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MICROCLONAL PROPAGATION OF THE SPECIES FROM THE COLLECTION
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Acer platanoides L. is widely used in ornamental landscaping throughout the steppe zone of Ukraine and in Uzbekistan
with a temperate continental climate. Due to its striking dark purple foliage, it creates a striking contrast in gardens,
parks and urban green spaces. As a shade tree, it provides aesthetic appeal and excellent canopy cover, where
it affects cooling, regulating the microclimate, making it a popular choice for streets, residential yards and public
spaces. Its resistance to pollution, compacted soil and urban conditions makes it particularly suitable for urban
environments, where it is often planted along roads and in public parks. Microclonal propagation of the ornamental
species Acer platanoides L. “Crimson King” was achieved through indirect organogenesis and microcutting.
Indirect organogenesis was induced on leaf petioles using DKW medium with 2.4D (0.5 mg/l) + Kin (0.5 mg/l)
or 2.4D (0.5 mg/l) + BAP (0.5 mg/l), followed by subculturing onto BAP-supplemented medium (0.01—1.0 mg/l).
Microcutting was performed on hormone-free WPM medium with 20 % sucrose, then subcultured onto BAP
(0.01-1.0 mg/l) before transferring to a medium containing NAA (2 mg/l) + BAP (0.5 mg/l) + TDZ (0.5 mg/l).
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MiKpoKkaonanbhe po3MHONCeHHA 6udie 3 Konekuii oomaniunozo cady: Acer platanoides f. “Crimson King”
(Acearceae Juss.)

Kypaesa X.', Axmedosa B.', Xazpamos A.", Keimko M.*3, Mycmadpina @.', A6dinazapos C.', Bponnixosa JI.>*
Acer platanoides L. wupoxo 8uxopucmosgyemuscs 8 0eKopamueHOMY O3€lleHeHHi no 8citl cmenositl 301i Ykpainu
ma 8 Y3bexucmani 3 NOMIpHO-KOHMUHEHIMATbHUM KAIMAMOM. 3a805Ku SICKPABOMY MEMHO-NYPRYPOGOMY TUCHIIO
CMBOPIOE pas3iouuti KOHMpPAcm y caoax, napkax ma MiCbKux 3eieHux Hacaodicenusax. Ax minvose depeso, 60no
3abe3neuye ecmemuyny npueadIUGIicMy i uyo008e NOKpummsi Oisi HAGICY, 0e GNIUBAEC HA OXOJLOONCEHHS, pe2yilio-
104U MIKpOKTIMAm, wjo pooums 1020 NONYAAPHUM BUOOPOM OISl 8VIIUYb, HCUMIOBUX OBOPIE i SPOMAOCLKUX NPO-
cmopie. Cmitikicms 00 3a6pyOHenHs, YWITbHeH020 IPYHIMY Md MICLKUX YMO8 poOunis 1020 0CcoOnUB0 NpuoamHum
0151 MICbKO20 cepedosuyd, 0e 1020 Yacmo UCAN’CYIOMb Y30084C 0opie i 6 2pomadcvkux napkax. MikpoxionanibHe
PO3MHONCEHHST OekopamusHozo eudy Acer platanoides L. «Crimson Kingy 6y10 00CASHYMO WIIAXOM HENpIMO20
opeanoeenezy ma Mikpooicusyiogants. Henpsamwuii opeanozenes inoykyganu na uepewikax IUCMKi6 3a 00Nnomoz0io
cepedosuwga DKW 3 2,4D (0,5 me/n) + Kin (0,5 me/n) abo 2,4D (0,5 me/n) + BAP (0,5 me/n) 3 nacmynnum nepeci-
6om Ha cepedosuuye 3 0ooasanuam BAP (0,01-1,0 me/n). Mixponpenapysanus npogoounu Ha 6e320pMOHATbHOMY
cepedosuwi WPM 3 20 % caxaposu, nomim cyoxynemugysanu na BAIl (0,01-1,0 me/n) nepeod nepenecenusim na
cepedosuuye, ujo micmums NAA (2 me/n) + BAII (0,5 me/n) + TDZ (0,5 me/n).

Knrouogi cnosa: Acer platanoides L., in vitro, nocywnusi KiiMamuyHi yMosu, Cmenoéa 304d, MiKPOKJIOHAIbHA KYIbmypd.
I Tawxenmcevkuilt 6omaniunuil cad imeni Axademixa @. H. Pycanosa Incmumymy Gomanixu Axademii nayx
Pecnybnixu Yz6exucman,; e-mail: mustafinaferuza@yahoo.com

2 Kageopa ¢izionoeii ma inmpooykyii pocaun, ¢axyiemem 6iono2ii ma exonoeii, ninposcokuti HayionantbHuil
yhigepcumem imeni Onecsi [onuapa, npocnexm Hayxu, 72, /[ninpo, 49010, Ykpaina, e-mail: zlenko lora@ukr.net;
Zlenkolora@gmail.com

Sci. Bull. Uzhhorod Univ. (Ser. Biol.). 2025. Vol. 58 163 Hayxk. Bicnux Yaceopoo. yu-my. (Cep. bion.). 2025. Bun. 58



3 Kpueopizvkuil Oepacasnuil nedaco2ivnuil yHisepcumem, npocnekm Ynieepcumemcokutl, 54, Kpusuii Pie, 50086,

Yxpaina

* Incmumym ¢hizionoeii pocaun i cenemuxu HAH Yxpainu, eyn. Bacunvkiecoka, 31/17, Kuis, 03022, Vkpaina; e-mail:

kvitko.max@gmail.com

Introduction

Woody plantations play an important role in
creating comfortable living conditions for the
population, as they stabilize the microclimate,
neutralize industrial emissions. However, in the
presence of climate change in technogenically
polluted regions, woody plants are exposed to high
temperatures, frequent droughts on the one hand and
anthropogenic load on theother, which leads to various
disorders in the functioning of the plant organism
(Miller 2002; Bobrova et al. 2010; Harfouche et al.
2014; Suslova et al. 2025). As a result of disorders in
the growth and development of trees, they weaken,
are damaged by pests, diseases, premature aging and
withering (Savosko et al. 2018; Kvitko et al. 2021;
Kvitko et al. 2022; Kulbachko 2024; Ivanchenko et al.
2016; Lykholat et al. 2024).

Acer platanoides L. is a species widely distributed
in Europe and southwestern Asia. It grows in
deciduous and mixed forests, one of the edificators of
broad-leaved forests. The crown is oval, in adult trees
in single plantings it is sprawling and dense. The wood
is distinguished by its strength and elasticity, which
allows branches to grow horizontally and occupy
space around the trunk. In pure plantings it creates
a strong shading effect, preventing the development
of vegetation of the lower tiers. Only young trees
are shade-tolerant. The tree is very decorative with
its crown and foliage, used in single, group, alley
plantings (Diduch et al. 2000; Suslova et al. 2024;
Manko 2015; Manko et al. 2016). Acer platanoides
is generally resistant to pests, but is often affected
by fungi (maple leaf spot), which cause leaf spot.
Also, this type of woody plant is not susceptible to
hybridization with other species of the genus Acer L.,
and has clearly pronounced specific characteristics,
which helps to easily distinguish it from other
members of the genus.

Species of the genus Acer occupy one of the
leading places in landscaping urbanized areas of the
steppe zone of Ukraine because they are fast-growing,
wind- and drought-resistant, undemanding to soil
fertility, and resistant to industrial pollution. This
gives them a significant advantage in creating park
dendrocenoses in settlements of industrial regions
of the steppe zone. It is also widely used to create
artificial woody plantations in technogenic ecotopes
(Savosko et al. 2018; Kvitko et al. 2022; Kulbachko
et al. 2024, Driver, Kuniyuki 1984; Chu et al. 1975).

Sci. Bull. Uzhhorod Univ. (Ser. Biol.). 2025. Vol. 58

164

Acer platanoides L. is one of the ornamental
species cultivated in the Tashkent Botanical Garden.
In this regard, the Biotechnology Laboratory of the
FN. Rusanov Tashkent Botanical Garden of the
Institute of Botany of the Academy of Sciences of the
Republic of Uzbekistan is conducting research on its in
vitro propagation and adaptation to garden conditions.
Botanical gardens and arboretums are vital for the
preservation of plant biodiversity. Ex sifu conservation
not only preserves species, but also increases their
populations and expands their natural range.

A separate sign of the impact of pollutants on the
assimilation apparatus is a decrease in the area of the leaf
blade. Due to the peculiarities of the pigment apparatus,
leaves adapted to intense lighting usually have a higher
photosynthetic potential, are able to dissipate most of
the light energy and are resistant to photoinhibition
(Murchie, Horton 1997; Meir et al. 2002; Lichtenthaler
et al. 2007; Chu 1978; Bobrova et al. 2010). This is
ensured by the operation of the xanthophyll cycle,
localized in the light-harvesting complex (SHC) of
photosystem II (PS II) (Modiga et al. 2019; Varga et al.
2025). The light regime significantly affects the content
and ratio of chlorophylls (Chl) a/b and carotenoids
(Car), which reflects a change in the biosynthesis and
accumulation of SHC II. It should be noted that the leaf
blade is the most sensitive and informative organ of
the plant organism, therefore its parameters are often
used for bioindication of environmental pollution.
In plants that accumulate pollutants, the growth and
development of leaf blades is disrupted.

Purpose of the work: to improve understanding
of the adaptation processes of the Acer platanoides
species in technogenic ecotopes of the steppe zone,
a pigment analysis of leaf blades of representatives
of the species was carried out for use in studies of
microclonal propagation of the ornamental species
Acer platanoides “Crimson King” in the arid
conditions of the in tracontinental climate of the city
of Tashkent.

Materials and methods

The object and material of the study were
representatives of the genus Acer L. species Acer
platanoides, and the decorative form A. platanoides
“Crimson  King”, sharp-leaved plane maple.
Deciduous, slow-growing tree, up to 15 m tall. The
crown is spherical, smooth. The leaves of large
currents, purple, do not change color during the
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growing season. The trunk is straight, dark brown,
with well-pronounced longitudinal grooves. Also, the
materials of the study were leaf plates of woody plants
of the genus A4. platanoides for pigment analysis.
Microclonal propagation of the ornamental
species A. platanoides “Crimson King” was achieved
by indirect organogenesis and microcuttings on
the basis of the Biotechnology Laboratory of the
F.N.Rusanov Tashkent Botanical Garden of the
Institute of Botany of the Academy of Sciences of the
Republic of Uzbekistan, where research on in vitro
propagation and adaptation is carried out.
Sterilization. Various sterilization agents were
tested, including sodium hypochlorite (4-6 %),
hydrogen peroxide (2—15 %), silver nitrate (0.01 %),
ethanol (70 %), and fungicides like propiconazole
(Agrotilt, 25 % v/v) and fludioxonil (Maxim,
9.3 % v/v). Over 30 protocols were evaluated to
minimize fungal and bacterial contamination. The
most effective method achieved 90 + 2 % sterility
for A. platanoides using gentamicin (0.6 % v/v) and
streptomycin (0.2 % v/v), respectively. Media (50 ml)
were sterilized at 2 atm., 126 °C for 20 minutes.

Nutrient  Media  Selection. Ready-made
nutrient media of  DuchefaBiochemie B.V
(https://www.duchefa-biochemie.com) production

wereused inaccordance with the protocols by Murashige
and Skoog (1962) (MS), Chu et al. (1975) (Nj),
Gamborgand Eveleing (1968) (B5), McCown Woody
Plant Medium (Lloyd, McCown 1980) (WPM) (Lloyd,
McCown 1980), and DKW Medium (Driver, Kuniyuki
1984; McGranahan et al. 1987; Chu 1978). Antibiotics
were used only at the initial micropropagation stage.
Sucrose concentration optimization showed 20 % as
optimal for 4. platanoides. Nutrient media contained
essential micro- and macroelements, phytohormones,
sucrose, and 7 g/l agar.

Phytohormone Selection. Auxins 2.4-dichloro-
phenoxyacetic acid (2.4D), indolylacetic acid (IAA),
a-naphthylacetic acid (NAA), indolylbutyric acid
(IBA), cytokinins kinetin (Kin), 6-benzylaminopurine
(BAP), thidiazuron (TDZ), and Zeatin (Zea) were
tested. Callusogenesis was induced on DKW, MS, and
WPM media using 2.4D (0.5 mg/1) + Kin (0.5 mg/I) or
2.4D (0.5 mg/l) + BAP (0.5 mg/l).

Adaptation to Soil. Plants were acclimated in a
vermicompost : peat : sand (1:1:1) mix at 22 £ 2 °C,
90 % RH, and a 16/8 photoperiod for 1-2 weeks,
gradually reducing RH to 40%. Adapted plants were
transferred to greenhouse conditions.

For pigment analysis of the leaf blade of A.
platanoides, leaves were collected on the territory of
the Dovhyntsev Arboretum in the vicinity of Kryvyi
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Rih within the maple-ash woody plantations of the
abandoned ex situ botanical arboretum (Didukh et
al. 2000) in the summer of 2024. Pigments from the
leaves were extracted with acetone with the addition
of CaO, and separated by paper chromatography using
a mixture of hexane and ethanol (16: 1 by volume).
Pigment bands (lutein, violaxanthin, neoxanthin)
were extracted from the chromatograms with 100 %
ethanol, B-carotene and chlorophylls — with 100 %
acetone. The total chlorophyll (Chl) and carotenoid
(Car) contents were determined in acetone extract of
leaves on a SF-46 spectrophotometer as described
previously (Arkus et al. 2005; Fomishyna et al. 2009;
Banas et al. 2011; Nikolopoulos et al. 2008; Mund
et al. 2010), using the extinction coefficients given
in Lichtenthaler (1987). The pigment contents were
expressed per unit dry mass.

The research was conducted in 3-4-fold
replication, the results were statistically processed,
the standard deviations did not exceed 5 %. Statistical
data processing was performed using Microsoft Office
Excel and Statistica 6.0.

Results and discussion

Despite the available information about the
successful propagation of a number Acer L.
species by using seeds, obtaining a large amount
of planting material for A. platanoides “Crimson
King” was extremely difficult. As a result of a series
of experiments, we have developed protocol for
microclonal propagation of 4. platanoides “Crimson
King”. Two micropropagation pathways have been
identified: propagation with microcuttings and
indirect organogenesis.

Protocol 1: Micropropagation via Microcuttings

Micropropagation of A. platanoides “Crimson
King” involved sterilization, in vitro culture induction,
growth, rooting, and soil adaptation. Annual shoots were
stored at +5 °C for 1-7 days, segmented (7-10 cm),
and sterilized in two stages: (I) washing (615 h), soap
treatment (10—15 min), and distilled water rinse; (II)
disinfection in a laminar flow hood using “Belizna”
(30 %) + Tween 20 (7 min), fungicides (5 min), silver
nitrate (2—3 min), and ethanol (70 %, 60 sec).

Explants were placed on WPM medium with
20% sucrose. Gentamicin (0.6 %) was used initially
but omitted in later stages. Subculturing onto WPM
with BAP (0.01-1.0 mg/l) and a hormone-free
medium promoted lateral shoot growth (2—4 cm).
After two subcultures, growth accelerated by 30 %
on WPM with NAA (2 mg/l) + BAP (0.5 mg/l) +
TDZ (0.5 mg/l). Shoots (2-5 cm) were transferred
to WPM with sucrose (20 g/I) and IAA (0.5 mg/l)
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for rooting, developing within a month. Greenhouse
incubation ensured 90-100 % regeneration, though
soil adaptation success was limited (10 = 3 %).

Protocol 2: Indirect Organogenesis

Indirect organogenesis occurred in sterilized
leaf petioles, leaf blades, and stems, with the highest
callusogenesis on petioles (90 £ 2 %). Callus formation
was most intense on DKW, MS, and WPM media.
Callus turned dark red with morphogenic structures
after multiple subcultures. Seedling development was
induced on DKW medium with BAP (0.01-1.0 mg/1),
with optimal results after 2-3 subcultures over six
months.

Rooting was achieved on DKW medium with
IAA (0.5 mg/l), followed by gradual acclimation
in a phytotron (90 % to 40 % RH, 24 + 2C,
1,000-1,300 lux). After closed soil adaptation, 60 %
of seedlings survived in open soil.

A number of enzymes are involved in the dynamic
regulation of pigment content during adaptation to
external conditions, including chlorophyllase (Chlaze,
CLH; chlorophyll — chlorophyllide — hydrolase
3.1.1.14), whose function is to catalyze the initial stage
of degradation of Chl0 from Ar0 (Todorov et al. 2023;
Harfouche etal. 2014). Despite the fact that the hydrolytic
properties of Chlaza have been widely studied in vitro,
its role and activity in vivo remain unclear.

The established indicators of A. platanoides leaves
in different climatic conditions have not been studied
sufficiently (Todorov et al. 2003; Sytykiewicz et al.
2013). To date, the dependence of Chlaza activity
on plant lighting conditions remains poorly studied.
The results of pigment analysis of 4. platanoides
leaf blades in conditions of industrial pollution of the
steppe zone are given in Table 1.

Comparative study of Chlaza activity, content and
ratio of pigments in 4. platanoides plants from different
regions of the study requires further in-depth research
to clarify the vital state and degree of adaptation of
the species in arid conditions (Ivanchenko et al. 2016;
Varga et al. 2025; Modiga et al. 2019; Kvitko et al.
2024; Miller et al. 2002).

Conclusion
Microclonal propagation of the decorative and
marketable species A. platanoides “Crimson King”

by microcuttings showed low results of adaptation of
the regenerated plants to soil conditions (10 + 2 %),
while microcloning of this species by indirect
organogenesis showed high results of the adaptability
of the seedlings to open soil conditions (60 £ 2 %).
Regenerated plants obtained by microcuttings are
morphologically different from seedlings developed
by indirect organogenesis. For A. platanoides
“Crimson King”, microcuttings were introduced to in
vitro culture on a hormone-free nutrient medium WPM
with sucrose 20 % and subculture to a nutrient medium
WPM containing BAP (0.01-1.0 mg/l) and further to
NAA (2 mg/l) + BAP (0.5 mg/l) + TDZ (0.5 mg/l).
Rhizogenesis was induced on a nutrient medium
WPM with TAA (0.5 mg/l). Indirect organogenesis
was induced on leaf petioles on DKW nutrient medium
with phytohormones 2.4D (0.5 mg/1) + Kin (0.5 mg/l),
as well as 2.4D (0.5 mg/l) + BAP (0.5 mg/l). A well-
formed callus with distinct morphological structures
were subcultured to the DKW nutrient medium with
BAP (0.01-1.0 mg/l) to induce organogenesis and
obtain branching seedlings; rhizogenesis was induced
with the phytohormone IAA (0.5 mg/l).

Based on this, it is relevant to study the vital state
of woody plants of park dendrocenoses under modern
conditions of existence in an urban-technogenic
environment in order to optimize the use of park-
forming species of woody plants.
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Number of

. Chl a Chl b C Chla+b Kar Chl a/b Car/Chl
experimental plots
Plot 1 (in vitro) 7.27+0,06 | 2.78 £ 0,08 10.05 £ 0,85 6.53+0,05 [2.60+0,79| 0.12+0,98
Plot 2 4.344+0,04 | 1.83 £0,59 6.17 + 0,63 335+0,23 |236+041| 0.10+£0,85
Plot 3 4.49+0,16 | 1.93£0,58 6.42 + 0,75 3.51+0,51 [232+0,02| 0.10+0,39
Sci. Bull. Uzhhorod Univ. (Ser. Biol.). 2025. Vol. 58 166 Hayxk. Bicnux Yaceopoo. yu-my. (Cep. bion.). 2025. Bun. 58




Acknowledgements Laboratory of Plant Physiology
and Molecular Biology, Scientific Research Institute Oles
Honchar Dnipro National University, Dnipro, Ukraine.

Acknowledgements Department of Chemistry and
Life Safety, Kryvyi Rih State Pedagogical University,
Kryvyi Rih, Ukraine.

ARCUS, K. A. J., CAHOON, E. B, JEZ, J. M. (2005)
Mechanistic analysis of wheat chlorophyllase.
Archivesof Biochemistryand Biophysics, 438, 146—155.
DOI: 10.1016/j.abb.2005.04.019

BANAS, A. K., JABUZ, J.,, SZTATELMAN, O,
GABRYS, H., FIEDOR, L. (2001) Expression of enzym
esin volve din chlorophyll catabolismin Arabidopsis is
light controlled. Plant Physiology, 157, 1497—-1504.
DOI: 10.1104/pp.111.185504

BOBROVA,O0.M.,LYCHOLAT,Y.V.,,HRYHORYUK,I.P,,
SERGA, A. L., YAVOROVSKY, P. P. (2010) Activity
of antioxidant enzymes in leaves of different species
of barberry plants (Berberis L.) under the influence
of heavy metals. Scientific Report sof the National
University of Biochemistry, 5 (10), 1-10. (in Ukrainian).

CHU, C. C., WANG, C. C,,SUN, C.C,,Hsu C, YIN, K.C,,
CHU, C. Y., BI, F-YU. (1975) Establishment of an
efficient medium for culture of rice through comparative
experiments on the nitrogen sources. Scientia Sinica,
18(5), 659-668. DOI: 10.1360/ya1975-18-5-659

CHU, C. C. (1978) The N, medium and its application to
culture of cereal crops. Proceedings of Symposium on
Plant Tissue Culture, 25-30.05.1978. Science Press,
Peking, pp. 45-50.

DIDUKH, Ya. P, YERMOLENKO, V. M., KRYZHA-
NIVSKA, O.T., POPOVYCH, S.Yu., SEREBRIA-
KOV, V.V, TKACHENKO, V.S., GELIUTA, V.P,
PARCHUK, G.V., RODINA, V.V., FITSAILO, T.V.
(2000) Ecological trail (methodology, organization,
characteristics of the model trail “Foresters”).
Phytosociotsentr, Kyiv. (in Ukrainian).

DRIVER, J.A., KUNIYUKI, A.H. (1984) In vitro
propagation of Paradox walnut rootstock. Hort Science,
9(4), 507-509. DOI: 10.21273/HORTSCI.19.4.507

FOMISHYNA,R.M,,SYVASH,0.0.,ZACHAROVA,T.O.,
ZOLOTAREVA, O.K. (2009) The role of chlorophyllase
in adaptation of plants to light regimes. Ukrainian
Botanical Journal, 66(1), 94-102. (in Ukrainian).

GAMBORG, O.L., EVELEING, D.E. (1968) Culture
methods and detection of glucanases in cultures of
wheat and barley. Canada Journal Biochemical, 46,
417-421. DOI: 10.1139/067-063

HARFOUCHE, A., MEILAN, R., ALMAN, A. (2014)
Molecular and physiological responses to abiotic
stresses in forest trees and their relevance to tree
improvement. Tree Physiology, 34(11), 1181-1198.
DOI: 10.18524/2077-1746.2024.2(55).320487

IVANCHENKO, O.E., BESSONOVA, V.P. (2016)
Indication of the vitalstate of woody plant sinparks of
Dnipropetrovsk by morphophysiologi calindicators.
Bulletin  of Dnipropetrovsk  University.  Biology.
Ecology, 24(1), 109-118. (in Ukrainian).

KULBACHKO, Y.L., BORODAY, Y.S., LYKHOLAT,
T.Y., LYKHOLAT, O.A., KVITKO, M.O., MAREN-

Sci. Bull. Uzhhorod Univ. (Ser. Biol.). 2025. Vol. 58

167

KOV, O.M., LYKHOLAT, Y.V. (2024) Accumulation
of heavy metals by different representatives of biota in
the operation zone of the Prydniprovska thermal power
plant. IOP Conference Series: Earth and Environmental
Science, 1415(1), 012005. DOI: 10.1088/1755-1315/
1415/1/012005

KVITKO, M. O., LYKHOLAT, T.YU., LYKHOLAT, O.A.,
MARENKOV, O.M., LYKHOLAT YU.V. (2024)
Assessment of changes in the structure of the forest
ecosystems for example sanitary woody plantations
in the Steppe Dnipro. IOP Conference Series: Earth
and Environmental Science, 14159(1), 012048.
DOI: 10.1088/1755-1315/1415/1/012048

KVITKO, M.O., SAVOSKO, V.M., LYKHOLAT, Y.V,
HOLUBIEV, M.IL, HRYGORUK, LP, LYKHO-
LAT,O.A.,OVCHINNIKOVA, Y. Y. (2022) Assessment of
the ecological hybrid threat to industrial area in connection
with the vital state of artificial woody plantations in Kryvyi
Rih District (Ukraine). IOP Conference Series: Earth and
Environmental Science, 1049(1), 012046. DOI: 10.1088/1
755-1315/1049/1/012046

KVITKO, M. SAVOSKO, A., KOZLOVSKA, I,
LYKHOLAT, YU., PODOLYAK, O., HRYGORUK, I.,
KARPENKO, O. (2021) Woody artificial plantations
as a significant factor of the sustainable development
at mining and metallurgical area. Proceedings of
the Second International Conference on Sustainable
Futures: Environmental, Technological, Social and
Economic Matters, 280, 06005. DOI: 10.1051/
e3sconf/202128006005

LICHTENTHALER, H. K. (1987) Chlorophyll sand
carotenoids: pigments of photosynthetic biomembranes.
Methods in  Enzymology, 1987, 148, 350-382.
DOI: 10.1016/0076-6879(87)48036-1

LICHTENTHALER, H. K., AC, A, MAREK, M. V,
KALINA, J.,URBAN, O. (2007) Difference sin pigment
composition, photosynthetic rates and chlorophyll
fluorescence images of sun and shade leaves of four
tree species. Plant Physiology and Biochemistry, 45,
577-588. DOI: 10.1016/j.plaphy.2007.04.006

LLOYD, G., McCOWN, B. H. (1980) Commercially-
feasible micropropagation of mountain laurel, Kalmia
latifolia, by use of shoot-tip culture. International Plant
Propagators’Society, 30, 421-427.

LYKHOLAT, Yu. V., LYKHOLAT, T. Yu., KVITKO, M. O.,
BORODAY, E. S., GALCHENKO, V. M. (2024) State
andprospects ofrestoration of vegetation cover in
technogenic territories. International Science Group,
Rotterdam, Netherlands. (in Ukrainian).

MANKO, M. V.,,OLEKSIYCHENKO,N.O.,KITAEV,O.1.
(2016) Some Peculiarities of Chlorophyll Fluorescence
Induction in Leaves of Acer platanoides L. Cultivars
under Conditions of Kyiv City. Scientific Bulletin of
UNFU, 26, 102-109. DOI: 110.15421/40260515

Hayxk. Bicnux Yaceopoo. yu-my. (Cep. bion.). 2025. Bun. 58



MANKO, M. V. (2015) Intraspecific diversity of Acer
platanoides L. in landscaping of Kyiv and botanical
institutions of Ukraine. Scientific Bulletin of the NLTU
of Ukraine: collection of scientific and technical works,
25 (8), 118-123. (in Ukrainian)

McGRANAHAN, G. H., DRIVER, J. A., TULECKE, W.
(1987) Tissue Culture oflJuglans. /n: J. M. Bonga,
D. J. Durzan (Eds.) Cell and Tissue Culture in Forestry,
Forestry  Sciences, 24-26, Springer, Dordrecht.
DOI: 10.1007/978-94-017-0992-7 19

MEIR, P, KRUUT, B., BROADMEADOW, M.,
BARBOSA, E. KULL, O., CARSWELL, F,
NOBRE, A., JARVIS, P. G. (2002) Acclimation of
photosynthetic capacity to irradiance in tree canopies
in relation to leaf nitrogen concentration and leaf mass
per unit area. Plant Cell Environmental, 25, 343-357.
DOI: 10.1046/j.0016-8025.2001.00811.x

MILLER, R. (2002) Oxidative stress,
and stress tolerance. Trends Science,
DOI: 10.1016/s1360-1385(02)02312-9

MODIGA, B. A., JITAREANU, C. D., SLABU, C,
MARTA, A. E., COVASA, M. (2019) Dynamics of the
foliar pigments content in some bean genotypes, from
North-East Romania, under salt stress. Bulletin UASVM
Agriculture, 76(1), 54—60.

MURCHIE, E. H., HORTON, P. (1997) Acclimation of
photosynthesis to irradiance and spectral quality in
British plant species: Chlorophyll content, photosynthetic
capacity and habitat preference. Plant Cell Environmental,
20, 438-448. DOI: 10.1046/j.1365-3040.1997.d01-95.x

MUND, M., KUTSCH, W.L., WIRTH, C., KAHL, T,
KNOHL, A., SKOMARKOVA, M. V., SCHULZE, E.D.
(2010) The influence of climate and fructification on the
inter-annual variability of steam growth and net primary
productivity in an old growth, mixed beech forest. Tree
Physiology, 30(6), 689-704. DOI: 10.1093/treephys/
tpq027

MURASHIGE, I., SKOOG, F. (1962) A revised medium for
rapid growth and bioassays with tobacco tissue cultures.
Plant Physiology, 15 (3), 473-497. DOI: 10.1111/
j-1399-3054.1962.tb0852.x

antioxidants
7, 405-409.

Sci. Bull. Uzhhorod Univ. (Ser. Biol.). 2025. Vol. 58

168

NIKOLOPOULOS, D., KORGIOPOULOU, Ch.,
MAVROPOULOS, K., LIAKOPOULOS, G,
KARABOURNIOTIS, G., (2008) Leaf anatomy
affects the extraction of photosynthetic pigments by
DMSO. Talanta, 76 (5), 1265-1268. DOI: 10.1016/
j-talanta.2008.05.037

SAVOSKO, V. M., KVITKO, M. O., GRYGORYK, I.P,
SERGA, O. I., LYKHOLAT, Y. W., ANDRITSO, M.O.
(2018) Heterohennist biometrychnykh pokaznykiv
lisovykh  kultur fitotsenoziv v  ekolohichnykh
umovakh Kryvorizhzhia [Heterogeneity of biometric
characteristics of cultivated forest communities in
environmental conditions at Kryvorizhzhia]. Bioresursy
i pryrodokorystuvannia [Biological Resources and
Nature Management], 10(1-2), 14-23. (in Ukrainian).
DOI: 10.31548/b102018.01.002

SYTYKIEWICZ, H., SPRAWKA, I., CZERNIEWICZ, P.,
SEMPRUCH, C., LESZCZYCSKI, B., SIKORA, M.
(2013) Biochemical characterization of chlorophyllase
from leaves of selected Prunus species — A comparative
study. Acta Biochimistry Poloniya, 60(3), 457-465.

SUSLOVA, O. P,, BOYKO, L. I. (2025) Longevity of Acer
L. species in street plantations of industrial cities of
the steppe zone of Ukraine. Scientific Bulletin of the
National Forestry and Park Gardening of Ukraine,
35(2), 80-88. (in Ukrainian). DOI: 10.36930/40350209

SUSLOVA, O. P, BOYKO, L. I. (2024) Analysis of some
taxonomic indicators of trunks of parkland fast-growing
tree species of Pokrovsk park plantations. Scientific
Bulletin UNLTU, 34(6), 3—18. (in Ukrainian)

TODOROV, D. T., KARANOV, E. N., SMITH, A.R.,
HALL, M.A. (2003) Chlorophyllase activity and
chlorophyll content in wild and mutant Arabidopsis

thaliana.  Biologycum  Plantarum, 46, 125-127.
DOI: 10.1023/A:1022355525907
VARGA, I, POSPISIL, M., ILJKIC, D,

KULUNDZIC, A.M., KOJIC M. T., ANTUNOVIC, M.
(2025) Dinamic of SPAD index, leaf pigment, and
macronutrient relationships in sugar beet leaves under
spring nitrogen fertilization. Journal Nitrogen, 6(1), 10.
DOI: 10.3390/nitrogen6010010

Hayxk. Bicnux Yaceopoo. yu-my. (Cep. bion.). 2025. Bun. 58



