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DROUGHT RESISTANCE MONITORING OF INTRODUCED TALL TREES SPECIES
UNDER CHANGED URBAN CLIMATIC CONDITIONS

Background. Landscaping of urban environments significantly mitigates the negative effects of "urban heat islands”,
which in turn has a positive effect on many aspects of human life. Therefore, the purpose of our research was to identify drought-
tolerant rare and decorative species of woody plants with further recommendation for their inclusion in the ecosystems of the
urban environment.

Methods. Forresearch, we selected from the collections of the Botanical Garden named after acad. O.V. Fomina 25 highly
decorative species of trees with a height from 10 to 50 m, which come from temperate and continental climate zones. Among them,
14 species are uncommon and 11 species are widespread in mass culture in the Polissia and Forest-Steppe zone of Ukraine. The
drought resistance test was conducted twice: in early June and also in early September. Relative drought resistance was assessed
by following parameters: tissue hydration and water loss per unit time.

Results. According to the results of the study, most of the 25 species of tall trees showed a high or average level of drought
resistance. The most drought-resistant light-loving and shade-tolerant species were recommended. Species that may require
additional care during cultivation (Phelodendron amurense and Styphnolobium japonicum) have been identified, which must be
taken into account when landscaping urban areas.

Conclusions. Among shade-tolerant trees, the following species can be recommended for cultivation in urban conditions as
highly drought-resistant: Acer mandshuricum, Acer velutinum, Corylus colurna and Prunus padus. The following light-loving plants
turned out to be the most drought-resistant: Liriodendron chinense, Ginkgo biloba, Acer saccharinum, Catalpa bignonioides,

Catalpa fargesii and Tilia europea.

Keywords: drought resistance, landscaping of cities, rare plants.

Background

The importance of increasing and expanding the area of
green spaces in cities in order to reduce the effects of "urban
heat islands" in the summer, as well as to improve the
comfort, health and safety of local communities, is
emphasized by scientists from different countries (Keenan
et al., 2016; Zhao et al., 2018; Branas et al., 2018). Planting
trees contributes to the cooling of the earth's surface and the
air, the air is saturated with O2 and purified from harmful
substances, phytoremediation and protection of the soil from
degradation is observed (Onder & Akay, 2014). The
selection of drought-resistant plants for landscaping
increases their viability in urban conditions, and also has a
positive economic effect, as it reduces the costs of their
maintenance. The selection of rare, uncommon drought-
resistant species will not only allow recommending new
plants for landscaping urban environments, but will also
contribute to the preservation of phytodiversity, which is
prescribed in the "National Strategy of the State
Environmental Policy of Ukraine".

Global climate change is often accompanied by sudden
changes in temperature, a significant increase in
precipitation in some regions, and increased drought in
others. According to the latest forecasts, such phenomena
will occur more often and will be more extreme (Allen et al.,
2010; Reyer et al.,2015). Such climatic changes in some
places reduce the viability of some native plants, but, on the
other hand, there is an opportunity to grow plants from
temperate climate zones, which are not yet widely cultivated
in Ukraine. Unfortunately, similar problems are currently
present all over the world (Lanza & Stone, 2016; Kannenberg
et al., 2019). So, for example, Lanza K. and co-authors
studied the historical range of distribution of tree species in
the United States in view of the migration of winter hardiness
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zones to the north with climate change (Lanza & Stone, 2016).
The goal of their work was to identify tree species that are
likely to remain well adapted to urban climates in the future.
Under urbanized conditions complicated by climate change,
the survival of plant species depends on the complex of their
adaptations. However, until recently, agricultural plants (corn,
wheat, soy, some fruit trees, etc.) were the objects of study of
the mechanisms of resistance to the effects of, in particular,
drought (Zandalinas et al., 2016; Hasanuzzaman et al., 2019;
Hussain et al., 2019).

In this regard, the aim of the work was to identify and
research the most promising drought-tolerant rare and
decorative species of woody plants from the collection of the
Botanical Garden named after Acad. O.V. Fomina with a
further recommendation to include them in the ecosystems
of the urban environment.

Methods

For research, we selected from the collections of the
Botanical Garden named after Acad. O.V. Fomina 25 highly
decorative species of woody plants with a height from 10 to
50 m. Kyiv is located in the North of Ukraine, on the border
between Polissia and Forest Steppe; the climate of the
capital is defined as moderately continental, with mild
winters and warm summers (Climate of Kyiv, 2010). Among
the introduced species selected by us, there were 14, which
originate from the zones of temperate and continental
climates, are not common in culture in the Polissia and
Forest-Steppe zones of Ukraine (Acer mandshuricum
Maxim., Acer velutinum Boiss., Castanea sativa Mill.,
Catalpa bignonioides Walter, Catalpa fargesii Bureau,
Fagus orientalis Lipsky, Ginkgo biloba L., Juglans nigra L.,
Liriodendron chinense (Hemsl.) Sarg., Parrotia persica C.A.
Mey., Paulownia tomentosa Steud., Platanus x hispanica
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Mill. Ex Miinchh., Pterocarya pterocarpa Kunth ex Llljinsk.,
Styphnolobium japonicum (L.) Schott).

As well as 11 introduced and native species that come
from temperate and continental climate zones, widely
distributed in mass culture in the Polissia and Forest-Steppe
zone of Ukraine (Acer saccharinum L., Aesculus x carnea
Zeyh., Aesculus hippocastanum L., Corylus colurna L.,
Fagus sylvatica L., Phelodendron amurense  Rupr.,
Prunus padus L., Quercus rubra L., Robinia pseudoacacia L.,
Tilia europea L., Tilia platyphyllos Scop.).

In addition to being highly decorative, most of the
species we have chosen are rare and endangered. Such
species as: Acer mandshuricum, Castanea sativa, Corylus
colurna, Fagus orientalis, Fagus sylvatica, Juglans nigra,
Prunus padus, Quercus rubra have the degree of rarity LC;
Aesculus hippocastanum — Vul, Catalpa bignonioides — DD,
Ginkgo biloba — Enand Liriodendron chinense — NT. The
degree of rarity of plant species is established according to
iucnredlist.org, version 2021-2.

The staff of the Botanical Garden conducted long-term
visual observations of the woody plants used in this study.
These plants proved to be hardy in our climate. However,
growing in garden collections involves additional care, which
is often absent in urban landscaping. Therefore, we
conducted additional studies of relative drought resistance
indicators in order to select the most hardy species for
cultivation in the urban environment.

The test on drought resistance was carried out twice: in
early June, when the temperatures are already high, but the

leaves on the trees are still young, and also in early
September, when the temperatures are still high, the amount
of precipitation is low, but the leaves have already acquired
all characteristics of their species.

The winter of 2022 in Kyiv had little snow, the spring and
summer of 2022 were very dry, according to the observations
of the weather station Boris Sresnevsky Central Geophysical
Observatory (https://www.cgo-sreznevskyi.kyiv.ua). Spring
started a month earlier. The spring months, except for
March, were colder than the climatic norm, and the amount
of precipitation in the capital during the spring was 87 mm,
which is 59 % of the climatic norm. The spring of 2022 was
among the ten driest from 1855. The average air
temperature in summer in Kyiv was +21.6°C. This
exceeded the climatic norm by 1.2 °C. According to the
amount of precipitation, the summer in Kyiv was among the
twenty driest since 1891. Such weather conditions
contributed to conducting research on drought resistance.

Relative drought resistance was assessed by measuring
the following parameters of the water regime: leaf water
content (WC) and water loss per unit time (WL) (n = 6 for the
species) and based on the relative drought resistance
assessment scale (Table 1):

WC=(a-b)/ax100, where WC- leaf water content, %; a —
weight of wet raw, g; b — weight of dry raw, g;

WL=(M1-M2)/M3%x100, where WL — water loss in 1 h of
wilting, %; M1 — mass of leaves before wilting, g; M2 — mass
of leaves after 2 or 4 h of wilting, g; M3 — weight of dry raw, g.

Table 1
Rating scale of water regime parameters
for determining relative drought resistance
Assessment o o
of drought resistance WC, % WL, %
Low 59,9 and < 11,1 and >
Average 60,0 — 69,9 10,1 -11,0
High 70,0 and > to 10,0
Statistical processing of the results was done using the Paulownia tomentosa, Phelodendron amurense,

Prism Graphpad 8 program (GraphPad; La Jolla, CA, USA).
The values for different groups were compared by ANOVA
followed by Tukey's multiply comparison test. Tree species
were compared with each other, as well as the June group
with the group studied in September.

Results

One of the relative indicators of drought resistance is
leaf water content (Fig.1). Liriodendron chinense,
Aesculus hippocastanum and Ginkgo biloba are the most
drought-resistant species according to this indicator
among large trees both in spring and in early autumn.
Increased water content indicates the presence in the
leaves of a sufficient supply of water for the vital activity of
plants in case of dry conditions. Also, a high rate of water
was found in early June in young Ileaves of
Acer saccharinum, Aesculus x carnea, Acer velutinum,
Catalpa bignonioides, Catalpa fargesii, Juglans nigra,
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Styphnolobium japonicum, Tilia europea. This indicator is
especially important for young leaves, since they often
have not yet acquired all the inherent xerophytic features.

A low rate of water content in both summer and autumn
leaves was found in Castanea sativa, Fagus orientalis,
Fagus sylvatica, Parrotia persica, Prunus padus,
Quercus rubra.

Acer mandshuricum, Corylus colurna, Platanus x
hispanica, Pterocarya  pterocarpa and Robinia
pseudoacacia showed a low level of water content of
autumn tree leaves. All other studied plants were
characterized by the average values of this indicator. In
general, leaf water content at the beginning of summer was
significantly higher than at the beginning of autumn in all
studied species. A similar pattern was also observed for
trees up to 10 m tall and bushes (Nuzhyna et al., 2022).
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Fig. 1. Index of leaf water content (where, dark color is the value obtained in June;
light color is the value obtained in September) * — P < 0.01 significant difference, compared to the September group;
identical letters in bold italics indicate no significant difference between species examined in June;
same letters in regular font indicate no significant difference between different species examined in September

The water-holding capacity is characterized by the loss
of water in 1 hour of wilting, this indicator was small for most
of the studied species of tall trees, which is indirectly a sign
of high drought resistance of plants (Fig. 2). Only such
species as: Aesculus hippocastanum and Phelodendron
amurense showed a large loss of water per unit time of
wilting in the spring along with a small loss in the fall, which
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is probably related to the slower formation of immature
leaves and requires especially careful care for young
seedlings in the spring. Along with this, Aesculus x carnea
and Juglans nigra showed an average level of drought
resistance in autumn according to the water retention index.
Styphnolobium japonicum had rather low indicators of
relative drought resistance in both autumn and spring.
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Fig. 2. Index of leaf water loss in 1 h of wilting (where, dark color is the value obtained in June;
light color is the value obtained in September);
* — P < 0.01 significant difference, compared to the September group;
identical letters in bold italics indicate no significant difference between species examined in June;
same letters in regular font indicate no significant difference between different species examined in September
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Castanea sativa, Fagus orientalis, Fagus sylvatica,
Parrotia persica, Prunus padus, and Quercus rubra showed
a lower relative drought resistance according to the leaf
water content, but a high water-holding capacity. That is, the
adaptation to arid conditions in these species is not aimed
at the accumulation of water in the leaf, but at the
development of the covering tissues of the leaf plate, with
the aim of reducing water evaporation.

Most species showed an increase in drought resistance
as measured by water loss in September compared to
early June, possibly due to the appearance of xerophytic
traits in older leaves. When growing these plants, it is
especially important to increase watering in the spring for
young seedlings.

Discussion and conclusions

Adaptation to drought is characterized by such
anatomical and morphological features as leaf thickness,
cuticular cover, number of stomata, root morphology, etc. It
is the first three signs that affect the measured indicators of
relative drought resistance. Also, adaptation at other levels
are analyzed. Thus, although Fagus sylvatica and Quercus
robur are close representatives of the same family, they
adapt to arid conditions in different ways (Roman et al.,
2015). Beech has a shallow root system, while oak has a
deep root system, which allows efficient use of groundwater
(Leuschner & Meier, 2018). Based on the results of the
relative drought resistance indicators, the beeches and oaks
studied by us did not reliably differ from each other, only a
slight tendency towards greater drought resistance of
Quercus rubra was observed. It should be noted that the
condition of the root system is difficult to assess when
growing in urban conditions, since in cities, as a rule, the
growth of the root system is limited to roadways,
foundations, pipelines, etc. That is why it is difficult to
extrapolate the structure of the root system characteristic of
the species to plants grown in the city.

Another way to withstand drought is leaf shedding, which
is regulated by various phytohormones. Breeders have
created polyploid poplars, which in drought conditions shed
leaves similar to plants from dry tropical forests, which
increased the survival of such poplars during extreme drought
(Hennig et al., 2015). A similar property was found in
Liriodendron chinense, Acer velutinum, Platanus hispanica,
Prunus padus, Stiphnolobium japonicum, which is an
additional protection of the plant against adverse conditions.

When creating landscape compositions, it is also
necessary to take into account the relationship of plants to
the intensity of lighting. According to Kolisnichenko, among
the studied species, the following are shade-tolerant:
Acer mandshuricum,  Acer velutinum,  Corylus colurna,
Fagus orientalis, Fagus sylvatica, Parrotia persica,
Phelodendron amurense and Prunus padus (Kolisnichenko,
2004). Since growth in shaded conditions generally involves
less drying of the soil, it is possible that this may explain the
lower drought tolerance of most of these species. Thus,
among shade-tolerant trees, the following species can be
recommended for cultivation in urban conditions as highly
drought-resistant: Acer mandshuricum, Acer velutinum,
Corylus colurna and Prunus padus. Growing Phelodendron
amurense will require additional watering, which is not
economically beneficial, and insufficient soil moisture is
stressful for plants, which in turn increases the possibility of
various diseases.

Among light-loving plants, almost all plants showed a
high or medium level of drought resistance, only
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Styphnolobium japonicum showed a low water-holding
capacity. The following light-loving plants turned out to be
the most drought-resistant:  Liriodendron chinense,
Ginkgo biloba, Acer saccharinum, Catalpa bignonioides,
Catalpa fargesii and Tilia europea.

According to the results of the study, most of the 27
species of tall trees showed a high or average level of
drought resistance. Only Phelodendron amurense and
Styphnolobium japonicum were characterized by a low level
of drought resistance according to the measured
parameters. Therefore, these species cannot be
recommended for landscaping urban areas.

Authors' contributions: Natalia Nuzhyna conceived of the
research idea, performed statistical analyses, wrote the paper;
Natalia Nuzhyna and Iryna lvanova collected data and discussed
the results.

Acknowledgments, sources of funding. The research was
carried out with the support of the Ministry of Education and Science
of Ukraine, scientific direction "Biology and health care".

References

Allen, C.D., Macalady, A.K., Chenchouni, H., Bachelet, D., McDowell, N.,
Vennetier, M. et al. (2010). A global overview of drought and heat-induced
tree mortality reveals emerging climate change risks for forests. Forest Ecol.
Manag., 259, 660—-684. https://doi.org/10.1016/j.foreco.2009.09.001

Branas, C.C., South, E., Kondo, M.C., Hohl, B., Bourgois, Ph., Wiebe, D.J., &
MacDonald, J.M. (2018). Citywide cluster randomized trial to restore blighted
vacant land and its effects on violence, crime, and fear. Proc. Natl. Acad. Sci.,
115(12), 2946—2951. https://doi.org/10.1073/pnas.1718503115

Hasanuzzaman, M., Fujita, M., Nahar, K., & Biswas, J.K. (2019).
Advances in rice research for abiotic stress tolerance. Woodhead publishing,
988. https://doi.org/10.1016/C2017-0-01486-6

Hennig, A., Kleinschmit, J.R., Schoneberg, S., Loffler, S., JanBen, A., &
Polle, A. (2015). Water consumption and biomass production of protoplast
fusion lines of poplar hybrids under drought stress. Front. Plant Sci., 6, 330.
https://doi.org/10.3389/fpls.2015.00330

Hussain, H.A., Men, S., Hussain, S., Chen, Y., Ali, Sh., Zhang, S., Zhang, K.,
Li, Y., Xu, Q., Liao, Ch., & Wang, L. (2019). Interactive effects of drought and
heat stresses on morphophysiological attributes, yield, nutrient uptake and
oxidative status in maize hybrids. Scientific Reports, 9, 3890.
https://doi.org/10.1038/s41598-019-40362-7

Kannenberg, S.A., Maxwell, J.T., Pederson, N., D'Orangeville, L., Ficklin, D.L.,
& Phillips, R.P. (2019). Drought legacies are dependent on water table depth,
wood anatomy and drought timing acrss the eastern US. Ecol. Lett,
22(1),119-127. https://doi.org/10.1111/ele.13173

Keenan, T.F., Prentice, I.C., Canadell, J.G., Williams, Ch.A., Wang, H.,
Raupach, M., & Collatz, G.J. (2016). Recent pause in the growth rate of
atmospheric CO: due to enhanced terrestrial carbon uptake. Nat. Commun.,
7, 13428. https://doi.org/10.1038/ncomms 13428

Kolisnichenko, O.M. (2004). Seasonal biorhythms and winter stability of
woody plants. Fitosotsiotsentr, 176 [in Ukrainian]. [KonicHiyeHko O.M. (2004).
Ce30HHI biopummu i 3umocmilikicmb depesHux pocnuH. ditoueHTp, 176].

Lanza, K., & Stone, B. (2016). Climate adaptation in cities: What trees
are suitable for urban heat management. Landscape and Urban Planning,
153, 74-82. https://doi.org/10.1016/j.landurbplan.2015.12.002

Leuschner, C., & Meier, I.C. (2018). The ecology of Central European
tree species: Trait spectra, functional trade-offs, and ecological classification
of adult trees. Perspect. Plant Ecol. Syst, 33, 89-103.
https://doi.org/10.1016/j.ppees.2018.05.003

Nuzhyna, N.V., Ivanova, l.Yu., Hrytsak, L.R., & Drobyk, N.M. (2022).
Drought-resistant species of trees and bushes are an important link for
reducing the negative effects of "urban heat islands". Scientific notes of
Volodymyr Temopil National Pedagogical University Hnatyuk, Series "Biology", 83(3),
37-43. https://doi.org/10.25128/2078-2357.22.3.6 [inUkrainian] [HyxuHa, H.B.,
IBaHoBa, |.}0., Mpuuak, N.P., & Apobuk H.M. (2022). MocyxocrTilki Buamn aepes
Ta KyLWiB — BaXNuBa naHKa AM151 3MEHLUEeHHS1 HeraTtuBHUX edpekTiB "MiCbKmx
ocTpoBiB Tenna". Haykosi 3anucku TepHoNinbCbKO20 HayjoHanbsHo2o neda-
20ei4Ho20 yHieepcumemy imeHi Bonodumupa Hamroka. Cepisi "Bionoaisi”,
83(3), 37—43. https://doi.org/10.25128/2078-2357.22.3.6

Osadchiy, V.., Kosovets, O.0., & Babichenko, V.M. (Ed.). (2010).
Climate of Kyiv. Nika-Tsentr, 320 p. [in Ukrainian]. [Ocaguuit, B.I., Kocoseup, O.0.,
& BabiveHko B.M. (Pepa.). (2010). Knimam Kuesa. Hika-LienTp, 320 c.].

Onder, S., & Akay, A. (2014). The roles of plants on mitigating the urban
heat islands’ negative effects. International Journal of Agriculture and
Economic Development, 2(2), 18-32.

Reyer, C.P.O., Brouwers, N., Rammig, A., Brook, B.W., Epila, J., Grant, R.F.
et al. (2015). Forest resilience and tipping points at different spatio-temporal



BIONOris. 3(94)/2023

~ 27 ~

scales: approaches and challenges. J. Ecol., 103, 5-15. https://doi.org/
10.1111/1365-2745.12337

Roman, D.T., Novick, K.A., Brzostek, E.R., Dragoni, D., Rahman, F., &
Phillips, R.P. (2015). The role of isohydric and anisohydric species in
determining ecosystem-scale response to severe drought. Oecologia, 179,
641-654. https://doi.org/10.1007/s00442-015-3380-9

Zandalinas, S.I., Rivero, R.M., Martinez, V., Gémez-Cadenas, A., &
Arbona, V. (2016). Tolerance of citrus plants to the combination of high

modulated by a reduction in abscisic acid levels. BMC Plant Biology, 16, 105.

https://doi.org/10.1186/s12870-016-0791-7
Zhao, L., Oppenheimer, M., Zhu, Q., Baldwin, J.W., Ebi, K.L., Bou-Zeid, E.,
Guan, K., & Liu, X. (2018). Interactions between urban heat islands and heat
waves. Environ. Res. Lett., 13, 034003. https://doi.org/10.1088/1748-9326/

aa9f73

OTpumaHo pepakuiet xypHany / Received: 01.09.23
NMpopeueH3oBaHo / Revised: 01.09.23

temperatures and drought is associated to the increase in transpiration CxBaneHo po Apyky / Accepted: 02.10.23

Haranis HY>KUHA, kaHa. 6ion. Hayk

ORCID ID: 0000-0002-4404-4502

e-mail: nuzhynan@gmail.com

KviBcbkui HalioHanbHUI yHiBepcuTeT imeHi Tapaca LLleByeHka, KuiB, YkpaiHa

IpuHa IBAHOBA, nposia. 6ionor
e-mail: ivanova_irinka@ukr.net
KuiBcbkuit HauioHanbHUM yHiBepcuteT iMeHi Tapaca LLleBuyeHka, KuiB, YkpaiHa

MOHITOPUHI MOCYXOCTIMKOCTI IHTPOOYKOBAHUX BUAIB BUCOKOPOCNUX OEPEB
nicnsa 3MIHU KNIMATUYHUX YMOB YPBEOIPOCTOPIB

B c Ty n. O3eneHeHHs1 ypbaHizoeaHux cepedosuw 3Ha4YHO MOM'sKWYye He2amueHi egpekmu "MicbKux ocmpoeie menna"”, wjo, y ceor 4yepay,
nosumueHo ennueae Ha 6azamo acnekmie xummsi 10O0uHU. ToMy Memoro docnidxeHHs1 6yio eusieumu nocyxomoJsiepaHmHi piokicHi ma dekopa-
museHi sudu depe8HUX POCIIUH 3 N00aslbWOK peKoMeHOayieto npuedHaHHS ix do ekocucmemu ypbaHizogaHoz20 cepedosuuya.

M e T o A u . [nsa docnidxeHHs 6ymno eidibpaHo 3 konekyili BomaHiyHo20 cady iMm. akad. O.B. domiHa 25 eucokodekopamueHux eudie depeeHuUX
pocnuH eucomoto 8id 10 do 50 M, siki MoX00simb i3 30H MOMiPHO20 Ma KOHMUHEeHMasbHo20 Kriimamy. Ceped Hux 14 eudie € ManonowupeHUMu ma
11 eudie icmomHo nowupeHi 8 macoeil Kynbmypi e 30Hi lMoniccs i Jlicocmeny Ykpainu. [Jocnio Ha nocyxocmilikicmb npoeodunu Oeiyi: Ha mo4amky
4epeHs, a maKo)X Ha noyamky eepecHsi. OyiHro8aHHs1 8iO0HOCHOI Mocyxocmilikocmi NPoeodusIu 3a MaKuMu napamempamMu: 0800HEeHICMb MKaHUH i
empamy eodu 3a 0OUHUY Yacy.

Pe3ynbTarTu.3apesynsmamamu docnidxeHHs: 6inbwicms 3 25 sudie sucokopocsiux depee rnokasasu aucokuli abo cepedHili pieeHb nocy-
xocmitikocmi. Byno pekomeHdoeaHo Halibinbw nocyxocmiliki ceimnono6Hi ma mivboeumpueani eudu. BusieneHo eudu, w0 MoXxyms nompe6y-
eamu dodamkoegozo o250y nid Yyac eupowyeaHHsi (Phelodendron amurense ma Styphnolobium japonicum), wjo nompi6Ho epaxoeyeamu nid Yac
03eJ1IeHeHHs1 MicbKux mepumopid.

BucHoBku. Ceped miHbosumpueanux depee Ossi supoujyeaHHsi 8 MiCbKUX yMO8ax sIKk 8UCOKOCMIliki A0 nocyxu MoO)KHa pekoMeHAyeamu
maki eudu: Acer mandshuricum, Acer velutinum, Corylus colurna ma Prunus padus. Hali6inbw nocyxocmilikumu eusisunucsi ceimsonto6Hi pocnuHu:
Liriodendron chinense, Ginkgo biloba, Acer saccharinum, Catalpa bignonioides, Catalpa fargesii ma Tilia europea.

Knio4yoBi cnoBa:nocyxocmilikicmb, 03es1eHeHHs1 Micm, PiOKiCHi pOC/TUHU.

ABTOpU 3asBNAIOTb NPO BiACYTHICTb KOHANIKTY iHTepeciB. CNoHcopu He Bpanu yyacTi B po3pobneHHi 4ocniaxeHHs; y 36opi, aHanisi umn
iHTepnpeTaLii AaHKX; y HANUCaHHI pyKonucy; B pilleHHi Npo nybnikaLito pe3ynbTaris.
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