradova et al., 2017).

Morfometricka analyza listovej cepele

Priemernu $irku listovej Cepele sme urcili v kolekcii krajovych a starych odrdd v rozsahu
27,00 mm (R41/4) - 66,44 mm (R28/6) a v kolekcii volne rasticich semenacov v rozsahu
30,08 mm (V44) - 62,18 mm (V30), o dokumentuju udaje prezentované v Tabul'ke 1. Zo
vzajomného porovnania genotypov dosahujucich nizke a vysoké hodnoty znaku a varia¢nych
rozpati hodnoteného znaku vyplyva, Ze v oboch kolekciach boli uréené genotypy s roznou
Sirkou listovej cepele. Medzi kolekciami sme nezistili vyznamné rozdiely. Hodnoty varia¢nych
koeficientov potvrdzuju nizky az vysoky stupen variability daného znaku.

Mollerova (2008) a Walia et al. (2012) uvadzajd hodnoty daného znaku v rozsahu 3,5 - 6,5 cm,
zatial ¢co Chuanromanee et al. (2019) prezentuju niZSie priemerné hodnoty Sirky listov
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2,7 - 3,0 cm. Z porovnania udajov naSich experimentov s autormi Moéllerova, (2008) a Walia
etal. (2012) sme urcili vyznamnu zhodu.

Tabul'’ka 1: Variabilita listovej cepele genotypov starych a krajovych odrdod a rodiacich semenacov
jablone domécej (Malus domestica Borkh)

Table 1: Variability of leaf blade of genotypes of old and landraces varieties and fruit-bearing seedlings
of apple tree (Malus domestica Borkh)

Sirka listovej ¢epele (mm)

genotypy volne rastice genotypy rastice v repozitériu Bacich

n min max X \" TH n min max X A" TH

Genotypy s nizkymi hodnotami znaku
V44 30 26,15 32,58 30,08 597 j R41/4 30 21,34 31,8 27,00 927 jk
V17 30 28,21 4296 33,58 12,07 i R3/2 30 23,62 36,66 2730 11,14 jk

Genotypy s vysokymi hodnotami znaku
V30 30 40,21 6878 62,18 10,77 a R28/6 30 5814 7926 6644 846 a
V35 30 5232 6943 6183 1033 a R35/3 30 6043 7122 6534 532 a

DiZka listovej éepele (mm)

genotypy volne rastice genotypy rastiice v repozitoriu Bacich

n min max X \" TH n min max X \" TH

Genotypy s nizkymi hodnotami znaku
V44 30 46,76 66,11 5754 11,21 k R33/5 30 33,13 43,20 3741 724 Kkl
\'& 30 51,12 6840 5837 871 k R3/2 30 31,82 49,12 3929 12,60 k
Genotypy s vysokymi hodnotami znaku
V28 30 95,07 120,59 107,93 6,61 a R15/5 30 84,54 108,25 97,50 6,59 a
V76 30 77,27 128,41 104,19 13,30 a Rb5/4 30 8694 1124 96,89 7,03 a

Index tvaru listovej cepele

genotypy volne rastiice genotypy rastice v repozitoriu Bactich

n min max X \" TH n min max X \" TH

Genotypy s nizkymi hodnotami znaku

V9 30 1,20 1,56 1,24 6,97 R33/5 30 1,01 1,19 1,09 4,77

V59 30 1,00 1,57 1,33 11,30 R7/6 30 1,11 1,29 1,18 392
Genotypy s vysokymi hodnotami znaku

V76 30 1,73 3,06 219 14,90 R18/9 30 1,73 264 2,17 11,48

V22 30 1,83 285 218 13,20 R5/4 30 175 236 193 888

PoznédmkKky: n - poc¢et merani; min, max - minimalna a maximalna namerana hodnota; X - aritmeticky priemer; V - variacny
koeficient (%); TH - test homogenity podla LSD pri preukaznosti P

Pri hodnoteni priemernej dizky listovej ¢epele sme uréili v kolekcii krajovych a starych
odrod rozsah daného znaku 37,41 mm (R33/5) - 97,50 mm (R15/5) a v kolekcii volne
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rastucich semenacov rozsah 57,54 mm (V44) - 107,93 mm (V28), o dokumentujui udaje
prezentované v tabul'ke 2. Zo vzadjomného porovnania genotypov dosahujtcich nizke a vysoké
hodnoty znaku a varia¢nych rozpati hodnoteného znaku vyplyva, Ze v oboch kolekciach boli
uréené genotypy s roznou dizkou listovej ¢epele. Medzi kolekciami sme nezistili vyznamné
rozdiely. Hodnoty varia¢nych koeficientov potvrdzuji nizky az stredny stupen variability
daného znaku. Mollerova (2008) a Walia et al. (2012) uvadzaju hodnoty daného znaku
v rozsahu 6 - 12 cm, zatial ¢o Chuanromanee et al. (2019) prezentuju nizsie priemerné
hodnoty dizky listov 4,5 - 5,3 cm. Z porovnania nami ziskanych vysledkov s literarnymi
poznatkami vyplyva urcita zhoda.

Tabulka 2 Analyza rozptylu hodnotenych znakov listov genotypov starych a krajovych odrdd
arodiacich semenacov jablone domacej (Malus domestica Borkh)

Table 2 Analysis of variance of evaluated leaf traits of genotypes of old and landraces varieties and
fruit-bearing seedlings of apple tree (Malus domestica Borkh)
Faktory f S MS F P LSD

Volne rastiice semenace (in situ)

Sirka listovej ¢epele (mm)

Medzi sibormi 9 2 238,625 248,736 8,677 0,000 0,05 5,255
V ramci stiborov 190 5 446,454 28,665 0,01 6,081
Celkom 199 7 685,078

Dizka listovej ¢epele (mm)

Medzi stibormi 9 19 049,380 2116,597 33,746 0,000 0,05 7,774
V ramci siborov 190 11 916,972 62,720 0,01 8,996
Celkom 199 30 966,347

Krajové a staré odrody v klonovom repozitériu Bactch (ex situ)

Sirka listovej ¢epele (mm)

Medzi sibormi 9 6 366,700 707,411 69,948 0,000 0,05 4,575
V ramci stiborov 90 910,203 10,113 0,01 3,210
Celkom 99 7 276,906

Dizka listovej ¢epele (mm)
Medzi sibormi 9 23792970 2643,663 113,657 0,000 0,05 6,939
V ramci siborov 90 2 093,394 23,259 0,01 8,174
Celkom 99 25 886,363

Vysvetlivky: f - poCet stupnov volnosti; S - sti¢et Stvorcov; MS - priemerny Stvorec; F - hodnota testu Fischera; P - Statisticka
preukaznost hodnoty Fischera; LSD - najmensie preukazné rozdiely pre rozne stupne pravdepodobnosti

Pomer stran dizky k $irke je hlavnym ukazovatelom zmien v tvare listu. Rozdielne pomery
stran vedt k neiimernému zvic$eniu alebo zmenseniu dizky v pomere k $irke, ¢o ma za
nasledok alometrické odchylky v listoch (Gurevitch, 1992; Chitwood a kol., 2013). Aj ked’
st uzito¢né linedrne merania ako diZka a $irka listu, nedokazu zachytit’ cely rozsah tvarovej
rozmanitosti listov. Na zachytenie genetickej dedi¢nosti komplexnej morfometrie fenotypu
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listov (Migicovsky et al., 2019), pri ktorej nepostacuju iba linedrne merania sa pouZiva
technika persistent homology (PH) a eliptické Fourierove deskriptory (EFD).

Index tvaru listovej Cepele sme urcili v kolekcii krajovych a starych odrod v rozsahu 1,09
(R33/5) - 2,17 (R18/9) a v kolekcii volne rasttcich semenacov v rozsahu 1,24 (V9) - 2,19
(V76), co dokumentuju idaje prezentované v Tabul'ke 3. Zo vzajomného porovnania genotypov
dosahujucich nizke a vysoké hodnoty znaku a variacnych rozpati hodnoteného znaku
vyplyva, Ze v oboch kolekciach boli urcené genotypy s roznou hodnotou indexu tvaru listovej
Cepele. Medzi kolekciami sme nezistili vyznamné rozdiely. Hodnoty variacnych koeficientov
potvrdzuju nizky az stredny stupen variability daného znaku. Michalek et al. (2003) uvadza
hodnoty tvarového indexu (pomer diZky k $irke listovej ¢epele) v rozmedzi 1,20 a% 2,0 pri¢om
najcastejsie su listy ovalneho az vajcovitého tvaru. V porovnani s vysledkami Michaleka et al.
(2003) sme zaznamenali hodnoty znaku so $ir$im varia¢nym rozpatim.

V hodnotenej kolekcii krajovych a starych odrdd ako aj volne rasttcich semenacov sme urcili
aj vyznamnu fenotypovu variabilitu v tvaroch a farbe listov (Obrazok 1).

Obrazok1 Porovnanie vybranych genotypov z kolekcie volne rasticich semenacov jablone domaécej
(Malus domestica Borkh) v tvare listov (Foto: M. Hulin, 2010)

Figure 1 Comparison of selected genotypes from the collection of wild seedlings of apple tree (Malus
domestica Borkh) in the shape of leaves (Photo: M. Hulin, 2010)
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Na listoch genotypov sme hodnotili dizku a $irku listovej ¢epele. Vysledky z analyzy
rozptylu hodnotenych znakov (Tabulka 2) potvrdzuju Statisticky preukazné rozdiely medzi
hodnotenymi genotypmi.

Morfometricka analyza kvetu

Kvety sa posudzujd hlavne podla vel'kosti (v mm, pri kvetoch naplno rozvinutych a otvorenych),
zafarbenia korunnych listkov (najintenzivnejsie je v dobe rozvijajiceho sa puku, po rozvinuti
blednt), celkového tvaru kvetu, i jednotlivych korunnych listkov, ktoré majui u réznych odréd
taktiez rozdielny povrch. St bud’ rovné, cInkovité alebo nepravidelne zvlnené a pod. Taktiez
postavenie platkov v kvetoch je rozne. Bud' je kvet zovrety alebo plochy a pod.

Dobrym ur¢ovacim a déleZitym hospodarskym znakom je skorost a dizka obdobia trvania
kvetu, ktorymi sa jednotlivé odrody liSia. Doba kvetu je skord, poloskord, poloneskora,
a neskora. Neskoro kvitntice odrody maju spravidla kratSiu dobu trvania kvetu, pretoZe kvitnu
pri teplejSom pocasi, kedy kvet uz tak dlho nevydrzi. Dlh$ia doba trvania kvetu ma vyznam
hlavne pri nepriaznivom pocasi, kedy je obmedzené lietanie vciel. Skorost a trvanie doby kvetu
nie su v jednotlivych rokoch vZdy rovnaké a zavisia na stanovisti a priebehu pocasia, ktoré
byva kazdym rokom iné. Zvlastny vyznam ma citlivost kvetu proti namfzaniu a nepriaznivym
prirodnym podmienkam, hlavne proti dazdu.

Hodnotu znaku priemeru kvetu sme urcili v kolekcii krajovych a starych odrod v rozsahu
35,43 mm (R26/3) - 54,85 mm (R16/12) a v kolekcii volne rastdcich semenacov v rozsahu
32,55 mm (V21) - 62,08 mm (V67), co dokumentuju udaje prezentované v tabulke 3. Zo
vzajomného porovnania genotypov dosahujutcich nizke a vysoké hodnoty znaku a variacnych
rozpati hodnoteného znaku vyplyva, Ze v oboch kolekciach boli uréené genotypy s réznym
priemerom kvetu. Medzi kolekciami sme nezistili vjyznamné rozdiely. Hodnoty varia¢nych
koeficientov potvrdzuju nizky stupen variability daného znaku. Mollerova (2008) uvadza
hodnoty daného znaku v rozsahu 4,0 - 5,0 cm, nami zaznamenané hodnoty znaku vykazuju
SirSie variacné rozpatie.

Priemernu S$irku korunného lupienka sme urcili v kolekcii krajovych a starych odrod
v rozsahu 11,42 mm (R31/10) - 19,85 mm (R16/12) a v kolekcii volne rasticich semenacov
vrozsahu 10,58 mm (V65) - 21,80 mm (V67), ¢co dokumentujui tidaje prezentované v tabul'ke
3. Zo vzajomného porovnania genotypov dosahujicich nizke a vysoké hodnoty znaku
a variacnych rozpat{ hodnoteného znaku vyplyva, Ze v oboch kolekcidch boli urcené genotypy
s roznou Sirkou korunného lupienka. Medzi kolekciami sme nezistili vyznamné rozdiely.
Hodnoty variacnych koeficientov potvrdzuju nizky az stredny stupen variability daného
znaku. Variabilitu hodnotenych genotypov v znaku Sirky korunného lupienka dokumentuje
aj obrazok 3. Mollerova (2008) uvadza Sirku 15-20 mm, nami zaznamenané hodnoty maju
SirSie varia¢né rozpétie znaku.

Priemernt dizku korunného lupienka sme ur¢ili v kolekcii krajovych a starych odrdd v rozsahu
15,48 mm (R31/10) - 24,41 mm (R16/12) a v kolekcii volne rasticich semenacov v rozsahu
14,63 mm (V26) - 28,06 mm (V66), o dokumentuji udaje prezentované v tabulke 3. Zo
vzajomného porovnania genotypov dosahujucich nizke a vysoké hodnoty znaku a varia¢nych
rozpati hodnoteného znaku vyplyva, Ze v oboch kolekciach boli ur¢ené genotypy s réznou
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dizkou korunného lupienka. Medzi kolekciami sme nezistili vyznamné rozdiely. Hodnoty
variacnych Kkoeficientov potvrdzuju nizky az stredny stupen variability daného znaku.
Variabilitu hodnotenych genotypov v danom znaku dokumentuje aj porovnanie vybrane;j
skupiny genotypov na obrazku 3. Méllerova (2008) uvadza hodnoty daného znaku v rozsahu
16 - 25 mm. Z porovnania nami ziskanych vysledkov s literarnymi poznatkami vyplyva zhoda.

Tabulka 3 Variabilita v znakoch kvetu genotypov krajovych a starych odrod z klonového repozitoria

a volne rastucich semenacov jablone domécej (Malus domestica Borkh)

Table 3 Variability of flower of genotypes of old and landraces varieties and fruit-bearing seedlings
of apple tree (Malus domestica Borkh)
Priemer kvetu (mm)
genotypy volne rastice genotypy rastice v repozitoriu Bactich
n min  max X \% TH n min max X \% TH
Genotypy s nizkymi hodnotami znaku
V21 30 29,39 3581 32,55 5,76 h R26/3 30 33,89 37,18 3543 2,99
V26 30 31,06 385 3422 7,11 gh R23/3 30 32,74 39,08 3556 5,85
Genotypy s vysokymi hodnotami znaku
V67 30 59,77 66,74 62,08 3,25 a R16/12 30 50,66 5827 54,85 4,45 a
V66 30 57,36 6536 6083 4,35 a R16/14 30 50,09 57,96 52,88 4,80 a
Sirka korunného lupienka (mm)
genotypy volne rastiice genotypy rastice v repozitoriu Bactich
n min  max X \% TH n min  max X \% TH
Genotypy s nizkymi hodnotami znaku
V65 30 9,77 11,46 10,58 5,17 d R31/10 30 10,10 12,17 11,42 581 f
V25 30 10,07 12,40 10,89 6,01 cd R24/13 30 11,02 12,75 11,79 494 ef
Genotypy s vysokymi hodnotami znaku
V67 30 19,36 25,08 21,80 10,22 a R16/12 30 19,05 21,53 19,85 4,47 a
V74 30 18,45 24,05 21,74 8,48 a R20/8 30 16,61 19,47 17,79 5,30 ab
DiZka korunného lupienka (mm)
genotypy volne rastiice genotypy rastiice v repozitériu Bactch
n min max X \% TH n min max X \'% TH
Genotypy s nizkymi hodnotami znaku
V26 30 12,99 16,04 14,63 6,40 g R31/10 30 13,16 16,95 1548 7,67
V25 30 14,78 18,78 16,15 7,28 f R4/15 30 1345 1880 1550 9,92
Genotypy s vysokymi hodnotami znaku
V66 30 2698 2895 28,06 2,58 a R16/12 30 22,47 26,13 2441 576 a
vé67 30 25,56 28,22 26,86 3,23 a R16/14 30 20,11 24,57 22,78 6,68 a

PoznamkKy: n - pocet merani; min, max - minimalna a maximalna namerana hodnota; X - aritmeticky priemer; V - varia¢ny
koeficient (%); TH - test homogenity podla LSD pri preukaznosti P .
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V hodnotenej kolekcii krajovych a starych odrod ako aj volne rastiicich semenacov sme urcili
aj vyznamnu fenotypovu variabilitu v tvaroch a farbe kvetnych pucikov, kvetov, kvetnych
lupienkov a kalichov (obrazok 2).

Obrazok 2 Porovnanie genotypov z kolekcie volne rastticich semenacov jablone domacej (Malus domestica
Borkh) v znakoch pucikov (Foto: M. Hulin, 2010)

Figure 2 Comparison of genotypes from the collection of wild seedlings of apple tree (Malus domestica
Borkh) in bud traits (Photo: M. Hulin, 2010)

Obrazok3 Porovnanie genotypov z kolekcie volne rasticich semenacov jablone domacej (Malus domestica
Borkh) v znakoch kvetov (Foto: M. Hulin, 2010)

Figure 3 Comparison of genotypes from the collection of wild seedlings of apple tree (Malus domestica
Borkh) in flower traits (Foto: M. Hulin, 2010)

Ziskana dokumentacia z hodnotenia kvetov v oboch experimentalnych skupinach potvrdzuje
pomerne vyznamnu variabilitu kvalitativnych ako aj kvantitativnych znakov. Na kvetoch
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genotypov sme hodnotili znaky priemer kvetu (mm), Sirka korunnych lupienkov (mm), vyska
korunnych lupienkov (mm). Vysledky z analyzy rozptylu hodnotenych znakov (Tabul'ka 4)
potvrdzuju Statisticky preukazné rozdiely medzi hodnotenymi genotypmi.

Tabul'ka 4 Analyza rozptylu hodnotenych znakov kvetov v testovanej kolekcii genotypov krajovych
a starych odréd z klonového repozitdria a volne rasticich semenacov jablone domécej
(Malus domestica Borkh)

Table 4 Analysis of variance of evaluated flower traits of genotypes of old and landraces varieties
and fruit-bearing seedlings of apple tree (Malus domestica Borkh)
Faktory f S MS F Preukaznost  LSD

Vol'ne rastiice semenace (in situ)

Priemer kvetu (mm)

Medzi sibormi 9 10,109 1,123 15,295 0,000 0,05 0,389
V ramci suborov 90 6,609 0,073 0,01 0,459
Celkom 99 16,719

Sirka korunnych lupienkov (mm)

Medzi sibormi 9 236,517 26,279 13,868 0,000 0,05 1,980
V ramci suborov 90 170,546 1,895 0,01 2,333
Celkom 99 407,063

Vyska korunnych lupienkov (mm)

Medzi sibormi 9 547,601 60,844 20,567 0,000 0,05 2,474
V ramci suborov 90 266,243 2,958 0,01 2,915
Celkom 99 813,845

Krajové a staré odrody v klonovom repozitoriu Bactich (ex situ)

Priemer kvetu (mm)

Medzi sibormi 9 2 402,594 266,95 47,681 0,000 0,05 3,404
V ramci suborov 90 503,885 5,598 0,01 4,010
Celkom 99 2906,479

Sirka korunnych lupienkov (mm)

Medzi saibormi 9 469,980 52,220 70,302 0,000 0,05 1,240
V ramci siborov 90 66,851 0,742 0,01 1,460
Celkom 99 536,831

Vyska korunnych lupienkov (mm)

Medzi saibormi 9 506,574 56,286 39,429 0,000 0,05 1,719
V ramci suborov 90 128,476 1,427 0,01 2,025
Celkom 99 635,050

Vysvetlivky: f - poCet stupnov volnosti; S - sti¢et Stvorcov; MS - priemerny Stvorec; F - hodnota testu Fischera; P - Statisticka
preukaznost hodnoty Fischera; LSD - najmensie preukazné rozdiely pre rozne stupne pravdepodobnosti.
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Na zaklade morfologickej analyzy listov a kvetov kolekcie krajovych odrod a volne rasticich
semendcov sme urcili v oboch skupinach hodnotenych genotypov vyznamnu fenotypova
variabilitu vo vSetkych znakoch a v kombinacif znakov. Pri vzijomnom porovnani urcenych
variacnych rozpati pri vSetkych hodnotenych znakoch sme zistili vyznamny stupenl zhodnosti.
Uvedeny vysledok dokumentuje, Ze aj v kolekcii volne rasticich semenacCov je moZné
detekovat genotypy s vyznamnymi hospodarskymi a pomologickymi znakmi, vhodné pre
priame praktické vyuzitie alebo ako potencialne genetické zdroje pre vyuzitie v Slachteni.
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medzinarodného projektu v programe , Agrobiodiverzita pre zlepSenie vyzivy, zdravia a kvality
zivota“avramciprojektu AgroBioTech (ITEBIO-ITMS 26220220115). Tato Studia boli podporena
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Searching for new plant raw material with antioxidant activity is still actual. This study was aimed
to evaluate the antioxidant potential of selected plants from Fabaceae: Coronilla varia L., Desmodium
canadense (L.) DC., Glycyrrhiza glabra L., Lathyrus grandiflorus Sibth. & Smith, Lespedeza bicolor Turcz.,
Onobrychis arenaria (Kit.) D.C., O. grandis Lip., Trifolium ambiguum Bieb., T pannonicum Jacq., T rubens
L. cv. Skif-1 at the flowering stage. Raw material was collected from the experimental collections of M.M.
Gryshko National Botanical Garden of the NAS of Ukraine (NBG) in the stage of flowering. Determination
of the antioxidant activity of investigated plants conducted by DPPH free radical scavenging activity
according to Brand-Williams et al. (1995). The total antioxidant activity of plant whole above-ground
part of methanol extracts was from 62.78 (Coronilla varia) to 89.99 (Glycyrrhiza glabra) % and water
extracts from 51.28 (Onobrychis grandis) to 90.35 (Lespedeza bicolor) %. Leaf extracts exhibited
DPPH scavenging activity in methanol extracts from 63.17 (Trifolium ambiguum) to 93.08 (Onobrychis
arenaria) % and water extracts from 57.62 (Coronilla varia) to 95.36 (Lathyrus grandiflorus) %. Stem
extracts of investigated plants showed inhibition in methanol extracts from 35.04 (Coronilla varia)
to 90.51 (Glycyrrhiza glabra) % and water extracts from 20.35 (Coronilla varia) to 77.52 (Lathyrus
grandiflorus) %. DPPH scavenging activity of these plants depended on species and part of plants. Thus,
plants from Fabaceae family are a potential source of antioxidant activity that can be used for deep
pharmacological investigations for food science.

Keywords: Fabaceae, 2.2-diphenyl-1-picrylhydrazyl, free radical scavenging activity

Introduction

The study of the antioxidant capacity of plants and finding new sources is an important
direction in biological science. Natural antioxidants are widely distributed in the plant world
and are represented by different classes of compounds with numerous biological activities
(Xu et al,, 2017). Screening of new natural sources provides an opportunity to expand the
range of new products with antioxidant activity. In this case, the Fabaceae Lindl. family
has numerous representatives with a spectrum of biological activities that can be used.

*Corresponding author: Olena Vergun, M.M. Gryshko National Botanical Garden of Ukraine
of National Academy of Sciences, Kyiv, Olena Vergun, Timiryazevska 1, 01014
Kyiv, Ukraine
>< en_vergun@ukr.net

CCBY-NC-ND 4.0 -124 -



Vergun, O., Shymanska, O., Fishchenko, V., Rakhmetov, D.
Agr.bio.div. Impr. Nut., Health Life Qual., 2020, 124-133

Many species from Fabaceae plants (Legumes) are known as high-quality feed for livestock
such as Medicago sativa L. and Trifolium pratense L. also, a rich source of phytoestrogens,
nonsteroidal compounds with beneficial effect (Tucak et al., 2018). Legumes are a good source
of nutrients such as proteins, carbohydrates, dietary fibers, micronutrients, vitamins, fatty
acids (Guttiérez-Uribe et al., 2016). Some representatives from Fabaceae well-known forage
plants with a high content of polyphenol compounds and antioxidant activity (Shymanska
et al, 2018; Vergun et al., 2020). The screening of some legumes plants determined the
antimicrobial activity against gram-positive bacteria, Candida albicans, Aspergillus niger and
Pseudomonas aeruginosa (Rosado-Vallado et al., 2000). Most of the Fabaceae plants are used
as medicinal plants against numerous diseases such as asthma, gonorrhea, ulcer, diabetes,
kidney disease, rheumatism, stomach trouble, colic, etc. (Mahbubur and Parvin, 2014). There
are numerous pharmacological properties of these plants studied among that contraceptive
(Sethietal.,, 2017), antiallergic, antimalarial, anticancer, analgesic, aphrodisiac, anti-rheumatic,
anthelmintic, diuretic, antiseptic, insecticidal, toxic, etc. (Jahan et al., 2019).

Important chemical components from the plants of this family are flavonoids, coumarins,
alkaloids, tannins (Ferreira Macédo et al.,, 2018). Some plants, such as Lathyrus species, can
be considered as ornamental plants (Giines, 2019). The antioxidant activity of some Fabaceae
species such as Lathyrus binatus, Trifolium pannonicum (Godevac et al., 2008), Glycyrrhiza
glabra (Hussein and Igbal, 2019) was studied.

This study aimed to evaluate the antioxidant potential of selected Fabaceae plants and to
compare this parameter in different parts of plants. The results of this assessment are essential
for further pharmacological study.

Biological material

It was investigated some representatives from the Fabaceae Lindle.: Coronilla varia L.,
Desmodium canadense (L.) D.C., Glycyrrhiza glabra L., Lathyrus grandiflorus Sibth. & Smith,
Lespedeza bicolor Turcz., Onobrychis arenaria (Kit.) D.C., O. grandis Lip., Trifolium ambiguum
Bieb., T pannonicum Jacq., T rubens L. cv. Skif-1. An experiment carried out during 2018-2019
at the laboratory of Cultural Flora Department of M.M. Gryshko National Botanical Garden
of the N.A.S. of Ukraine. Plants samples took at the flowering stages and dried at 45 °C for
72 hours. All investigated plants are perennial.

DPPH scavenging activity determination

1 g of dried and milled plant raw extracted in the 25 ml of solvent (methanol and water)
for 24 hours. After the filtration procedure obtained extracts used to determined antiradical
activity on a spectrophotometer Unico UV 2800 (Russia). A working solution of 2.2-diphenyl-
1-picrylhydrazyl (DPPH) prepared the following way: 25 mg of radical dissolved in 100 ml
of methanol. Obtained radical’s solution dissolved in 10 times till optical density was in the
range of 0.700-0.800. The procedure of measuring was conducted by Brand-Williams et al.
(1995). 3.9 ml of radical solution mixed with 100 pl of plant extract and put for 10 min in the
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dark. During the procedure of measuring on a spectrophotometer at a wavelength of 515 nm
used value of radical solution and value of the radical solution with the sample. Obtained
results expressed in percentages.

Statistical analysis

The mean values of three replicates and the standard deviation are given. Data submitted with
ANOVA and differences between means compared using the Tukey-Kramer test (a = 0.05).

Results and discussion

There are numerous methods to determine the antioxidant activity, among which the DPPH
scavenging activity has been found as simple, inexpensive, and allows to evaluate of the antioxidant
potential at the screening process. However, it is necessary to consider that one method can’t be
universal for all plants (Kedare and Singh, 2011). This method is based on the reaction discoloration
of radical (2.2-diphenyl-1-picrylhydrazyl) solvent by plant extract (Alam et al.,, 2013). In this
study, different plant parts of selected plants were used to extract two solvents.

Coronilla varia is a perennial legume used for cardio-tonic, diuretic, prostate diseases.
Coumarins and glycosides were isolated from this species and raw demonstrated antimicrobial
and insecticidal effects (Al-Snafi, 2016).

The free radical scavenging activity of Coronilla varia methanol extracts was from 35.04
(stems) to 87.05 (leaves) % (Figure 1). In the water extracts, this parameter was from 20.35
(stems) to 65.54 (inflorescences). Renda et al. (2019) determined in methanol extracts
(25-100 pg/ml) of C. varia the DPPH scavenging activity from 9.89 to 39.40% and in water
extracts from 8.64 to 27.31% depending on initial concentration. Also, in this study detected
for methanol extracts of C. orientalis the DPPH antioxidant activity from 12.59 to 41.91% and
for water extracts from 8.14 to 20.45%.
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Figure 1 DPPH scavenging activity of Coronilla varia L. at the stage of the flowering (means in columns
followed by different letters are different at p <0.05. Each value represents the mean of three
independent experiments (+SD))
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The methanol extracts of Desmodium canadense demonstrated inhibition of radical
solution from 60.01 (stems) to 85.66 (whole above-ground part) % (Figure 2). Tsai et
al. (2011) investigated ten species of Desmodium genus and found a high content of
phenolic compounds in some species (D. sequax) that correlated with antioxidant activity.
Venkatachalam and Muthukrishnan (2012) determined the DPPH scavenging activity of
different concentration extracts of D. gangeticum from 25.12 to 54.14%. Ayoola et al. (2018)
identified in leaf extracts radical scavenging activity of 3.17-91.3%, and in stem extracts of
2.87-61.65%. D. canadense leaf extracts are a source of polyphenol compounds (flavonoids
and phenolic acids) with high antioxidant activity by Trolox equivalent methods (Vergun et
al,, 2019).
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Figure 2 DPPH scavenging activity of Desmodium canadense (L.) D.C. at the stage of the flowering (means
in columns followed by different letters are different at p <0.05. Each value represents the mean
of three independent experiments (+SD))

The study of Glycyrrhiza glabra showed the presence of alkaloids, glycosides, carbohydrates,
phenolic compounds, proteins, etc. Plant raw exhibited antidepressant, antimicrobial,
anticancer, antioxidant, anti-inflammatory, antidiabetic, hypolipidemic, etc. (Al-Snafi,
2018). Traditionally, this plant is recommended as prophylaxis of gastric and duodenal
ulcers, dyspepsia (Harwansh et al, 2011), effective against vitiligo (Herath et al., 2018).
Pharmacological activity appeared against various microorganisms, parasites, viruses (Batiha
etal, 2020). Biological activities of this species have studied basically with roots as useful raw
(Chopra et al,, 2013). The essential oil of this plant also characterized by numerous biological
activities such as antioxidant, anticancer, antifungal, etc. (Ali, 2013).

The free radical scavenging activity of methanol extracts of Glycyrrhiza glabra was from
89.99 (whole above-ground part) to 91.58 (leaves) % (Figure 3). In the water extracts,
this activity was from 75.79 (stems) to 91.61 (inflorescences) %. Al-Snafi (2018)
determined in methanol extracts of roots the inhibition of DPPH radical 67.22%.
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Figure 3 DPPH scavenging activity of Glycyrrhiza glabra L. at the stage of the flowering (means in
columns followed by different letters are different at p <0.05. Each value represents the mean
of three independent experiments (+SD))

Lathyrus species are known as a source of protein, but few of them are cultivated as food plants.
Raw of them also contains flavonoids, fatty acids, proanthocyanidins, triterpene saponins, etc.
(Heydary et al., 2015).

The free radical scavenging activity of methanol extracts of Lathyrus grandiflorus was from
40.07 (stems) to 84.81 (leaves) % (Figure 4). In the water extracts, this activity was from
77.52 (stems) to 95.36 (leaves) %. Heydari et al. (2015) investigated five species of Lathyrus
and in some cases, DPPH scavenging activity was up to 90%.
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Figure 4 DPPH scavenging activity of Lathyrus grandiflorus Sibth. & Smith at the stage of flowering
(means in columns followed by different letters are different at p <0.05. Each value represents
the mean of three independent experiments (+SD))
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The free radical scavenging activity of methanol extracts of Lespedeza bicolor was from
53.54 (stems) to 92.07 (inflorescences) % and water extracts from 70.06 (stems) to
92.55 (leaves) % (Figure 5). Lee et al. (2016) investigated extracts of this plant and
established the anti-inflammatory, depigmentation, and antioxidant activity effect. Besides
the antioxidant effect, L. bicolor extracts demonstrated antifungal and antimicrobial
activities (Sami, 2017).
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Figure 5 DPPH scavenging activity of Lespedeza bicolor Turcz. at the stage of flowering (means in
columns followed by different letters are different at p <0.05. Each value represents the mean
of three independent experiments (£SD))

The free radical scavenging activity of methanol extracts of Onobrychis arenaria was from
63.08 (stems) to 93.08 (leaves) % (Figure 6). In the water extracts, this activity was from
59.85 (stems) to 89.85 (leaves) %. In methanol extract of O. grandis determined DPPH
scavenging activity from 37.39 (stems) to 86.31 (inflorescences) %, in water extracts from
31.31 (stems) to 86.01 (leaves) %. Karamian and Asadbegy (2016) detected in methanol
extracts of 0. viciifolia, 0. melanotria and O. sosnovskyi inhibition of DPPH as 92.70, 92.27 and
91.38%, respectively.

Al-Snafi (2018) determined in methanol extracts of roots the inhibition of DPPH radical
67.22%.

The methanol extracts of Trifolium ambiguum exhibited the DPPH scavenging activity from
28.02 (stems) to 94.07 (inflorescences) % and water extracts from 41.84 (stems) to 93.33
(inflorescences) % (Figure 7). T. pannonicum showed scavenging activity in methanol extracts
from 75.48 (stems) to 88.24 (inflorescences) % and in water extracts from 38.76 (stems)
to 88.24 (whole above-ground part). In methanol extracts of T rubens determined DPPH
scavenging activity from 24.85 (stems) to 84.45 (inflorescences) % and in water extracts from
47.56 (stems) to 74.0 (whole above-ground part) %.
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Figure 6 DPPH scavenging activity of Onobrychis arenaria (Kit.) D.C. (OA) and O. grandis Lip. (OG) at the
stage of flowering (means in columns followed by different letters are different at p <0.05. Each
value represents the mean of three independent experiments (+SD))
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Figure 7 DPPH scavenging activity of Trifolium ambiguum Bieb. (TA), T pannonicum Jacq. (TP) and
T rubens L. cv. Skif-1 (TR) at the stage of flowering (means in columns followed by different
letters are different at p <0.05. Each value represents the mean of three independent
experiments (+SD))
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The study of other Fabaceae species Indigofera tinctoria L. showed the antioxidant activity by
DPPH of water extracts was 52.08% (Srinivanasan et al.,, 2016).

Different extracts of crops from the Fabaceae family collected in the M.M. Gryshko National
Botanical Garden exhibited an antioxidant potential. It's should be concluded that the
scavenging activity of these plants depended on species and part of plants. The total
antioxidant activity of plant whole above-ground part was lowest in methanol extracts of
Coronilla varia and highest in Glycyrrhiza glabra and the minimal result showed water
extract of Onobrychis grandis and maximal Lespedeza bicolor. Leaf extracts exhibited
a minimal value of DPPH scavenging activity in methanol extracts of Trifolium ambiguum
and maximum in Onobrychis arenaria and water extracts Coronilla varia and Lathyrus
grandiflorus, respectively. Stem extracts of investigated plants showed the lowest inhibition
in methanol extracts for Coronolla varia and highest for Glycyrrhiza glabra and in water
extracts Coronolla varia and Lathyrus grandiflorus, respectively. Plants from the Fabaceae
family are a potential source of antioxidant activity that can be used for deep pharmacological
investigations for food science.

The publication was prepared with the active participation of researchers in international
network AgroBioNet.
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Goji (Lycium L.) fruit has been an important element of traditional Chinese medicine for centuries. In
Asian countries, they are used as an essential component of a healthy diet, a source of many nutrients.
Due to their health-promoting properties and chemical composition (phenolic acids, flavonoids, pro-
anthocyanidins, coumarins, tannins, carotenoids, anthocyanins), they deserved the term superfruit.
In recent years, goji berries have also become very popular in Europe and America. The fruit is used
primarily after drying and is available in the form of various supplements. Two species of Lycium
barbarum L. and Lycium chinense Mill. are cultivated on a larger scale. These species are closely related
to each other. They differ slightly in morphological features. L. chinense leaves are longer and wider than
L. barbarum. L. chinense fruits are slightly smaller and more elongated. There are several less specific
species and botanical varieties in natural sites in central and western China, such as L. barbarum
var. aurantiocarpum, L. chinense var. potaninii, L. ruthenicum, L. truncatum. Not only fruits contain
biologically active substances, but also other parts of plants, especially leaves. This review highlights
the healing properties of the fruits and leaves of these species. The most valuable and most interesting
component of goji berries is the water-soluble bioactive polysaccharide complex LBP (Lycium Barbarum
Polysaccharides) playing an important therapeutic role. The LBP complex has a beneficial effect on
the functions of the immune system, inhibits the growth of cancer cells, has antioxidant properties,
improves the function of the digestive tract, well-being and sleep quality. Due to the presence of LBP,
goji fruit extracts have a hypoglycemic effect, lowering the content of lipids in the blood serum. The
diversity of their use as food, medicinal and cosmetic agents was shown.

Keywords:  goji berries, Lycium barbarum, Lycium chinense, health benefits

Introduction

Nowadays, underutilized and less-known species, such as Pseudocydonia sinensis Schneid.
(Monka et al,, 2014; Grygorieva et al,, 2020), Morus nigra L. (Kucelova et al,, 2016), Ziziphus
jujuba Mill. (IvaniSova et al.,, 2017), Diospyros virginiana L. (Grygorieva et al., 2018), Sambucus
nigra L. (Horcinova Sedlackova et al, 2018), Asimina triloba L. (Brindza et al, 2019),
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Chaenomeles japonica (Thunb.) Lindl. (Klymenko et al., 2019) ect., are becoming more and
more well-known for scientific and laic public (Klymenko etal.,, 2017). One of them is the genus
Lycium L., which belongs to the family nightshade (Solanaceae) includes about 88(97) species
found in temperate and subtropical climates (Levin et al., 2011; Barboza et al., 2016). Several
of them: Lycium barbarum L., L. chinense Mill,, L. ruthenicum Murray have been recognized
in eastern medicine for over 4,000 years and are popularly called Gougqi in China, and Goji
berries, Wolfberry, Christmas berry, Desert-thorn, Matrimony vine, Duke of Argyll‘s tea tree in
other countries of the world. There are also a few less popular botanical species and varieties
of natural sites in central and western China, e.g. L. barbarum var. aurantiocarpum, L. chinense
var. potaninii, L. truncatum (Zhang et al., 2001). In South Europe there are L. europaeum L.,
L. intricatum Boiss., Sounth Africa (L. afrum L.), and South and Central America (L. chinense
Bert.,, L. horridum Thunb., L. pallidum Miers. (Seneta and Dolatowski, 2012; Yao et al., 2018).

The first L. barbarum plantations were established over 600 years in China, in Ningxia Hui
Autonomous Province, mainly in Zhongning. Fruits from this region are considered to be
of a particularly high quality due to optimal soil and climatic conditions, such as sunshine,
the sum of effective temperatures, large amplitude between day and night temperatures. An
excellent substrate is flood plains with a lot of humus (Wang et al., 2015).

Currently, from the beginning of the 21°' century, the cultivation of Goji berries has become
very popular due to the numerous beneficial properties of compounds contained in fruits,
leaves, root and bark. These compounds delay the aging processes, improve eyesight, liver
and kidney function, and generally have a positive effect on the well-being and immunity of
the body (Dong etal., 2009; Amagase and Farnsworth, 2011). In search of ways to increase the
profitability of farms, growers decide to cultivate new plant species. In European countries:
[taly, Serbia, Bulgaria, Poland, there is a growing interest in commercial cultivation. Bulgarian
cultivars of L. barbarum (JB1, JB2, ]BX, and ]B4) are recommended. Also outside Europe, there
is an interest in the wider cultivation of Goji berries. In Korea, when examining the suitability
for the cultivation of some natural forms and selected cultivars, differences in growth, the
habit of shrubs, yield, and fruit shape were observed. Cultivar Yosong 2 (L. chinense) turned
out to be the most promising. L. barbarum cultivars are bred in the USA and Canada: Crimson
Star, Phoenix Tears and Sask Wolfbery. Plants, due to their high frost resistance, tolerate even
large, down to -30 °C temperature drops in winter. They have low requirements concerning
the position - they grow well and bear fruit, when planted in weaker sandy and permeable
soils. They grow worse on heavy, loamy and wet soil (Marosz, 2017).

Description of species and their natural range

The species from which the raw materials for the production of the currently popular
“Superfood Goji“ are obtained, are those found in the natural flora of China: L. barbarum,
L. chinense, and L. ruthenicum (Wanh et al., 2015). The Goji berries occurs in Tibetan valleys and
the Himalayas, in areas not contaminated with agricultural chemicals and civilization pollution.
Currently, it is also commonly grown in countries with milder and subtropical climate, e.g. in
Japan, Korea, but the raw material obtained there has a lower nutritional and medicinal value
(Qian et al, 2004). Wolfdogs are shrubs up to three meters high, arched twigs armed with
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Figure 1 Lycium chinense Mill. (Foto: M. Zhurba, I. Szot)

spikes (the common name boxthorn), small inconspicuous purple flowers, and orange to red
fruits (black for L. ruthenicum), which reach up to 2 cm in length. The first two species are very
phylogenetically similar. They grow in the same environment, are harvested at the same time
(usually from August to October), and have been used in traditional medicine throughout East
Asia for thousands of years (Potterat, 2010). Wetters et al. (2018) showed that the structure
of the flower, and specifically the appearance of the crown, is helpful for the morphological
differentiation of L. barbarum and L. chinense. The flower tube of L. barbarum is elongated and
significantly longer than the petals, L. chinensis crown tube is twice as short as the hairy at
the edges petals. The calyx of L. barbarum flowers generally consists of two sepals and in the
case of L. chinensis four sepals, however, there are also flowers with only two sepals. Moreover,
the seeds of L. barbarum are brownish-yellow and have almost twice as much surface area as
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Figure 2 Lycium barbarum L. (Foto: M. Zhurba, . Szot)

the yellow seeds of L. chinense. L. chinense leaves are up to 4 cm longer and twice as wide as
L. barbarum leaves. These species can also be distinguished by the shape of the fruits. The fruits
of L. barbarum and L. chinense are oblong or ovate, the former being red or red-yellow in color
and the latter red. The fruits of L. ruthenicum are spherical, purple-black (Wang et al., 2015).
Within L. barbarum there are many varieties, in Tibet alone there are 40 (Amagase et al., 2009).

Nutritional properties and bioactive substances found in fruits

Modern research has confirmed the high nutritional content of goji berries. The dried fruit
contained 5.5% protein (18 amino acids), 26.7% carbohydrates (8 polysaccharides and
6 monosaccharides) including 3.7% crude fiber and 1% fat (including 5 unsaturated fatty
acids from the omega-6 group), responsible for the production of hormones and the proper
functioning of the brain and nervous system (Qian et al., 2004; Amagase et al., 2009; Bogacz,
2009). Poteranska and Ochmian (2015) report that L. barbarum fruits contain from 12.2-17.6%
of the extract and 1.12-1.3 acids (g/100 g) Consuming L. barbarum fruits provides many health
benefits, mainly due to the vitamins they contain. They have a high content of vitamin C, which
is fresh fruit is 42 mg/100 g, which is comparable to fresh lemon fruits (Toyoda-Ono et al,,
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2004). It is assumed that the consumption of only 7 goji berries covers the daily requirement
of this vitamin (Amagase and Farnsworth, 2011). A large group of metabolic compounds are
carotenoids, the amount of which increases with the ripening of the fruit. They are represented
mainly by zeaxanthin and ester derivatives, the content of which in fruits ranges from 0.03 to
0.5% of dry weight (Inbaraj et al., 2008; Amagase and Farnsworth, 2011). Zeaxanthin is a very
important component of the human diet, also provided by some vegetables, the presence of
which is particularly important in the macula for the improvement of visual acuity (Cheng et
al,, 2005). Goji berries are also a source of vitamins B,, B,, B, and E and minerals (phosphorus,
calcium, iron, copper, zinc, selenium) (Qian et al., 2004). In the chemical structure of L. barbarum
fruits, the most known are water-soluble polysaccharides, the amount of which is estimated
at 5-8% of the dry weight of the fruit, and the molecular weight ranges from 24 to 241 kDa
(Peng et al., 2005). In nature, polysaccharide complexes occur naturally as glycoconjugates, e.g.
as combinations of glycans (structures made up of sugar units) with proteins or fats. Luo et
al. (2004) found 6 monosaccharides in the goji polysaccharide complex: rhamnose, galactose,
glucose, arabinose, mannose, and xylose. The analysis showed the presence of 17 amino acids,
and the total amino acid content was 8.46% (Peng etal., 2001). The LBP polysaccharide complex
(Lycium Barbarum Polysaccharides) inhibits the growth of cancer cells (He et al, 2012). In
studies with experimental animals, the antitumor activity of goji berries against gastric cancer
and colon cancer was found (Mao etal., 2010; Mao et al., 2011). During chemotherapy, they play
a significant role in protecting the liver cells. In addition, the polysaccharide complex contained
in goji fruit has a strong antioxidant activity, which allows inhibiting the aging process (Mao et
al,, 2011). Due to the presence of LBP, goji berry extracts show a hypoglycemic effect in rabbits
with experimental diabetes, while they did not cause such an effect in the organisms of healthy
mice. Also, a significant reduction in serum lipids and an increase in HDL cholesterol were found
in the organisms of hyperlipidemic rats (Luo et al,, 2004). Similar observations were made
by Ming et al. (2009) experimenting on mice fed a high-fat diet. They observed a significant
reduction in the level of triglycerides, total cholesterol, and LDL fraction, as well as an increase
in HDL cholesterol. They also found a drop in blood glucose levels.

The fruit should be eaten regularly but in moderate amounts. Consumption of unripe fruits
may lead to poisoning, which is manifested by disturbance of the functions of the digestive
tract and the nervous system. In addition, the fruits is are recommended for people taking
anticoagulants, pregnant women, and nursing mothers. Side effects of excessive fruit
consumption, such as nosebleeds, have been reported (Bogacz, 2009). Increased consumption
of goji fruits in Europe has resulted in the emergence of people showing allergic reactions
after their consumption (Carnés et al,, 2013; Uasuf et al., 2020). Potterat (2010) presented
areview based on 150 different reports and does not mention any serious intoxication caused
by the consumption of L. barbarum or L. chinense. However, cases or other gastrointestinal
complaints may occur in susceptible individuals. In fully ripe goji berries, traces of atropine
were found, without any toxicity, up to 19 ppb (Adams et al., 2006).

Health-promoting properties of leaves and other parts of plants

L. chinense leaves are considered in traditional Chinese medicine as herbs for eternal youth
and long life (Soga, 1985), as a nutrient and tonic reducing the risk of arteriosclerosis and
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essential hypertension (Mizobuchi et al., 1964). Among the bioactive substances in the leaves
are betaine (Hansel etal., 1992; No etal., 1995) and substances used to reduce the risk of fatness
or as a digestive aid for people with insufficient stomach acid production. The leaves contain
vitamin C and anti-aging tocopherols (Park, 1995), a group of antioxidant compounds such as
rutin, quercetin (Aubert and Kapetanidis, 1989; Duke, 1992; Han et al., 2002), chlorogenic acid
(Terauchi et al., 1997). L. barbarum and L. chinense leaves are a valuable source of flavonoids
with important antioxidant and antimicrobial properties. Duan et al. (2010) report that the
leaves of L. barbarum contain gentistic acid (2.5-dihydroxybenzoic acid) with antioxidant
properties and enhancing the fungicidal effect of fludioxonil. Grygorieva et al. (2020) studied
the content of phenolic compounds in the leaves of several non-traditional crops. The leaves
of L. barbarum had the highest content of polyphenols and flavonoids (95.84 mgGAE/g and
54.61 mgQE/g, respectively). Phytochemical studies by Mocan et al. (2014) indicate that the
leaves of both species are important sources of flavonoids and chlorogenic acid. L. chinense
leaf extract was characterized by a higher antioxidant activity than L. barbarum. Based on
antimicrobial tests, it was shown that L. chinense leaf extract was more active than L. barbarum
against strains of Gram-positive and Gram-negative bacteria. L. chinense extract against
Bacillus subtilis had the best antibacterial activity. Terauchi et al. (1998) noted in L. chinense
leaves the presence of lyciumoside I, a methanol extract showing antimicrobial activity
against Gram-positive bacilli. Yeh et al. (2008) showed that L. chinense leaf extract stimulates
the growth of Pedicoccus bacteria - P. acidilactici, widely used in the dairy industry in the
production of yogurt. Dong et al. (2009) compared the chemical composition of L. barbarum
from crops to wild plants. They proved that the total content of flavonoids (21.25 mg/g) in the
leaves of the cultivated plants was much higher than in the wild (17.86 mg/g). They therefore,
found that the leaves of the crops are more suitable for consumption in salads and as a tea.
Liu et al. (2012) investigated the content of polysaccharides in L. barbarum leaves. They
found that leaves, like fruits, are a rich source of polysaccharides with immunostimulating
properties and should be used more widely in the production of dietary supplements.

Possibilities of use in the food industry

The fruits of edible wolfberry (L. barbarum, L. chinense) are very delicate. Poteranska and
Ochmian (2015), comparing the fruits quality of two L. barbarum cultivars showed that
their firmness (172-182 G/mm) is comparable to that of the honeysuckle berry cv. Wojtek
(176 G/mm). The taste of goji fruits is very specific, perceived by some as delicious, similar
to licorice (Velder, 1999). Others compare their taste to cranberries with a hint of tomato and
herbal flavor, very tart and moderately sweet (Stobnicka et al., 2011). Some cultivars have
a less bitter taste. The taste of the fruits is determined by the ratio of the extract to the acidity.
The amount of the extract in the fruits is positively correlated with the sugar content. There
is more extract, less sour taste is felt. According to the studies by Poteranska and Ochmian
(2015), the ratio of extract to acidity of L. barbarum cv. New Bing fruits was 14.7. The fruits
are usually used after processing. Most of the fruit is dried immediately after harvesting. Less
commonly, they are available frozen. In Western countries, dried goji berries are eaten as
a snack, similar to raisins or other dried fruits (Bogacz, 2009). The fruits are also used to
make juices and jams. Qil is pressed from the seeds. In Chinese cuisine, dried goji berries are
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boiled before consumption. They are added to rice, soups, chicken, and pork, and mixed with
vegetables. The fruits are also cooked as herbal tea, often with the addition of chrysanthemum
flower or red tea (Bogacz, 2009). Powdered dried goji berries have a beneficial effect on the
physical organoleptic properties, including the flavor and aroma of the bread. Ziemichdd and
Rézyto (2018) showed that the addition of goji berries improved the colour of the bread.
With an increase in the addition of dried blueberries in the range of 3-15%, the hardness
of gluten-free bread decreased, and the flexibility increased significantly. For some time,
when the term “Superfoods” came up, Goji berries quickly became an established product
around the world. Due to the fact that the name Goji is a term that covers a wide variety of
closely related plant species, mislabeling and adulteration (unknowingly or intentionally) is
possible. In China, dried “Goji“ berries are generally L. barbarum, but are sold in different
grades: super, “king", “special“and “Grade A (Wang et al.,, 2015). This is due to the differences
in the size of the berries. The various uses of goji berries in the production of traditional and
new products, with the use of innovative technologies, are described by Ye and Jiang (2020).
The food industry in China uses the young shoots and leaves of L. barbarum and L. chinense to
make salads. In the East, leaves have been used for 2,000 years as an endurance, calming, and
thirst-quenching tea (Kim et al., 1997). In addition, the leaves are added to soups and sauces
or chopped and fried with eggs (Velder, 1999).

In the pharmaceutical industry

The herbal industry uses fruits (Lycii Fructus), flowers (Lycii flox), bark (Lycii Cortex), leaves
(Lycii Folium), and roots (Lycii radix). The individual parts of the plant, such as leaves, flowers,
fruits, and roots, should be harvested at different times of the year, i.e. in spring, summer,
autumn, and winter, respectively. In the last decade, goji fruits have been prescribed by
dieticians in the form of natural products as a powerful supplement to help lose weight (Carnés
etal.,, 2013). Itis available to choose the least processed goji berry products. Unfortunately, the
standard procedure in the production of pharmaceuticals using goji powder is the addition
of chemical excipients, which are inactive micronutrients devoid of therapeutic effects. They
are added to give such products a taste and protect them against the undesirable influence of
microorganisms (Vasconcelos etal., 2012). Preservatives, dyes, flavors, sweeteners, thickeners,
emulsifiers, and stabilizers are commonly used in pharmaceutical laboratories (Balbani et al.,
2006). Moura et al. (2018) used the root meristem of Alliym cepa L. (onion) as an efficient
bioassay for the initial screening of the genetic toxicity. They found that industrialized goji
berries at all concentrations, including those indicated for use by pharmaceutical companies,
had significant potential for toxicity.

In the cosmetics industry

Cosmetic preparations are applied to the external tissue of our body, which is the skin.
They have a nurturing and anti-aging effect, due to their anti-inflammatory properties and
protection against excessive water loss. The following active substances of plant origin are
used in cosmetics, such as antioxidants, exfoliating substances, moisturizing, brightening or
protecting against UV rays. In each part of the plants of the described Lycium species, there
are antioxidants, which, according to the free radical theory of aging, are also important in
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skincare. The dominant component with antioxidant properties in the case of L. barbarum
are peptidoglycans, also called LB polysaccharides (Zhang, 1993; Qiu et al., 2014), and also
vitamin B, C, taurine, and carotenoids in fruits, and rutin in leaves (Jin et al., 2013). Carotenoids
are a group of plant pigments that are lyophilic. Due to the fact that these pigments are
fat-soluble, they perfectly penetrate the epidermis. Apart from the fact that they neutralize
free radicals, they give cosmetics a yellow shade. B vitamins have been used externally to
relieve dermatitis, acne, oily hair, and anti-wrinkle creams. Vitamin C shows anti-radical
activity because it reduces the tocopheryl radical and reduces the consumption of vitamin
E. Vitamin C after penetrating the stratum corneum, regulates the collagen biosynthesis. It
brightens the skin by inhibiting the activity of tyrosine and reducing melanin synthesis. Zhao
et al. (2005) applied LB polysaccharides topically to full-thickness human skin explants by
a selectively inhibiting metalloproteinase. One of the five major LBPs, LBGp5, was applied to
fibroblasts grown under suboptimal conditions. It has been found to stimulate the production
of type I collagen and promote cell viability. Plant substances can also have a beneficial
effect on wound healing. Several experiments have demonstrated the stimulating effect of
LBP on human skin fibroblasts and the role of directional fibroblast migration during wound
healing has been explained (Wang et al,, 2011; Song et al,, 2013; Zhao and Bojanowski, 2015).
These experiences justify the advisability of developing the production of cosmetics based
on LBP. The seeds contained in the goji fruit contain a cosmetically valuable oil with anti-
inflammatory properties and improving the skin‘s protective barrier by reducing epithelial
water loss. However, until now cosmetics based on substances derived from Lycium species
have not developed on a large scale, mainly due to the lack of registration as a cosmetic raw
material in countries such as China and Japan. Another limitation is the high cost of extracting
the oil from the fruit due to its low content.

The fruit, popularly referred to as goji, have been well-established for centuries as a medicine
for many ailments: in treatment heart, liver, lung, kidney diseases, and above all as a means
of human longevity. Thanks to the content of various bioactive substances such as vitamins,
flavonoids, carotenoids,anthocyaninsandtheso-called LBP (LyciumBarbarumPolysaccharides)
has strong antioxidant, anti-inflammatory properties and regulates carbohydrate and lipid
metabolism. The fruit is usually used as a dried raw material. Apart from fruit, other parts of
plants, especially leaves, are a rich source of health-promoting ingredients. Currently, there is
an intense interest in consumption, and hence in the production of these fruits. Although the
highest quality fruit is obtained in the Chinese province of Ningxia, its commercial cultivation
is also beginning to develop in other countries. The climatic and soil requirements of the two
most important species, L. barbarum and L. chinense, enable their cultivation also in European
countries. Of course, it is necessary to select the appropriate variety, which fruits are high
quality, i.e. with a high extract-acidity ratio, less tart, yet rich in bioactive substances. As in
the case of elderberry and viburnum, goji berries intended for consumption must be fully
ripened. Sensitive people, allergy sufferers should consume them in moderation.
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Sweet chestnut (Castanea sativa Mill.) as an introduced species in Slovakia is the object of our research
in terms of morphometric analysis of fruits from randomly selected 30 genotypes from the repository
Pribelce with presence of old varieties, biennial seedlings of intraspecific and interspecific hybrids and
individuals from free pollination from the Arboretum Mlytiany and M.M. Gryshka National Botanical
Garden of National Academy of Sciences of Ukraine in Kyiv. In the characteristics and evaluation of
fruit characters, we determined high variability in all quantitative and qualitative traits. The collection
recorded significant differences in fruit weight in the range of 2.08-13.21 g with a coefficient of
variation in the interval 7.12-34.26%, average fruit height 15.50-30.37 mm (3.62-14.79%), fruit
width 17.80-34.51 mm (3.62-15.10%), hilum length 13.31-29.20 mm (6.22-16.75%), hilum width
7.12-15.87 mm (6.49-17.50%) and a nut hairiness of 9.81-22.39 mm (6.75-20.65%). According to
the fruit shape index, we determined a triangular, spherical, transversely elliptical and transversely
broad-elliptical shape in the collection of genotypes. The results of the research point to the fact that the
Castanea sativa genetic material from the clone repository is a rich source of genetic diversity and can
be used in the selection to create new varieties and cultivars.

Keywords: Castanea sativa, fruits, genetic plant resources, morphological characteristic

Uvod

Rod Gastany (Castanea Mill.) pozostava z lesnych stromov s vynimocnym ekologickym,
socioekonomickym a kultirnym vyznamom. Castanea, patriace do celade Fagaceae Dumort.,
st prirodzene rozsirené v listnatych lesoch Severnej Ameriky, Eurépy a Azie (Fei et al., 2012).
Oblast’ vyskytu sa pohybuje od juznej Eurépy (Pyrenejsky polostrov, Taliansko, Balkan,
Stredozemné ostrovy) a severnej Afriky (Maroko), po severozdpadnu Eurdépu (Anglicko,
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Belgicko) a na vychod po zapadnt Aziu (severovychodné Turecko, Arménsko, Gruzinsko,
Azerbajdzan, Syria), s nadmorskou vyskou medzi 200 az 1 800 m.n.m, v zavislosti od
zemepisnej Sirky a aspektu lokality. V Eurépe sa gastan jedly rozprestiera na ploche viac
ako 2,5 miliéna hektarov. VacSina tzemia (89 %) je sustredend iba v niekol'kych krajinach
(Franctizsko, Taliansko, Spanielsko, Portugalsko a Svajéiarsko) s dlhoro¢nou tradiciou gastanu
(Conedera et al., 2016).

Rod zahina styri ekonomicky dolezité druhy s hojnym vyskytom sladkych orechov a produkcie
dreva: gastan ¢insky (Castanea mollissima Blume), gaStan japonsky (Castanea crenata Siebold
& Zucc.), gastan eurdpsky (Castanea sativa Mill.) a gasStan americky (Castanea dentata
(Marshall) Borkh.). Literatira naznacuje, Ze druhy Castanea maji bohata $kalu genetickej
diverzity a morfologickej a ekologickej variability (Aravanopoulos et al., 2001; Furones-Pérez
et Fernandez-Lépez, 2009; Benedetti et al.,, 2018; Stojanovi¢ et Magazin, 2020).

V nasSich podmienkach je drevinou introdukovanou s obmedzenym vyskytom v pahorkatinach
juhozapadného azjuhovychodného Slovenska. Oblast rozsirenia gastana na Slovensku mozno
vymedzit Malackami na zdpade a Petrovcami na vychode Gzemia. Juzny okraj tvori pribliZne
¢iara Bratislava - Sahy - Lu¢enec - Slanec. Na severe vybieha dolinou Vahu aZ k Lednickému
Rovnému, dolinou rieky Nitry do Bojnic, dolinou Hrona do Badina, dolinou Ipla az do Ipelského
Potoka, dolinou Rimavy aZ do Kokavy a HnuSte a na vychodnom Slovensku dolinou Torysy aZ
po Uzovsky Salgov a dolinou rieky Topla ku Giraltovciam (Bolvansky et al., 2008). Vyskum
tejto dreviny sa nielen u nas sustredi na variabilitu reprodukénych organov (Bencat, 1967),
morfologickych znakov kvetov, plodov, listov (Bolvansky, 1989; Furones-Pérez et Fernandez-
Lopez, 2009; Grygorieva etal.,, 2016,2017,2018), rastovych vlastnosti (Bencat a Tokar, 1967),
kvalitu drevnej produkcie (Tokar, 1991), Stddium chordb a Skodcov (Juhdsova a Hrubik, 1984;
Juhdasova, 1999; Dar et Rai, 2015), tieZ na vyber hospodarsky cennych genotypov, ktoré by
sa mohli stat odrodami pre produkciu plodov (Solar et al., 2005; Stojanovi¢ et Magazin,
2020). Pastor et al. (2017) skimal biokultdrnu hodnotu gastana jedlého v krajinnych typoch
s tradi¢nym vyuZzivanim krajiny, kde gastan je cennou ¢rtou hospodarskej krajiny. Obrovské
(pozoruhodné) gastany sa pestovali ako samostatné stromy, ktoré zvycajne stoja na pastvine
alebo polnohospodarskej péde vo vztahu k ur¢itym prvkom vytvorenym c¢lovekom, ako su
osady, hranice nehnutelnosti a chodniky (Krebs et al., 2012).

Ochrana a rast biologickej diverzity ma strategicky vyznam pre trvalo udrZatelny rozvoj
spoloc¢nosti (IPGRI, 2002). Potreba vyskumu venovat sa problematike variability plodov
gaStana jedlého v repozitériu Pribelce je dosledkom strategického planu medzinarodne;j
biodiverzity, ktora zabezpecuje a udrzuje ochranu a stabilitu ekosystémov.

Biologicky material

Pre experimentdlne Ucely sme vybrali jedince Castanea sativa z gaStanového sadu v obci
Pribelce. Sad Pribelce - klonové repozitérium sa nachadza na vychodnom okraji obce Pribelce
s nadmorskou vyskou 270 - 300 m n. m., so suradnicami 48° 12’ 10” s. z. §.a 19° 15" 40” v. z.
d. Sad bol zaloZeny v roku 1998 na ploche s rozlohou 2,7 ha s ojedinelym vyskytom starych
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jedincovgastanajedlého,ktoréboli ponechanéazakomponované donovejvysadby dvojro¢nych
semendcikov pochadzajicich z volného opelenia medzidruhovych a vnutrodruhovych
hybridov a vysadby jedincov z volného opelenia z Arboréta Mlynany a z Narodnej Botanicke;j
zdhrady M.M. Grishka pri Narodnej akadémii vied Ukrajiny v Kyjeve introdukovanych na nase
podmienky.

Morfometricka analyza
Hodnotili sme 30 ndhodne vybranych zdravych genotypov (C01-C30). Z kazdého genotypu
sme zabezpecili morfometricku analyzu z 30 ndhodne vybranych plodov. Pri plodoch sme
hodnotili nasledovné znaky:

a) hmotnost plodov (g);

b) vyska a Sirka plodov (mm);
c) dizka a $irka jazvy plodov (mm);
d) dizka ochlpenia (mm);

e) index tvaru plodov a index tvaru jazvy.
Hmotnost plodov sme stanovili pouzitim analytickych vah (Kern ADB-A01S05, Germany)
s presnostou na 0,01 g a dizku a $irku plodov, dizku a $irku jazvy plodov a diZzku ochlpenia
posuvnym digitalnym meradlom.

diZka ochlpenia

dizka plodovej jazvy

Sirka

sirka plodovej jazvy

Obrazok1  Nakres merani: vy$ka a $irka plodu, diZka a $irka jazvy plodu a dizka ochlpenia
Figure 1 [llustration of measuring process: fruit height and width, hilum length and width, length of nut
hairiness

Obrazova analyza

Obrazova dokumentacia sa zabezpecila digitadlnymi fotoaparatmi Canon PowerShot G5,
Panasonic DMC FZ50.
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Pre komplexnejSie zhodnotenie sme na plodoch hodnotili aj kvalitativne znaky:
a) plody - farba a tvar;

b) prie¢ny rez plodov - farba.

Pri hodnoteni kvantitativnych a kvalitativnych znakov sme vychadzali z deskriptora pre
genetické zdroje gastana na Slovensku zostaveného Bolvanskym (Bolvansky et al., 2008).

Statisticka analyza

Z&kladné Statistické analyzy boli vykonané s pouZitim PAST 2.17; Variabilitu testovanych
suborov v jednotlivych znakoch sme hodnotili pomocou deskriptivnej Statistiky. Stupeii
variability sme urcovali podla hodnét variacnych koeficientov. Dany ukazovatel je nezavisly
na meranej jednotke hodnoteného znaku. Teoreticky m6zu nadobudat lubovolné hodnoty
(Stehlikova, 1998). Na zistenie vzajomnej zavislosti medzi jednotlivymi znakmi sme pouzili
korela¢nu analyzu a klastrovu analyzu v programe STATISTICA 1.10.

Medzi najvyznamnejsSie ukazovatele velkosti plodov patri priemernd hmotnost plodow.
V hodnotenej kolekcii 30 genetickych zdrojov gaStana jedlého sme zistili priemernt hmotnost
plodov v rozsahu od 2,08 (C18) do 13,21 g (C25). V kolekcii sme zaznamenali tri genotypy s
priemernou hmotnostou plodov nad 10 g. Hodnoty varia¢nych koeficientov zistené v intervale
7,12 (C02) - 34,26 % (C18) dokumentujui v ramci hodnotenych genotypov nizky az vysoky
stupen variability daného znaku, tzn. Ze vytvorené plody mézu dosahovat roznu hmotnost.
Podla deskriptora pre hmotnost plodov (Bolvansky et al., 2008) moZno hmotnost plodov
v naSej kolekcii kategorizovat ako vel'mi malé aZ stredne vel'ké plody. Pri porovnani nasich
vysledkov s literarnymi udajmi z dalSich oblasti Slovenska (Bencat, 1968; Bolvansky et al.,
2008; Bolvansky et al.,, 2012) sme urcili vyznamnu zhodu. Urcité odliSnosti pri tomto znaku
zaznamenali autori z inych krajin. Grygorieva et al. (2017) na Ukrajine stanovila rozsah merani
v intervale 1,70 - 20,0 g s vysokym variacnym koeficientom (45,92 %), Muji¢ et al. (2010)
v Bosne a Hercegovine v rozsahu 4,32-6,67 g, Pandit et al. (2011) v Indii v rozsahu 5,23 -
16,37 g. V tabulke 1 su prezentované minimalne a maximalne hodnoty vSetkych hodnotenych
znakov 30 genotypov z repozitéria Pribelce.

Medzi vyznamné agrofyzikalne parametre velkosti plodov patria aj vySka a sirka plodow.
Uvedené znaky sud doélezitym ukazovatelom velkosti plodov ako aj technicky parameter
pri triedeni plodov gastana jedlého do kvalitativnych kategérif. V hodnotenej kolekcii 30
genetickych zdrojov gasStana jedlého sme zistili priemernt vysku plodov v rozsahu od 15,50
(C18) do 30,37 mm (C09) a Sirku v rozsahu od 17,80 (C18) do 34,51 mm (C25). V kolekcii sme
zaznamenali 1 genotyp s priemernou vySkou plodov nad 30 mm a 9 genotypov s priemernou
$irkou plodov nad 30 mm. Podla deskriptora pre hodnotené znaky plodov (Bolvansky et al.,
2008) mozno vysku a Sirku plodov v hodnotenej kolekcii kategorizovat ako velmi malé az
vel'ké. Hodnoty variacnych koeficientov urcené v rozsahu 3,62 (C21) - 14,79 % (C29) pre
vysku plodov a hodnoty 3,62 (C25) - 15,10 % (C16) pre Sirku plodov dokumentuju, Ze v rdmci
hodnotenych genotypov je nizky az stredny stupen variability pre oba znaky. Ako doplnkovy
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parameter sa moZe pouzit Sirka plodu, ktorad je v tesnej, kladnej korelacii s hmotnostou
plodu. Klasifikacia na zaklade Sirky plodu sa odporuca najma pri vysusenych plodoch. Pri
porovnani nasich vysledkov s literarnymi tidajmi z dalSich oblasti Slovenska (Bencat, 1968;
Bolvansky et al., 2008; Bolvansky et al.,, 2012) sme urcili vyznamnud zhodu, naproti tomu
Benedetti et al. (2018) v Chile ur¢il SirSie rozpétie pre vysku (17,10 - 36,7 mm) a Sirku plodov
(17,5 - 44,5 mm), rovnako tiez Grygorieva et al. (2017) na Ukrajine pri oboch znakoch (8,07 -
33,39 mm; 16,34 - 40,95 mm).

Tabulka 1 Variabilita vybranych znakov na plodoch gastana jedlého (Castanea sativa Mill.)

v hodnotenej kolekcii genotypov z klonového repozitéria

Table 1 Variability of selected fruit traits of sweet chestnut (Castanea sativa Mill.) in the evaluated
collection of genotypes from the clone repository
Hmotnost plodov (g) DiZka ochlpenia (mm)
n min max X \' TH n min max X \' TH
Genotypy s nizkymi hodnotami znaku
C18 30 1,10 3,60 2,08 34,26 r C30 30 7,61 11,92 9,81 10,61 n
C30 30 1,70 3,10 2,20 1841 p CO03 30 8,60 12,44 10,06 8,54 n
Genotypy s vysokymi hodnotami znaku
C25 30 11,70 1590 13,21 7,12 a (13 30 17,40 25,76 22,39 824 a
Cco8 30 540 1830 11,09 29,70 ab C21 30 1892 2543 22,19 742 ab
Vyska plodov (mm) Sirka plodov (mm)
n min max X \'% TH n min max X \% TH
Genotypy s nizkymi hodnotami znaku
C18 30 13,63 18,61 1550 7,72 n (18 30 12,19 22,36 17,80 11,87 m
C30 30 15,09 18,17 16,65 4,32 m C30 30 16,84 21,41 18,78 591 1
Genotypy s vysokymi hodnotami znaku
Cc09 30 26,07 33,26 3037 6,46 a (€25 30 32,13 36,46 34,51 3,62 a
cos 30 23,75 34,11 28,54 8,89 a (13 30 27,83 3535 31,99 6,73 a
Dizka jazvy (mm) Sirka jazvy (mm)
n min max X \% TH n min max X \% TH
Genotypy s nizkymi hodnotami znaku
c18 30 9,77 1797 1331 1358 o C30 30 532 911 7,12 1372 1
C30 30 13,33 1884 16,21 7,12 n C18 30 523 11,14 7,66 16,50 1
Genotypy s vysokymi hodnotami znaku
C25 30 23,00 32,56 29,20 6,69 a (Co8 30 11,30 21,57 1587 17,07 a
C28 30 21,84 36,65 2646 10,76 ab C25 30 14,08 19,53 15,85 7,76 ab

PoznamkKy: n - pocet merani; min, max - minimalna a maximalna nameranda hodnota; X - aritmeticky priemer; V - varia¢ny
koeficient (%); TH - test homogenity podla LSD pri preukaznosti P0,05

-150 -



Horéinova Sedlackovd, V., Mnahonédakovg, E., Grygorieva, O.
Agr.bio.div. Impr. Nut., Health Life Qual., 2020, 146-158

Pri hodnoteni plodov gastana jedlého ma svoje praktické opodstatnenie aj dizka a $irka
plodovej jazvy. V hodnotenej kolekcii 30 genetickych zdrojov gasStana jedlého sme zistili
priemernt dizku plodovej jazvy od 13,31 (C18) do 29,20 mm (C25) a priemernd $irku
plodovej jazvy v rozsahu od 7,12 (C30) do 15,87 mm (C08). V kolekcii sme zaznamenali osem
genotypov s priemernou dizkou plodovej jazvy nad 25 mm a dva genotypy s priemernou
Sirkou plodovej jazvy nad 15 mm. Hodnoty variacnych koeficientov zistené v rozsahu 6,22
(C01) - 16,75 % (C09) pre dizku jazvy a v rozsahu 6,49 (C01) - 17,50 % (C16) pre $irku jazvy
dokumentuju nizky aZ stredne vysoky stupenl variability pri oboch znakoch. Pri porovnani
nasich vysledkov s literarnymi tidajmi z dalSich oblasti Slovenska (Bencat, 1968; Bolvansky et
al,, 2008; Bolvansky et al,, 2012) sme urcili vyznamnu zhodu. Podla deskriptora pre vel'kost
plodovej jazvy - dizka jazvy/$irka plodu (Bolvansky et al., 2008) moZno v hodnotenej kolekcii
kategorizovat znak ako mala aZ stredna velkost jazvy.

Pri hodnoteni plodov sa aplikuje aj priemerna diZka a $irka ochlpenia plodov. V hodnotenej
kolekcii 30 genetickych zdrojov ga$tana jedlého sme zistili priemernt dizku ochlpenia plodov
v rozsahu od 9,81 (C30) do 22,39 mm (C13), tzn. Ze vytvorené plody mézu dosahovat réznu
dlzku ochlpenia plodov. V kolekcii sme zaznamenali 3 genotypy s priemernou dizkou ochlpenia
plodov nad 20 mm. Podla deskriptora pre ochlpenie plodov (Bolvansky et al., 2008) moZno
dzku ochlpenia v hodnotenej kolekcii kategorizovat' ako malud aZ vel'kd. Hodnoty varia¢nych
koeficientov pre dizku ochlpenia zistené v rozsahu 7,11 (C23) - 20,65 % (C26) dokumentujt
nizky az mierne vysoky stupen variability. Pri porovnani naSich vysledkov s literarnymi
udajmi (Bencat, 1968; Bolvansky et al., 2008; Bolvansky et al., 2012) sme urcili vyznamnu
zhodu.

Vysledky naSich merani sme porovnali s inymi autormi zaoberajucimi sa r6éznymi
populaciami Castanea sativa (tabulka 2) prispésobenych urcitym regionalnym a klimatickym
podmienkam v Grécku (Aravanopoulos et al,, 2001), Slovinsku (Solar et al., 2005), Bosne
a Hercegovine (Muji¢ et al., 2010), Indii (Pandit et al., 2011), Turecku (Ormeci et al., 2016),
Ukrajine (Grygorieva et al., 2017), Cile (Benedetti et al., 2018), Ciernej Hore (Odalovic et al.,
2013; Stojanovi¢ et Magazin, 2020).

Index tvaru plodov sme stanovili ako pomer vysky plodu k Sirke plodu v intervale 0,79 (E03) -
1,22 (L08) a index tvaru jazvy sme stanovili ako pomer dizky k $irke jazvy v rozsahu 1,61
(LO7) - 2,28 (107), ¢o dokumentuje obrazok 2. Pri porovnani vysledkov s autormi Grygorieva
et al. (2017), ktori stanovili index tvaru plodov v intervale 1,48 - 2,03 a index tvaru jazvy
v intervale 0,81 - 0,98 sme zaznamenali vyznamné rozdiely.
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Tabul'ka 2 Variabilita niektorych morfologickych znakov plodov gastana jedlého (Castanea sativa
Mill) podla autorov z inych krajin

Table 2 Variability of some morphometric characteristics on sweet chestnut (Castanea sativa Mill)
fruits according to the authors from different countries

Autori Plody Jazva
hmotnost (g) dizka (mm) $irka (mm) dizka (mm) S$irka (mm)

Aravanopoulos et al. (2001) 2,98-6,07 19,10-24,90 18,80-23,80 12,90-14,50 6,00-7,00

Solar et al. (2005) 3,50-18,60 20,00-37,00 12,00-39,00 12,00-32,00 7,00-16,00
Muji¢ et al. (2010) 4,32-6,67 20,45-24,89 23,45-27,10 —* —*
Bolvansky et al. (2012) 2,94-13,40 16,41-27,75 19,81-34,17 —* -*
Odalovic etal. (2013) 4,80-10,60 19,60-30,60 23,70-34,90 19,00-31,00 11,00-16,00
Ormeci et al. (2016) 10,26-22,32  27,74-39,73 26,80-42,47 —* —*
Grygorieva etal. 2017 1,70-20,0 8,07-33,39 16,34-4095 6,62-31,30 6,50-19,99

Stojanovi¢ et Magazin 2020 5,67-11,70 24,75-29,73 25,85-32,74 16,87-26,41 8,60-14,78

PoznamKy: * nemerané
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HPlody ®]azvy
Obrazok2 Porovnanie vybranych genotypov gastana jedlého (Castanea sativa Mill.) v indexe tvaru plodov
ajaziev
Figure 2 Comparison of selected genotypes of sweet chestnut (Castanea sativa Mill.) in the shape index

of fruit and hilum

Geneticky vztah medzi 30 genotypmi sa skimal klastrovou analyzou. Analyza preukazala
vyznamné rozdiely medzi testovanymi genotypmi gaStana jedlého. Dendrogram
identifikoval $tyri hlavné skupiny (obrazok 3). Styri z 30 genotypov st zahrnuté do skupiny
I, 9 genotypov v skupine I, 16 genotypov v skupine IIl a 1 genotyp v skupine IV. Skupina
[ dosahovala najnizsie priemerné hodnoty morfologickych charakteristik (hmotnost plodu,
dizka plodu, $irka plodu, dizka plodovej jazvy, $irka plodovej jazvy), ktoré sa vyrazne lisili
od ostatnych skupin. Skupinu 1V, ktort tvoril jeden genotyp, naopak, dosahovala najvyssi
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priemer morfologickych parametrov. Obrazok 3 potvrdzuje vysledky hodnotenej variability
morfometrickych charakteristik (tabulka 1).
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Obrazok 3

Figure 3
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Distance

Dendrogram zostaveny na zaklade morfometrickych znakov plodov 30 genotypov gasStana
jedlého (Castanea sativa Mill.)

Dendrogram of 30 genotypes of sweet chestnut (Castanea sativa Mill.) based on morphometric
characteristics of fruits

Pri vSetkych hodnotenych znakoch sme zaznamenali kladnu korelaciu (tabul'ka 3). Korela¢na
analyza preukazala uizky vztah najma medzi znakmi hmotnost plodov a vyska plodov, kde bola
zistend tesna kladna korelacia (r = 0,877), a medzi hmotnostou a Sirkou plodov (r = 0,955).
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Tabul'ka 3 Korela¢na analyza hodnotenych znakov plodov gastana jedlého (Castanea sativa Mill.)

Table 3 Correlation analysis of evaluated traits of sweet chestnut (Castanea sativa Mill.)

Parametre Hmotnost Vyska plodu  Sirka plodu Dizka jazvy Sirka jazvy
plodu (g) (mm) (mm) (mm) (mm)

Vyska plodu 0,877** 1

Sirka plodu 0,955** 0,865** 1

Dizka jazvy 0,905** 0,799* 0,920%* 1

Sirka jazvy 0,948** 0,855** 0,885** 0,869** 1

DiZka ochlpenia 0,302* 0,248 0,363* 0,222 0,244

Poznamky: ** koreldcia je vyznamnd na trovni 0,01; * korel4cia je vyznamna na urovni 0,05

Tvar plodu gastana jedlého je banaty vo vrchnej Casti zakonceny zaschnutym krat$im
semennikom. Plody st matné alebo lesklé. VonkajSie osemenie je tenSie svetlo-hnedé. Plody
dokonale vyplhaju cely priestor (Benéat, 1968; Bolvansky et al., 2008). Dané poznatky

Obrazok4 Porovnanie vybranych genetickych zdrojov gastana jedlého (Castanea sativa Mill.) v tvare
a farbe plodov (Foto V. Hor¢inova Sedlackova, 2020)

Figure 4 Comparison of selected genetic resources of sweet chestnut (Castanea sativa Mill.) in the shape
and colour of fruits (Photo V. Hor¢inova Sedlackova, 2020)
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sme potvrdili aj pri Stadiu genetickych zdrojov z klonového repozitéria, ¢co dokumentuje aj
obrazok 4. V nasej kolekcii genotypov sme urcili tvar plodov trojuholnikovy, gulovity, prie¢ne
elipsovity az priec¢ne Siroko-elipsovity.

Na obrazku 4 je prezentované porovnanie vybranych genotypov vo farbe plodov. Prezentované
porovnanie dokumentuje vyznamné rozdiely medzi genotypmi aj v danom znaku. Podla
deskriptora pre klasifikdciu znakov (Bolvansky et al., 2008) sa pri plodoch vyskytuje sfarbenie
od svetlo hnedej, cez hnedd, cerveno-hnedu, tmavo-hnedu aZ po ¢ierno-hnedu, ¢o sme urcili aj
v kolekcii hodnotenych genotypov.

Vyznamné rozdiely sme urcili aj v tvare, vel’kosti a ochlpeni pttok plodov, ¢o dokumentuje
porovnanie genotypov na obrazku 5.

Obrazok 5 Variabilita v tvare, velkosti a ochlpeni ptitok plodov genotypov gastana jedlého (Castanea
sativa Mill.) (Foto V. Horc¢inova Sedlackova, 2020)

Figure 5 Variability in the shape, size and nut hairiness of genotypes of sweet chestnut (Castanea sativa
Mill.) (Photo V. Hor¢inova Sedlackova, 2020)

Povrch jadra plodov gastana jedlého je smotanovo-bielej farby. Jadro je na priereze prevazne
biele, svetlo krémové alebo krémové. Na obrazku 6 je prezentované porovnanie vybranych
genotypov vo sfarbeni jadra plodov. Prezentované porovnanie dokumentuje urcité rozdiely
medzi genotypmi aj v danom znaku.

- 155 -



Horéinovd Sedldékovd, V., Miiahonédkovd, E., Grygorieva, O.
Agr.bio.div. Impr. Nut., Health Life Qual., 2020, 146-158

Obrazok 6 Porovnanie vybranych genetickych zdrojov gastana jedlého (Castanea sativa Mill) v priecnom
reze plodov (Foto V. Horc¢inova Sedlackova, 2020)

Figure 6 Comparison of selected genetic resources of sweet chestnut (Castanea sativa Mill.) in cross-
section of fruits (Photo V. Horc¢inova Sedlackova, 2020)

Zavery

Na zaklade uskutocnenych experimentalnych prac pri rieSeni problematiky morfologickych
znakov plodov genetickych zdrojov Castanea sativa z repozitéria Pribelce sme urcili
vyznamnu fenotypovu variabilitu vo vSetkych znakoch a v kombindacii znakov. Je dolezité
spoznat dalSie biologické zvlastnosti a Specifikd uchovavanych genetickych zdrojov
v repozitdriu, informovat odbornt a ostatnu verejnost o pestovani a vyuzivani gastana
jedlého v podmienkach Slovenska ako zdroja hospodarsky vyznamnych plodov, a vyznamnej
lesnickej dreviny vyuZitelnej v agrolesnictve, alebo aj ako genetického materidlu pre
rozsirovanie a pestovanie v okolitych obciach.
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The research focused on Capsicum spp. collection (C. annuum L., C. baccatum L., C. chinense Jacq.)
cultivated under green-house conditions and examined in the term of morphological characteristics
of quantitative (6) and qualitative (4) traits. Aim of the study was to determine the variability in the
morphological fruit characters of 28 cultivars. The results revealed considerable morphological
variability between average weight of fruits (0.32-25.94 g), weight of peduncle (0.01-0.41 g), weight of
exocarp (0.24-24.60 g), weight of seed (0.04-2.14 g), weight of ovary (0.17-4.92 g) and number seeds
per fruit (14.2-185.8 pieces). A cluster analysis was carried out, and a dendrogram was established.
With quantitative variables, 6 groups were obtained. Correlations between morphological variables
were also estimated. There were highly significant differences for most quantitative characters. The
study showed that the weight of fruits parameters is correlated with the variables related to the
weight of exocarp and weight of ovary. High diversity based on qualitative traits was detected for the
shape of fruits, the colour of fruits ect. Obtained results confirmed that chilli peppers are suitable
germplasm for their cultivation and distribution as ornamental plants, their potential uses and benefits
to mankind cover many areas processing into food and nutrition, cosmetics, plant-based insecticides,
pharmaceutical or medicine products.

Keywords:  Capsicum spp., fruits, cultivars, morphometric characteristic

Introduction

Chilli pepper (Capsicum spp.) is a solaneceous plant, whose centre of origin in Middle
America and Mexico is centre of genetic diversity and domestication. In the world, several
hundred types of peppers are cultivated. The five major cultivated and economically most
important species of Capsicum are C. annuum L., C. chinense Jacq., C. frutescens L., now widely
cultivated throughout Europe, the southern United States, Africa, India, and China, and
C. baccatum L. and C. pubescens Ruiz & Pav,, cultivated predominantly in South America (Basu
and De, 2003; Scaldaferro et al., 2018). The genus comprises approximately 42 described
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species (Barboza et al., 2019), with wide range of morphological variability, mainly in different
shapes, sizes, colours and sensory attributes of its fruits (Nwachukwu et al., 2007; Barbosa et
al,, 2010; Ballina-Gémez et al.,, 2013; Wahua et al., 2014; Bicikliski et al., 2018).

Capsicum terminology is very confusing with pepper, chilli, chile, chilli, aji, paprika, and
capsicum all used interchangeably to describe the plant (DeWitt and Bosland, 2009). Csillery
(2006) indicates that the first component description of Capsicum was given in Hungarian
herbal by Dioszegi and Fazekas (1807) cited by Bozokalfa et al., (2009). Chilli pepper is an
important agricultural crop, not only because of its economic importance, but also for the
nutritional value of its fruits (Aliu et al., 2017), mainly due to the fact that they are an excellent
source of natural colours and antioxidant compounds (Rodriguez-Maturino et al, 2011;
Medina-Judarez et al., 2012).

The Capsicum genus includes the sweet and hot chilli peppers, which have been popular from
ancient times and at present are of great commercial interest, not only for the taste and colour
of their fruits (Shaha et al., 2013), but also because of their essential oils and the presence
of capsaicin (Pruthi, 2003; Nadi et al., 2020). Capsaicin is the pungent principle of hot chilli
peppers, which are commonly used as spices and as medicines (Saleh et al., 2018), mainly
applied topically to relieve neuropathic pain and itching (Papoui and Yosipovitch, 2010). The
number of studies report that hot pepper seeds are rich in minerals content (Jarret et al,,
2013; Zou et al., 2015). The content of vitamin C in the pepper fruit is higher than in Citrus
(Finger et al., 2010). The pepper fruit is a rich source of vitamin A, E, C and P in green chilli
(Howard et al., 2000; Marin et al., 2004). They have a high level of vitamins C and E as well
as the total of antioxidants is completed by phenolic compounds, which occur in peppers in
connection with sugars (Shotorbani and Jamei, 2013; Batiha et al., 2020).

Preservation of such plant genetic resources is extremely important for plant breeding as well
as for society as awhole (Moreira etal., 2018). In view of the cultural and economic importance
of the Capsicum, the development of new and improved cultivars carrying characteristics that
meet the needs of farmers and the consumers is primordial. To achieve this goal, plant breeders
are dependent on plant genetic resources and need access to the widest genetic diversity
available. For these reasons, the preservation of wild species, local varieties and traditional
genotypes in collections or germplasm banks is very important (Nass et al., 2012). In addition,
the characterization of these materials is essential information for the conservation and use in
plant breeding programs (Murillo-Amador et al., 2015; Sarobo, 2019).

Variability study of agro-morphological characteristics of various Capsicum species in
conditions of Botanical Garden (Slovakia) due to biodiversity conservation and plant breeding
program was aim of our examination.

Biological material

We experimentally studied 28 cultivars of peppers from the three Capsicum species
(C. annuum, C. baccatum and C. chinense) (Table 1). All 28 cultivars of chilli peppers that were
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the subject of the study were grown under green-house conditions in the Botanical Garden,
which is located on the area of the Slovak University of Agriculture in Nitra.

Table 1 List of 28 cultivars of Capsicum spp.

No. Species Cultivars

1 Capsicum annuum L. Black Kobra

2 Capsicum annuum L. Chocho

3 Capsicum annuum L. Jalapeno

4 Capsicum annuum L. Kilian

5 Capsicum annuum L. Medusa

6 Capsicum annuum L. Pepperoncini Greek
7 Capsicum annuum L. Tabasco

8 Capsicum annuum L. Trinidad Hot Cherry
9 Capsicum annuum var. nigrum Black Prince

10 Capsicum baccatum L. Aji Amarilo

11 Capsicum baccatum L. Aji fantasy sparkly white
12 Capsicum baccatum L. Aji Rojo

13 Capsicum baccatum L. Bishops Crown Red
14 Capsicum baccatum L. El Oro De Ecuador
15 Capsicum baccatum L. var. pendulum Escabeche

16 Capsicum chinense Jacq. Aji Charapita

17 Capsicum chinense Jacq. Carolina Reaper
18 Capsicum chinense Jacq. Citron

19 Capsicum chinense Jacq. Fatali Red

20 Capsicum chinense Jacq. Fidalgo Roxa

21 Capsicum chinense Jacq. Habanero Chocolate
22 Capsicum chinense Jacq. Habanero Peach
23 Capsicum chinense Jacq. Haba nero Red
24 Capsicum chinense Jacq. Habanero Red Savina
25 Capsicum chinense Jacq. Jolokia White

26 Capsicum chinense Jacq. Peter’s Orange
27 Capsicum chinense Jacq. Pimenta De Neyde
28 Capsicum chinense Jacq. Trinidad Scorpion Peach
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Morphometrical analysis

The following quantitative and qualitative properties were evaluated by morphometrical
analysis:
a) fruit weight (g); stem weight (g); weight of exocarp (g); ovary weight (g); seed
weight (g); number of seeds in fruit (pcs);
b) shape of fruits; fruit shape at peduncle; fruit shape at blossom end; colour of the
fruits.

The weights were evaluated by analytical balance (Kern ADB-A01S05, Germany), accurate to
0.01g.

Statistical analysis

[t 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 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. The given
parameter is independent of the unit of the evaluated character. Theoretically, they can acquire
different values (Stehlikova, 1998). Cluster dendrogram were performed in the free software
for scientific data analysis PAST 2.17. We used correlation analysis in the program STATISTICA
1.10 to determine the dependence between individual characters.

The researched morphological diversity among pepper populations is helpful for breeding
programs aimed in selecting superior genotypes. Local or introduced pepper populations is
included in broader genetic analyses and considered as a source of new genetic variability
used for the development of inbred lines in breeding program.

The evaluation of plant genetic resources has been considered of prime importance, especially
in those species having economic importance (Dibuz et al., 1998; Grygorieva etal., 2014, 2017,
2018a, b; Monka et al., 2014; Lima et al., 2017; IvaniSova et al., 2017; Vinogradova et al., 2017;
Fatrcova-Sramkova et al., 2019; Brindza et al.,, 2019).

The weight of fruits of chilli pepper cultivars is presented in Table 2. In the evaluated collection
was determined the average weight of fruits in the range from 0.318 g (Aji Charapita) to 25.94
g (Trinidad Hot Cherry). For the complete, we determined the weight of fruits up to 10 g
for 18 cultivars, from 10.1 to 20 g for 7 cultivars, and the weight of fruits above 20 g for 3
cultivars. The values of the coefficient of variation were in the interval 9.166-42,020%, which
documented low up to high degree of variability of the character within the collection.

In agreement with our description, similar fruit weight was found by Bianchi et al., (2020)
for C. chinense from four Brazilian region and one from Peru (1.04-18.61 g), for cultivated
species from West Africa C. annuum (5.14 £0.42-20.97 £2.69) and C. frutescens (1.83 +0.25)
by Olatunji and Afolayan (2019). Jarret and Berke (2008) characterized C. chinense from
USDA/ARS Capsicum germplasm collection and determined mean fruit weight in a range of
0.18to 22.7 g.
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Table 2 presents the weights of peduncle, which were determined as the average values in
the range from 0.017 g (Black Prince) to 0.410 g (Trinidad Hot Cherry). For the complete, we
determined the weight of peduncles to 0.10 g for 16 cultivars, from 0.10 to 0.20 g for 8 cultivars,
and the peduncle weights above 0.20 g and up for 4 cultivars. The values of coefficients of
variation document a medium up to high degree of variability.

Table 2 Statistical characteristics of variability of fruits in the collection of chilli pepper genotypes

Cultivars Fruit weight (g) Peduncle weight (g)

min max X V (%) min max X V (%)
Habanero Red 7.95 11.95 9,76 17.21 0.07 0.17 0.12 34.48
Peter’S Orange 12.65 17.81 14.66 15.40 0.27 0.41 0.33 19.24
Tr. Hot Cherry 21.48 29.98 25.94 12.88 0.04 0.78 0.41 68.96
Kilian 1.43 3.51 2.32 32.38 0.01 0.06 0.02 74.06
Tabasco 1.02 2.23 1.79 27.28 0.11 0.30 0.18 42.53
Escabeche 4.86 8.05 7.05 18.63 0.03 0.06 0.04 24.69
Pepper. Greek 4.71 11.36 6.53 42.02 0.03 0.13 0.09 38.69
Fidalgo Roxa 3.39 5.30 3.89 20.80 0.01 0.14 0.05 96.55
Jalapeno 11.43 20.92 15.67 22.09 0.09 0.13 0.12 15.00
Fatali Red 5.69 7.32 6.66 12.39 0.06 0.07 0.07 3.89
Black Kobra 3.08 4.70 3.73 18.97 0.02 0.07 0.05 41.53
Aji Rojo 16.71  27.87 2318 19.48 0.23 0.42 0.32 22.93
Carolina Reaper 5.61 8.25 6.67 16.39 0.04 0.06 0.04 19.44
Tr. Scorp. Peach 495 8.52 6.74 18.90 0.02 0.04 0.03 22.02
Aji Charapita 0.26 0.44 0.32 2249 0.01 0.14 0.05 100.54
Bishops Cr. Red 1590 2687 22.60  20.11 0.07 0.16 0.10 38.74
Black Prince 0.62 1.02 0.87 17.92 0.01 0.02 0.01 18.10
El Oro De Ecuador 3.93 8.08 6.08 25.66 0.07 0.17 0.12 33.54
Chocho 9.52 22.08 14.29 37.17 0.27 0.45 0.38 20.44
Habanero Peach 11.14 16.83 14.37 17.66 0.04 0.15 0.11 37.69
Medusa 1.72 2.28 2.10 10.67 0.07 0.08 0.07 7.20
Jolokia White 6.69 8.66 7.75 9.77 0.06 0.08 0.07 17.20
Habanero Chocolate 12.31 19.28 15.39 18.85 0.03 0.08 0.06 28.69
Pimenta De Neyde 3.81 5.55 4.72 15.75 0.03 0.06 0.05 25.17
Habanero Red S. 7.49 13.35 10.50 26.19 0.03 0.10 0.06 41.13
Citron 2.08 2.63 2.30 9.16 0.04 0.07 0.05 21.30
Aji Amarilo 4.08 6.53 5.42 17.49 0.08 0.15 0.11 24.77
Aji F. Sparkly W. 10.20 14.70 12.40 14.27 0.15 0.18 0.17 7.22

Note: n - the number of measurements; min, max - minimal and maximal measured values; X - arithmetic mean;

V - coefficient of variation (%)
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The exocarp weight of the evaluated chilli pepper cultivarsis presented in Table 3. It was determined
the average exocarp weight in the range from 0.244 g (Aji Charapita) to 24.601 g (Trinidad Hot
Cherry). For the complete, we determined the weight of exocarp up to 10 g in 20 cultivars, from
10.1 to 20 g in 5 cultivars and the weight of the exocarp from above 20 g upwards in 3 cultivars.
The values of coefficients of variation document a medium up to high degree of variability.

Table 3 Statistical characteristics of variability of exocarp weight and number of seeds per fruit in
the collection of chilli pepper genotypes
Cultivar Number Of Seeds Per Fruit (Pcs) Number Of Seeds Per Fruit (Pcs)
min max b4 V (%) min max b4 V (%)
Habanero Red 7.85 11.69 9.62 16.86 35 57 43.80 20.06
Peter’s Orange 12.33 17.41 14.31 15.65 55 86 67.20 18.98
Tr. Hot Cherry 20.50 28.33 24.60 12.67 158 243 185.80 18.34
Kilian 0.99 2.71 1.76 34.60 18 49 35.40 39.07
Tabasco 0.89 2.00 1.58 28.09 20 72 46.60  47.44
Escabeche 3.62 7.19 5.55 23.84 2 52 43.60 27.36
Pepper. Greek 3.99 10.62 5.76 47.73 116 170 139.60 16.75
Fidalgo Roxa 3.16 5.10 3.70 21.72 10 40 23.00 52.17
Jalapeno 11.20 20.57 1538  22.22 37 106 74.80 33.14
Fatali Red 5.46 7.05 6.44 12.77 12 41 26.00 47.73
Black Kobra 2.70 4.24 3.33 20.22 46 72 60.40 18.68
Aji Rojo 15.49 25.94 21.70 19.31 52 139 100.20 33.81
Carolina Reaper 4.96 7.53 6.02 17.56 14 44 28.00 44.67
Tr. Scorp. Peach 4.81 8.32 6.58 19.01 4 23 14.20 62.07
Aji Charapita 0.22 0.27 0.24 8.49 15 17 16.00 6.25
Bishops Cr. Red 13.49 25.45 20.69 25.31 34 136 81.40 44.72
Black Prince 0.52 0.88 0.76 18.86 15 41 31.80 33.23
El Oro De Ecuador 3.85 7.80 5.94 25.30 6 37 27.20 46.16
Chocho 2.00 15.54 9.14 53.44 75 166 11540 3591
Habanero Peach 11.00 16.61 14.22 17.61 43 76 52.60 26.19
Medusa 1.14 1.62 1.43 12.77 38 78 60.80 24.76
Jolokia White 6.60 8.56 7.64 9.88 16 56 28.20 57.85
Habanero Chocolate 12.01 18.88 15.05 18.95 38 76 59.20 23.47
Pimenta De Neyde 2.89 473 3.87 18.94 19 64 39.20 42.12
Habanero Red S. 6.90 12.24 9.66 26.39 25 63 37.20 4336
Citron 1.50 2.00 1.74 13.09 36 47 39.60 10.94
Aji Amarilo 4.00 6.37 5.31 17.30 30 131 91.20  40.64
Aji F. Sparkly White 10.05 14.48 12.17 14.20 25 102 70.60 41.01

Note: n - the number of measurements; min, max - minimal and maximal measured values; X - arithmetic mean;
V - coefficient of variation (%)
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Table 3 presents the number of seeds per fruit. We determined the average number of seeds in
the range from 14.2 pieces (Trinidad Scorpion Peach) to 185.8 pieces (Trinidad Hot Cherry).
For the complete, we determined the number of seeds up to 50 pieces for 13 cultivars, from
51 to 100 pieces for 9 cultivars and the number of seeds over 100 pieces for 4 cultivars. The
values of the coefficients of variation document a medium up to high degree of variability.
Comparison our values with other authors showed similar results, e.g. by Zhigila et al. (2013)
seeds per fruit were determined in five varieties C. annuum L. in Nigeria (39-44 and 97-122
pcs), Carvalho et al. (2017) studied Brazilian C. frutescens L. fruit features and determined
seeds below 20 pcs per fruit.

The ovary weight of the evaluated chilli pepper cultivars is presented in Table 4. We determined
the average ovary weight in the range from 0.174 g (Aji Charapita) to 4.920 g (Trinidad Hot
Cherry). For the complete, we determined the ovary weight up to 1 g for 16 cultivars, from 1.1
to 2 g for 5 cultivars and the ovary weight over 2 g for 7 cultivars. The values of coefficients of
variation document a medium up to high degree of variability.

Table 4 presents the seed weight. We determined the average seed weight in the range from
0.046 g (Aji Charapita) to 2.146 g (Chocho). For the complete, we determined the seed weight
up to 1 g for 24 cultivars, from 1 to 2 g for 3 cultivars and the seed weight above 2 g for
1 cultivar. The values of coefficients of variation document a medium up to high degree of
variability.

Dias et al. (2013) studied weight of 1000 seeds (g) for C. chinense (6.57 g), C. annuum (5.18 g),
C. baccatum (5.91 g) and C. frutescens (4.29 g) in Brazil. Nsabiyera et al. (2012) characterized
weight of 300 seeds C. annuum of 10 local (1.5 g) and 27 exotic introduced genotypes
(1. g) in Uganda regions. Results from West Africa by Olatunji and Afolayan (2019) showed
for two cultivated species C. annuum and C. frutescens number of seeds per fruit values
18.70 +2.54-118.50 +14.91 and 24.10 +2.20, respectively.

For a more complex assessment of the issue was determined the linear dependence between
the weight of fruit and weight of exocarp and other traits. In both evaluated variants
was determined a positive statistically high dependence between fruit weight and exocarp
weight, with one exception. A similar dependence was also found between exocarp weight
and ovary weight, with few exceptions. The correlation linear dependence between some
features of the evaluated chilli pepper cultivars is presented in Table 5.
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Table 4 Statistical characteristics of variability of ovary weight and seed weight in the collection of
chilli pepper genotypes

Cultivar Ovary weight (g) Seed weight (g)

min max X V (%) min max X V (%)
Habanero Red 0.80 1.23 0.99 17.65 0.27 0.42 0.36 16.78
Peter’s Orange 1.12 1.68 1.32 17.44 0.55 0.85 0.67 18.75
Tr. Hot Cherry 4.15 5.77 4.92 14.15 1.60 1.91 1.75 8.61
Kilian 0.31 0.58 0.45 25.13 0.15 0.38 0.25 39.30
Tabasco 0.28 0.84 0.62 37.34 0.13 0.57 0.33 52.16
Escabeche 0.50 0.81 0.66 18.65 0.19 0.40 0.33 25.51
Pepper. Greek 1.61 2.01 1.84 10.05 0.94 1.09 1.02 6.16
Fidalgo Roxa 0.35 0.71 0.49 29.98 0.06 0.28 0.13 62.93
Jalapeno 1.42 3.71 2.21 39.64 0.45 1.45 0.82 46.90
Fatali Red 0.57 3.04 1.69 69.34 0.11 0.36 0.22 42.83
Black Kobra 0.65 1.14 0.90 20.08 0.23 0.61 0.42 34.10
Aji Rojo 1.48 3.83 2.58 33.62 0.58 1.55 1.04 34.30
Carolina Reaper 0.28 0.94 0.55 45.01 0.13 0.54 0.30 49.91
Tr. Scorp. Peach 0.26 1.05 0.57 52.28 0.01 0.58 0.19 119.65
Aji Charapita 0.05 0.60 0.17 137.30 0.04 0.05 0.04 11.90
Bishops Cr. Red 1.56 3.31 2.31 28.11 0.42 1.41 0.85 41.72
Black Prince 0.12 0.30 0.22 27.71 0.07 0.17 0.14 25.46
El Oro De Ecuador 0.21 0.72 0.54 36.65 0.06 0.38 0.27 4511
Chocho 1.82 3.62 2.74 31.58 0.85 5.74 2.14 95.90
Habanero Peach 1.38 2.71 2.25 22.84 0.43 0.70 0.51 2212
Medusa 0.23 0.41 0.35 20.42 0.17 0.29 0.24 18.40
Jolokia White 0.72 3.58 1.99 70.45 0.12 0.47 0.23 60.31
Habanero Chocolate 1.71 3.14 2.15 27.23 0.48 0.93 0.75 22.98
Pimenta De Neyde 0.44 0.76 0.61 18.47 0.16 0.32 0.27 23.23
Habanero Red S. 0.53 1.20 0.77 39.48 0.22 0.54 0.32 41.70
Citron 0.54 0.62 0.56 6.18 0.33 0.42 0.36 9.86
Aji Amarilo 0.38 1.24 0.85 36.76 0.24 0.95 0.64 40.06
Aji F. Sparkly White 1.21 2.16 1.54 24.11 0.21 0.81 0.53 40.57

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

In Figure 1 we present the shape and colour of the fruits of the evaluated chilli pepper
cultivars. The comparison shows a significant variability of both traits and extreme differences
between cultivars, which are also important distinguishing features of individual varieties.
The shape of fruits is characterized as campanulate, blocky, ovoid, round, almost round, linear,
triangular, rectangular, elongate etc. Fruit shapes at peduncle attachment were described as
lobate, cordate or truncate, fruit shapes at blossom end were described as sunken or pointed
(Figure 1). The colour of the fruit can also be misleading, as each variety has a different length
of vegetative period and sometimes varieties with a longer vegetative period do not have
enough time to reach full technological maturity. Mature fruit colours included red, orange,
yellow, brown (chocolate), and cream. In many cases the colouring of fruits with the presence
of natural dyes in the flesh also determines the fruit antioxidant activity (Rodriguez-Maturino
etal, 2011; Medina-Juarez et al.,, 2012).

Figure 1 Shape and colour of fruits of evaluated cultivars of chilli pepper (Photo: V. Hor¢inova Sedlackova,
A. Oravec, 2018)

Figure 2 presents a longitudinal section of the fruits of chilli pepper cultivars, in which the
number of seeds per fruit was evaluated. The comparison shows significant variability in
the given trait and large differences between cultivars. The number of seeds per fruit has
a significant effect on the multiplications of individual cultivars.

Figure 3 presents a cross-section of the fruits of the evaluated cultivars of chilli pepper, in
which we evaluated the width of the fruit and the thickness of the flesh. The comparison
shows a relatively high variability in both features. The fruit width and the flesh thickness
determine the total weight of the fruit and thus the amount of dry matter in the fruit.
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Figure 2 Comparison of evaluated cultivars of chilli pepper in longitudinal section of fruits (Photo:
V. Hor¢inova Sedlackova, A. Oravec, 2018)

Figure 3 Comparison of the evaluated cultivars of chilli pepper in the cross section of the fruit (Photo: V.
Horc¢inova Sedlackova, A. Oravec, 2018)

Examine of variability for fruit-related traits to select the suitable genetic material has
been also shown in other Capsicum spp. studies (Carvalho et al., 2017; Bicikliski et al,,
2018; Olatunji and Afolayan, 2019; Bianchi et al., 2020). Genetic diversity of characters of
chilli peppers based on phenotypic and molecular descriptors have been studied by several
authors (Bozokalfa et al., 2009; Dias et al., 2013; Moreira et al., 2018). However, most of them
focused in morphological descriptors of fruit and fewer ones have examined a broad range
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of morpho-agronomic descriptors including both qualitative and quantitative traits (Orobiyi
etal, 2018; Andrade et al., 2020; Bianchi et al., 2020).

The documentation obtained from the evaluation of chilli pepper fruits confirms the significant
variability of qualitative as well as quantitative features. Results from the correlation analysis
(Table 5) and the cluster analysis (Figure 4) confirm the statistically significant differences
between the cultivars.

Trinidad Hot Cherry
Aji Amarilo

Aji Fantasy Sparkly White :_
Habanero Chocolate

Jalapeno
Peter’s Orange E L
Habanero Peach
Bishops Crown Red

Chocho

it Rojo :’—’7
Pepperoncini Greek
Black Prince

Trinidad Scorpion Peach :'_
Fatali Red
Habanero Red
Habanero Red Savina } T
El Oro De Ecuador

Jolokia White
Carolina Reaper

Fidalgo Roxa
Escabeche

Medusa = ]

Black Kobra

VU

Pimenta De Neyde
(T —

Kilian

Aji Charapita

096 090 084 078 072 066 060 054 048

Euclidean distance

Figure 4 Dendrogram of 28 cultivars of chilli peppers based on morphometric characteristics of fruits

The information gathered from cluster analysis are useful to identify genetic variability among
plants. Clustering of genotypes signifies close genetic affinity between/among species and
can be used in resolving taxonomic complexities (Olatunji and Afolayan, 2019).

The result from the cluster analysis indicated that there was considerable variability among
the cultivars of three Capsicum species which allowed them to be separated into distinct
groups (Figure 4). The cluster analysis from 6 quantitative morphological traits examined that
Capsicum spp. cultivars were divided into six clusters. Cluster II, IV and cluster V contained the
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largest number of genotypes. Cluster I (Trinidad Hot Cherry with the highest mean values) and
cluster I1I (Black Prince) and Cluster VI (Aji Charapita with the lowest mean values) contained
only cultivar, which differ from other genotypes of collection by all parameters.

Many other authors have used cluster analysis to study morphological characters of chilli
peppers (Nsabiyera et al., 2013; Orobiyi et al., 2018; Olatunji and Afolayan, 2019; Andrade
etal., 2020). Based on the distance between species of different clusters, contrasting parents
may be identified and used in hybridization program for generating wider variability for
selection and crop improvement (Sarobo, 2019).

Our results clearly confirmed statistically significant differences between the evaluated
pepper cultivars in all examined traits. The results contribute to the expansion of theoretical
and practical knowledge about some basic morphometric and production characteristics
of chilli pepper fruits in the conditions of Slovakia. Many tested cultivars of chilli peppers are
promising for their cultivation, distribution as ornamental plants and processing into food
products, especially for small, young and family farms, which can significantly contribute
to their socio-economic development and environmental improvement.

The publication was created in cooperation with the international network AgroBioNet
in the implementation of the international project in the program “Agrobiodiversity for
improve nutrition, health and quality of life“ and in the project AgroBioTech (ITEBIO-ITMS
26220220115).
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