souua or UKRAINIAN JOURNAL OF FOREST AND WOOD SCIENCE

FOREST AND
WOOD SCIENCE

Journal homepage: https://forestscience.com.ua/en
Ukrainian Journal of Forest and Wood Science, 12(4)

3acCHOBHMUK:
HauionanbHuMii yHiBepcuTeT 6iopecypciB i mpMpomoKopucTyBaHHs YKpaiHu

Pik 3acuyBanHs: 2010

Pexomendosaro do OpyKy ma nowupeHHs
uepe3 mepexcy [nmeprem BueHow pador
HauioHansHozo yHisepcumemy 6Giopecypcie i npupodoKopucmysamHs Ykpainu
(npomoxkon N2 4 8id 24 aucmonada 2021 p.)

CBiZOIITBO PO Aep>KaBHY PeECTpaIriio
JPYKOBaHOro 3ac00y MacoBoi iHpopmarrii
cepii KB 23989-13829 I'1P Bix 19 uepBHs 2021 p.

JKypHan BXOOUTh 0 nepelikKy HayKoBuUX (paxoBUX BUAAHb YKpaiHU
Kateropis «b». I'amy3b HayK — CiJiIbCbKOTOCHOAAPChKIi Ta TEXHIUHI
crrertiasibHOCTI — 205 «JIicoBe rocmomapcTBo», 206 «CagoBO-IIapKOBE rOCIIOAAPCTBOY,
187 «[lepeBo06GPOOHi i MebieBi TeXHOOTii»,

(Haxkasu MiHicTepcTBa ocBiTH i Hayky Ykpainu Bif 28 rpynHst 2019 poky N2 1643)

JKypHan npeacTraBieHo y MDKHAPOJAHMX HAYKOMETPUYHMX 0a3ax JaHUX,
pemno3uTapigx Ta momykoBux cucremax: Index Copernicus International,
Google Scholar, HarrionasnbHa 6i6ioreka Ykpainu
imedi B. I. Bepuagcskoro, MIAR, BASE, AGRIS

AJnpeca pegaxirii:
HarionanbHuit yHiBepcuTeT 6iopecypciB i MpMUpPOIOKOPUCTYBAHHS YKpaiHU
By/1. [epoiB O60ponu, 15, m. Kuis, Ykpaina, 03041
E-mail: info@forestscience.com.ua
https://forestscience.com.ua/uk

© HauioHanbHMit yHiBepcuTeT 6iopecypcis i mpupomokopucTyBanHs Ykpainu, 2021



UKRAINIAN

e UKRAINIAN JOURNAL OF FOREST AND WOOD SCIENCE

FOREST AND
WOOD SCIENCE

Journal homepage: https://forestscience.com.ua/en
Ukrainian Journal of Forest and Wood Science, 12(4)

Founder:
National University of Life and Environmental Sciences of Ukraine

Year of foundation: 2010

Recommended for printing and distribution
via the Internet by the Academic Council
of National University of Life and Environmental Sciences of Ukraine
(Minutes No.4 of November 24, 2021)

Certificate of state registration
of the print media
Series KV No. 23989-13829 PR of June 19, 2019

The journal is included in the list of professional publications of Ukraine
Category “B”. Branch of sciences — Agricultural and technical
specialties — 205 “Forestry”, 206 “Horticulture”,
187 “Woodworking and furniture technologies”,
(Orders of the Ministry of Education and Science of Ukraine of December 28, 2019, No. 1643)

The journal is presented international scientometric databases, repositories
and scientific systems: Index Copernicus International,
Google Scholar, Vernadsky National Library of Ukraine,
MIAR, BASE, AGRIS

Editors Office Address:
National University of Life and Environmental Sciences of Ukraine
03041, 15 Heroiv Oborony, Kyiv, Ukraine
E-mail: info@forestscience.com.ua
https://forestscience.com.ua/en

© National University of Life and Environmental Sciences of Ukraine, 2021



UKRAINIAN

FOREST AND UKRAINIAN JOURNAL OF FOREST AND WOOD SCIENCE

WOOD SCIENCE

T'onoBHMIT pegakTop:
ITerpo IBaHOBMY JIakuza

3aCTyITHMKY TOJIOBHOTO PEJAKTOpa:
Poman ImutpoBuu Bacunummus
BikTop BanenTuHoBrY MUpoHIOK

BignmoBimanbHuii cekperap:
Bonogumup IBaHoBMY Banmuk

Ynenu pegakiiinHoi Komerii

Anppiit Muxaiinosuu Binoyc
Cepriit BikropoBuu 3i6ueB
Bacuiasb IOpiiioBru OXHOBCBKMIT

®dnopian KpakcHep
AmnaroJii 3iHosilioBnu IlIBMageHKO

Boriex Kenagsbopa
Sfpocias B’ssueciaBoBuy [eHMK

Cepriit BopucoBuu KoBaneBcbKuit
Onena BanepiiBua KosnecHiueHKO
PoGepTt Kanbb6apumk

Muxona Mukonaviosnu KyTst
Awupnpiit MuxaiinoBuu EpouieHKo
Onena OnexkciiBHa IliHueBCcbKa
I0piit Bonogumuposuu Ilanko
Onekcauap CaneHiKOBUY

Iu CenistumMk

Aptyp ®enopoBuu JlixaHOB
Cepriit IOpiiioBuu ITomoBuu
Mupocnasa IsaniBHa Copoxka

Ipuna ITaBniBaa Mansx
IOymitpy l'anymna

IOmMutpiit MukosnaiioBud l'onsska
Bacmibs BacunboBuu KoHinyk
BikTopis IBaHiBHa Me/IbHUK

Xamskpi Xacka
Muxaitio SIikos

Journal homepage: https://forestscience.com.ua/en
Ukrainian Journal of Forest and Wood Science, 12(4)

PepakiiifiHa KoJjierist

JTIOKTOp CiJIbCbKOTOCITOAAPChKUX HAYK, TIpodecop, wieH-KopecrmoHaeHT HAAH
Vkpainu, HamioHanpHMit yHiBepcuTeT 6iopecypciB i MpMpOgOKOPUCTYBAHHS
Vkpainu, Ykpaina

ITOKTOD CiTbCbKOTOCTIOAAPChKUX HAYK, Mpodecop, HamionanbHMit yHiBEpCUTET
6iopecypciB i mpupomoKropucTyBaHHS YKRpainu, YkpaiHa
IIOKTOp CiTbCHKOTOCIIONAPChKMX HAYK, IOIEHT, HallioHa/bHWIT yHiBepcUTET
6iopecypciB i npupomokopucTyBaHHs YKpaiuu, YkpaiHa

KangupaT cinbcbKOrocrogapcbkux Hayk, IOIEeHT, HallioHanbHUI YHiBepCUTEeT
6iopecypciB i mpupomoKRopucTyBaHHS YKRpaiHy, YkpaiHa

ITOKTOD CiTbCbKOTOCTIOAAPCHKUX HAYK, Mpodecop, HamionanpHMit yHiBEpcuTeT
6iopecypcis i npupomokopuctyBaHHs YKpaiuu, YkpaiHa

JITOKTOD CibCbKOTOCIIOAAPChKUX HayK, Mpodecop, HalionanpHMit yHiBEpcuTeT
6iopecypciB i mpMpomoOKOpUCTYBaHHS YKpainu, YKpaiHa

ITOKTOD CiTbCbKOTOCTIOAAPChKUX HAYK, Mpodecop, HamionansHMit yHiBEpCHUTET
6iopecypciB i mpupomoKkopucTyBaHHS YKRpaiHnu, YkpaiHa

PhD, MiskHapOaHMIT iHCTUTYT NPUKIAZHOTO CUCTEMHOTO aHasi3y, ABCTpist
IIOKTOp CiTbCHhKOTOCTIONAPChKUX HayK, mpodecop, MixkKHapomgHMit iHCTUTYT
MIPUKIAJSHOTO CUCTEMHOTO aHasli3y, ABCTPis

PhD, BapuiaBcbkuii yHiBepcUTeT HayK PO KUTTS, [Tonbina

JIOKTOp CiJIbCBKOTOCIIOAAPChKUX HAYK, NOLeHT, HallioHampHMIT TicOTeXHIUHMI
yHiBepcuTeT YKpainu, YkpaiHa

ITOKTOD CiTbCbKOTOCTIOAAPCHKUX HAYK, Mpodecop, HamionanbHMit yHiBEpcuTeT
6iopecypciB i npupomokopucTyBaHHs YKpaiuu, YkpaiHa

IoxkTop GionmoriyHux HayK, mpodecop, HallionanpHMi yHiBepcuTeT 6iopecypcis
i npuponokopucTyBaHHS YKpainy, YkpaiHa

Dr. Hab., mpodecop, BpoiiaBcbkuii yHiBEpCUTET MPUPOLOKOPUCTYBAHHS
Ta HayK Ipo XUTTs, [lonpnia

Kanmgupar cinbecbKorocrnoaapcbkux Hayk, Konemk banrop y Kurai Banropcbkoro
yHiBepcutety, Kurait

Kanaupar TexHiYHUX HAyK, JOLeHT, YepHiriBCchbKuit HAIliOHATbHNI TeXHOIOTiYHUI
yHiBepcuTeT, YKpaiHa

IToKTOp TeXHIYHUX HayK, mpodecop, HamioHaabHMit yHiBepcUTET GiopecypciB
i mpupogoKopucTyBaHHS Ykpainu, YkpaiHa

JIOKTOp TeXHIUHMX HayK, mpodecop, HallioHanbHuit yHiBepcuTeT 6Giopecypcis i
MIPMPOAOKOPUCTYBAHHS YKpaiHu, YKpaiHa

PhD, npodecop, YaiBepcurer Jlaass, Kanaga

PhD, npodecop, TexHiunuii yHiBepcureT y M. 3BoneH, CioBauuMHa

IlokTop 6ioMoTiYHMX HAYK, MOIEeHT, HallioHanbHMi1 yHiBepcuTeT 6iopecypciB
i mpupogoKopucTyBaHHS Ykpainu, YkpaiHa

IlokTop 6ionoriunux HayK, mpodecop, HalioHanbHMIT yHiBepcuTeT 6iopecypciB
i IpuMponOKOPUCTYBaHHS YKpaiHu, YKpaiHa

IlokTop 6ionoriuHMx Hayk, podecop, HallioHaabHM TiCOTeXHIUHMI YHIBEPCUTET
Ykpainu, YkpaiHa

PhD, IlIBeicbKMit YHiBEpCUTET CiTbCHKOTOCIIONAPCHKUX HAYK, [IIBerris

IIOKTOp €KOHOMIUHUX HayK, rnpodecop, [HCTUTYT JTiCOBUX AOCTIIKEeHb Ta
yrpasiiHHs, MongoBa

Kangupat ciibCbKOTOCIIOAapPChKUX HayK, YKpaiHCbKMUIT HAYKOBO-AOCTiIHMI
IHCTUTYT CiIbCbKOTOCIIOAAPCHKOI pajionorii, YkpaiHa

JokTop 6GioNmoriyHMx HayK, Mpodecop, [HCTUTYT arpoeKosorii i MpUPONOKOPUCTYBAHHS
HAAH, Ykpaina

KaHgupat cinbcbKOTOCIOAapChbKMUX HAyK, NO1eHT, HallioHanbHMIT YHIBEPCUTET
6iopecypciB i mpupomokopuctyBaHHs YKpainu, YKpaiHa

Dr., npodecop, CinbchbKorocrnogapchbkuit yHiBepcutet Tupaun, AnbaHist

PhD, TuxookeaHchKa MiBHIYHO-3aXigHa gocaigHuIibKa cTaHilis, CIIIA



UKRAINIAN
JOURNAL OF
FOREST AND
WOOD SCIENCE

Editor-in-Chief:
Petro Lakyda

Deputies Editor-in-Chief:

Roman Vasylyshyn
Viktor Myroniuk

Executive Editor:
Volodymyr Blyshchyk

Editorial Board Members
Andrii Bilous

Sergiy Zibtsev
Vasyl Yukhnovskyi

Florian Kraxner
Anatoly Shvidenko

Wojciech Kedziora
Yaroslav Henyk

Sergii Kovalevskyi
Olena Kolesnichenko
Robert Kalbarczyk

Mykola Kutia
Andriy Yeroshenko

Olena Pinchevska
Yuriy Tsapko
Alexander Salenikovich
Jan Sedliacik

Artur Likhanov

Sergii Popovych
Myroslava Soroka

Iryna Matsiakh
Dumitru Galupa

Dmytrii Holiaka
Vasyl Konishchuk
Viktoriia Melnyk

Hajri Haska
Mikhail Yatskov

UKRAINIAN JOURNAL OF FOREST AND WOOD SCIENCE

Journal homepage: https://forestscience.com.ua/en
Ukrainian Journal of Forest and Wood Science, 12(4)

Editorial Board

Full Doctor in Agricultural Sciences, Professor, Corresponding member of NAAS
of Ukraine, National University of Life and Environmental Sciences of Ukraine,
Ukraine

Full Doctor in gricultural Sciences, Professor, National University of Life and
Environmental Sciences of Ukraine, Ukraine

Full Doctor in Agricultural Sciences, Associate Professor, National University
of Life and Environmental Sciences of Ukraine, Ukraine

PhD, Associate Professor, National University of Life and Environmental Sciences
of Ukraine, Ukraine

Full Doctor in Agricultural Sciences, Professor, National University of Life and
Environmental Sciences of Ukraine, Ukraine

Full Doctor in Agricultural Sciences, Professor, National University of Life and
Environmental Sciences of Ukraine, Ukraine

Full Doctor in Agricultural Sciences, Professor, National University of Life and
Environmental Sciences of Ukraine, Ukraine

PhD, International Institute for Applied Systems Analysis, Austria

Full Doctor in Agricultural Sciences, Professor, International Institute for Applied
Systems Analysis, Austria

PhD, Assistant Professor, Warsaw University of Life Sciences, Poland

Full Doctor in Agricultural Sciences, Associate Professor, Ukrainian National
Forestry University, Ukraine

Full Doctor in Agricultural Sciences, Professor, National University of Life and
Environmental Sciences of Ukraine, Ukraine

Full Doctor in Biological Sciences, Professor, National University of Life and
Environmental Sciences of Ukraine, Ukraine

Habilitated Doctor of Agricultural Sciences, Professor, Wroclaw University
of Environmental and Life Sciences, Poland

PhD, Bangor College China, Bangor University, P.R. of China

PhD of Technical Sciences, Associate Professor, Chernihiv National University
of Technology, Ukraine

Full Doctor in Technical Sciences, Professor, National University of Life and
Environmental Sciences of Ukraine, Ukraine

Full Doctor in Technical Sciences, Professor, National University of Life and
Environmental Sciences of Ukraine, Ukraine

PhD, Professor, Laval University, Canada

PhD, Professor, Technical University in Zvolen, Slovakia

Full Doctor in Biological Sciences, Associate Professor, National University
of Life and Environmental Sciences of Ukraine, Ukraine

Full Doctor in Biological Sciences, Professor, National University of Life and
Environmental Sciences of Ukraine, Ukraine

Full Doctor in Biological Sciences, Professor, Ukrainian National Forestry
University, Ukraine

PhD, Swedish University of Agricultural Science, Sweden

Full Doctor in Economic Sciences, Professor, Forestry Research and Management
Institute, Republic of Moldova

PhD in Agricultural Sciences, Ukrainian Research Institute for Agricultural
Radiology, Ukraine

Full Doctor in Biological Sciences, Professor, Institute of Agroecology and
Environmental Management of National Academy of Agrarian Sciences, Ukraine
PhD of Agricultural Sciences, Associate Professor, National University of Life
and Environmental Sciences of Ukraine, Ukraine

Dr., Professor, Agricultural University of Tirana, Albania

PhD, USDA Forest Service, PNW Research Station, USA



3MICT

B. I. baucris, B. M. Mamiora, B. B. Miugep, O. I1. Cupora
[TpakTUYHi MigX0AM 00 BCTAHOBJIEHHS JMHAMIKM CTiiIKOCTi IepeBOCTaHiB CeNEKIIITHUX 00 €KTIB.............. 6

A. I1. PaceHuyK, B. 10. lOxHOBCbKMI1
CTpyKTYypHi 0CO6IMBOCTI JIiCOBOI MiACTUIKM BOJOOXOPOHHUX COCHOBMX HaCaIKeHb

Y BOJIOTUX TirpoTOIaxX JKUTOMUPCHKOTO TTOMICCS veverieeunrrieeiiniiiieeeieeiireeeeeeeineeeeeeeareeeesesnnneesesssnneeaesssssnnneanas 17
A. A.]I3ub6a

OcobmuBocTi hopMyBaHHS MapKiB-TIaM SITOK Caf0BO-TTapKOBOI'0 MUCTELITBA

Ipyroi mooBUHM XX CTOMITTS YKPATHCHKOTO TTOMICCS .. uuuueririrrrtieeieeeeeeeeeneeeserienenrreeeeeeeeseesesssssssssnssnnnssnnneees 26

B. JI. MaTBiituyk, O. B. Ilixano, B. B. Mingep, 1. O. CugopeHKo

TeorutacTuka penbedy K 3aci6 GopMyBaHHS CIIPUITHSTTS JIaHAIIAQTHUX KOMITO3UIIil

Ha NpuKIaai [TeuepchbKOTo TaHAMIADTHOTOMAPKY Y MiCTi KMEBI ..vvviieiieieciieieiieeeeite et eeeiee e ee e veeesaee e 41
0. B. Ilaniko, O. 10. l'op6auosa, C. M. Ma3ypuyk

BcTaHOB/IEHHS 3aKOHOMipPHOCTE BIUIMBY I0JIiMepHOi 000JIOHKM Ha 6GiOpyiiHYBaHHS JEPEBUHMA ................. 50

C. 10. Binoyc, P. K. MaTsmyk
[MepBuuHMIt Mopdorenes Sorbus Torminalis (L.) Erantzy KYJIBTYPI il VILT0..cceeuvereecueereireeeeeieeniieeesiveeesseneeens 64

B. M. MeskeHcbKUii, JI. 0. MexkeHChKa
YepBOHOKBITKOBa I6JTyHS B KojeKIlii HarioHaapHOTO YHiBEpCUTETY

GiopecypcCiB i MPUPOTOKOPUCTYBAHHST YKPATHM .. eeeeerreeeerieererreeeeeeeeaisreeeasseessssessasseessssssesssseessssssssssssessssesenns 72
A. II. ITinuyk, L. B. IBaHiok, M. O. llleBuyk, M. I0. [Iyouak, A. ®. JlixaHOB
BrummB pyTHH-aMOHi/THOTO KOMILJIEKCY Ha (i3iooriuHMi CTaH MPOPOCTKIB COCHU 3BUYANHOI ..ceeeeeeevvreannns.. 83

CONTENTS

V. Blystiv, V. Malyuga, V. Minder, O. P. Syrota
Practical approaches to establishing the dynamics of stand stability of breeding facilities..........ccccceuvrreeennnns 6

A. Rasenchuk, V. Yukhnovskyi
Structural features of the forest litter of water protection pine stands

in wet hygrotopes of ZNytOMYT POIISSYa. ..c.uuuiiiiieeiiiieeiieeiieeeieeette e e seerire e e s eeeatteeeseesereeesssesseneeesssssnsaaessssnnnns 17
A. Dzyba

Specific features of the establishment of parks-monuments of landscape art

in the second half of the 20th century in Ukrainian POliSSYa .........cciieecviieeiieeiiiieeeeeceeeeeeeere e e eeeeeeee e e e 26

V. L. Matviychuk, O. Pikhalo, V. Minder, 1. Sydorenko
Relief geoplastics as a means of shaping the perception of landscape compositions

using the example of the Pechersk Landscape Park in KyiV........ccccceeeiieeeeiiiieiieeeeieeccieeseeeeeceee e veeeeeeeeen 41
Yu. Tsapko, O. Horbachova, S. Mazurchuk

Establishment of regularities of the influence of polymeric shell on wood biodegradation..........cccccuuueeen... 50
S. Bilous, R. Matashuk

Primary morphogenesis of Sorbus Torminalis (L.) grantz in in Vitro CUltUre .......ccccccveeevveeerecveeeeveeeeeseeessneens 64

V. Mezhenskyj, L. Mezhenska

Red-flowered apple tree in the collection of the National University
of Life and Environmental Sciences Of UKIAINE ........uuiiieeeeeeeeeieeeeeecciiiiirireeeeeeeeeeeeeeeeeeeeennssssssssssssseseessseseennnns 72

A. Pinchuk, I. Ivanyuk, M. Shevchuk, M. Dubchak, A. Likhanov
Effect of rutin-ammonium complex on the physiological state of Scots pine seedlings .........cccccceeeeecuvveeenne. 83



Received: 08/18/2021, Revised: 10/19/2021, Accepted: 11/24/2021

UKRAINIAN
JOURNAL OF

FOREST AND UKRAINIAN JOURNAL OF FOREST AND WOOD SCIENCE

WOOD SCIENCE

Journal homepage: https://forestscience.com.ua/en
Ukrainian Journal of Forest and Wood Science, 12(4), 6-16

UDC 630.165
DOI: https://doi.org/10.31548/forest2021.04.001

Practical approaches to establishing the dynamics of stand stability
of breeding facilities

Vasyl Blystiv'l, Volodymyr Malyuga?, Victoria Minder?, O.P. Syrota!
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08150, 14 Lisodoslidna Str., Boyarka, Kyiv region, Ukraine
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Abstract. The study considers the concept of stability of tree stands and their establishment at breeding facilities
considering the dynamics of the intensity of using environmental conditions. The protective properties of the
forest environment, which are identified with the preservation of genetic diversity, are determined by the
amount and quality of natural renewal and are associated with environmental stability (renewability), can be
effectively assessed by the loss of this stability according to the above method. The study analyses approaches
and areas relevant for assessing the biotic and eco-resistance of tree stands. For breeding facilities, these
issues are relevant when assigning reforestation measures in forest genetic reserves, assessing the stability of
stands at the time of selection of positive plantings, and evaluating selected permanent forest seed plots from
the standpoint of determining the volume of planting and care. The methodology for assessing stand stability
is based on determining stability indicators (stability coefficient, loss of biotic stability, loss of ecological
stability), which are calculated based on a parametric (taxonomic) assessment of trees, their sanitary condition,
and natural regeneration in the area under study. Using the values of the given stability indicators, plantings
can be divided into three categories: stable, conditionally stable, and unstable. Appropriate forestry measures
are proposed that require a separate parametric assessment of forest-forming tree species, economic groups
of forest types, forest categories, target measures, or research area. During studies of the living space tension
indicator, it was found that the use of forest-growing conditions occurs according to the assessment of the
process of development of stands as normal, non-stressed, and stressed. To establish the indicator of normal
and weakened state, a basic scale for assessing biotic stability based on state indices is proposed

Keywords: stability assessment, stress indicator, gene pool conservation, sanitary condition, area dynamics
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Practical approaches to establishing the dynamics of stand stability...

Introduction

In forestry science, along with the issue of increasing
the productivity of stands, a great deal of attention
is paid to assessing and increasing the biotic stabil-
ity and eco-resistance of stands, and forest selec-
tion, accordingly, becomes more relevant in breed-
ing and shaping sites for stability. The main factor
for assigning specific economic measures, primarily
in non-operational categories of forests, is the loss
of stability and protective properties by plantings.
Therefore, there is an obvious need to quantify the
loss of biotic stability of stands by forests. These
issues remain relevant for breeding facilities, es-
pecially during the appointment of reforestation
measures in forest genetic reserves. It is important
to assess the stability during the selection of pos-
itive plantings and permanent forest-seed plots,
considering the prospect of their transfer to positive
(breeding) stands or withdrawal from the registers of
objects of the permanent forest-seed base.

The term “stand stability” has been widely
used in the scientific literature, and relevant for-
estry studies have been significantly updated re-
cently (Tretyak & Chernevyy, 2020; Maliuga, 2020;
Oliynyk & Blystiv, 2019; Gilliam, 2016; Holubets,
2013; Oliynyk, 2013; Shparyk, 2012 etc.). Resistance
is defined in relation to a particular component of
the forest (stand) as the biotic stability of the species
(ecosystem engineer), and in relation to the phyto-
cenosis (forest environment). In forestry science, the
concept of ecosystem stability (biogeocenosis) is in-
troduced, in this case, this refers to the stability of
the functioning of the forest environment (Holubets,
2008). It is noted that the concept of stability in
modern forestry research has a two-way meaning
depending on the area and object of study (Brang,
2001). Stability is also considered as a high resis-
tance to external influences and as a property for
maintaining a functional forest environment. First

of all, stable stands include: native stands of eco-
logical and forestry typology (Stoiko, 2011; Parpan,
2008; Holubets, 2008, etc.), indigenous forest types
in phytocenological classification (Sukachev, 1964;
Holubets, 2008), nodal stages in successions and
changes (Yaroshenko, 1958), stands of stable forest
ecosystems (Holubets, 2013; Parpan, 2005 et al.). In
forestry, the concepts of resistance and reproduc-
ibility (elasticity) are most often used (Brang, 2001,
Oliynyk et al., 2019). To assess stability, the concept
of “standard” is sometimes used, which concentrates
all the best signs of planting in specific growth con-
ditions (primarily productivity), in particular, dura-
bility, biotic stability, and the ability to fully mani-
fest its protective functions.

The qualitative characteristics of growing
conditions (edatopes) are determined based on a
comparison of the potential and actual productivity
of plantings. It is believed that under different con-
ditions, the stability of stands and forest tree species
is not the same. Molotkov (1966) has found that in
the conditions of wet hornbeam and beech forest,
plantings are characterised by high productivity and
stability. In general, native stands in beech forests
are considered stable, this thesis is confirmed by
P.S. Kaplunovskyi and V.I. Parpan. This approach is
typical for the ecological and forestry typology from
the standpoint of reforestation.

To evaluate individual trees in the forest, vari-
ous classifications are used (Kraft, Shedelin, Zhylkin,
etc.), which can be used to give a general descrip-
tion of stand structure, but its stability is not eval-
uated. The issue of loss of resistance due to damage
by pests or forest diseases is considered depending
on the needs of a particular area of forestry — forest
protection (Meshkova et al., 2018). In forestry, the
assessment of the sanitary condition of each tree in
six categories is used in accordance with the sanitary
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regulations in the forests of Ukraine (Sanitary For-
ests Reg. Ukraine, 1995), and based on the results,
economic measures are assigned for a specific site.
To solve the problem of rapid assessment of the state
and structure of forests, there is an international
system for evaluating each tree in six classes, which
are known as “IUFRO classes”. It is also proposed to
assess the life status of trees that have a biotically
determined potency of the species for growth and
development under certain conditions (Debrenyuk,
2017). The Guidelines on forest seed production (Los
et al., 2017) present a methodology for assessing
the condition of trees and stands in five categories,
which is based on the concept of “viability”, which is
informative for seeds, seedlings (self-seeding), and
undergrowth. To assess the state of plantings, an in-
dicator of living space tension is proposed (Maliuga,
2020). The substantiation of the selected indicator is
carried out, in which the average height of plantings
reflects the bonus (a recognised indicator of qualita-
tive productivity), and the sum of the cross-sectional
areas of trunks at a height of 1.3 m (absolute density)
comprehensively characterises forest-growing con-
ditions. Tax collectors in their production activities
use tables of the sum of cross-sectional areas and
stocks of plantings at density 1.0, so this approach is
taken as the main one. To a certain extent, the issue
of stability assessment is worked out in the studies
by Blystiv (2006, 2012), Oliynyk et al. (2019), scien-
tific recommendations contain the papers by Hayda
et al. (2013), Marchuk et al. (2021). The issue of eval-
uating the efficiency of living space use by plantings
is discussed by Malyuha & Minder (2020). The listed
studies on the stability of forest ecosystems are im-
portant for evaluating the functionality of forest
genetic reserves, which may consist of many taxa-
tion plots. The assessment of a certain designated
territory (forest ecosystem, part of the population)
can be based on the ratio of the state of individual

plots by area. This approach for estimating the
area of reserve stands was proposed by researchers
(Syrota, 2021): with the classification of the condi-
tion as “normal”, which includes healthy stands, and
“weakened”, which includes damaged stands.

According to Oliynyk et al. (2019), Blystiv
(2006, 2012), the concept of general forest stability can
be divided into the following four main components:

1. Resistance to internal biotic factors or living
organisms.

2. Resistance to anthropogenic impact.

3. Resistance to weather factors and other factors
of inanimate nature.

4. Potential for the possibility of restoring and
forming stable (indigenous) stands (maintaining ho-
meostasis and protective properties).

The first two components can be combined by
the concept of “biotic resistance”, or resistibility (re-
sistance). It is consonant with the concept of “natu-
ral stability”, introduced on the basis of typological
studies.

Forest typology is crucial for understanding
and evaluating the stability of plantings. To assess
the natural stability of plantings, an indicator of the
typological potential (typological productivity) of a
certain type of forest and modelling of the growth of
ecotypes and indigenous stands as the main compo-
nent of the stability of forest ecosystems are used.
The term “naturalness” is also used in relation to the
environment as an assessment of the inviolability of
ecosystem connections or the level of its transfor-
mation. The naturalness of its individual compo-
nents may correspond to the concept of biotic stabil-
ity of indigenous stands, which, first of all, concerns
the correspondence of the ecological optimum of
a species to the growing conditions, the biology of
species, and their mutual influence. For stands from
the standpoint of forest selection and conserva-
tion of valuable gene pool and genetic diversity, the
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concepts of autochthony and corresponding local
origin, which are associated with stable stands, are
used (Hayda & Yatsyk, 2013). However, the most
important element in an integrated approach to
determining the stability of stands remains the
biotic component, which is the basis for ensuring
eco-resistance.

The use of living space by artificial plantings
can be normal (optimal), non-stressful, and stressful
(Malyuha, 2020). Tension characterises certain pro-
cesses — the loss of stability or its increase, therefore
it can be used to assess processes in the stand (dy-
namics of stability). To make decisions on the stabi-
lisation of processes in forest ecosystems, it is im-
portant to assess the ratio of the state of the object’s
territory to the areas of stable and unstable stands.
The indicator “normal condition” corresponds to the
set of stable stands on the site by area, “weakened” —
conditionally stable and unstable. The dynamics of
areas in the context of changes in these indicators
by period characterises ecosystem changes and the
succession process in them and is important for ob-
jects of conservation of valuable gene pool and ge-
netic diversity.

The purpose of the study is to update the pro-
posals for using the concept of stability in practice
and express its assessment in measurable units for
stands, considering the peculiarities of breeding fa-
cilities. In accordance with this goal, it was planned
to achieve a comprehensive solution for assessing
the state of biotic and eco-resistance by the coef-
ficient of stability, the living space tension indica-
tor, and the dynamics of stability by its relative loss
with age.

Materials and Methods

The methodology for assessing stand stability is
based on the use of taxation indicators and their
sanitary condition, which are calculated based on

a parametric assessment of trees in the study plot
based on test area. Basic for determination are the
tree list and the scale of sanitary conditions used in
production (Sanitary Forests Reg. Ukraine, 1995).
Assessment of the stability of plantings is based on
the method of calculating the loss of stability (LS),
which is proposed for determining the stability of
spruce derivatives in beech forests (Blystiv, 2006)
and further for assessing the development of sta-
bility of hornbeam and beech plantings (Oliynyk &
Blystiv, 2019). The calculation of the stability coef-
ficient (SC) is based on the ratio of the average vol-
ume of a stand trunk, the average volume of a dry
stand trunk, and the average volume of a healthy
stand trunk. Sometimes it is sufficient to evaluate
the total reserves of dry and healthy wood (Brang,
2001). This approach is effective in evaluating con-
ditionally single-aged stands, which, as a rule, are
dominated by the normal distribution of trunks by
diameter. Accordingly, there is a need to adjust the
formulas when evaluating complex plantings of dif-
ferent ages. In the case of using the scale of sanitary
condition, healthy trunks for deciduous trees are
assigned I-III categories of condition, and for pine
trees — I and II. Normal (optimal) use of living space
occurs at a relative density of 1.0 with maximum
productivity of stands.

To calculate the stability coefficient (SC), the
study used the ratio of trunk volumes (V) of stands
for their condition and ratio coefficients (KvI — the
ratio of the average volume of healthy trunks to the
average volume of all trunks; Kv2 - the ratio of the
average volume of dry trunks to the average volume
of all trunks):

SC=Kvl - Kv2, (1)

at the same time: Kv1=V, =V, Kv2=V, =V _,
ry” " avg

where V, - average volume of dry trunks; V,

eal -
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average volume of healthy trunks; V,, — average
volume of all stand trunks.

Accordingly, the loss of stability (LS) of the
stand will amount to:

LS=1-SC3V, 3V, @)

where 2V, - stock of dead wood in the stand; 2V, -
stock of stands.

In young trees, the appearance of deadwood is
mainly the result of natural falling due to selection
in the process of species and interspecies competi-
tion, and the total percentage of deadwood also de-
pends on previous long-term management impacts,
so the loss of stability is determined using a simpli-
fied equation:

LS=1-SC. 3)

The same feature is distinguished by the ap-
proach for sparse and multi-age stands. Thus, the

LBS stand. = (LS 1sxs.units.comp.+LS 2sxs.units. comp.+..

where LS Is, LS 2s — loss of stability for forest-form-
ing species in the composition (Is — 1 species, 2s — 2
species ...); n — the number of forest-forming species
in the composition for which the calculation is car-
ried out; s. units. comp. — share of units in the com-
position (1-9).

When determining the eco-resistance of
stands (which is based on maintaining the function-
ality of the protective properties of the forest envi-
ronment), it is advisable to consider reproducibility
(regeneration) by to the presence of undergrowth,
namely, calculate the coefficient of the age range of
undergrowth (UarC), which is the ratio of the mini-
mum age of undergrowth to the maximum:

formula for calculating the loss of biotic stability of
plantings has the following form: weighted average
sum of stand stability coefficients (SC), proportional
to the average sums of the respective age coefficients
and inversely proportional to the value of the loss of
density, is the loss of stability. For pure stands, the
equation will be as follows:

LS =(1-SCyxV, * 5V, -Kal-Ka2 + LD, )

where Kal — age range coefficient (A — age) of the stand:
A +A ;Ka2 - coefficient of relativity of the age of

‘min Max’

thestand: A, +A_ , (conditional age by forest-forming
species, which correlates with biotic ripeness); LD —
loss of density = 1 — D, where D - stand density.

During the economic assessment of the sta-
bility of stands, the equation considers the stand
composition and its age.

Equation for calculating the loss of biotic sta-
bility of mixed stands ( stand) accordingly, will be as

follows:

.LS dens.xs.units.comp..)~0xXKal+n=xXKa2+n+LD, (5)

UarC=A,, +A, . (6)

where A . - minimum age of undergrowth in the
stand; A - maximum age of undergrowth in the
stand.

UarC partially characterises the viability of
undergrowth for reforestation, so it is necessary to
add the UarC value to equation 5. In practical use,
this is not difficult. Undergrowth appears in stages
due to the frequency of seed years, and its minimum
and maximum age can be linked to this. However, in
general, it is more logical to consider the protective
properties of the forest environment, and therefore,
not only the age parameters, but also the amount
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of undergrowth, when designing measures with an
appropriate assessment, determining the under-
growth availability coefficient (UaC) for it. The lat-
ter is calculated as the ratio of its amount per 1 ha to
the optimal value for reforestation or natural condi-
tions with the corresponding addition to equation 5:

UaC=N,, +N,,, 7

where N, — amount of undergrowth, actual value;
N,,, — amount of undergrowth, optimal value.

For UaC, the basic average value of 12 thou-
sand units per 1 ha is conditionally accepted (with-
out distribution by tree species), although it is ad-
visable to detail the norm in calculations. Thus, the
equation for calculating the loss of eco-resistance —
loss of protective properties (LPP) of the stand, re-

spectively, will be as follows:
LER = LBS - UarC - UaC, 8)

where LER - loss of eco-resistance; UarC — under-
growth age range coefficient; UaC - undergrowth
availability coefficient

The situation is similar with the density of
plantings. When assessing the condition for assign-
ing economic measures, its loss (LD) should also be
considered when determining eco-resistance (pro-
tective properties), adding equation 8 in the denom-
inator.

The assessment of the living space tension in-
dicator is based on the methodology described by re-
searchers (Malyuha, 2020; Maliuha & Minder, 2020).
Indicator of living space tension (N) represents the
ratio of the average height (H,,) to absolute density
(G) of the stand:

N=H +G, )

avg

where H,, - average height, m; G — absolute density,
m?/ha; the dimension of the living space tension in-
dicator is m-(m?)L.

To estimate dynamic processes in space (by
area) and in time (by periods), two values of the
stand stability indicator are proposed, which is used
to compare the state — “normal” or “weakened”. The
estimate of relative loss of stability is based on the
methodology described in the paper (Syrota, 2021).
The normal state corresponds to a stable forest eco-
system, which is the facilities for the needs of forest
seed production and the preservation of the gene
pool for the duration of certification. These are nor-
mal and plus stands according to the assessment
from the standpoint of forest selection. Therefore, at
the time of selection, their condition is assessed as
100% normal in terms of area. Relative loss of stabil-
ity (RLS) of the forest ecosystem of the object under
study is determined by the equation:

RLS = Weak.S + Nor.S x 100, (10)

where Weak.S — weakened state, ha; Nor.S — normal
state, ha; dimension as a percentage.

Results and Discussion

Using the values of the given indicators (SC, RLS)
according to the stability assessment, plantings are
proposed to be divided into three categories: stable
(SC in the range of 0.99-0.8), conditionally stable
(SC in the range of 0.79-0.4) and unstable (SC is
0.39 or less).

1. Stable — without the risk of loss of stabil-
ity at a specific moment (do not require economic
measures). These are normal and positive stands,
the cores of genetic reserves. Their functioning as
objects of a permanent forest-seed base requires
monitoring of stability to ensure compliance with
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reproductive properties. On the other hand, it is also
a promising forest fund for transferring pure stands
to mixed ones for artificial monocultures, which can
also take place among the selected objects of a per-
manent forest seed base that are not used, and this
also requires monitoring of a satisfactory sanitary
condition.

2. Conditionally stable (weakened stability) -
objects with a risk of loss of stability that require
preventive economic and selective measures, and
options for implementing reformation systems and
reforestation logging if it is advisable to preserve the
valuable gene pool and genetic diversity at the place
of origin.

3. Unstable - stands that are candidates for re-
moval from the register of objects of permanent for-
est-seed base, forest fund for continuous sanitary
logging. In some cases, they may be objects of pres-
ervation of a valuable gene pool by individual selec-
tion primarily for resistance outside the facility - in
plantations or collections.

For such categories, appropriate forest man-
agement measures are proposed, which require sep-
arate parametric substantiation. This applies to the
economic group of forest types, the category of for-
ests, the age and spatial structure of the stand, the
target measures or the line of research — in this case,
the loss of stability of breeding facilities.

Studies on living space tension have estab-
lished that the use of conditions occurs according to
the assessment of the process as normal, non-stress-
ful, and stressful.

1. Normal (optimal) use of conditions occurs at
a relative density of 1.0 with the maximum produc-
tivity of stands. This static characteristic is inherent
in the selection of positive plantings, the core of a
reserve or tree stand for permanent forest-seeded
areas based on an assessment of the breeding
structure. Under such conditions, there is a natural

compromise between productivity and biotic stabil-
ity of plantings.

2. Non-stressed — with incomplete use of the
potential of forest-growing conditions by sparse
stands, which is associated with varying degrees of
loss of productivity, but provides optimal fruiting
conditions and extends the period of functionality.
By forming forest-seed plots with a density up to 0.6,
the tension is reduced for a certain period, ensuring
further stable growth in non-stressful forest-grow-
ing conditions.

3. Intensive use of conditions precedes the pro-
cess of loosening a dense tree stand with a relative
density of more than 1.0. With regard to positive
stands of monocultures (in particular introducers),
their subsequent development with increased pro-
ductivity can be achieved by reducing biotic resis-
tance. Further strenuous (excessive) use, teetering
on the brink of destruction, and the so-called salvo
falling, correspond to a loss of stability and will be
assessed as unsustainable and require preventive
measures. This stage is reached by artificial forests
of green zones, forest parks, protected categories,
and the corresponding ripe and over-mature stands
that are mistakenly classified as objects of natural
reserve fund.

To assess the indicator of the normal and
weakened state of the site, reserve (its allocated
part), a basic scale for assessing biotic stability is
proposed by the sum of five basic indicators:

- damage caused by primary entomological pests;

- damage caused by secondary pests;

- exposure to phytopathological diseases;

- presence of non-viable and weakened trees;

- relative density.

Regarding the weakened state, three stages
are identified to detail the planning of possible mea-
sures. After determining the absolute indicators of
the first and second evaluation periods, the method
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of grouping the obtained data was applied. There
are five groups of dynamics of natural processes and
prospects for the development of the main breed,
which generalise these processes from a positive to
a negative trend:

1) dynamics of natural processes is positive; the
development of the main breed, if there are no neg-
ative factors, is positive;

2) dynamics of processes is almost unchanged;
the development of the main breed, if there are no
negative factors, is favourable;

3) dynamics of natural processes has minor neg-
ative changes; the development of the main breed in
it is conditionally unfavourable;

4) dynamics of natural processes is noticeably
negative; the development of the main breed is un-
favourable; there is a possibility of complete loss of
functions;

5) dynamics of natural processes is negative; the
prospect of loss of the main breed in the composition.

The application of the proposed methodology
allows assessing the dynamics of the main natural
processes in stands, comparing indicators for the
time of selection of breeding facilities or their in-
ventory.

Conclusions

In forest selection, breeding and establishment of
tree stands for stability require defined parame-
ters. For this purpose, it is proposed, respectively, to
use the stability coefficient of stands in a complex.
Protective properties of the forest environment, in

particular, the preservation of genetic diversity, which
are identified with a certain amount and quality of
natural regeneration and associated with the eco-
logical stability of stands, can be effectively evalu-
ated by its loss according to the given methodology.
Using the values of the above indicators (plantings
can be divided into three categories of stability:
stable, conditionally stable, and unstable, for each
of which, according to forest-forming tree species,
there is a need to work out the features targeted by
stability criteria. Studies of the living space tension
on the use of growing conditions have established
that plantings with a somewhat dense three stand
grow in stress. Plantations that have a density
range of 0.7-1.0 develop optimally. Other plantings
grow without stress, but do not fully use the living
space due to the different degrees of sparsity of
stands. Such medium-high plantings can be effec-
tively used as selected and appropriately formed
permanent forest-seed plots. Assessment of the
condition by impact factors allows recording quan-
titative changes. The dynamics of areas and, accord-
ingly, changes in basic indicators by period charac-
terises ecosystem changes (stages of development)
of the assessed forest ecosystems and is important
for the objects of conservation of genetic diversity
and valuable gene pool — primarily for forest genetic
reserves. It is promising to use the presented results
to combine the current tasks of eco-balanced for-
estry management with promising programmes for
the conservation and formation of genetic diversity
and a valuable gene pool of forest-forming species.
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MpaKTU4HI Nigxoau WoOAO0 BCTAaHOBNEHHA AUHAMIKM CTiMKOCTI
OepeBOCTaHiB ceneKuinHunx ob’eKTiB

Bacuib IBanoBuu Baucris!, Bomogumup Mukosnaitosuu Masiora?,
BikTopist Bonogumupisaa Minaep?, O.I1. Cupora!
UTepskaBHA OpraHisailist « YKpaiHCbKII JIiCOBMIA CeJIEKIITHMII IIEHTP»
08150, Byn1. JlicogocigHa, 14, m. Bosipka, KuiBcbka 06:1., Ykpaina
’HarnioHasbHMIi YHiBEpCUTET 6iopecypciB i MpMUPOIOKOPUCTYBAHHS YKpaiHU
03041, Byn. T'epoiB O6oponnu, 15, m. Kuis, Ykpaina

AHoTanis. Y cTaTTi po3IJISTHYTO MOHSITTS CTiMKOCTI IepeBOCTaHiB Ta ix popMyBaHHS [I/151 ceNeKIilfHUX 00’ €KTiB
3 ypaxyBaHHSIM JMHaMiKy HaIPYy>KeHOCTi BUKOPUCTAHHSI YMOB cepeJloBUIlA. 3aXMCHi BJIaCTUBOCTI J1iCOBOTO
cepefoBuIlla, SIKi OTOTOKHIOIOTh 3i 30€pesKeHHSIM FeHeTUUHOrO Pi3HOMAHITTs, BM3HAYAIOTh 3@ KiJbKICTIO i
SIKICTIO TIPMPOJHOTO TMOHOBJIEHHSI Ta aCOIIilOI0IOTh 3 €KOJIOTIUHOIO CTiliKiCTIO (BiJHOBJIIOBAHICTIO), MOKHA
epeKTMBHO OLiHIOBATM 3a BTPATOIO Iii€i CTiMiKOCTi 3a HaBeOEHOK METOAMKOK. Y CTaTTi IpoaHali30BaHO
MOXOOM Ta HANpSMM, SIKi aKTyaJbHi JJIS OIliHIOBAaHHS OiOTMYHOI Ta €KOCTifiKOCTi JepeBOcCTaHiB. [Ijist
CeNIeKIiiHNX OO’€KTiB IIi MUTAHHS aKTyaJNbHi I Yac MpU3HAYEeHHS JiCOBiMHOBHMX 3aXO[iB Y JICOBMUX
TeHeTMYHUX pe3epBaTax, OLiHIOBAaHHS CTiifKOCTi JIepeBOCTaHiB y MOMEHT Bimbopy IIIOCOBMX HacaKeHb,
OIIiHIOBaHHS BifgiOpaHMX MOCTiiHMX JIiCOHACIHHEBUX MiJITHOK 3 MO3UIIiii BUSHAYEHHS 00CsTiB (hOpMyBaHHS
Ta JOMISAiB. MeTomMKa OIiHIOBaHHSI CTiifKOCTi lepeBOCTaHiB 6a3yeThCsl Ha BUSHAUEHHi ITOKA3HUKIB CTiliKOCTi
(koeditieHTa criitkocTi, BTpaTy GiOTMYHOI CTifIKOCTi, BTpaTM €KOJOTiUHOi CTi/KOCTi), sIKi PO3paxOBYIOTh
Ha MifcTaBi MmapaMeTpMUYHOro (TakcalliifHOTO) OIiHIOBaHHS JiepeB, iX CaHiTapHOTO CTaHy Ta MPUPOIHOTO
TIOHOBJIEHHST Ha [OCTiIKyBaHili OiNsHIL. BUKOpMUCTOBYIOUM 3HAUeHHS HaBeeHMX IMMOKAa3HUKIB CTiliKOCTi,
HacaJKeHHs MOKHA IO ITUTY Ha TPU KaTeropii CTiiKOCTi: CTiliKi, yMOBHO CTiliKi Ta HeCTiliKi. 3aITpOTIOHOBAHO
BiIMOBimHi JicorocrmomapchKi 3axodu, 10 MOTPe6YIOTh OKPeMOi MMapaMeTpPMUUHOi OLiHKM 3a JIiCOTBipHUMM
BUAAMM JIepEB, TOCITOAAPCHKMMM I'PYIIaMM TUITIB JIiCy, KATEropisiMu JIiciB, LIbOBMMM 3axomamMy OPMYBaHHS
Yy HampsIMOM JocimkeHHs. Ilil 4Yac [OOCTiIKeHb HaIpPYy)XeHOCTi TOKa3HMKA SKUTTEBOTO IIPOCTOPY
BCTAHOBJIEHO, IO BUKOPUCTAHHS JIICOPOCIMHHUX YMOB BimOyBae€Thcsl 3@ OI[IHKOIO IIPOIIECY PO3BUTKY
IlepeBOCTaHiB, SIK HOpMajibHe, HeHallpykeHe i HarpyskeHe. [IJis BCTAHOBJIEHHS TTIOKa3HMKA HOPMAalIbHOTO

0C/1a6IeHOTO CTaHy 3alIPOTIOHOBAHO 6a30BY LIKAJTy OLIiHIOBaHHS OiOTMYHOI CTifIKOCT 3a iHAeKcaMu CTaHy

KniouoBi cj1oBa: OIiHIOBaHHS CTiffKOCTi, TTOKa3HUK HAIPYKEHOCTi, 30epeskeHHsT TeHOQOHY, CaHiTapHUIt

CTaH, AMHAaMiKa IO
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Structural features of the forest litter of water protection pine stands
in wet hygrotopes of Zhytomyr Polissya

Andrii Rasenchuk’, Vasyl Yukhnovskyi
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03041, 15 Heroiv Oborony Str., Kyiv, Ukraine

Abstract. The results of a study of the fractional composition, structure, and development of forest litter
in water protection pine stands that grow in the prevailing wet subor and sudubrava forest conditions of
Zhytomyr Polissya are presented. The age range of plantings ranges from 18-85 years. It is established that
water protection pine stands in wet hygrotopes accumulate significant reserves of forest litter, which range
from 33.0 t/ha in young stands to 77.0 t/ha in mature plantings. The distribution of forest litter by area in
most plantings is uniform, although, in young stands, a large proportion of it accumulates in the row spacing.
In terms of composition, the forest litter of pure pine stands is characterised by an average dense structure,
and in pine forests with an admixture of deciduous species, the litter is usually loose, which is conditioned by
the presence of annual fallen leaves in its upper horizon. The thickness of the forest litter in the row spacing
of young stands varies between 2.6-2.9 cm without its clear distribution on the horizons. In middle-aged
plantings, horizons are clearly distinguished in the litter profile. The total thickness of the litter reaches 4.0-
4.3 cm. In ripening and ripe pine stands, the thickness of the forest litter ranges from 6.0-6.3 cm. In plantings
of older age groups, the forest litter has a predominantly three-layered structure. The trend of intensive
accumulation of forest litter in wet subor and sudubrava conditions up to the age of ripeness is revealed. In
ripening plantings, the accumulation of litter slows down, in mature plantings, the processes of accumulation
and decomposition of litter are levelled. The tendency of the predominance of the active part and, accordingly,
a decrease in the inactive litter fraction in ripening and mature plantings of wet sudubrava in comparison
with subor conditions is established, which indicates more active processes of litter mineralisation in wet
sudubrava conditions

Keywords: stand composition, age group, forest conditions, precipitation, active and inactive litter fractions,
capacity, mineralisation
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Introduction

Forest litter performs a multifaceted ecological and
reclamation role in forest ecosystems. It prevents
the development of erosion processes due to the
accumulation of precipitation and their transfor-
mation into the ground water, reducing the physical
evaporation of moisture from the soil and freezing it
in winter, contributes to the accumulation of melt-
water and precipitation and their transfer to ground
water. Throughout the growing season, the litter
serves as a kind of storage of nutrients that even-
tually pass into the soil, which allows maintaining
a certain level of its fertility. In addition to enrich-
ing the soil with nutrients, the litter acts as mulch
(Svyrydenko et al., 2004).

The water protection function of floodplain for-
est litter is manifested in preventing siltation of wa-
ter bodies, purifying water from pollutants, regulating
water levels, and stabilising the hydrological regime
of territories. The forest litter is also a food base and
habitat for soil invertebrates and microorganisms
and, as a result, improves the forest floor fertility.

Tsvetkova & Yakuba (2011) highlight the role
of forest litter as a biogeochemical barrier that traps
toxic metals and plays a leading role in the ability of
ecosystems to self-regulate.

The forest litter performs a significant
anti-erosion role, it absorbs 2-6 times more water
than its mass; it perceives the kinetic energy of rain
and protects the soil from destruction; the rough
surface of the litter slows down the rate of runoff
and facilitates soil sedimentation. With the removal
of litter, runoff increases and soil water permeability
decreases by 5-10 times (Gomyyo & Kuraji, 2016).

Depending on the species composition of
stands, different types of forest litter are formed,
which differ in the intensity and rate of minerali-
sation (Bogatyrev, 1990). Intensification of the pro-
cesses of mineralisation of forest litter contributes
to increasing the productivity of forest ecosystems,
since under such conditions mineral compounds
of nitrogen, phosphorus, potassium, and other el-
ements that make up the food ration of plants are
formed.

Litter plays an important role not only in the
processes of substance circulation in ecosystems, but
also in the processes of soil formation and reflects
the zonal features of the geographical location of
plantings. Especially multifaceted is the forest rec-
lamation role of the forest litter, which determines
water-regulating, water-retaining, water treatment,
soil protection, anti-erosion, and other functions
(Yukhnovsky et al., 2013).

Fallen leaves, twigs, bark, cones, seeds, and
other organic remains of forest vegetation are con-
sidered litter. The amount of litter depends on the
species composition of plants, age, and form of
planting (Yakuba, 2004; Solomatova, 2013).

The researchers also point to the layered
structure of the forest litter. In particular, Vyshenska
et al. (2010) distinguish the top layer of litter, which
consists of fresh litter that has not yet decomposed
with clearly defined elements — leaves, bark, small
branches, fruits, etc. Below it is a layer that includes
litter components that are already significantly
damaged by the decomposition process, but their
small particles still retain their morphological struc-
ture. The lower layer of litter is actually detritus,
which looks like a more or less uniform organic mass
of dark colour.

The fractional composition of the forest lit-
ter of pine stands was studied by Krylov (2013),
Avramchuk & Bilous (2015), Kalynovsky (2017),
Kamsky & Shelest (2017),Xu et al. (2020), Golovetskyi
etal.(2021), Maliuha et al. (2021), Novék et al. (2020),
Minder et al. (2019) etc. Litter in pine stands decom-
poses slowly, and the rate of its mineralisation de-
creases with age, as also shown by studies by Corter
(1998), Voron et al. (2018), Comez et al. (2020) et al.
The reclamation and anti-erosion properties of the
forest litter of pine stands on ravine-beam systems
are highlighted in the monograph by Yukhnovsky
et al. (2013). However, the issue of the structure of
the forest litter of water protection stands with the
main species of Scots pine, the dominant share of
which grows in the wet hygrotopes of Zhytomyr
Polissya, is unresolved.
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The purpose of the study was to establish the
structure, fractional composition, and formation
of the forest litter of water protection pine stands
growing in wet subor and sudubrava forest condi-
tions of Zhytomyr Polissya.

Materials and Methods

The object of the study was clean and mixed artificial
stands of Scots pine, which perform water protection
functions. To establish the patterns of forest litter

formation in wet subor and sudubrava conditions,

geographic coordinates of SPs
N=51.01244 E=27.53458
N=50.94913 E=27.72175
N=50.99442 E=27.84451
N=50.93436 E=27.93909
N=50.91290 E=27.78807
N=50.90515 E=27.54222
N=50.90693 E=27.79440
N=50.77659 E=28.06690

0|0 |Vl |||

eight sample plots (SP) were laid in different age
groups with predominant Scots pine stands (Pinus
sylvestris L.), and including admixtures of European
white birch (Betula pendula Roth.), common oak
(Quercus robur L.), black alder (Alnus glutindsa L.)
and small-leaved linden (Tilia cordata Mill.).

Sample plots were laid out in the flat condi-
tions of Zhytomyr Polissya within the Yemilchynskyi
district in the forest fund of the state enterprise “Ye-
milchynskyi Forestry” (Fig. 1). In general, the research
objects cover seven forest districts of the enterprise.

Figure 1. Location of the research objects

The establishment of sample plots was carried
out in the most characteristic place of each planting
according to the recommendations of Maurer et al.
(2000). Forestry and taxation indicators of the stands

were determined at the sample plots according to the
methods generally accepted in forest taxation (Hrom,
2007). The characteristics of water protection plant-
ings according to the sample plots are given in Table 1.

Table 1. Forestry and taxation indicators of sample plots by age groups

Forest Average | Average
No. Location Stan.d . Age, site Density Growth height, | diameter, Reszerve,
composition | years class m3/ha
type m cm
Young stands (I)
Kochychynske forestry
1 compartment No. 36 stratum 4 8Sp2Ewb 18 G, 0.72 I 8.1 12.2 65
Zhuzhelske forestry

2 compartment No. 46 stratum 24 10Sp+Ewb 18 B, 0.74 I 7.0 8.4 45

Middle-aged (II)
Hartivske forestry
3 compartment No. 77 stratum 20 6Sp3Ewb1Co | 28 B, 0.70 I 10.5 12.0 85
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Table 1, Continued

Forest Average | Average
No. Location Stangl . Age, site Density Growth height, | diameter, Resserve,
composition | years class m3/ha
type m cm
Korolivske forestry
4 compartment No. 33 stratum 17 5Sp4Ewb1Ba | 22 C, 0.71 I 8.2 10.3 70
Ripening (III)
Yemilchynske forestry .
5 compartment No. 60 stratum 34 10Sp 66 B 0.79 I 25.0 52.1 568
Hlumchanske forestry .
6 compartment No. 66 stratum 29 8SplEwb1Ba | 69 C, 0.81 I 27.3 30.2 350
Mature and overripe (IV)
Yemilchynske forestry
7 compartment No. 69 stratum 2 9SplEwb 85 B, 0.71 I 27.0 31.5 290
Barashivske forestry .
8 compartment No. 8 stratum 44 9Sp1Sll+Co 85 C, 0.77 I 30.4 36.2 424

The age range of the stands is 18-85 years.
In wet subor plantings, average heights range from
7.0-27.0 m, with an average diameter of 8.4 to 31.5
cm, and reserve — 45 to 568 m3/ha. In wet sudubrava
plantings, the average height ranges between 8.1-
30.4 m, the average diameter — 10.3-36.2 cm, and
reserve — 65-424 m3/ha. Water protection plantings
in all forest-growing conditions are growing for 13— 11
growth class. All sample plots belong to the modal
stands most represented in the region with a thick-
ness of 0.70-0.81.

The study of forest litter was carried out on

discount areas, which were laid in the plantings of
the studied age groups on sample plots. Discount
areas were placed in the middle of the row spacing.
The discount area was selected depending on the
age group of plantings and the thickness of the for-
est litter. It was usually 1 m? (1.0x1.0 m) or 0.5 m?
(0.5x1 m). The thickness of the forest litter was mea-
sured with a tape measure from the soil surface. On
the discount area, the litter was cut off with a knife,
carefully separating each layer, poured into num-
bered containers, and was disassembled into frac-
tions in laboratory conditions (Fig. 2).

Figure 2. Distribution of forest litter samples into fractions: a — the process of dividing into fractions;

b - selected factions

Each fraction was then weighed on an elec-
tronic scale with an accuracy of 0.01 g, and to calcu-
late the forest litter reserve, the data obtained were
recalculated per 1 ha (Hordienko et al., 2000).

Results and Discussion

The thickness of the litter, the rate of its decomposi-
tion and release of chemical elements depend on the
type of forest, its age, stand thickness, climatic and
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soil conditions, the characteristics of the edapho-
tope (soil conditions, water and heat regime, etc.),
participation in the composition of the stand, ex-
cept for coniferous, deciduous tree species, the pres-
ence or absence of grass or moss cover. Therefore,

the characteristic of morphometric indicators
of the forest litter of water protection plantings,
which is reflected in Table 2, were analysed with the
above-mentioned forest indicators — the composi-

tion of plantings and age groups.

Table 2. Characteristics of the forest litter of water protection pine stands

Forest litter indicators
No. Age Stand Age | width, | total reserve Reserve by fractions
group composition ’ ’ active inactive
cm t/ha
t/ha % t/ha %
Wet subor stands (B,)
1 I 10Sp+Ewb 18 2.9 33.0 20.8 63 12.2 37
3 I 6Sp3Ewb1Co 28 4.3 42.2 22.8 54 194 46
5 I 10Sp 66 6.0 64.8 41.5 64 23.3 36
7 v 9Sp1Ewb 85 6.0 77.0 55.4 72 21.6 28
Wet sudubrava stands (C,)

2 I 8Sp2Ewb 18 2.6 21.3 13.0 61 8.3 39
4 II 5Sp4Ewb1Ba 22 4.0 31.7 20.0 63 11.7 37
6 I 8SplEwb1Ba 69 6.1 60.0 41.4 69 18.6 31
8 v 9Sp1Sll+Co 85 6.3 82.5 60.2 73 22.3 27

Data in Table 2 indicate an intensive accu-
mulation of forest litter in wet subor and sudubrava
conditions up to the age of ripeness, where its thick-
ness reaches 6 cm. In ripening plantings, the accu-
mulation of litter slows down, and in mature and
overripe stands it remains at the same level, that is,
the processes of accumulation and decomposition of
litter are equalised. This is consistent with studies
by Voron et al. (2018), Golovetskyi et al. (2021).

The thickness of the forest litter in the row
spacing of young stands varies between 2.6-2.9 cm.
A clear distribution of litter on the horizons is not
yet observed, although the half-mineralised lower
layer can be traced up to 1.3 cm, and the upper layer,
which consists of precipitation of the first or second
years, has a thickness of 1.6-1.8 cm. Its composition
is dominated by Scots pine needles with an admix-
ture of European white birch leaves and branches.

In middle-aged water protection plantings,
the profiles already clearly distinguish the litter
horizons. The total litter capacity is 4.0-4.3 cm. The
lower layer is represented by a semi-decomposed

organic mass up to 1.7 cm thick, and the middle layer
is represented by semi-mineralised remains of pine
needles, leaves, and small roots. The thickness of this
horizon is 1.5-2.3 cm, and the upper layer is 1.0-1.5 cm.
In ripening and ripe pine stands, the thickness
of the forest litter varies between 6.0-6.3 cm, respec-
tively. The lower layer of litter, 1.4-2.2 cm thick, is
almost completely decomposed. The middle layer
of litter is represented by ungainly twigs, bark, and
needles. Its width is 2.0-2.4 cm. Fresh annual pre-
cipitation from twigs, needles, and pine cones covers
the surface of the forest floor with a layer of 2 cm.
The distribution of forest litter by area in
most plantings is uniform, only in young stands,
there is more of its accumulation in the row spacing.
By composition, the forest litter of pure pine forests is
characterised by an average dense structure. In pine
stands with an admixture of deciduous species, the
litter is usually loose, which is conditioned by the pres-
ence of annual fallen leaves in its upper layer. The ratio
of active and inactive litter fractions depending on the
composition of the plantation is shown in Figure 3.
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Wet subor stands (B3)

80
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1 1I 111 v

Stand composition, age group

Figure 3. The ratio of active and inactive litter fractions depending on the age group and stand composition

Data analysis of Figure 3 revealed a tendency
for the active part to predominate and, accordingly, a
decrease in the inactive litter fraction in ripening and
mature wet sudubrava stands compared to subor condi-
tions. This indicates more active processes of litter min-
eralisation in wet sudubrava conditions, which is pri-
marily associated with higher soil trophism. In general,

the active part of the fractional composition of the litter
is 54-73%, and the inactive part amounts to 27-46%.

The total reserve of forest litter ranges from
33.0 t/ha in young stands to 77.0 t/ha in mature
plantings, which indicates an increase in forest litter
with age. Detailed summary data of reserves by litter
fractions are given in Table 3.

Table 3. Generalised stock data by litter fractions

Litter fractions, t/ha
Age groups and Layer Reserve of Inactive part Active part
composition, age, and flitt litter, t/h
SP No. ot litter 1tter, t/ha cones, leaves, grass, roots, dust,
branches bark
needles buds entomofauna
Wet subor stands (B,)
Young stands: 1st 8.2 0.6 0.8 5.0 0.1 1.7
10Sp+Ewb; A — 18; SP 2nd 24.7 0.6 0.7 4.4 0.1 19.0
No.1 3 33.0 1.2 1.5 9.4 0.2 20.7
Middle-aged stands: 1st 12.0 0.6 0.6 7.6 1.5 1.6
6Sp3EwD 1 Co; 2nd 30.2 2.8 1.4 6.4 0.9 18.8
SP No. 3 > 42.2 34 2.0 14.0 24 20.4
1st 11.2 3.5 1.1 4.2 0.8 1.5
Ripening stands: 2nd 16.8 3.0 2.3 3.7 0.5 74
10Sp; A - 66;
SP'No. 5 3rd 36.8 2.0 1.9 1.9 - 31.0
> 64.8 8.5 5.3 9.8 1.3 39.9
1st 12.3 3.5 1.3 5.0 0.5 2.0
Mature stands: 2nd 18.6 1.8 2.4 3.8 0.6 10.1
9Sp1Ewb;
A—SS; SP No. 7 3rd 46.1 1.2 0.9 2.1 - 41.8
M 77.0 6.5 4.6 10.9 1.1 53.9
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Litter fractions, t/ha
Age groups and Layer Reserve of Inactive part Active part
composition, age, and flitter | litter,t/ha
SP No. 0 ’ cones, leaves, grass, roots, dust,
branches bark
needles buds entomofauna
Wet sudubrava stands (C,)
Young stands: 1st 8.5 1.2 0.9 2.4 0.9 3.1
8Sp2Web; A - 18; SP 2nd 12.9 0.5 1.1 2.3 0.5 8.4
No.2 3 21.3 1.7 2.0 4.7 14 11.5
Middle-aged stands: 1st 10.9 2.2 1.0 3.2 1.8 2.6
5Sp4Ewb1Ba 2nd 20.8 1.6 1.4 2.2 2.6 13.0
A-22;5P No.4 5 31.7 3.8 2.4 5.4 4.4 15.6
L 1st 12.2 2.7 2.3 3.1 2.2 2.0
Ripening stands:
8Sp1Ewb1Ba; 2nd 15.1 2.0 1.6 2.7 1.0 7.6
A-69; 3rd 32.7 1.3 1.1 1.8 0.2 28.4
SP No. 6
> 60.0 6.0 5.0 7.6 34 38.0
1st 16.6 3.0 2.1 4.8 2.5 4.2
Mature stands: 2nd 23.8 2.2 1.6 3.8 1.6 14.6
9Sp1Ba+Co;
A-— 85; SP No. 8 31‘d 42.1 1.4 1.5 1.9 0.6 36.6
3 82.5 6.6 5.2 10.6 4.7 55.5

Table 3 indicates that in young and mid-
dle-aged plantings of wet subor and sudubrava, the
litter has a two-layered structure. The first layer is
dominated by an inactive part of branches, bark,
cones, and needles, the share of which in the con-
ditions of wet subor and sudubrava of the first age
group is 6.4 t/ha (78.0%) and 4.5 t/ha (53.0%), in
the middle-aged, respectively, 8.8 t/ha (73.3%) and
6.4 t/ha (58.7%). The second layer of litter of age
groups 1 and 2 is already dominated by the active
part with a large amount of dust, which is 3-4 times
higher than the inactive part of the forest litter.

With age, the litter acquires a three-layer
structure. This phenomenon is obvious in connec-
tion with the accumulation of litter and its dis-
tribution to the horizons. There is a clear trend of
increasing the active litter fraction in ripening and
ripe wet sudubrava plantings, which indicates more
active processes of its mineralisation in contrast to
the water protection pine stands of wet subor.

Conclusions

Water protection pine stands in wet subor and sudu-
brava conditions accumulate significant reserves of
forest litter, which range from 33.0 t/ha in young
stands to 77.0 t/ha in mature plantings.

The distribution of forest litter by area in most
plantings is uniform, only in young stands, there is
more of its accumulation in the row spacing. In terms
of composition, the forest litter of pure pine stands is
characterised by an average dense structure, and in
pine forests with an admixture of deciduous species,
the litter is usually loose, which is conditioned by the
presence of annual fallen leaves in its upper horizon.

The thickness of the forest litter in the row
spacing of young stands varies between 2.6-2.9 cm
without its clear distribution on the horizons. In
plantings of older age groups, there is a clear dis-
tribution of forest litter on the horizons. The forest
litter has a predominantly three-layer structure.
The top layer of litter consists of still undeveloped
fresh litter of needles, leaves, bark, small branches,
and fruits. A wide second semi-decomposed layer of
litter is saturated with pine roots, needles, and en-
tomofauna remains, but small particles of them still
retain their morphological structure. The lower layer
of litter is actually detritus, which looks like a more
or less uniform organic mass of dark colour.

The trend of intensive accumulation of forest
litter in wet subor and sudubrava conditions up to
the age of ripeness, where its thickness reaches 6 cm
of thickness, was revealed. In ripening stands, the
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accumulation of litter slows down, but in mature stands litter fraction in ripening and mature plantings of

it remains at the same level, that is, the processes of ac- wet sudubrava in comparison with subor condi-

cumulation and decomposition of litter are levelled. tions is established, which indicates more active

The tendency of the predominance of the processes of litter mineralisation in wet sudubrava

active part and, accordingly, a decrease in the inactive conditions.
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CTPYKTYpPHi ocobnmBocTi n1icoBoi NiACTUIKN BOAOOXOPOHHUX COCHOBUX
Hacaa)XXeHb y Bosiorux rirporonax XXutommpcbkoro Moniccsa

Anpgpii ITerpoBuu PaceHuyk, Bacuab I0piioBuu FOXHOBCBKMI

HanioHanpHMIA YHiBEpCUTET 6iopecypciB i MPUPOIOKOPMUCTYBAHHS YKpaiHu
03041, By:n. I'epoiB O60pounu, 15, m. Kuis, Ykpaina

AHoranisg. HaBemeHo pe3ynbTaTy OOCTIIKeHHS dpakiiiifHoro ckiaamgy, 6ymoBu i dhopmyBaHHS J1icCOBOI
MiJCTUIKA Y BOJOOXOPOHHMX COCHOBUX HACAIKEHHSX, SIKi 3pOCTAI0Th Y TIepeBaskalounX BOJIOTUX CYOOPEBUX
i cyrpymoBux jicopowmHHUX yMoBax JKutomupcebkoro ITomices. BikoBuit miara3oH HacaiskeHb KOJMBAETHCS
B Mekax 18-85 pokiB. BcTaHOBJIeHO, II0 BOJOOXOPOHHI COCHOBi HAacaJKeHHSI Yy BOJOTMX TirpoTOIax
aKyMyJTIIOI0Th 3HaUHi 3amacy JiCOBOI MiCTWIIKM, SIKi KOJMBAIOThCS Bif 33,0 T/ra B MosmogHsIkax no 77,0 T/ra
B CTUIVIMX HacaJKeHHsIX. Po3Iofin J1icoBoi MigCTUIKYM 3a IIJIOIIEI0 B OiIbIIOCTI HAacaayKeHb PiBHOMipHMIA,
X04a B MOJIOJHSIKAx ii OiybIlla yacTKa HarpoOMAaKyeThCsS Y MIKPSAIOASX. 3a CKIAZAHHIM JicoBa IiICTIIKA
YMCTUX COCHSIKIB XapaKTepPU3YEThCS CepeHbOI0 1IiIIbHOIO CTPYKTYPOIO, @ B COCHSIKAX i3 TOMIIIIKOIO JIMCTIHUX
BUZIB MiJCTUIKA, 3a3BMYAl, ITYXKOTO CKJIaAEeHHS, 10 3yMOBJIEHO HAsIBHICTIO LOPiYHOIO OIAa/IOro JUCTS Y
il BepXHbOMY TrOpM30HTI. IIOTYKHICTb JiCOBOI MiACTWIKM Y MIKXPSAOSIX MOJOLHSIKIB KOJMBAETHCS Yy MeXax
2,6-2,9 cm 6e3 ii 4iTKOro po3Iopisly Ha TOPMU3OHTH. Y cepeIHbOBIKOBMX HACaIKeHHSIX B Mpodimi migcTuakm
YiTKO BUIMSIOTHCS TOPU30HTU. 3arajabHa MOTYKHICTh MiACTUAKM CTAHOBUTD 4,0-4,3 cM. Y IPUCTUTAIOUNX i
CTUTINX COCHOBMX HACaKeHHSIX ITOTYKHiCTb IMPOGiIIo J1iCOBOI MiICTUIKM KOMMUBAETHCS B MeXKax 6,0-6,3 cm. Y
HacaKeHHSX CTapIIMX BiKOBUX IPYII JIiCOBA MiICTUIKA Ma€ IIEPEBAsKHO TPUILIAPOBY OYIOBY. BUSIBJIEHO TpeH/,
iHTEeHCHMBHOTO HarpoMaIKeHHs JIiCOBOI MiACTUJIKM B YMOBAX BOJIOTOTO CYOOPY i CYyrpymy A0 BiKY CTUIJIOCTI.
VY mnpucturarounx HacaJpKeHHSX HarpoOMaKeHHsS MiCTUIKU YIOBIIBHIOETHCS, Y CTUIIMX HaCaIKeHHSX
Tpoliecy HaTPOMA/IKeHHS i PO3KIaJaHHs MiJCTUIKY HiBETI0IThCSI. BCTaHOB/IEHO TEeHEHIIiI0 TlepeBakaHHS
aKTMBHOI YaCTMHU i, BiIIIOBiTHO, 3MEHIIIEHHSI HeaKTUBHOI (paKiii MACTWIKM Y IPUCTUTAIOUMX i CTUININX
HacaKeHHSX BOJIOTOTO CYTPYyAY MOPiBHSIHO i3 cy6OpOBMMM YMOBAMM, 11O CBiTUUTh PO aKTUBHIIIIi ITPOLIeCH

MiHepaJisallii MiICTUIKM B YMOBaX BOJIOI'OTO CYTPyAy

KnrouoBi cioBa: ckiaj HacagykeHHS, BikoBa IpyIia, JIICOPOCAMHHI YMOBM, OIaji, aKkTMBHA 1 HeaKTMBHA

dbpaxuii mmacTuIKM, HOTYKHICTh, MiHepastisallis
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Specific features of the establishment of parks-monuments of
landscape art in the second half of the 20" century
in Ukrainian Polissya
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National University of Life and Environmental Sciences of Ukraine
03041, 15 Heroiv Oborony Str., Kyiv, Ukraine

Abstract. The study analyses the establishment of parks-monuments of landscape art (PMLA) in the historical
aspect. In the second half of the 20th century, 11 parks-monuments of landscape art were created in the
Ukrainian Polissya: two of national and nine of local significance. The purpose of PMLA - protection and
preservation of the most outstanding and valuable samples of park construction for their subsequent use for
aesthetic, educational, scientific, environmental, and recreational purposes. The motivation for the creation
of PMLAs was the preservation, reproduction, and enrichment of arboreal diversity in the conditions of
the Ukrainian Polissya. Technical, fast-growing, rare, and valuable species of woody plants for forestry and
gardening were planted in parks, followed by their use for scientific and economic purposes. Some of the
plantings in the parks were memorable, anniversary, or dedicated to significant events (the anniversary of the
October Revolution and the birthday of V.I. Lenin). The Ukrainian Polissya contains three parks created on
the basis of existing oak stands (“Klevanskyi”, “Antonivka”, “Bondaretskyi”), one — on the basis of artificial
plantings of Acer platanoides L., Carpinus betulus L., Fraxinus excelsior L., Tilia cordata Mill. (“Ovrutskyi”).
Three parks of culture and recreation (“Horodnyanskyi”, “Vysokovskyi”, Slovyanskyi, in particular, the
meadow park Slovyansky), children’s park (“Bondaretskyi”), four arboretums (“Dubechnenskyi”, “Bayrak”,
“Novostavskyi arboretum”, “Zhornivskyi”) were transformed over time or were granted the status of PMLA.
According to the location in the planning structure of settlements, there are city, village, and district parks. In
terms of size, PMLAs can be small, medium, large, star-shaped, axial, fan-shaped, looped, cross-shaped, and
combined planning structures. In four PMLAS there are artificial and natural reservoirs, fountains. Five parks
are combined (memorial park and park of culture and recreation), where memorial complexes, monuments,
and obelisks are concentrated. Park plantings are represented by groups, solitaires, alleys, ordinary plantings,
hedges, and sometimes groves and wooded areas. 176 species of woody plants grow on the territory of 11
PMLAs, of which 119 are listed in the IUCN Red List. Since the beginning of its creation, the number of
species has increased by 75-129% in four parks, and the dendro-diversity has decreased in six parks, with
29-87% of woody plant species remaining, including 66-94% of arboretums. 11 PMLAs are valuable centres
of dendro-diversity and unique plantings of Ukrainian Polissya, an example of the establishment of didactic,
ethnographic, memorial, children’s, cultural, and recreational combined parks that require further protection
and expansion of the area and collection. Some parks require landscaping
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Introduction

Protected areas are key to preserving biodiversity.
Parks-monuments of landscape art (PMLA) are part
of the natural and artificial landscape, where changes
occur due to anthropogenic actions and under the in-
fluence of abiotic and biotic factors. Human activ-
ity eventually turns into history, and the landscapes
created by it become a cultural heritage. Restoration
and preservation of landscapes, valuable plantings,
and rare woody plant species are of great importance
for future generations (WWF Ukraine, 2020).

A number of studies in various areas were
conducted in the Ukrainian Polissya. Savoskina &
Popovych (2019) analysed the structural floral anal-
ysis of the species composition of dendrosozoexotes,
in particular, century-old trees, found out the role
of dendrosozoexots in landscape phytodesign, and
described the history of the park construction net-
work. Pokotylova (2018) investigated the ecological
and geographical structure of dendroflora in 25 ar-
tificial protected parks of the Rivne Oblast, some
of which are located in the Ukrainian Polissya.
Kotsun et al. (2010) considered the history of cre-
ation, compositional construction, and species
composition of the PMLAs of the Volyn Polissya
of the 19 century — “Zdorovya”, “Litynskyi”, “Ly-
ubeshivskyi”, “Makarevychivskyi”, and the 20"
century - “Dubechne”. Klimenko (2010) established
the modern composition of species and cultivars of
ancient Polissya PMLAs “Zdorovya”, “Ivnytskyi”,
“Horodnytskyi”, distributed their green area by types
of garden and park landscapes. The historical fea-
tures of the establishment of the network of PMLAs
of the Ukrainian Polissya during the 17"-20% centu-
ries were considered (Savoskina, 2015). The current
state of PMLA “Bayrak” (Volyn Oblast) was investi-
gated (Kotsun, Kuzmishyna & Kotsun, 2010), and the
species composition and bioecological features were
summarised Pinopsida (Tsikhotska & Kotsun, 2011),
a model ecological trail was developed (Dzyba &
Pokotylova, 2016), functional zoning and the values
of the “Bayrak” park were highlighted (Pokotylova
& Dzyba, 2016). The study analyses the state of 14
PMLAs and their representativeness in the Volyn

Oblast, among them 8 parks located in the Ukrainian
Polissya: “Bayrak”, “Dubechnenskyi”, “Zdorovya”,
“Litynskyi”, “Lyubeshivskyi”, “Makarevychevskyi”,
“Sadyba Lypynskoho”, “Slovyanskyi” (Boiaryn,
Voloshyn & Tsos, 2020). Century-old trees of the
“Zhornivskyi” PMLA were studied in Kyiv Polissya
(Kushnir, Sukhanova & Snihyr, 2016). In Chernihiv
Polissya, a comparative analysis of the dendroflora
of the botanical nature monument “Horodnyanskyi
Square” and PMLA “Horodnyanskyi” was carried
out (Dzyba & Shytiuk, 2015). In Volyn Polissya,
the dendroflora of PMLA “Klevanskyi Park” was
investigated (Dzyba, 2016) in the historical as-
pect of the establishment of PMLA “Novostavskyi
arboretum” (Dzyba, 2020). Sherstiuk & Popovych
(2018) analysed the representativeness of autoch-
thonous dendrosozophytes in the protected areas
of the Ukrainian Polissya, determined their role
in the establishment of phytocompositions. Thus,
in Ukrainian Polissya, no comprehensive study of
PMLAs of the second half of the 20" century has
been conducted. In addition, PMLAs are a compo-
nent of the historical environment, which is trans-
formed over time, which can lead to changes in
their planning structure and dendro-diversity, so it
is now relevant to identify the features of the es-
tablishment of the mentioned PMLAs for 70 years.

The purpose of the study is to identify the fea-
tures of the establishment (history, planning struc-
ture, types of plantings, dendroflora) of parks-mon-
uments of landscape art of the second half of the 20"
century in Ukrainian Polissya based on the compart-
ment description.

Materials and Methods
A systematic approach and comparative analysis of
factual material are applied. The study was con-
ducted in three stages. The first stage is the investi-
gation of archival materials. The second is reconnais-
sance, survey of the planning structure of parks by the
route method, and grouping according to the reference
composition of the road and trail network (axial, cross-
shaped, star-shaped, fan-shaped, loop, and combined)
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(Rudenko, Elenskaia, Aleksandrov, Herasymchyk &
Potaev, 1980). The third stage — detailed route, during
which woody plants and their species were described
(Spohn & Spohn, 2014; Kokhno et al., 2001), species
name - according to the International Classification
(World Flora Online, 2021). Woody plant species were
tested for belonging to the International Union for
Conservation of Nature (IUCN) Red List of Threatened
Species (the IUCN Red List, 2021). The authors of this
study identified types of green spaces in the PMLA (al-
leys, solitaires, groups, groves, wooded areas, hedges)

Results and Discussion
11 parks-monuments of landscape art (PMLA) of
the Ukrainian Polissya, created during the last
fifty years of the 20" century, were studied. PMLA
is concentrated in five regions: Volyn (“Dubechnen-
skyi”, “Bayrak”, “Slovyanskyi”), Rivne (“Novostavskyi
arboretum”, “Klevanskyi”, “Antonivka”), Zhytomyr
(“Vysokovskyi”, “Bondaretskyi”, “Ovrutskyi”), Kyiv
(“Zhornivskyi”), Chernihiv (“Horodnyansky”) (Fig. 1).
Among them are PMLA “Dubechnenskyi”, “Bayrak” —
of national significance, the rest of PMLAs - of local

(Bohovaia & Fursova, 1988). significance.
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Figure 1. Parks monuments of landscape art of the second half of the 20® century in Ukrainian Polissya

By location in the planning structure of lo-
calities, these are citywide, rural, and district parks.
Approaches to creating parks vary. Parks created
based on existing plantings, such as parks of culture
and recreation, meadow park, children’s park, ar-
boretum, have been transformed over time or have
been granted the status of PMLA. “Klevanskyi”, “An-

» o«

tonivka”, “Bondaretskyi” parks were created on the
basis of oak forests, in order to preserve plantings
of Quercus robur L. over 100 years old, “Ovrutskyi” -
based on artificial plantings of Acer platanoides L.,
Carpinus betulus L., Fraxinus excelsior L., Tilia cordata
Mill., which now serve as recreation areas for com-
munity residents. “Bondaretskyi” was transformed

into a children’s park on the territory of a children’s

camp, it is not functioning now. “Dubechnenskyi”,

» o«

“Bayrak”, “Novostavskyi”, “Zhornivskyi” — arbore-
tums that eventually transformed into PMLA, and
the area of “Novostavsky” park decreased by 20 times.
“Vysokovskyi”, “Horodnyanskyi”, Slovyanskyi — parks
of culture and recreation, and part of the PMLA
“Slovyanskyi” is also a meadow park.

PMLA “Dubechnenskyi” (Dubechne village,
Kovel district, Volyn Oblast) was created in four
years from 1956 to 1960 on the initiative of the
Honoured Forester of Ukraine A.L. Dmytruk (Kotsun
et al., 2010). During this time, 123 species of autoch-
thonous and introduced woody plants were planted,
in particular Chamaecyparis pisifera Sieb. Zuss.,

Catalpa bignonioides Walter., Platanus occidentalis L.,
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Fagus sylvatica L. and others. The status of PMLA of
national significance was granted in accordance with
Presidential Decree No. 715/96 of 20.08.1996 (The pro-
tection obligation No. 24, 2012). The area is 2 hectares
(Dubechnivske forestry, compartment 29, stratum 24
(area 1.1 ha) and compartment 30, stratum 27 (area
0.9)) (Fig. 2, b). There is an artificial reservoir on the
territory of PMLA “Dubechnenskyi” (Fig. 2, c¢). Com-
bined layout structure (Fig. 2, a). The following types of

/

a) park layout diagram

b) current state of the park,
image by Zoom Earth

plantings were found in the park: groups, solitaires, or-
dinary plantings of Picea abies Karst., Picea engelmannii
Parry ex Engelmann., alleys with Thuja occidentalis L.,
Chamaecyparis pisifera Sieb. Zuss., Tilia cordata Mill.
Currently, the park’s dendroflora is represented by 64
species of woody plants (21 families, 45 genera). 51
species belong to the IUCN Red List (Fig. 6), among
them Juglans cinerea L. — to disappearing categories
(EN), Aesculus hippocastanum L. - vulnerable (VU).

¢) fragment of the park,
photo by the author

Figure 2. PMLA “Dubechnenskyi”

PMLA “Bondaretskyi” (Bondartsi village,
Zhytomyr district, Zhytomyr Oblast). The area of the
park is 1.8 hectares (Korabelne forestry, compartment
20, stratum 4 (Fig. 3, b)). This is a former plot of forest
stands of the oak grove, which was transformed into
a children’s park as a place of recreation for children.
The status of PMLA was provided by the decision of
the Zhytomyr regional executive committee No. 149
of 31.03.1964. At the beginning of the reconstruction

a) park layout diagram

b) current state of the park,
image by Google Earth

of the park (1964), 21 species of woody plants were
growing, including six 600-year-old specimens of
Quercus robur L., 75 100-year-old specimens of
Quercus robur L., 40 100-year-old specimens of Acer
platanoides L., 50 100-year-old specimens Carpinus
betulus L., five specimens of Tilia cordata Mill., and
also Aesculus hippocastanum L, Acer negundo L, Picea
abies Karst. (alley) and other species aged 15-40 years
old Passport No. 36, 1970).

¢) fragment of the park,
photo by the author

Figure 3. PMLA “Bondaretskyi”
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Currently, 18 species of woody plants (eight
families, 14 genera) aged from 50 years grow on
the territory of the park in groups and as solitaires
of Quercus robur L., Carpinus betulus L. (fig. 3, ¢),
Populus nigra L. The oldest — 430-year-old Quercus
robur L., 170-year-old Carpinus betulus L. The plan-
ning structure of the park is axial (Fig. 3, a). 17 spe-
cies of woody plants belong to the TUCN Red List
(Fig. 6), 14 types have least concern (LC) category.

PMLA “Ovrutskyi” (Ovruch, Korostensky district,
Zhytomyr Oblast) (Fig. 4, b). Area — 1.2 ha. The status
of PMLA was granted in accordance with the decision
of the Zhytomyr regional executive committee No. 149

a) park layout diagram

b) current state of the park,
image by Zoom Earth

of 31.03.1964 (The protection obligation, 2010). At the
beginning of the park’s creation, there were 15 spe-
cies of woody plants. The park has a star-shaped plan-
ning structure (Fig. 4, a) with a fountain in the centre.
Plantings are represented by groups mainly of Acer
platanoides L., Aesculus hippocastanum L., Carpinus
betulus L., Fraxinus excelsior L., Tilia cordata Mill.,
Tilia platyphyllos Scop. (Fig. 4, c), ordinary plantings of
Picea abies Karst. Age of Acer platanoides L., Carpinus
betulus L., Fraxinus excelsior L. and some Tilia cordata
Mill. makes up 130-180 years old. The number of spe-
cies is still unchanged — 15, all 9 families and 12 genera
belong to the IUCN Red List (Fig. 6).

c¢) fragment of the park,
photo by the author

Figure 4. PMLA “Ovrutskyi”

PMLA “Park Antonivka” Antonivka village,
Varaskyi district, Rivne Oblast). Area — 9.7 ha.
The park is arranged on the basis of plantings of
Quercus robur L. aged more than 100 years, for the
purpose of their safety (Passport No. 2MSPM, 1995)
(Fig. 5). Created in accordance with the decision
of the Rivne regional council No. 33 of 28.02.1995
(Antonova et al., 2008). Now the park serves as a
recreation area for residents of the community. The
planning structure is combined. In the southern

/

a) park layout diagram

b) current state of the park,
image by Bing Maps

part of the park there is a monument to soldiers
who died during the Second World War. On the ter-
ritory of the park there are such types of plantings
as wooded areas, groups, hedges (Table 1). At the
beginning of the park’s creation, there were 23 spe-
cies of woody plants. Currently, 41 species of woody

plants (15 families, 29 genera) grow on the territory
of the park, of which 32 species belong to the IUCN
Red List (Fig. 6) (least concern category (LC) - 31

types).

c¢) fragment of the park,
photo by the author

Figure 5. PMLA “Antonivka”
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Table 1. Characteristics of PMLAs of the second half of the 20™ century in Ukrainian Polissya
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= 2 © 9 °© = = > s 20 &= @
g s |5 R SF ECE 5
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Dubechnenskyi 2.0 2.0 1956-1960 | 1996 C + - a gr, al, sol, h
Bayrak 13.0 | 13.0 | 1975-1977 | 1996 | ¢ + + a | 8halsolh,
g, oW
. gr, al, sol,
Slovyanskyi 27.53 27.53 1988 1997 c + + a row, h
Novostavskyi 30.0 1.5 1967 1972 row - (was) a gr, al, sol, h
Klevanskyi 7.0 7.0 1967 1967 1 - + n gr, Wo
Antonivka 9.7 9.7 1993 1993 1 - + n gr, wo, h
Vysokivskyi 6.55 6.55 1963 1973 row + + a gr, a, sol
Bondaretskyi 1.8 1.8 1963 1963 1 - - n gr
Ovrutskyi 1.2 1.2 1964 1964 row +(f) + a gr, row
Zhornivskyi 5.2 5.2 1969-1972 1972 C - - a gr, h, sol, wo
Horodnyanskyi 10.0 10.0 1959-1966 | 1972 row - - a gr, a, Tow, g

Note: layout structure — r (regular), I (landscape), c (combined); origin of plantings — a (artificial), n — (natural); types of

plantings — gr (groups), al (alleys), sol (solitaires), row (row seating), h (hedges), g (grove), wo (wooded area); f — fountain.

Number of species,
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== Number of species belonging to the IUCN Red List

Figure 6. Dynamics of changes in the number of species in PMLAs of the second half of the 20* century
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PMLA “Novostavskyi arboretum” (Novostav,
Rivne district, Rivne Oblast) (Fig. 7, b). Area - 1.5 hect-
ares. The creation of the arboretum began in 1967 (No-
vostavske forestry, compartment 39, stratum 22). The
territory of the arboretum covered a forestry estate
with buildings (0.8 ha), a greenhouse farm (0.2 ha), an
arboretum (4.0 ha), a forest area with Pinus sylvestris L.
of more than 100 years-old (25 hectares) and small
architectural forms. The area of the arboretum was
30 hectares. The park was divided into sectors with
plantings of Larix Mill., Pinus L., Acer L., Fraxinus L.,
Juglans L. Along the paths there are memorable al-
leys: “Friendship”, “Joy”, “Happiness”, “Juniors”,
“Participants of the All-Union seminar” planted with
Tilia cordata Mill., Tilia platyphyllos Scop., Quercus
rubra L., Juglans L. and combined C Tilia tomentosa
Moench. and Acer platanoides L.; Betula pendula
Roth. and Picea abies Karst., Acer platanoides L.,
Aesculus hippocastanum L. and Acer negundo L.,
Tilia cordata Mill. At the intersection of paths in the

a) park layout diagram

b) current state of the park,
image by Zoom Earth

centre, a monument was erected, which was even-
tually removed. The status of PMLA was granted to
“Novostavskyi arboretum” by the decision of the Rivne
Regional Executive Committee No. 317 of 20.06.1972
and No. 343 of 22.11.1983 (Dzyba, 2020). The planning
structure of the arboretum is star-shaped (Fig. 7, a). At
the beginning of the creation of the park, 150 species
of woody plants were planted; some of them have sur-
vived to this day (Fig. 7, c¢). However, over time, their
number gradually decreased: in 1983 — 130 species, in
2020 - 101 species (24 families, 57 genera), of which 78
species belong to the IUCN Red List (66 species — least
concern category (LC), Aesculus hippocastanum L. -
vulnerable category (VU), Platycladus orientalis (L.)
Franco and Fraxinus excelsior L. — near threat-
ened (NT), Fraxinus pennsylvanica Marsh. — crit-
ically endangered (CR), Juglans cinerea L., Malus
niedzwetzkyana Dieck ex Koehne. - belong to the en-
dangered category (EN), and 6 species belong to the
DD category.

c¢) fragment of the park,
photo by the author

Figure 7. PMLA “Novostavskyi arboretum”

PMLA “Bayrak” (Rokyni village, Lutsk district,
Volyn Oblast). The initiator of the arboretum park
is P.S. Teslyuk (director of the state agricultural sta-
tion). The arboretum project was developed in 1974.
Volyn branch of Dipromisto (author — V.A. Tupitsa)
(Kotsun, Kuzmishyna & Kotsun, 2010). During 1975-
1977, the “Rokytnivskyi arboretum park” was estab-
lished on the territory of the regional research and
production association “Elite” on an area of 13 hect-
ares and 250 species of woody plants were planted
(Pokotylova & Dzyba, 2016). Since 1990, PMLA
“Bayrak” has been protected, subordinated to the

Museum of agricultural history of Volhynia - Skan-
sen and has become part of the open-air exhibition.
The status of PMLA of national significance “Bayrak”
was granted by Presidential Decree No. 715/96 (Ap-
pendix 3) of 20.08.1996. On the territory of PMLA
“Bayrak” there are five garden and park landscapes:
forest, meadow, park, garden and regular (Dzyba &
Pokotylova, 2016). The compositional structure of
the park is based on the landscape style, with el-
ements of a regular one in the parterre (Kotsun,
Kuzmishyna & Kotsun, 2010). The main plantings
form areas of forest and park type, which serve as
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a backdrop for groups and solitaires (Tsikhotska &
Kotsun, 2011).

The planning structure of the PMLA is looped
(Fig. 8, a, b). Plantings are represented by alleys,
groves, solitaires, hedges, row plantings, groups
(Fig. 8, ¢). Since the creation of the park, the number of

&

a) park layout diagram

b) current state of the park,
image by Zoom Earth

woody plant species has been constantly decreasing,
in particular, in 2010, 143 species of woody plants
grew on the territory of PMLA “Bayrak” (Pokotylova
& Dzyba, 2016), and now there are 130 species of
woody plants (30 families, 73 genera), of which 86
species belong to the IUCN Red List.

c¢) fragment of the park,
photo by the author

e

Figure 8. PMLA “Bayrak”

PMLA “Slovyanskyi” (Volodymyr-Volynskyi,
Volodymyr-Volynskyi district, Volyn oblast). In 1988,
the park “Slovyanskyi” was created (the project was
developed by the Lviv design and restoration work-
shop for the restoration of historical and cultural
monuments) on the territory of a low-lying (eutro-
phic) swamp on an area of 27.53 hectares, which is a
floodplain of the Luha River between the Rylovytsia
and Smochche rivers. In the upper part of the park,
adjacent to the floodplain of the river on an area of
10.2 hectares, there is a park of culture and recre-
ation, in the other part — a meadow park (located in
its natural state). Pedestrian paths are mostly made
of sand, so they do not affect the natural state and
flora of this territory. In 1988, the “Prince’s alley”
was built, sculptures of the princes of Kievan Rus
were installed. There is also a monument to Taras
Shevchenko in the park. The status of PMLA was

granted in accordance with the decision of the re-
gional council No. 12/4 of 04.11.1997. On the terri-
tory of the park there are two “Slovyanski springs”
(natural monuments of local significance, decision
of the regional executive committee No. 134 of
18.03.1982) (Regulations, 1999).

The planning structure of PMLA “Slovyan-
skyi” is combined (axial and fan-shaped) (Fig. 9,
a, b). There are the following types of plantings on
the territory: alleys, groups (Fig. 9, ¢), row plantings,
solitaires, hedges (Table 1). Now there are 56 spe-
cies of woody plants growing (Thuja occidentalis L.,
Larix decidua Mill., Larix kaempferi (Lamb.) Carriére.,
Fraxinus angustifolia Vahl., Cercidiphyllum japonicum
Siebold & Zucc. ex J.J. Hoffm. & J.H. Schult.bis.,
Juglans regia L. etc.). 43 species - belong to the IUCN
Red List (Fig. 6), of which 37 species have the least
concern (LC) category.
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a) park layout diagram

b) current state of the park,
image by Zoom Earth

c¢) fragment of the park,
photo by the author

Figure 9. PMLA “Slovyanskyi”

PMLA “Klevanskyi park” (Klevan village, Rivne
district, Rivne Oblast). Area — 7 hectares. Klevansky
Park in 1967 was taken under protection on the ba-
sis of the decision of the executive committee of the
Rivne regional council of people’s deputies No. 818
of 10.10.1967, No. 317 of 20.06.1972, No. 343 of
22.11.1983 (appendix No. 5) and granted the status
of PMLA. The park is a remnant of an old oak grove,
the plantings are represented mainly by Quercus
robur L. of different ages, the oldest are 250-300
years old. On the territory there is a house of culture,
a sports field, an Orthodox church, a memorial to
soldiers who died in the Second World War (Dzyba,

b1

a) park layout diagram

b) current state of the park,
image by Bing Maps

2016) (Fig. 10, ¢). It is used as a place of recreation.
Planning structure — fan-shaped (Fig. 10, a, b). The
following types of plantings were identified in the
“Klevanskyi park”: hedge (Buxus sempervirens L.),
hedge (Caragana arborescens Lam.), row plantings
(Chamaecyparis pisifera Sieb. et Zucc.and Thuja
occidentalis), groups of Populus simonii Carr. and
Robinia pseudoacacia L., Tilia platyphyllos Scop., Tilia
cordata Mill. etc. In 1967, 14 species of woody plants
grew. Currently, the dendroflora of PMLA “Klevan-
skyi park” is represented by 33 species, one hybrid
of woody plants (15 families, 27 genera), of which 25
species are included in IUCN Red List (Fig. 6).
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c¢) fragment of the park,
photo by the author

Figure 10. PMLA “Klevanskyi park”

PMLA “Zhornivski” (Zhornivka village, Fastiv
district, Kyiv oblast). Area — 5.2 hectares. The “Yubi-
leynyi” arboretum was founded during 1969-1972 by
forester V.S. Galytskyi on the project of a researcher
at the I.N. Hegelsky Boyarka Forest Experimental

Station (FES) in Zhornivskyi forestry of Boyarka FES
(compartment 55, stratum 8, 9, compartment 56,
stratum 1) (Kushnir, Sukhanova & Snihyr, 2016). Me-
morial cascades have been created in the park: “Ky-
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ivskyi”, “Komsomolskyi”, “Icebergs”, “Earth-Moon”
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and “Love” (Sukhanova & Snihyr, 2015). The status of
PMLA “Zhornovsky” is granted in accordance with de-
cision of the Kyiv regional council of workers No. 118
of 28.02.1972 (Vasyliuk et al., 2012). It has fan-shaped
planning structure (Fig. 11, a, b). At the beginning of

a) park layout diagram

PMLA “Vysokivskyi” (Vysoke village, Zhytomyr
district, Zhytomyr Oblast). Area — 6.55 hectares (Pass-
port No. 69, 1974). The park was established as a me-
morial on October 25, 1963 (now it is a place of rec-
reation for residents of the community) according to
the project of S.K. Bukata and V.M. Khapchuk. In 1963,
106 species of woody plants were planted (Quercus
robur L., Quercus rubra L., Salix babylonica L.,
Juglans regia L., Juglans manshurica Maxim., Juglans
coggygria Scop.,
Populus alba L. etc.). The park has a depression in

manshurica Maxim., Cotinus
the north-west, where a reservoir with an area of
1.55 hectares is formed (Fig. 12, ¢), in the centre
of which is an island (Fig. 12, b). In the centre of

s

a) park layout diagram

b) current state of the park,
image by Bing Maps

the park, 160 species of woody plants grew, but over
time their number has decreased and now amounts to
47 species (19 families, 33 genera), of which 33 species
belong to the IUCN Red List (Fig. 6). Plantings are rep-
resented by arrays, groups, solitaires, hedges (Table 1).

b) current state of the park,
image by Google Maps

Figure 11. PMLA “Zhornivskyi”

the park, there is an obelisk with a list of villagers
who died during the Second World War. An alley of
Populus nigra var. italica Miinchh., the number 50
and the star from Picea abies Karst. were planted on
the opposite side of the pond, which today are pre-
served only in fragments The status of PMLA was
granted by the decision of the Zhytomyr regional ex-
ecutive committee No. 505 of 29.12.1974 (Passport
No. 69, 1974). The planning structure of the PMLA
is cross-shaped (Fig. 12, a). Currently, 39 species of
woody plants (18 families, 27 genera) grow in the
“Vysokivskyi” PMLA, 26 of which belong to the IUCN
Red List (Fig. 6). Plantings are represented by soli-
taires, groups, and alleys (Table 1).

¢) fragment of the park,
photo by the author

Figure 12. PMLA “Vysokivskyi”
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PMLA “Horodnyanskyi” (Horodnya, Chernihiv
district, Chernihiv Oblast) began to be created in
1959 on an area of 10 hectares for recreation of city
residents. The initiator of the park’s creation was
V.I. Konon. The development of the planning struc-
ture of the park and its implementation was car-
ried out under the supervision of P.A. Dolsky with
the participation of K.T. Chornyi, the director of the
boarding school I.N. Osypenko and his pupils. The
park is rectangular in shape (Fig. 13, b) was divided

a) park layout diagram

b) current state of the park,
image by Bing Maps

into eight sectors (Fig. 13, a), in the center there was
a clearing with a diameter of 100 m, an area of 1.0
hectares (preserved to this day, Fig. 13, ¢). Within
two years, alleys were planted along the sectors and
arow planting of Tilia cordata Mill., Tilia platyphyllos
Scop. around the clearing, along the northern and
western borders of the park — an alley of Populus
nigra L. In 1960-1961, Pinus sylvestris L. were planted
in sectors 2 and 3, Risea abies (L.) Karst. — in sectors
4 and 6, and Betula pendula Roth. —in 5 and 8.

¢) fragment of the park,
photo by the author

Figure 13. PMLA “Horodnyanskyi”

From 1963 to 1966, plantings were supple-
mented. In 1966, 20 species of woody plants grew in
the park. In the future, anniversary plantings were
carried out in 1967 (50 trees of Quercus rubraL.), 1970
(100 trees of Acer platanoides L.) and 1975 (30 trees
of Quercus robur L.). In 1978, the park was granted
the status of PMLA (decision of the Chernihiv re-
gional executive committee No. 529 of 04.12.1978).
In 1981, there were 37 species of woody plants in the
park (Dzyba & Shytiuk, 2015). The planning struc-
ture of the park is regular and star-shaped. Plantings
are represented by alleys, row plantings, groves, and
groups. Currently, 36 species (28 genera, 15 families)
grow on the territory of the park, conifers are sparsely
distributed and are represented by Picea abies Karst.,
Pinus sylvestris L. and Larix decidua Mill. (five speci-
men). 29 species belong to the IUCN Red List (Fig. 6),
among them Aesculus hippocastanum L. — vulnerable
category (VU), Fraxinus excelsior L. — near threatened
(NT), Juglans cinerea L. - endangered (EN).

Thus, 176 species of woody plants grow on the
territory of 11 PMLAs, of which 119 species are listed

in the IUCN Red List (57% - category of least con-
cern (LC)) (Dzyba, 2021). In four parks, the number
of species has increased by 75-129% since the begin-
ning of its creation, and the number of arboreal rarities
is 77-81%. In six parks, dendro-diversity decreased
by 13-71%, with 29-87% of woody plant species re-
maining, among which 66-94% are arboreal rarities.
The results confirm the significance of PMLAs of
Ukrainian Polissya and the need to replenish collec-
tions of woody plants.

Conclusions
PMLAs, created during the second half of the 20t cen-
tury, are located unevenly in the Ukrainian Polissya.
Three PMLAs are represented in Volyn, Rivne,
Zhytomyr oblasts, and only one in Kyiv and Chernihiv
oblasts. Three PMLAs are created on the basis of
natural oak stands, “Ovrutskyi” — based on artificial
stands. The remaining seven parks were rebuilt from
autochthonous and introduced woody plant species.
They have regular, landscape, and combined planning
styles, in size — small, medium, large with star-shaped,
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axial, fan-shaped, loop, cross-shaped, and combined
planning structures. On the territory of four PMLAs,
there are reservoirs and memorial complexes, monu-
ments, an obelisk in honour of those who died in the
Second World War. On the territory of PMLA “Slo-
vyanskyi”, there is a monument to T.H. Shevchenko
and a memorial “Prince’s Alley”. A Museum of agri-
cultural history of Volhynia — Skansen was created
on the territory of PMLA “Bayrak”. 176 species of

woody plants grow on the territory of 11 PMLAs, of
which 119 are listed in the IUCN Red List.

11 PMLAs are valuable centres of dendro-di-
versity and unique plantings of Ukrainian Polissya,
an example of the establishment of didactic, eth-
nographic, memorial, children’s, culture and recre-
ation, combined parks that require further protec-
tion and expansion of the area and collection. Some
parks require landscaping.
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Oco6nuBocTi popMyBaHHS NapKiB-NaM'aTOK CagoBO-MNAapKOBOIro
MuUcTeuTBa Apyroi nonoBmHU XX cronitra YKpaiHcbkoro Monicca

Amkena AuapiiBHa /I3n6a

HarionanpHuit yHiBepcuTeT 6iopecypciB i MpUpPOIOKOPUCTYBAHHS YKpaiHU
03041, Byn. T'epoiB O6oponu, 15, m. Kuis, Ykpaina

AHxoranisg. IIpoananizoBaHo (GopMyBaHHSI MapKiB-MaM’sITOK cafoBo-TapkoBoro mucrentsa (IIIICTIM) B
icropuunomy acrexti. Ha Vkpaincbkomy Ilomicci y mpyriit momoBuHi XX cT. cTBopeHo 11 mapKiB-mam’sSTOK
CaZloBO-TIAPKOBOTO MUCTEITBA: BA 3arajbHOJEPKaBHOTO i JeB’SITh MiclieBOTO 3HaueHHs. [Ipu3HaueHHS
[ITICIIM — oxopoHa Ta 30epekKeHHs HaiOilbIl BUM3HAUYHMX i LIHHMX 3pasKiB ITapKOBOrO OyOiBHMUIITBA 3
MeTOI0 iXHbOi BUKOPMCTAHHSI B €CTeTUUYHMX, BUXOBHUX, HAYKOBUX, MPUPOJOOXOPOHHUX Ta O3I0POBUMX
uinissx. MotuBariielo go crBopeHHsi ITIICIIM 6yno 36epekeHHS, BiITBOpeHHSI Ta 30arauyeHHs B yMOBaXx
VKpaiHncbkoro Iosiccst meHapopisHOMAaHITTS. Y mapKax BUCaIKyBaau TeXHIUHI, BUIKOPOCIi, piIKiCHI, IIiHH]
IS TICOBOT'O Ta Ca/I0BO-TIAPKOBOTO OCIIOAPCTBA BUIM IePEBHUX POCIVH i3 TMTOJaTbIIMM BUKOPUCTAHHIM iX
i3 HAyKOBOIO Ta rOCIIOAAPChKOI0 MeTow. YacTiHa HacamKeHb y MapKax Oyiy maM ITHUMM, I0BiiefiHuMM a6o
MIPUCBSYEHMMM 3HaMeHHMUM TofisiM (piuHuii JKOBTHeBOI peBomoLii Ta HI0O HapomkeHHd B.1. Jlenina). Ha
Vkpaincbkomy ITojicci € Tpu mapku, 10 CTBOPEHO HAa OCHOBiI HassBHUX MyO0BUX HacamkeHb («KiaeBaHCbKMIA
nmapk», «ITapk AHTOHiBKa», «BOHIapeIbKuii»), ONUH — Ha OCHOBI MITYYHUX HacamkeHb 3 Acer platanoides L.,
Carpinus betulus L., Fraxinus excelsior L., Tilia cordata Mill. («OBpy1bKuit»). Tpy mapKu KyJIbTYPH i BiZITOUMHKY
(«TopomHSHCBbKMIT», «BuUCOKiBChbKMit», «CIIOB’STHCBbKUIT», 30KpeMa Jyromnapk «CIoB’STHCbKUIA»), AUTSUMI
nmapk («BoHmapelbKuit»), YOTUpU AeHApomnapku («IybeuHeHCbKUit», «Baiipak», «HOBOCTaBCHKUI IapK»,
«KopHiBCcbKMit») 3 wacom TpaHchOpMyBaiuch abo im 6yno HamaHo cratyc IITICIIM. 3a po3MileHHSIM Yy
IUIaHYBAJIbHII CTPYKTYpi Hace/JleHUX IyHKTIiB BUIISIIOTh 3araibHOMIChKi, CiIbCbKi Ta paiiOHHI MapKu.
3a posmipamu € IIIICIIM wmasi, cepemHi, BeJuKi 3 3ipuacTolo, OChOBOIO, BiSJIOMOMiOHON, METETbHOIO,
XPeCTOIoIi6HOI0 Ta KOMOIHOBAHOIO IJIAaHYBAIBHOIO CTPYKTypaMu. Y YoTUpbox ITTICITM € mITyYHi Ta MpUPOmHi
Bomoiimu, ¢oHTaH. IT’'ITh MapKiB € KOMOIHOBaHMMM (MeMOpiaJbHMIT Ta MapK KyJIbTYPU i BiIIIOUYMHKY), [e
30CcepemKeHO MeMopialbHi KOMIUIEKCH, TIaM SITHUKM, 06esick. HacamkeHHST TapKiB ITpeICcTaB/IeH] Ipyramu,
cojliTepamu, ajnessMu, pSAOBUMMM TOCAAKaMM, XXUBOIJIOTaMu, iHOAi TasiMu Ta mMacuBamu. Ha Teputopii 11
[TICIIM 3poctae 176 BUIiB AepeBHUX POCINH, i3 HuX 119 3aHeceHi 7o YepBoHOro crivcky MiskHapOmgHOrO
COI03y OXOPOHM HPUPOAN. Y YOTUPHOX MAapKax Bijl MOYATKy CTBOPEHHS 30i/IbIIMIACh KiIbKiCTh BUIiB Ha 75-
129 %, y niectu mapkax JeHAPOPi3HOMAaHITTSI 3MeHIIUIOCh, 3aJIMIIMIOCh Bif, 29 no 87 % BuUIiB AepeBHUX
pocIuH, cepen, HUX 66-94 % nennpopapuretu. 11 IITICIIM € miHHMMM ocepenKaMy AeHAPOPi3HOMAHITTS Ta
YVHiKaJbHUX HacamkeHb YKpaiHcbkoro [lomices, mpukiagom GopMyBaHHS OUAAKTUYHMUX, eTHOrpadiuHoro,
MeMODiaIbHUX, TUTSYOTO, KYJIbTYpU Ta BiAIIOYMHKY, KOMOIHOBAaHMX TapKiB, SIKi MOTPeOYIOTh MOJAJBIINO]
OXOPOHM Ta PO3LIMPEHHS IUIOII i1 KoJekilii. [lesiki mapKy MoTpeoyioTh PEKOHCTPYKIIii HacaaKeHb

KirouoBi cimoBa: icTopist, mapk, BUuau, IiaHyBaabHa CTPYKTypa
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Relief geoplastics as a means of shaping the perception
of landscape compositions using the example
of the Pechersk Landscape Park in Kyiv

V.L. Matviychuk’, Olesia Pikhalo, Victoria Minder, Iryna Sydorenko

National University of Life and Environmental Sciences of Ukraine
03041, 15 Heroiv Oborony Str., Kyiv, Ukraine

Abstract. Geoplastics as a method of vertical planning is becoming increasingly popular among landscape
architects because this method gives the landscape aesthetic unity, expressiveness, and a peculiar feature.
The study considers the influence of geoplastic changes in the terrain on the viewer’s perception of the
environment. These factors are extremely important in the creation and design of the park, allow presenting
key elements, while creating harmonious combinations of composition in the space, which can cause
admiration and thereby contribute to increasing the number of visitors to the landscape object. Pechersk
Landscape Park is located on the picturesque slopes of the Dnipro River in the city of Kyiv, has a landscape
type of layout, which is characterised by large areas of lawns with groups of bushes and trees, lack of
symmetry in the placement of alleys and other elements of open planning. The park itself covers an area of
32.92 hectares. The location in difficult terrain conditions contributes to the use of geoplastics, which can
be utilised to improve and develop the park space. The highlighted studies are based on the analogy method,
which transfers analogue elements of geoplastics to the results obtained during a full-scale survey of a park
area in difficult terrain conditions. Graphic materials were developed using the ArchiCad 21 software suite
based on the original map data. A detailed analysis of the problematic aspects of the Pechersk Landscape
Park outlined the main task of determining the adaptability of the territory for the needs of visitors, in the
context of improving the comfort of stay, improving the natural landscape, and arranging natural areas of the
park terrain. Techniques and methods were used to improve the territory, such as terracing of slopes, creating
eco-chairs, and using artificial relief on playgrounds. The impact of these changes on visitors’ stay and the
environment in general was summarised and predicted. The use of geoplastics in the context of the perception
of landscape compositions would provide a solution to the problematic relief and exposition aspects of the
Pechersk Landscape Park, which would increase its recreational potential
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Introduction

Relief is a particularly significant factor for the art of
landscape design. Urbanisation determines the need
for a special attitude to the land fund. Therefore, some
territories that are not intended for construction are
used for landscape objects. Parks with difficult terrain
conditions are mostly dangerous areas, according to
the municipal organisation Institute of the General
Plan of Kyiv City (Eco urban planning forecast). This
information confirms the special status of such terri-
tories, the danger of which is manifested in existing
erosion processes, the possibility of landslides and
mudslides (Minder & Sidorenko, 2014). Therefore,
the organisation of safety in recreational areas, with-
in difficult terrain, is an integral part of design and
executive work. The use of anthropogenic landforms
in landscape design is also relevant as a means of
creating vivid emotions in the viewer (Bondarenko,
Kokhan, Gonchar & Bondarenko, 2019).

Pechersk Landscape Park in the city of Kyiv is
an example of using a territory with complex terrain
for landscaping. Due to the processes of urbanisation
and a good location on the banks of the Dnipro River,
the recreational load on this park increases, which
serves both for the recreation of residents and guests
of the city, and for holding mass events (concerts,
festivals, exhibitions). Therefore, there is a need to
adjust the park to the needs of society, adapt hard-
to-reach areas of the territory, increase the comfort
of staying in the park space and improve the natural
landscape, which will favourably affect the psycho-
logical state of a person in a megalopolis. Since many
exhibition events are held in the Pechersk Landscape
Park, it is important to arrange certain areas of the
park terrain for the convenience of viewing landscape
and exhibition compositions. Vertical planning of the
area is part of any green area project and is carried out
during the initial period of both design and construc-
tion (Sokhnych, 2010; Pikhalo & Omelianchuk, 2017).

A large number of visitors come to exhibitions
and festivals in the Pechersk Landscape Park every
year, which significantly increases the recreational

potential of the park. It is this park that has become
a traditional venue for exhibitions and festivals due
to the fact that the complex terrain contributes to
the placement of compositions on the slopes, which
can be viewed from different angles, revealing to the
observer the fullness of three-dimensional and flat
landscape paintings. Given the importance of these
events and the annual increase in interest in them
as a result of urbanisation processes, there is a need
for compositional enrichment of the park, expansion
and arrangement of recreation areas, which will cre-
ate more comfortable conditions for staying on the
territory of a landscape object. Geoplastics as a tool
for artificial terrain change allows improving the
park area, enhancing the view of exhibition elements
and the general perception of space by creating new
and improving existing landforms, and establishing
modern recreation areas.

Analysis of recent studies and publica-
tions. Complex terrain conditions are an important
factor in organising the landscape of a park area, in
particular, dividing the surface into separate forms,
each of which becomes a separate element of the
composition. In addition, the nature of the terrain
is an important compositional condition that de-
termines the emotional perception of the park area
(Starke & Simonds, 2013).

The visual quality of urban recreational areas
is a factor that directly affects the requirements of
users of these territories. Polat & Akay (2015) have
identified the relationship between the visual quality
of the landscape and the structural design of terri-
tories, and between the aesthetics and functional
requirements of visitors.

Pieczara (2019) noted the importance of shap-
ing the landscape based on its visual qualities. This
approach reflects the importance of all visible fea-
tures of the territory in terms of their aesthetic ap-
peal, which is often used in landscape research. The
potential for measuring visual phenomena, which
are often the subject of intuitive and experimental
design, is considered by Nijhuis (2011). The main
activity of landscape architecture is the establish-
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ment of open and closed spaces. The visible form,
which also acts as a relief, is crucial, since it provides
movement through its formations and areas, through
its spatial orientation, and causes an emotional im-
pact with visual composition. Quite important in
landscape perception is the observer’s point of view
and programming of visual impressions based on
the theory of dynamic visual perception (Xiaogang,
Xiaogang & Hui, 2021).

Understanding the visual quality of urban
park landscapes in complex terrain conditions re-
quires a comprehensive approach to its study. The
urban park area under study belongs in its form of
relief to parks on a hill, which have a significant im-
pact on the development of the urban landscape,
create a peculiar silhouette of the city, serve as land-
marks in the spatial organisation of development,
and determine the scale of various structural parts
of the urban organism (Sydorenko & Minder, 2018).

The purpose of the study is to develop project
proposals to improve the perception of the territory
of the Pechersk Landscape Park using terrain geo-
plastics techniques.

Materials and Methods

During the research, the method of analogy of selec-
tion and transfer of analogous elements of artificial
geoplastics to the results of a full-scale survey of the
park territory was used. The synthesis determined
the factors of influence of landforms, both natural
and artificial, on the landscape planning organisa-
tion of the territory, which outlined the locations of
the proposed geoplastics techniques. The study and

analysis of the territory was carried out by the car-
tographic method based on a topographic survey of
Kyiv city on a scale of 1:2,000 (Topographic maps).
The master plan was developed using the ArchiCad
21 graphics software suite.

The object of research is the formation of arti-
ficial terrain as the main means in the perception of
landscape compositions. The subject of the research
is the territory of the Pechersk Landscape Park in Kyiv.

Results and Discussion

Geoplastics are used to improve existing or create
new forms, to restore natural landforms, etc. The
advantage of geoplastics is that despite the artifi-
cial method of changing the terrain, objects have a
natural appearance. To achieve this result, it is im-
portant to work through each stage, starting from the
design and ending with the direct implementation of
the project. Earthworks are difficult, as it is necessary
to create harmonious proportions without disturbing
the natural outlines of the terrain (Kuznecova, 2011).
Human perception of the landscape is one
of the main goals in designing and creating a park.
Each element should make a special impression on
the person. This can be achieved with various land-
scape techniques that depend on the goal and task.
Certain objects can be hidden from view, and some
need to be opened in a timely manner so that the
viewer gets the strongest possible impression.
Having revealed all the landscapes and secrets
to the viewer at once, the park loses its sense of mys-
tery and begins to disappoint. The task of forming
the perception of the environment can be handled

Landscape perception

Design
2 Y
Improvement of existing Creation of new objects
4 "
/ Implementatio \
Geoplastics FlETd e Plantations
elements
Perception of Landscape Landscape
space additions decorativeness
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by the features of the terrain and the location of var-
ious types of plantings on the territory (Fig. 1).
Figure 1. Design scheme of park space perception

For example, positive landforms affect a per-
son’s perception of park space from a certain view-
point. They can be used to “gradually reveal” the
view or play the role of a screen, hiding unwanted
elements, technical park structures, etc. Relief af-
fects the perception of space and human perception.
Smooth landforms can promote relaxation, it is an
ideal terrain for rest, since it does not require energy
consumption for movement, it is comfortable for
sitting, but a terrain with a height difference helps
to excite the nervous system. Similarly, the slope of
a surface affects spatial perception. A person feels
more protected when standing on a flat surface. At
the same time, the sloping landscape encourages
movement.

This property of the human psyche can be used
to encourage visitors to move in certain directions
(Norman, 1979). The gradual disclosure of the ex-
position elements of the exhibitions of the Pechersk
Landscape Park can be ensured by shaping the move-
ment of visitors in difficult terrain conditions.

The overall configuration of the park area
is compact. The height difference of the terrain is
80 m. The lowest absolute mark (100 m) is located in
the north-eastern part of the park, and the highest
(180 m) is located in the north-western part of the
park. The southern part of the park has a hilly rise
with a natural height difference of 50 m (Sydorenko
& Minder, 2018).

To provide the viewer with the maximum view
of the territory, it is necessary to raise it higher above
the element or area on which the accent is made.
The steeper the slope, the larger the external space
is felt. Hilly terrain is used to create spatial bound-
aries of park areas, to divide it into functional zones.

The openness of the gentle terrain allows vi-
sually combining the elements of the park and ob-
serving them for a long time without interference.
However, the disadvantage of the flat area is the lack
of protection from wind, sun, and the impossibility
of privacy of park visitors, resulting in a feeling of

“nudity” (Bauer, 2011).

Vertical terrain elements help in spatial defi-
nition and contribute to the comfort of visitors.
Hills on both sides set the edges of personal space
(Lynnik, 2004). Placing objects on hilltops creates
a sense of its importance and focuses the visitor’s
attention on it.

Artificial terrain can be used to direct attention
to certain objects along the lines of least resistance
to open space. By creating artificial hills, it is possi-
ble to control the sunlight during the day. This aspect
should be considered when holding exhibitions, since
natural light affects the perception of compositions.
Depending on what time the events are held, it is
possible to determine on which side of the slope the
exhibition elements should be placed or to plan the
placement of the stage so that sunlight does not in-
terfere with the visitor’s observation and even helps
in the overview (Bakurova & Efimov, 2015).

The conducted studies on the influence of the
existing terrain on the nature of illumination of the
territory of the Pechersk Landscape Park in the car-
dinal directions during the day established the fol-
lowing features of their expositions:

- west side: indirect illumination by morning sun;
illumination by hot sun in the afternoon,;

- east side: illumination in the morning; indirect
illumination in the afternoon;

- south side: all-day illumination; aggressive di-
rect sunlight at noon;

- north side: in summer, illumination is only in
the morning and evening; in winter, there is no di-
rect illumination during the day.

The principles of relief changes are outlined,
and the nature of illumination of the territory is
considered in the project proposals for improving
the park environment. As noted, the Pechersk Land-
scape Park is a popular venue for exhibitions. For
such open-air events, it is a very good solution to
place the exhibition on the surface of the slope, the
view of which opens from below. Such a surface can
be formed by geoplastics methods. To do this, the
site is raised using an embankment of earth using a
frame made of geoplastic materials and fixed with a
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retaining wall. The resulting “canvas” will serve for
the subsequent creation of various compositions,
such as flower arrangements, the review of which
would become more convenient and better perceived
by the viewer.

To reveal new angles on the compositional el-

ements of the annual flower exhibitions on the ter-
ritory of the Pechersk Landscape Park, a relief solu-
tion using geoplastics can be used. An example is the
terracing of the slopes of the eastern exposition of
the central part of the park, combined with a road
network along the edge of the terraces. This would

allow visitors not only to contemplate flower arrangements from the bottom up, but also to walk between

them (Fig. 2).
Figure 2. Terracing of slopes with paths along the
edge of terraces: a - analogue image (http://surl.li/
axskp); b — suggested location within the park

One of the options for the compositional
solution is terracing with retaining walls of var-

ious shapes. The use of vegetation on architec-
turally terraced slopes (Pikhalo, Bagatskaya &
Kudrenko, 2019) will ensure the establishment of
space in difficult terrain conditions. This solution
is proposed to be used on the slopes of the south-
ern and western expositions of the central part of

the Pechersk Landscape Park (Fig. 3), due to which it is possible to provide different intensity of illumina-

tion of this territory and create new compositional

accents.
Figure 3. Terracing with retaining walls of various
shapes: a — analogue image (http://surl.li/axsnw);
b - suggested location within the park

For a comfortable rest of visitors, it is advis-
able to install eco-chairs in quiet recreation areas,
which are created using geoplastics (Fig. 4). This
does not require much effort, it is quite economical,
since secondary raw materials can be used for the
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frame of the eco-chair. The cavities of the frame are
filled with a mixture of uncompressed soil and sown

with lawn grass seeds. The creation of such green
furniture lasts about two months. Artificially created

eco-style with its smooth lines harmoniously fits into the landscape and does not look alien. Within the park,

it is proposed to place eco-chairs on the highest pos-
itive points of the terrain, which would allow visitors

to observe the panorama of flower exhibitions.
Figure 4. Eco-chairs: a - analogue image (http://
surl.li/axsql); b — suggested location within the park

The upper parts of the slope of the northern ex-
position of the Pechersk Landscape Park, which are not
occupied by exhibition flower arrangements, are pro-
posed to be used to create playgrounds (Fig. 5). This
relief is ideal for children’s slides, which in combina-

tion with natural materials of the site will create a sense of unity with nature. At the same time, the relief changes

will be insignificant: the organisation of smooth lines
of the slope and the platform at its base will contribute

to the safe descent of children from the slide.
Figure 5. Children’s playgrounds: a — analogue
image (http://surl.li/axsvm);

b - suggested location within the park

Another interesting solution may be to create
artificial hills on playgrounds for children. Tunnels
can be laid in them, bridges and ladders can be cre-
ated between hills, which would develop the spatial
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orientation of children. For a site of this type, which has a non-standard appearance, it is proposed to place

harmoniously integrated artificial hills in the existing relief from the additional entrance from Lavrska Street

on the slope of the north-eastern exposition (Fig. 6).
Figure 6. Artificial hills on playgrounds for
children:

a - analogue image (http://juegosl.rockthefashions.
com/);

b - suggested location within the park

Imitating the elements and topography of
natural landscapes, architects and designers rely on
the needs of the citizen — to make their childhood

more natural and close to the natural landscape.

Conclusions

Geoplastics, as a method of creating a completely
new terrain or improving an existing one, is gain-
ing wide popularity among landscape architects,
because this method gives the landscape originality
and expressiveness and at the same time makes it
durable.

Having carried out a detailed analysis of the

problematic aspects of the Pechersk Landscape Park
in the city of Kyiv, the main areas for improving the
perception of landscape compositions were identi-
fied: adapting the territory to the needs of society,
increasing the comfort of stay, improving the natural
landscape, arranging the forms of the existing ter-
rain. Nature, with its smooth, iridescent lines, is the
main tool of inspiration when creating geoplastic
objects. Solutions to problematic relief and exposure
aspects are proposed to increase the recreational
potential of the area under study with the help of
geoplastics and considering the illumination at the
cardinal directions during daylight hours. The main
techniques and methods for improving the aesthet-
ics of the park environment and comfortable rest for
visitors selected: terracing of slopes in combination
with a road and trail network and with the help of re-
taining walls of various shapes in combination with

vegetation; creation of eco-chairs as geoplastic elements; use of existing terrain and creation of artificial hills

on playgrounds. The impact of these changes on visitors’ stay in the park and on the overall environment is

summarised and predicted.
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Feonnactuka penbedy AK 3aci6 popMyBaHHA CIPUNHATTS
naHpwadpTHUX KOMMNO3MULUi Ha npuknaai MNeyepcbkoro naHawagTHOro
napky y Micti Kuesi

B.JI. MaTBiituyk, Onecs BiraniiBHa Ilixano, Bikropis Bonogumupisaa MiHzep,
Ipuna OnekcaHapiBaa CUIOpPEHKO

HatioHanbHMIi yHiBepCUTET 6iopecypciB i MPUPOAOKOPUCTYBaHHS YKpaiHU
03041, Byn. I'epoiB O6opounu, 15, m. Kuis, Ykpaina

AHoTanis. TeoracTka SK MeTOH, BEPTUKAIbHOIO IUIAHYBaHHSI HabyBae Bce GibINOi IMOIMYISIPHOCTI Y
na"amadTHUX apXiTeKTOPiB, ajike 1lei MeTo| Hala€ JaHamadTy eCTeTMIHOI €JHOCTI, BUPa3HOCTi, CBOEPiAHOT
0co6MBOCTi. Y po6OTi pO3IISIHYTO BIUIMB IreoIuIaCTUYHMX 3MiH pesibedy Ha JIOAMHY, CIIPUITHSTTS IVI1aueM
HaBKOJMIMIITHBOTO cepemoBuina. Li dakTopy € HaA3BMUAHO BaKIMBUMM TIPU CTBOPEHHI Ta MPOEKTYBAaHHI
MapKy, 1al0Th 3MOTY ITOAATH KIIOUOBi eleMeHTH, TIpU 1ibOMY CTBOPMBIIIYM TapMOHiliHi TO€qHAHHS KOMIO3UIILii
y IIPOCTOPi, SIKi 3MaTHi BUKIMKATU 3aXOIUIEHHS i TUM CaMUM CIIPUSITH 36ibIIEHHIO KiJTbKOCTi BiIBimyBauiB
naummadTHoro o6’ekra. Ileuepchkuit JaHmmadTHUIT TapK PO3TAIIOBAaHMIT HA MaJIbOBHUYMX cxuiax [THimpa
B MicTi KmeBi, Mae manmiadTHIIA TUIT IVITAHYBAHHS, JIS1 IKOTO XapaKTePHi BeJIMKI IIOIi ra30HiB i3 rpynaMu
KYIIiB Ta JlepeB, BiICYTHICTb CMMeTpii B PO3MillleHHi ajeii Ta iHIIMX eJeMeHTIiB BiIIbHOTO TTaHyBaHHSI.
BesmnocepenHbo mapKoBa 30Ha 3aiiMae oty 32,92 ra. Po3rauryBaHHSI B YMOBaX CKJIaJHOTO penbedy cripusie
3aCTOCYBAHHIO 3aC00iB TeOIIaCTUKM, SIKi MOSKHA BUKOPUCTATH [IJISI BMOCKOHAJIEHHS i PO3BUTKY MMapKOBOTO
npoctopy. BucsiTieni mocmimskeHHSI 6a3ylOTbCSl Ha MeTOAi aHAIOTii, 3a JOIOMOTOIO SIKOTO IepeHeceHO
AQHAJIOTOBI eJleMEeHTM TeOIUIACTMKM Ha OTPUMAaHi pe3y/nbTaTy IIifi YaCc HaTypHOTO OOCTeKeHHS IapKOBOi
TepuTopii B yMOBaxX ckiamHoro penbedy. I'pacdiuni maTepianmm po3pobieHO 3a JOMOMOIOI0 IMPOrpPaMHOIO
makera ArchiCad 21 Ha ocHOBi BuxigHux Kaprorpadiunaux paHux. IIpoBemeHMII HeTaJbHUII aHasi3
Mpo6IeMHMX acIeKTiB IledepchbKOTO JaHAMIAGTHOTO MapKy OKPEeCJIB OCHOBHE 3aBIAHHS IIOA0 BU3HAUEHHS
MIPUCTOCOBAHOCTI TepuUTOpii Aja moTped BiABimyBauiB, y po3pisi migBuineHHs: KoMbopTy nepebyBaHHS,
TTOKpAIeHHSI TTPUPOIHOTO Mei3axy, 00alITyBaHHS IMPUPOOHMUX 30H ITAPKOBOTO pebedy. 3aCTOCOBAHO
NpUIIOMM Ta METOAM IIOAO MOKpallleHHsI TePUTOPIii, Taki SIK: TepacyBaHHSI CXWUJIiB, CTBOPEHHSI €KOCTI/IbIIiB,
BUKOPVCTAHHS IITYYHOTO pesibePy Ha IUTSUMX MaAaHIMKaX. Y3araTbHEeHO Ta CIIPOTHO30BAHO BIUIMB IIMX 3MiH
Ha nepeOyBaHHS BiIBigyBayiB i Ha cepeoBUIILe 3arajJOM. BUKOPMCTAaHHS reOTIaCTUKY B PO3Pi3i CIIPUITHATTS
ymaHamadTHUX KOMIIO3UIIi 3a6e3MeunTh BUPillleHHST TPOOIeMHUX peabeHMX Ta eKCIO3UITIMHNX acIeKkTiB

IMeuepchKoro JaHAIadTHOTO MapKy, 0 HiABUIIUTD 10TO peKpealiiiHuii moTeHIian

KniouoBi ciioBa: BepTuKanbHe TUIaHYBaHHS, JaHAmadT, ypoaHisallis, TepacyBaHHs, GopMu pebedy
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Establishment of regularities of the influence of polymeric shell
on wood biodegradation

Yuriy Tsapko, Oleksandra Horbachova’, Serhii Mazurchuk

National University of Life and Environmental Sciences of Ukraine
03041, 15 Heroiv Oborony Str., Kyiv, Ukraine

Abstract. The analysis of the process of biological degradation of wood is carried out. It is established that
neglect of environmentally friendly safe biosecurity products leads to the destruction of wood structures
under the influence of microorganisms. The study of wood protection conditions allows creating new types
of protective materials that help reduce water absorption and the amount of substances that are a medium
for the development of wood-destroying fungi. In this regard, an analytical-experimental method for
determining the proportion of destroyed material under the action of microorganisms using an antiseptic
has been developed. Analysis of the results shows that the maximum mass loss in the case of biodegradation
of untreated wood samples was from 7.6% to 16%, and the mass loss of samples of thermally modified wood
did not exceed 3%, in those treated with an antiseptic water repellent — was less than 2%. It was determined
that the protection in the case of treatment of thermally modified wood with wax oil and lasur increases in
comparison with untreated wood by more than 4 times in terms of biodegradation, and in the case of treatment
of non-thermally modified wood — by more than 8 times. Notably, the presence of wax oil and lasur leads to
blockage of the wood surface, which prevents the penetration of moisture and microorganisms. Therefore, the
intensity of development of wood-destroying fungi on the surface of different samples varies. Obviously, such
a mechanism of influence of the protective coating is the factor in regulating the process, due to which the
integrity of the object is preserved. Based on experimental data and modelling equations, the dynamics of the
microbial population in the volume of material and the function of increasing the number of dead organisms
are derived. In particular, a polymer shell was created on the surface of the sample, which significantly reduced
the penetration of microorganisms into the wood, and the loss of wood mass during biodegradation did not
exceed 2.5%. Additional application of protective substances on the surface increases the level of protection
of untreated pine wood by 72%, thermally modified at 190°C - by 25%, at 220°C — by 37%. Similar results are
obtained for hornbeam wood - 60%, 37%, and 28%, for oak — 50%, 37%, and 37%, respectively

Keywords: wood, efficiency of thermal modification, antiseptics, protective coatings, bio-degradation, wood
stability
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Introduction

The search for highly effective means of protect-
ing wood from degradation is a pressing issue in
construction since outdoor operation makes wood
vulnerable to environmental conditions, leads to
a significant decrease in its natural durability and
eventually destruction..

Thermal modification of wood causes chemical
changes that significantly affect the physical, me-
chanical, and biological properties of wood (Tsapko
et al., 2021). Therefore, it is important to investi-
gate these changes to make better use of the prod-
ucts. In particular, Kubovsky et al. (2020) conducted
thermal modification of wood using Thermowood
technology at temperatures of 160°C, 180°C, and
210°C. Researchers claim that hemicelluloses are
less heat-resistant than cellulose. Polysaccharide
chains are split into shorter ones, which leads to a
decrease in the degree of polymerisation and an in-
crease in polydispersity. Crosslinking reactions also
occur at the highest processing temperature (210°C).
At lower temperatures, lignin degradation reactions
predominate, while higher temperatures mainly
cause condensation reactions and an increase in mo-
lecular weight. Chemical changes in the main com-
ponents of thermally modified wood mainly affect
its mechanical properties, which should be consid-
ered when designing a variety of wooden structures.

Thermal modification of wood is a promising
alternative to chemical and biocidal modification
processes, which increases the biological strength
and dimensional stability of wood. The main purpose
of the study, as reported by Candelier et al. (2020),
was to determine the biological stability of ash wood
treated with thermal modification and to evaluate
the antifungal and antithermic activity of extractive
compounds from heat-treated ash wood, depend-
ing on the intensity of the modification process (2
hours at 170°C, 200°C, 215°C, 228°C). Untreated and
heat-treated wood samples were extracted with wa-
ter or acetone. The extracts were then used to de-
termine the effectiveness of inhibition against white
rot (Trametes versicolor) and brown rot (Rhodonia
placenta) fungi. It was found that the degree of

antifungal activity of these extracts depends on
the solvent used during the extraction, and varies
depending on the intensity of heat treatment. The
extracts were more effective against brown rot than
white rot fungi. However, the anti-termite activity of
heat-treated ash wood extracts was not significant.
In addition, new chemical elements are formed as a
result of thermal decomposition of wood polymers
(lignin and hemicellulose), in particular, aliphatic
acids, monosaccharides, and other products ob-
tained as a result of their dehydration reaction. The
most common element was syringaldehyde from
lignin-derived compounds, which may explain the
antifungal effect of heat-treated ash wood extracts.

The most common defects of structural ele-
ments are biological damage to the support zones of
the coating and structures of the floor beam, and the
use of impregnation with a polymer mixture in the
destruction zones allows restoring the physical and
mechanical properties of wood and preserving the
appearance of the architectural structure. The paper
by Gribanov et al. (2020) presents the results of X-ray
tomography of reconstructed samples of destroyed
wood, and a method for testing samples for crush-
ing and cutting along fibres. It was found that the
increase in the strength of reconstructed wood sam-
ples during crushing along the fibres was 77% com-
pared to samples of destroyed wood and 83% during
chipping.

The weather resistance of thermally modi-
fied wood was slightly better compared to untreated
wood, but over time, the surface weathering occurred
and additional processing became necessary. For this
purpose, Mikleci¢ et al. (2010) recommend the pene-
tration treatment that oil-based coatings can provide.

To protect thermally modified wood, changes in
some of its properties should be considered. Akyildiz
& Kesik (2014) found that thermally modified wood
has a more hydrophobic surface, absorbs little water,
but still requires the use of elastic coatings, in par-
ticular, oil-based ones.

Features of the structure of wood as a ma-
terial contribute to changes on a global scale in
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construction. Wang et al. (2018) note that numerous
multi-storey buildings made of solid wood are in the
planning stage, under development, or have already
been built. The effectiveness of their construction
will change the way architects and engineers think
of wood as a material. Although all materials can
break down when wetted, the potential for wood bio-
degradation in a wooden building requires special
study. Identifying and eliminating the conditions
that can lead to this degradation will be crucial to
ensure proper wood performance in such structures.
This study examines and compares potential sources
of biodegradation that exist for traditional wood con-
struction with those used in mass construction, and
identifies methods for limiting the risk of degradation.

Teaca et al. (2019) note that one of the most
effective ways to prevent wood degradation is to ap-
ply protective coating layers by chemical modifica-
tion of the surface. Recent trends in this area involve
the use of natural products on a biological basis —
extractives, oils, waxes, resins, biopolymers, biolog-
ical control agents, for which the main classification
criterion is represented by the type of protection.
However, there are still unresolved issues related to
the resistance of these coatings to atmospheric fluc-
tuations when used in outdoor conditions.

Pavlic et al. (2021) studied the compatibility
of various coatings with thermally modified Scots
pine wood. Coatings applied to thermally modified
wood showed better performance, including lower
equilibrium moisture content, lower water perme-
ability, increased dimensional stability, better UV
resistance, and resistance to blue fungi compared to
non-modified wood. Better penetration of the coat-
ing into modified wood and better wetting of thermally
modified wood with protective coatings were also ob-
served. In addition, oil-based paint and varnish mate-
rials showed better results after one year of external
weathering compared to water-based coatings.

Oils provide the best protection for wood
products, but their use is limited to their long-term

polymerisation, in addition, they guarantee protec-
tion for no more than 3 years. Arminger et al. (2020)
investigated the behaviour of linseed and tung oil, in
particular, tung oil gave hydrophobicity to all wood
samples after application, even without drying. Lin-
seed oil took longer to dry, and it was more suscepti-
ble to the effects of thermally modified wood.

Thus, from the literature sources it is estab-
lished that during the use of wood, its components
gradually degrade, which requires effective protec-
tion with environmentally friendly substances. The
scarcity of data to explain and describe the process
of wood biosecurity and neglect of the use of organic
substances for elastic coatings leads to inefficient
use of protective equipment. This indicates the ex-
pediency of conducting a study to determine the
effectiveness of protecting wood products with pro-
tective coatings, which will increase the service life
of building structures in environmental conditions.

The purpose of this study is to identify pat-
terns of wood biodegradation when microbiological
factors affect the protective coating.

Materials and Methods

Determination of the process of biological degrada-
tion of wood. Studies were conducted on samples of
pine and oak as structural materials and hornbeam
wood as alternatives to expand the areas of use. In
total, 9 groups (10 units each) of samples of each
species were used, measuring 20x20x20 mm. Groups
1, 2, and 3 were untreated wood without and with
additional surface protection with a water-repellent
antiseptic, and groups 4-9 were thermally modified
at 190°C and 220°C for 10 hours without and with
additional treatment. Two types of materials were
chosen as antiseptic water repellent - WAX OIL Bi-
onic House and Lasur Colortex Kompozit. The pro-
tective substances were applied by immersion with
repeated treatment after the first layer dried in 24
hours. The average amount of coating applied corre-
sponded to about 170 g/m? (Fig. 1).
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Figure 1. Model sample of pine wood: 1 - unmodified; thermally modified: 2 — at a temperature of 190°C
for 10 hours; 3 — at a temperature of 220°C for 10 hours

The determination of biological degrada-
tion of wood was carried out according to a working
methodology, the essence of which was to experi-
mentally determine the mass loss of protected wood
under the influence of soil microflora under certain
air and moisture conditions and for a certain time.
Wood is considered bio-resistant if the average mass
loss of samples is no more than 5%.

The proportion of destroyed wood was calcu-
lated using the equation:

m—m
¥ = T, M
2

where m - weight of the sample before the test, g;
m, — weight of the sample after testing, g.
Modelling of parameters of microbial pene-
tration into wood and its destruction. It is assumed
that the proportion of wood volume involved in the
biochemical metabolic process and depending on
the size of the microbial population can be deter-
mined from a system of differential equations:

dR

w- v
ax
E—k-(a—X)-NJ

w=@—pN \L
@

where N - the number (size) of the population of ac-
tive (live) microorganisms in the volume of wood V
(m3); t — time of action of microorganisms on wood,

days; X — proportion of wood volume involved in the
biochemical metabolic process; R — the function of
reducing the number (bioprotective substances), the
values of which are equal to the proportion of micro-
organisms that have stopped vital activity as a result
of adverse conditions: accumulation of decomposi-
tion products of enzymatic activity; release of toxic
substances during metabolic processes; increase in
insulating ability; @ - maximum specific growth rate
of microorganisms; g — specific rate of decrease in
the number of microorganisms; y — population re-
duction rate; k — coefficient of permeability of mi-
croorganisms to the material; a — total proportion of
organic matter.

First, the independent system of the first two
equations of system (1) is solved and the following is
obtained (Tsapko, 2013):

= o (3)

en?|(1-)5]
where N - maximum number of microorganisms in
wood, %; t — time of development of the maximum
number of microorganisms in wood, days; A — pa-
rameter of microbial penetration; a solution for the
function of reducing the number of active organisms
in the form of:

S Y T Y
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Based on experimental data (Tsapko, 2013)
and modelling equations (3) and (4), the dynamics of
the microbial population in the volume of material
and the function of increasing the number of dead
organisms are derived.

As can be seen from Figure 2, at the initial
time point, the population of active microorgan-
isms in the material is low: N(0)=N,, but increases
over time, and this function necessarily has a global
maximum point (the maximum possible number

of microorganisms) at a certain time t=t_, in which
N(t,)=N, . Over time, the amount of nutrients de-
creases and the population of microorganisms die off.

These results give an idea of the reproduction
of microbacteria in the material and their death,
and, accordingly, show changes in the metabolic
processes of microorganisms. Protective substances
in the material increase the suspended animation of
microbacteria and allow controlling the process of
countering biodegradation.

100 7
E T
=
R=t
5
a 5 1
0
2 N
=
=
o
S 25
=
0 T
0 20

\ |
40 60

Exposure time, days

Figure 2. Dynamics of the microbial population in the volume of material: 1 - spread of microorganisms,
2 - increase in the number of dead organisms

After integrating the third equation of system
(2), given that the proportion of destroyed material
cannot exceed 1 or take negative values, and after
substituting in its right-hand side instead of N for
equation (3), the following equation is obtained:

K=1-cmmtnfnd enf(1- L)) (5)

tm/ 2

Figure 3 shows the calculation of the pro-
portion of material that is destroyed by micro-
organisms.
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Figure 3. Proportion of material destroyed by microorganisms
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The process of biological degradation of wood
has an incubation period — a period of time after
which intensive destruction begins. It is assumed
that the duration of this period coincides with the
time interval ¢ at which the microbial population
will reach a critical size. In addition, it is necessary
to find the parameter value of biodegradation process
A, permeability coefficient k and determine the maxi-
mum number of microorganisms in the wood N, .

Results and Discussion

Experimental samples were kept for two calendar months
in laboratory conditions at the Department of Technology
and Design of Wood Products of the NUBIP of Ukraine. A
culture of the wood-destroying fungus Hericium erinac-
cus was planted in the soil (Fig. 4). This type of fungus has
the same effect on both coniferous and deciduous wood
species. The medium parameters were also moni-
tored and maintained at the required level: medium
temperature — 25+2°C, soil moisture — 75-80%.

I - TR N W

Figure 4. Determination of wood resistance to biological pests: a — cultures of fungi Hericium erinaccus;
b - experimental samples of wood in laboratory conditions

During the test, the development of fungal le-
sions on the surface of the samples was monitored.

After six days, white fluffy mycelium of the fungus was
observed in all the boxes on the soil surface (Fig. 5).

Figure 5. Appearance of mycelium on the soil surface in boxes with wood samples in the first week of the
study: a — pine; b - oak; ¢ — hornbeam
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The mycelium of the wood-destroying fungus
partially spread on the surface of samples of all the
studied wood species with additional treatment with

lasur. A cotton-like mycelium of green colour can be
observed on samples of pine wood untreated and

treated with wax oil (Fig. 6).

Figure 6. View of pine wood samples on Day 6 of the exposure in a box with soil: a - untreated;
b - surface is treated with wax oil

On Day 8, a similar mycelium appeared on
samples of pine wood thermally modified at 190°C
and 220°C with wax oil treatment. Brown spots were

observed on samples of untreated hornbeam wood
(Fig. 7). Over time, the number of damaged samples
and the area of damage increased.

Figure 7. Changing the appearance of hornbeam wood samples after a week of exposure in a soil box

On samples of oak wood modified at a tem-
perature of 220°C with a surface treated with wax
oil, fluffy green mycelium began to appear on Day
16, but it was different in appearance from what was
found on pine. At this time, powdery grey mycelium
was found on hornbeam wood thermally modified

at 190°C without surface treatment. On hornbeam
wood without thermal modification with a surface
treated with lasur, a fluffy mycelium of grey-green
colour was found.

At this stage, the untreated oak wood began to
turn yellow (Fig. 8).
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Figure 8. View of untreated oak wood after two weeks of research

On Day 20, pine wood was covered with
dirty green mycelium over a larger area. Hornbeam
wood, thermally modified at 190°C and with ad-
ditional treatment with wax oil, began to become

covered with a grey coating. After another four
days, black spots began to appear on the ends of
pine wood samples with surface treatment with
wax oil (Fig. 9).

Figure 9. Appearance of black spots on oil-waxed pine wood samples on Day 24

Samples of oak wood, thermally modified at
190°C and treated with lasur, were partially covered
with green powdery mycelium at this time.

The prototypes continued to be kept in

conditions favourable for the development of
wood-destroying fungi. A week later, the appear-
ance of green and red fungi on untreated pine wood
was observed. Samples of untreated oak actively
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collected moisture during this period and were co-
loured yellow. Moreover, at the ends, a cotton-like
mycelium of green colour was visible in some places.
A similar phenomenon occurred on samples of oak
wood modified at a temperature of 220°C. The horn-
beam wood remained unchanged.

On Day 38 of exposure in laboratory boxes,
pine wood actively collected moisture from the soil

and acquired a yellow colour. The same situation
was with samples of oak wood treated with wax oil,
on some surfaces a red colour was noticeable. White
mycelium appeared on the ends of samples of oak
wood, thermally modified at 190°C and treated with
lasur. A very small proportion of yellow mycelium

was visible on samples of untreated hornbeam wood
(Fig. 10).

Figure 10. Appearance of untreated hornbeam samples on Day 38 of exposure under aggressive conditions

After another 10 days of the experiment, sam-
ples of pine treated with wax oil accumulated mois-
ture and turned yellow. Samples of pine thermally
modified at 220°C showed white mycelium on a sig-
nificant surface. The end surface of pine wood, mod-
ified at 220°C with additional application of lasur,

was covered with light green mycelium. The appear-
ance of the hornbeam treated with wax oil has also
changed: yellow mycelium was visible on the end
surfaces, and a reticulated web of hyphae was visible
on the upper part (opposite from the point of con-
tact with the soil) (Fig. 11).

Figure 11. Appearance of hornbeam wood samples treated with wax oil
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On samples of untreated hornbeam, brown After the experimental study was completed,
spots changed to black in some places. After two the samples were cleaned of soil, weighed after dry-
months of exposure of the samples in aggressive ing, and the effect of wax oil and lasur coating on
conditions, darkening of the lower part, which was the resistance of wood to biodegradation was deter-
directly in contact with the soil, was noticeable. mined (Table 1).

Table 1. Results of the study of the effect of wax oil and lasur on the resistance of wood to biodegradation

Sample weight, g Proportion
Test object Mass losi of wood, of destroyed
before testing | after testing % wood
1 2 3 4 5
Untreated pine 4.9 4.1 16.330000 0.195122
Untreated pine+wax oil 4.33 4.12 4.850000 0.053528
Untreated pine+lasur 4.7 4.5 4.250000 0.044444
Pine T.M.* at 190°C 4.86 4.7 3.290000 0.034043
Pine T.M. at 190°C+wax oil 5.65 5.51 2.480000 0.025408
Pine T.M. at 190°C+lasur 4.46 4.36 2.240000 0.022936
Pine T.M.at 220°C 4.49 4.36 2.890000 0.029817
Pine T.M. at 220°C+wax oil 5.45 5.35 1.830000 0.018692
Pine T.M. at 220°C+lasur 3.87 3.8 1.810000 0.018421
Untreated hornbeam 6.89 6.32 8.272859 0.090190
Untreeffv‘;fggfbeam 7.24 6.99 3.453039 0.035765
Untreated hornbeam+lasur 6.99 6.77 3.147353 0.032496
Hornbeam T.M. at 190°C 6.7 6.54 2.38806 0.024465
Hornbeam T.M. at 190°C +wax oil 7.31 7.2 1.504788 0.015278
Hornbeam T.M. at 190°C+lasur 713 7.03 1.402525 0.014225
Hornbeam T.M. at 220°C 6.48 6.36 1.851852 0.018868
Hornbeam T.M. at 220°C+wax oil 6.9 6.81 1.304348 0.013216
Hornbeam T.M. at 220°C+lasur 6.8 6.71 1.323529 0.013413
Untreated oak 5.44 4.98 8.455882 0.092369
Untreated oak+wax oil 4.98 4.76 4.417671 0.046218
Untreated oak+lasur 4.75 4.55 4.210526 0.043956
Oak T.M. at 190°C 4.14 4.02 2.898551 0.029851
Oak T.M. at 190°C+wax oil 5.29 5.19 1.890359 0.019268
Oak T.M. at 190°C+lasur 5.14 5.05 1.750973 0.017822
Oak T.M. at 220°C 443 4.31 2.708804 0.027842
Oak T.M. at 220°C+wax oil 4.3 4.22 1.860465 0.018957
Oak T.M. at 220°C+lasur 4.29 4.22 1.631702 0.016588

* T.M. — thermally modified

Vol. 12, No. 4, 2021 Ukrainian Journal of Forest and Wood Science 59



Tsapko et al.

Thus, thermal modification increases the re-
sistance of wood to biological pests. In particular, the
mass loss of thermally-modified samples at 190°C
during exposure in contaminated soil decreased by
5 times for pine wood, by 3.5 times for hornbeam,
and by 3 times for oak. Exposure to a temperature of
220°C helps reduce the indicator by 5.6, 4.5, and 3.1
times, respectively. Additional application of protec-
tive substances on the surface increases the level of
protection of untreated pine wood by 72%, thermally
modified at 190°C - by 25 %, at 220°C — by 37%. Sim-
ilar results are obtained for hornbeam wood - 60%,

37%, and 28%, for oak — 50%, 37%, and 37%, respec-
tively.

Considering the presented results for de-
termining the proportion of destroyed wood, such
as pine, using a three-factor simplex — the central
method of planning an experiment in the mathe-
matical environment Statistica 12, statistical pro-
cessing of the results was carried out.

The following factors were chosen as varia-
tion factors: thermal modification temperature, °C
(factor X,); amount of coating, g/m? (factor X,), the
changes of which are shown in Table. 2.

Table 2. Variation factors

Variation levels
Factors Code Variation interval
-1 0 +1
Tempergture f)f thoermal X 100 190 220 30
modification, °C 1
Amount of coating, g/m? X, 160 170 180 10

The proportion of destroyed material was cho-
sen as the initial parameter (response function), the
values of which were recorded on samples exposed

to microbacteria. The experiment planning matrix
and its mathematical implementation are shown in
Table. 3.

Table 3. Experiment matrix and its implementation

Factors, type Planning matrix Response function

ol x| x| Temvemmeatmemal | dmewntel, | v | va
1 1 1 220 180 0.029 0.03
2 1 -1 220 160 0.034 0.04
3 -1 1 100 180 0.2 0.20
4 -1 -1 100 160 0.16 0.16
5 1 0 220 170 0.031 0.03
6 -1 0 100 170 0.18 0.18
7 0 1 190 180 0.042 0.05
8 0 -1 190 160 0.048 0.04
9 0 0 190 170 0.044 0.04
10 0 0 190 170 0.043 0.04
11 0 0 190 170 0.045 0.04
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As a result of modelling, regression equations
are obtained and ternary surfaces of changes in the

NNNNNN

0.46 |
0.41
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0.31
0.26
0.21
0.16
0.11
0.06
0.01

160.00

initial parameter are constructed depending on
changes in variation factors (Fig. 12).
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Figure 12. Ternary surfaces of changes in the output parameter
depending on changes in the factors of variation of wax oil

Regression equation:
Y

calc

Similarly, for hornbeam and oak wood:

= 0.044 - 0.074X, + 0.005X, + 0.061X,, + 0.0001X,, - 0.011X X,

Y., =0.036 - 0.051X, + 0.006X, + 0.035X,, - 0.0001X,, + 0.003X X,,

Y . =0.042-0.081X,-0.002X, + 0.066X ,, — 0.0004X,,, — 0.006X X,.

calc

Based on the computer modelling performed,
the best value of the modification temperature and
the amount of protective coating that ensures the
fulfilment of the task was determined, namely, the
lowest value of the proportion of destroyed material.

Conclusions

The positive effect of creating a protective coating film
on the wood surface on increasing resistance to biolog-
ical pests was revealed. Analysis of the results shows
that the maximum mass loss in the case of biodegrada-
tion of untreated wood samples was from 7.6% to 16%,
and the mass loss of samples of thermally modified

wood did not exceed 3%, treated with wax oil and la-
sur — less than 2%. The idea of reproduction of micro-
bacteria in the material and their death is revealed,
which accordingly show changes in the metabolic pro-
cesses of the vital activity of microorganisms.

It was found that the use of surfaces treated
with wax oil and lasur reduces the biodegradation
process by more than 8 times for untreated samples.
This coating significantly increases the service life
of wood. The findings also allow purposefully solv-
ing further problems of creating new means and
methods of wood protection in accordance with the
conditions of wood operation at various facilities.
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Establishment of regularities of the influence of polymeric shell on wood biodegradation

BcTaHOB/IEHHA 3aKOHOMIPHOCTEMN BrJIMBY NoJs1iMepHOi 060M10HKMU
Ha 6iopyMHYyBaHHA AepPEBUHMU

I0piit Bomoopumuposuu Ilanko, Onekcanapa IOpiisua l'op6avosa,
Cepriit MukonaiioBuu Ma3sypuyk
HarionanpHMit yHiBepcuTeT 6GiopecypciB i mpMpomoKopucTyBaHHS YKpaiHu
03041, Byn. T'epoiB O6oponu, 15, m. Kuis, Ykpaina

AHoramnis. [IpoBemeHo aHasIi3 Mpollecy 6i0JIOTiYHOTO PYITHYBaHHS TepeBUHN. BCTaHOBIEHO, IO HEXTYBAHHS
€KOJIOTiYHO 6e3reyHnMU 3acobamu 6i03axXMUCTy TPU3BOIUTH A0 PYITHYBAHHS KOHCTPYKIiil i3 JepeBuHM mif
Jliel0 MikpoopraHi3miB. [JOC/TiIKeHHSI YMOB 3aXMCTy JepeBMHU JOIIOMarae CTBOPUTM HOBi TUIIM 3aXUCHUX
martepiaiiB, SIKi CHPUSIOTh 3HMKEHHIO BOAOMOIMIMHAHHS, a TAaKOXX 3MEHIIEeHHIO KiJIbKOCTi pedyoBMH, SKi
€ CepemoBMILNEM JJII PO3BUTKY Ie€pPEBOPYIHIBHMUX TpubOiB. V 3B’I3Ky 3 IIMM PO3POOJIIEHO pPO3PaxXyHKOBO-
eKCTIepMMEeHT/IbHUIA MeTO[, BU3HAUeHHS YaCcTKM 3PYIHOBAHOTO Marepially IMif Ai€l0 MiKpOOpraHi3MmiB
i3 3acTOCYyBaHHSIM aHTUCEIITMKA. AHaIi3 pe3y/lbTaTiB MOKa3ye, 1[0 MaKCUMMa/lbHa BTpaTa mMacu B pasi
6iopyiiHyBaHHS HeO6POOIeHNX 3pa3KiB AepeBUHM CKJIaja Bif 7,6 % mo 16 %, a BTpaTa Macy 3pasKiB TEPMiUHO
MonudikoBaHOI TepeBUHU He mepeBuinuia 3 %, B 06po6GIeHUX aHTUCENTUKOM-TigpodobizaTopom — Gyia
MeHIIe Hik 2 %. BusHaueHOo, 110 3aXMCT Y pa3i 00po6ieHHs TepMiuHO MOAM(iKOBAaHOI JepeBUHM MaCJIOBOCKOM
i 1a3yp’10 361/IBIIYETHCS TIOPIBHSHO 3 HEOOPOOGIEHUMI Y TIOHA 4 pa3u 3a MOKa3HMKOM OGiopyiiHyBaHHS, a
006po6ieHHsT HeTepMoMopdikoBaHoi — y moHa, 8 pasis. CJtiJi 3a3HAUMTH, 10 HASIBHiICTh MAaCJIOBOCKY Ta JIa3ypi
MIPU3BOAUTD 0 3aKYIIOPKY ITOBEPXHI IepeBUHM, 1110 TlepeliKoIyKae MTPOHUKHEHHIO BOJIOTH i MiKpoopraHiamiB.
Tomy iHTEHCUBHICTb PO3BUTKY A€PEBOPYIHIBHOTO Tprba Ha MOBepxHi pi3HUX 3pa3KiB pi3HUTHCS. BoueBuab
TaKMii MexXaHi3M BIUIMBY 3aXMCHOTO TMOKPUTTSI € TMM (aKTOPOM PErylTIOBaHHS IPOIECY, 3aBIOSAKM SIKOMY
36epiraeThbcs 1iMicHICTh 06’eKTy. Ha OCHOBI €KCIIEPUMEHTATbHUX JaHUX i MUISXOM MOAETIOBAHHS PiBHSIHb
BUBEJIEHO AMHAMIKYy IOIyJIsIiii MiKpoopraHiamiB B 06’emi MaTepiany Ta GyHKIii MiABUIIEHHS UMCEITbHOCTI
3arubaMX OpraHi3aMiB. 30KpeMa, Ha TIOBEePXHi 3pa3Kka 6y/I0 CTBOPEHO MOoTiMepHY 060IOHKY, 10 3HAYHO 3HU3UIIA
IMPOHMKHEHHST MiKpOOPraHi3MiB 10 JepeBMHM, a BTpaTa Macu JepeBMHM IIpu 6iomecTpyKIlii He mepeBuImiIa
2,5 %. lomaTKOBe HAHECEHHST 3aXMCHUX PEYOBMH HA ITOBEPXHIO MOCUIIIOE PiBEHb 3aXMCTy JTePEBMHU COCHU
HeoOpobeHoi Ha 72 %, TepmomonudikoBaHoi 3a 190 °C — Ha 25 %, 3a 220 °C — Ha 37 %. CxoxKi pe3yabTaTyl AJIst
nepeBuHM Tpada — 60 %, 37 % i 28 %, nyist my6a — 50 %, 37 % i 37 % BigmoBigHO

KiouoBi c1oBa: mepeBuHa, eeKTUBHiICTh TepMmiuHOi Mopudikallii, aHTUMCENITUKM, 3aXMUCHi ITOKPUTTS,

6iopyiiHyBaHHS, CTiIKiCTb TepeBUHM
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Abstract. Nowadays, in vitro methods in combination with ex situ methods are becoming increasingly
important means of preserving and maintaining the level of stability of phytodiversity. Sorbus torminalis L.
is a tree of the Rosaceae family, which grows on the territory of Ukraine, belongs to the rare, valuable native
species, and is listed in the Red Book of Ukraine with an endangered status. The paper describes specific
features of in vitro introduction of centuries-old representatives of S. torminalis using various types of explants,
sterilising substances, cultivation conditions, and nutrient medium composition. For the introduction of
S. torminalis into in vitro culture, annual shoots with apical and lateral buds 15-25 cm long are optimal. The
influence of various sterilisation options on the development of primary microshoots was investigated. For
the sterilisation of artificially awakened and young shoots, it is most effective to use a 0.1% AgNO, solution
(7 min) and a 15% H,0, solution (10 min). Proven method of S. torminalis explants sterilisation provided
80-90% vyield of aseptic plant material. It was found that the sterilisation regime did not significantly affect
the primary morphogenesis of explants and proceeded uniformly. Optimal components of nutrient media at
the stage of introduction into in vitro culture and primary morphogenesis of S. torminalis were determined.
For cultivating different types of S. torminalis explants, WPM nutrient media was used with the addition
of synthetic plant growth regulators: 6-benzylaminopurine (BAP), tidiazuron (TDZ), kinetin 0.5-1.5 mg-1*!
and a-naphthylacetic acid (NAA) 0.01-0.05 mg-1! both separately and in combination with each other. In
particular, WPM medium with the addition of BAP 1.5 mg-l"! + NAA 0.5 mg-1"*and WPM + TDZ 0.5 mg-1"' with
the addition of PVP 200 mg-1! are effective for plant regeneration from lateral and apical buds of explant.
To induce the laying of additional buds and shoots on explants from apical meristems, BAP 4.0 mg-1"' + NAA
0.01 mg-1'! with the addition of PVP 200 mg-1! should be introduced to the medium
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Introduction

Changes in natural areas, their degradation caused
by human activity and climate change, accelerate the
extinction of species and populations (Shpak, 2019,
2021). Cultivation of rare plant species to preserve
their gene pool is one of the main tasks of our time.

Genus Sorbus L. belongs to the family
Rosaceae and has 84 species and a large number of
hybrid forms that grow in the temperate zone of
the Northern Hemisphere. S. torminalis is one of the
species of woody plants that grow on the territory
of Ukraine, has strong wood, a smooth and slender
trunk with a height of more than 25 m, a dense and
very decorative crown (Kokhno et al., 2002). It be-
longs to rare, extremely valuable native species. The
widespread use of S. torminalis has led to the exter-
mination of this plant. Now this tree is listed in the
Red Book of almost 10 countries, including Ukraine,
with an endangered status of this tree (Vasyliuk,
2017; Grynyk et al., 2019).

The oldest representatives of checker trees in
Ukraine were recorded in Podillia in the early 20™
century. In different climatic zones, the life span
of trees varies from 80 to 400 years (Diduch, 2009,
Grynyk et al., 2019).Moreover, isolated individuals or
groups of 3-5 trees have been preserved, especially in
areas that are not suitable for forestry (Bondar, 2002).
Centuries-old specimens of checker trees are available
in some botanical gardens and arboretums in Kyiv.

Sorbus torminalis is protected on the territory of
the Yalta mountain and forest, Karadag, Crimean, and
Medobory nature reserves; in the Podilski Tovtry and
Karmeliukove Podillia national nature parks; Chernivtsi
and Dnister Canyon landscape parks; Sofiyivka Na-
tional Arboretum of the National Academy of Sciences
of Ukraine; and in protected tracts and natural mon-
uments in Chernivtsi, Ivano-Frankivsk, Ternopil, and
Vinnytsia oblasts. Selective felling of checker trees
and destruction of places of their natural renewal is
prohibited (Shpak, 2019, 2018, 2021).

To preserve this plant, it is recommended to
cultivate valuable specimens in artificial conditions,
in particular, by microclonal propagation of plants

in vitro (Dunstan et al., 1986; Chalupa, 2002; Bilous
et al., 2019; Chornobrov et al., 2019). The relevance
of microclonal reproduction of this particular spe-
cies in vitro is conditioned by the fact that conven-
tional methods are not effective enough and have
certain disadvantages (Bendorz, 2004; Syplyva,
2009; Grynyk et al., 2019).

In addition, the preservation of valuable spec-
imens of centuries-old S. torminalis trees as elements
of natural complexes on the territory of the nature
reserve fund of Ukraine is currently possible only
with the use of isolated tissue cultures. Therefore,
the development of basic approaches at each stage
of microclonal reproduction is the only way to ob-
tain the required amount of morphologically stable
and genetically homogeneous planting material
with a minimum number of mother plants in a short
time (Boulay, 1987; Bajaja, 1986; Arrillaga et al.,
1991; Bilokurova, 2010).

The purpose of the study is to determine the fea-
tures of direct plant regeneration of S. torminalis (L.)
at the initial stages of in vitro cultivation of isolated
microshoots depending on the genotype, explant
type, cultivation conditions, and nutrient medium
composition.

Materials and Methods

Experimental work was carried out in the laboratory
of biotechnology and cell engineering of the Na-
tional University of Life and Environmental Sciences
of Ukraine. The object of research was S. torminalis
plant which grows on the territory of the arboretum
of the NUBIP of Ukraine and is a valuable decorative
introduced species, and centuries-old specimens
growing in the city of Kyiv.

To perform experiments, explants were se-
lected from February to March from donor plants of
old trees. These were parts of annual shoots from 15
to 25 cm long with apical and lateral buds. Cut shoots
were placed in a thermal cabinet for 14 days for ger-
mination at an air temperature of +24°C. The formed
growth from the buds was used for introduction into
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the in vitro culture. Lignified fragments of shoots
were also used as explants. Grafts 3-4 c¢cm in size
were cut from isolated shoots at the initial stages of
seasonal development of S. torminalis. During this
period, their contamination is much lower, and the
increased hormonal background contributes to a
more effective introduction into the in vitro culture.

The first stage of sterilisation was carried out
under non-sterile conditions, washing plant frag-
ments in a soapy solution with the addition of Twin-
20, stirring constantly for 15 minutes. After that, it
was washed for 15 minutes in running water and
transferred to sterile distilled water (dH,0).

70% ethanol (for 30-60 seconds), 0.1% silver
nitrate solution (AgNO,) (5-15 min), and 0.1% aque-
ous solution of HgCl, (5-15 min) were used for steril-
isation of S. torminalis plant material. For the regen-
eration of microshoots, hormone-free (h/f) Woody
Plant Media (WPM) modified with antioxidants was
used as a nutrient medium (NM) (Chalupa, 1987,
1992; Lloyd & McCown, 1980).

To study the regenerative capacity, shoot
fragments of S. torminalis with a length of 1.0-1.5 cm
were cultured on WPM base with the addition of syn-
thetic plant growth regulators: BAP 0.5-2.0 mg-17,
NAA 0.01-0.5 mg-1'!, and PVP 200-500 mg-1-..

Results and Discussion

The process of obtaining aseptic culture from explants
of centuries-old trees is complicated due to endogenous
and exogenous tissue damage and intensive release of
secondary metabolites into the nutrient medium.

The effectiveness of obtaining aseptic ex-
plants capable of further development in in vitro
culture is influenced by a number of factors, includ-
ing the type of sterilant, exposure, and growth stage
of the donor plant.

Considering all the features of explants from
centuries-old trees, a sterilising solution was se-
lected, which was easily washed out of the tissues
with distilled water or decomposed to avoid damag-
ing plant tissues.

To obtain a primary morphogenic culture of
explants, the following sterilisation scheme was op-
timal: first, the explants were immersed in a 0.1%
HgCl, solution for 30-60 seconds, next — in 70%
ethanol solution (C,N.OH) for 30 seconds, then in
0.1% mercury chloride solution (HgCl,) for 5-8 min-
utes. The explants were then washed twice in sterile
dH,0 and the third time were immersed in a gallic
acid solution (5 mmol) for 5 minutes. Thus, it was
possible to reduce the amount of secondary metab-
olites released by explants at the initial stages and
increase the efficiency of sterilisation by 30%. It was
also found out that the use of 15% hydrogen per-
oxide H,0, solution according to the same scheme
provides even less release of phenols by S. torminalis
explants.

Analysis of the number of sterile and infected
explants after applying various sterilising solutions
(Table 1) shows that the most effective method of
sterilisation was No. 2 using a 0.19% AgNO, solution
with an exposure of 7 minutes and subsequent ex-
posure in a 15% solution of H,0, within 10 minutes.

Table 1. Result of S. torminalis explant sterilisation

Number of explants per 3 days, %
No. Sterilising agent, % Exposure, min i
gag ° p infected morphogenically dead
capable
7
1 AgNO, 0.1
H,0, 25 10 5 60 35
) AgNO, 0.1 7 p . 0
H,0, 15 10
3 AgNO, 0.1 10 80 20 -
4 AgNO, 0.1 7 90 - 10
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Table 1, Continued

Number of explants per 3 days, %

No. Sterilising agent, % Exposure, min infected morl;g;ﬁi?:cauy dead
5 HgCl, 0.1 10 10 40 50
6 HgCl, 0.1 7 3 90 7
7 HgCl, 0.1 5 40 30 30

This approach provided 85% of aseptic and vi-
able explants on Day 3 of cultivation. Explant sterili-
sation using only AgNO, solution (7-10 minutes) did
not give positive results.

In this case, oxidation and tissue damage by
fungal and bacterial pathogens were observed.

In contrast, a 0.1% HgCl solution could be

used both for lignified and artificially awakened
shoots without combining with other solutions. For
artificially awakened shoots, the efficiency was 90%.

As a result, sterilisation option No. 2 was the
most optimal, since isolated explants showed the

ability to morphogenesis on Day 14 of cultivation
(Fig. 1).

Figure 1. Aseptic and regenerative explants of S. torminalis in vitro: a — Day 3; ¢ — Day 7,
b,d - Day 14; e, f— Day 21

Since sterilisation is a stress for the plant, the
influence of the sterilisation method on the features of
primary morphogenesis of S. torminalis was investigated.

As a result, there was no significant viola-
tion in the passage of primary morphogenesis and
explant development. After the first passage, the

formation of microshoots occurred within 60 days. To
stimulate the primary regeneration of S. torminalis
microshoots from the meristem culture, WPM NM
supplemented with plant growth regulators (PGR)
were used: BAP 0.5-4.0 mg-1"!, TDZ, kinetin, NAA
0.01-0.5 mg 1! (Table 1).

Table 2. Effect of growth regulators on the ability to regenerate microshoots in S. torminalis explants

NM Plant growth regulators, mg-1" | Nymper of explants Microshoots Average height of
BAP | NAA | TDZ Kin | With proliferation, % multiplication factor| microshoots, cm
Control WPM - - - - ut22.68+4.25 1.67 1.36+0.17
WPM 1 0.5 0.2 - - 40.00+5.03 1.24 1.41+0.12
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Table 2, Continued

NM Plant growth regulators, mg-1" Number of explants Microshoots Average height of
BAP | NAA | TDZ Kin | With proliferation, % multiplication factor| microshoots, cm
WPM 2 1.0 0.01 - - 88.89+3.14 3.88 2.65%0.65
WPM 3 1.5 0.05 - - 81.97+3.48 3.13 4.89%0.45
WPM 4 4.0 0.01 92.20%2.68 2.43 2.72%0.36
WPM 5 - 0.1 0.5 - 59.64+2.80 2.33 2.73%0.79
WPM 6 - - 0.5 42.65%+3.46 1.51 1.26%0.19
WPM 7 - - 0.25 34.62%4.17 1.20 1.16+0.37

Additionally, agar 7 g1, mesoinositol 0.1 gl!
were added to NM, and sucrose and glucose 10-30 g}
served as the source of carbohydrate nutrition. The basic
chelated form of iron — Fe-chelate and a highly effective
chelated form of iron — ferrous ethylenediamine dihy-
droxyphenyl acetate iron 6% (FeEDDHA), polyvinylpyr-
rolidone (PVP) 200-500 mg-1!, which performs an anti-
oxidant function inside cells under stress were used
as a source of iron, pH of the medium was 5.6.

The most optimal type of primary explants of
S. torminalis for obtaining an aseptic in vitro culture
are artificially awakened buds.

For a successful in vitro inoculation, WPM me-
dium with the addition of 30 mg-1"! of sucrose, 7 g-1"! of
agar-agar with PH=5.6, and cultivation conditions:
illumination 4,000 Lux, temperature +25+1°C, and
16-hour photoperiod are best suited.

For in vitro stabilisation of S. torminalis regen-
erants, it is recommended to use WPM NM supple-
mented with BAP 1.0 mg-l"!and TDZ 0.5 mg-1!; af-
ter 40-60 days of in vitro cultivation, all regenerants
showed the induction of additional buds.

In variants of WPM nutrient media with the
addition of BAP and NAA at different concentrations,
the multiplication coefficient of microshoots ranged
from 1.2-3.88, and the number of explants that gave
bud proliferation was (40.00+5.03 to 92.20+2.68%).
In these variants, explants had strong stems and
dark green leaves.

In the WPM + BAP 1.5 mg-l"' + NAA 0.05 mg-1"!
variant, the number of explants that gave bud pro-
liferation was 81.97£3.48%, the shoot multiplica-
tion coefficient was 3.13, while the shoots were well

developed, green in colour, and about 4.89+0.45 cm
long. This variant is optimal for bud development.
In the medium variant WPM + BAP 1.0 mg-1'}, NAA
0.01 mg-1", the reproduction rate of microshoots was
3.88,and the length of microshoots was 2.65+0.65 cm.
When kinetin was added to the NM at various con-
centrations, the multiplication coefficient ranged
from 1.20-1.51, and the number of explants that
gave bud proliferation reached 42.65+3.46%. In
these variants, the development of medium-length
buds with a light green colour was observed. As a re-
sult, it can be concluded that the addition of kinetin
is not optimal for improving the regenerative capac-
ity of primary explants of S. torminalis.

In turn, WPM medium + sucrose 30 g-1"! + agar
7 g1t + BAP 1.5 mg-l'and WPM medium + sucrose
30 g1 + 7 agar g-1"' + BAP 1.0 mg'I'! + NAA 0.5 mg-1"!
are the best for propagating microshoots from pri-
mary aseptic explants of S. torminalis.

Cultivation of explants on this nutrient me-
dium ensured the development of the central shoot
and the formation of additional adventitious shoots
on 21-60 days of cultivation.

Conclusions

The results revealed the specific features of direct re-
generation of primary microshoots of S. torminalis at
the stage of in vitro introduction and the initial stages
of cultivation of isolated microshoots depending on
the type of explant, cultivation conditions, and com-
position of the nutrient medium.

The most optimal plant material of S. torminalis
for introduction to in vitro culture are annual shoots.
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It is found that sterilisation according to the
following scheme: treatment with a soap solution
on a stirrer for 15 minutes + washing in water for
10 minutes + transfer to sterile water + immersion
in ethanol solution for 30 seconds + holding in 0.1%
HgCl, solution within 7 minutes with three times
washing for 7 minutes provides the highest sterili-
sation efficiency of 96% of aseptic viable explants.

For artificially awakened and young shoots, ef-
fective is the use of complex sterilisation with solu-
tions of 0.1% AgNO, (7 min) and 15% H,0, (10 min)
and three times washing for 10 min, which provides
85% of aseptic and morphogenic explants.

It was found that the sterilisation regime did
not significantly affect the morphogenesis of ex-
plants and passed evenly on all suitable sterilisa-
tion options.

Addition of PVP 200 mg-I'! had a positive ef-
fect on the development of all explants, browning of
the nutrient medium and explant was not observed.

The nutrient medium for regeneration of

plants from lateral and apical explant buds (WPM +
BAP 1.5 mg-l'!'+ NAA 0.5 mg-1'and WPM medium +
TDZ 0.5 mg-1! with the addition of PVP 200 mg-1™)
was optimised.

To induce the development of additional buds
and shoots on explants from apical meristems, BAP
4.0 mg-1"' + NAA 0.01 mg-1"! with the addition of PVP
200 mg-I'! should be added to the medium.

Activation of morphogenesis from vegetative
explants of old checker trees was uneven.

Comparing the data of previous years with
those obtained, it can be concluded that the regen-
erative ability of explants directly depended on the
genotype of the donor plant, the totipotence of cells,
and their genetic potential.

It was established that for balanced growth
and development of primary aseptic explants from
centuries-old trees in vitro and to prevent exposure
to secondary metabolites, it is most effective to use
PVP 200-500 mg-1"t. The use of activated carbon and
glutathione is ineffective.
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Primary morphogenesis of Sorbus Torminalis (L.) grantz in in vitro culture

MepBuHHMN MopdoreHes Sorbus Torminalis (L.) grantz
Y KynbTypi in vitro

CsiTnana IOpiiBHa Binoyc!, Paica KoctsHTuHiBHa MaTsanryk?
'HarioHa/sibHMIT YHiBepCcUTET 6iopecypciB i mMpupoaoKOpUCTyBaHHST YKpaiHU
03041, Byn. T'epoiB O6oponu, 15, m. Kuis, Ykpaina

JHCTUTYT eBoMOLIIIHOI eKkonorii HAH Ykpainu
03143, Byn. Akamemika JlebeneBa, 37, M. Kuis, Ykpaina

AHoranisa. Huui Mmetonu in vitro y rmoegHaHHi 3 eX situ CTamTh yce BaXXIMBIIIMMM 3ac06aMi 30€pesKeHHS
Ta MiATpMMAaHHS PiBHS cTabinbHOCTI (iTopisHOMaHITTSI. Sorbus torminalis L. — mepeBo pOOVHU PO30OBUX
(Rosaceae), 1o pocTe Ha TepuTopii YKpaiHu, HATEKUTD M0 PiKiCHUX, IIIHHMX aO0OpUTeHHNX BU/IIiB i 3aHeceHe
o YepBoHOiI KHUTY YKpaiHM, 3 HAJaHHSIM JI0MY OXOPOHHOTI'O CTaTyCy — TaKe, 110 3HMKAE.

V poboTi HaBeIeHO 0COOMMBOCTI BBEIEHHS B KYJIbTYpY in vitro 6araToBiKOBUX MpeACTaBHUKIB S. torminalis
i3 BUKOPUCTAHHSM Pi3HUX TUITIB €KCIIaHTiB, CTePUIi3yBa/IbHUMX PEUOBMH, YMOB KYJIbTMBYBAHHS Ta CKIaLy
SKUBUIIBHOTO cepelloBuIa. [Ijisi BBeIeHHSI B KYJAbTYpPY in vitro S. torminalis oNTUMaJbHUMMU € OFHOPIUHI
MIaroHM 3 aliKaJbHMMM Ta JaTepaTbHMMMU OpYHbKaMM 3aBIOBXKKM 15-25 cM. BiBUeHO BIUIMB Pi3HMX BapiaHTiB
cTepwIisaiii Ha pO3BUTOK MEPBMHHMX MiKpOMAaroHiB. s cTepuiizalii MTYYHO MPOOYIKEHNX i MOMTOANX
naroxiB HajedekrupHime BukopucrosyBatu 0,1 % posumn AgNO, (7 xB) Ta 15 % posumn H,0, (10 xB).
BimmpaliboBaHa MeTOAVKA CTepuIisariii ekcruranTatTiB S. torminalis 3a6e3mneunia 80-90 % BuXil aceIITUYHOTO
POCIMHHOTO MaTepiasy. BcTaHOBIeHO, IO peXuM CcTepwiizallii CyTTEBO He BIUIMBAB Ha TEePBUHHUNA
MopdoreHe3 eKCIUIAHTIB i TPOXOAMB piBHOMIpHO. BU3HAU€HO ONTMMAabHI CKJIaI0BI SKUBUIIbHUX CePeIOBUIIL
Ha eTali BBeIEHHS y KYIbTYpY in vitro Ta mepBuHHOTrO MopdoreHesy S. torminalis. s KyTbTUBYBaHHS
pi3HMX TUIIIB eKCIUIaHTiB S. torminalis, BUKOPUCTOBYBaIM XXUBWIbHI cepenoBuiia WPM i3 momaBaHHSIM
IO iX CKIamy CMHTETUUHUX PErylsiTOPiB POCTY POCIMH: 6-6eH3UIaMiHOMYPWH, Tilia3ypoH, KiHeTuH 0,5-
1,5 mrea! it a-HadTunonToBoi kucmotu 0,01-0,05 Mr-1! IK OKpeMo, Tak i B moegHaHHiI Mik c00010. 30KpeMa,
IJIST pereHepailii pocjauH i3 6GiYHMX Ta alliKaJbHMX OPYHbOK €KCIUIaHTIiB e()eKTUBHUM € cepenoBuine WPM
i3 mogaBauHsiM BAII 1,5 mr-1! + 0,5 mr-1! HOK Ta cepenmosuiiie WPM + T3 0,5 mr-n1! i3 mogaBaHHsim PVP
200 mre1t. Oas iHayKiii 3akaagadHs J0JaTKOBMX OPYHBOK i IIarOHiB Ha €KCIIAHTi 3 aliKaJbHUX MEPUCTEM Y
cepenmoBuine ciin mogasaTtu 4,0 mr-a! BAIT + 0,01 mr-n! HOK i3 mogaBanusim PVP 200 mr-!

KirouoBsi citoBa: Sorbus torminalis L., acenTuHa KylIbTypa, MopdoreHes
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of Life and Environmental Sciences of Ukraine
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Abstract. Apple trees with red flowers are particularly attractive during the flowering period, which makes
them a desirable component of ornamental plantings. 30 samples of apple trees with anthocyanin colouration
of organs were studied in the collection of educational and research laboratory “Genetic resources, introduction
and selection of non-traditional fruit and ornamental crops”, located at the Agronomic Experimental
Station of the separate division of NUBIP of Ukraine. In 2001, phenological observations were made during
flowering, morphometric analysis of flowers and leaves was carried out, and the decorative value of samples
was evaluated. The dominant gene that controls anthocyanin pigmentation of organs in apple trees comes
from Malus Niedzwetzkyana — Nedzvetsky apple trees. Now the rank of this taxon is lowered to a variety —
M. domestica var. niedzwetzkyana. The Nedzvetsky apple tree was involved in crossing with small-fruited
apple species to create decorative hybrids, some of which received hybrid names and were used in the selection
of fruit varieties and rootstocks of M. domestica. According to the International Code of Nomenclature of
cultivated plants, varieties with anthocyanin colouration of petals that have M. domestica var. niedzwetzkyana
in the pedigree can be distinguished as Malus Niedzwetzkyana Group. If it is supplemented with varieties
with anthocyanin colouration of petals, originating from other types of apple trees, for example, M. halliana
and M. spectabilis, then the extended group can be called Malus Purpurea Group. At the same time, some
varieties may belong to other groups, in particular, Malus Pendula Group, Malus Redflesh Group, etc. The
highest decorative value (5 points) during flowering is inherent in samples No. 2332 ‘Makamik’, 2947, 3100
‘Aldenhamensis’, 3157 ‘Pionerka’, 3305, 3382, 3540, 3592, 3601, 3603, 3656, 3691, 3692, 4292, and hybrids ‘17-
279, ‘17-316’, ‘18-275’, “18-293’, “18-325’. The use of these samples allows creating a conveyor of elongated
flowering of red-flowered apple trees at green construction sites
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Red-flowered apple tree in the collection...

Introduction

The topic of landscaping has become quite popular
over the 20" century due to the spread of ideas of
environmental friendliness (Kuznetsova & Tkach,
2016). Plants have a good effect on the central ner-
vous system, create the illusion of contact with na-
ture, purify the air, etc. A special role in landscaping
belongs to woody plants. Intensive urbanisation,
transport, and other elements of technological prog-
ress create unfavourable conditions for human life,
which requires environmental protection. Green
spaces play an important role in shaping the envi-
ronment. They have the properties to improve sani-
tary and hygienic conditions, so they occupy a lead-
ing place in the improvement and architecture of
settlements and are one of the main elements that
form the complex of a modern city, play an import-
ant role in creating its silhouette (Kostyrko, 2006).
Types and varieties of apple trees (Malus Mill.)
are widely used in gardens and parks as ornamental
trees (Kolesnikov, 1974; Kriissmann, 1977; Kokhno
& Trofimenko, 2005; Firsov, Vasiliev & Tkachenko,
2015; Honcharovska, 2019). A special group of orna-
mental apple trees includes taxa with flowers that
have an anthocyanin pigment, which is controlled
by a special dominant gene. This peculiar and rare
red colour of flowers provides them with a promi-
nent place in decorative plantings (Oleksiichenko &
Mavko, 2017; Stoliar & Mamchur, 2017). According

to the International Code of Nomenclature of culti-
vated plants, they are classified as Malus Niedzwetz-
kyana (Purpurea) Group. The same variety can be
classified into different groups based on certain char-
acteristics (Mezhenskyj, 2008).

Materials and Methods

Samples of the collection of educational and re-
search laboratory “Genetic resources, introduction
and selection of non-traditional fruit and ornamen-
tal crops”, located at the Agronomic Experimental
Station of the separate division of NUBIP of Ukraine
(Pshenychne village, Bilotserkivskyi district, Kyiv
Oblast). It includes, in particular, species and vari-
etal samples of the genus Malus and hybrids of the
apple tree breeding fund. The introduction of spec-
imens was carried out in 1999-2016 from scientific
institutions and amateur gardeners in Austria, Be-
larus, Italy, Germany, Russia, and Ukraine (Table 1).
Grafted trees are placed in the collection garden ac-
cording to the 5x3 m scheme. In 2021, phenological
observations were made during flowering. Morpho-
metric analysis of flowers and leaves was performed,
measuring the central flowers in the inflorescence
and leaves from the middle part of annual vegeta-
tive increments. Assessment of decorative value
was carried out on a 5-point scale (Lobanov, 1973;
Kalinichenko, 2003).

Table 1. Origin of the specimens of Malus under study

Introduction | Name under which the specimen . . .
No. . Origin of the specimen
number was received
1. 1723 Malus xgloriosa Lemoine G,a zonnaya Experimental gardening station, Yekaterinburg, Russia
Krasnolepestnaya
2. 2332 M. niedzwetzkyana Dieck ‘Makamik’ Donetsk Botanical Garden, Donetsk, Ukraine
. , I.V. Michurin All-Russian Institute of Fruit Crop Genetics
5 2550 62-396 and Breeding, Michurinsk, Russia
4, 2947 M. niedzwetskyana Jurgen Rekin, Schorfheide, Germany
5. 3098 M. xpurpurea (E.Barbier) Rehder Nikitskyi Botanical Garden, Nikita, Ukraine
6. 3100 M. xpurpurea ‘Aldenhamensis’ Nikitskyi Botanical Garden, Nikita, Ukraine
7 3157 ‘Pionerka’ All-Russian Research Institute Qf Fruit Crops Breeding,
Orel, Russia
3305 Malus sp. LV. Michurin’s main nursery, Michurinsk, Russia
3314 ‘Royalty’ Park plantings, Moscow, Russia
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Table 1, Continued

Introduction | Name under which the specimen . . .
No. . Origin of the specimen
number was received
10. 3375 M. xgloriosa ‘Chorna Perlyna’ Donetsk Botanical Garden, Donetsk, Ukraine
11. 3382 M. spectabilis M.M. Hryshko National Botanical Garden, Kyiv, Ukraine
12. 3505 ‘Redlove Sirene’ Vladimiro Rocco, Stangella, Italy
Central Botanical Garden of the Academy of Sciences of
13. 3540 M. xpurpurea Belarus, Minsk, Belarus
14. 3592 ‘3-34° Donetsk Botanical Garden, Donetsk, Ukraine
1s. 3601 Malus sp. Research station of Botanlqal Institute, Otradnoye,
Russia
16. 2603 M. halliana Koehne Research station of Botanlqal Institute, Otradnoye,
Russia
17 3656 M. halliana Botanical garden of V.L. Komarov Bc_Jtanlcal Institute, St.
Petersburg, Russia
M. pumila Mill. ‘Umbraculifera Botanical garden of V.L. Komarov Botanical Institute, St.
18. 3657 e ey -
Rubrifolia Petersburg, Russia
1. 3691 ‘Pionerka’ Agrobiotechnology Resgarch and_Productlon Centre,
Pushkino, Russia
20. 3692 M. niedzwetzkyana Agrobiotechnology Resgarch and.Productlon Centre,
Pushkino, Russia
21. 3805 M. domestica Borkh’. Krasnyl Pavlovsk Experimental Station of VIR, Pavlovsk, Russia
Shtandart
22. 3971 M. niedzwetzkyana ‘21-49’ Institute of Horticulture, Kyiv, Ukraine
23, 4067 S4-490° Bakhmut experimental nursery station, Bakhmut,
Ukraine
24. 4292 M. niedzwetzkyana Park plantings, Kyiv, Ukraine
25. 4339 ‘Velarma’ Julian Geiger, Graz, Austria
26. - M. xgloriosa ‘17-279° NUBIP of Ukraine, Pshenychne, Ukraine
27. - M. xgloriosa ‘17-316’ NUBIP of Ukraine, Pshenychne, Ukraine
28. - M. xgloriosa ‘18-275’ NUBIP of Ukraine, Pshenychne, Ukraine
29. - M. xgloriosa ‘18-293’ NUBIP of Ukraine, Pshenychne, Ukraine
30. - M. xgloriosa ‘18-325’ NUBIP of Ukraine, Pshenychne, Ukraine

Results and Discussion

The dominant gene controlling anthocyanin pig-
mentation of organs originated from the apple tree
M. niedzwetzkyana (Niedzwetzky apple tree) (Lewis
& Crane, 1938). This taxon, whose natural range is
located in Central Asia, is named after a German bot-
anist Georg Dieck M. niedzwetzkyana Dieck in hon-
our of the discoverer, however, according to the WFO
database (2021), it is interpreted as ambiguous, and
the later name is recognised M. niedzwetzkyana Dieck
ex Koehne. Later, the rank of the taxon was lowered
to a variety: M. pumila Mill. var. niedzwetzkyana
(Dieck) C.K.Schneider (GRIN-Global, 2021) or
M. sieversii (Ledeb.) M.Roem. var. niedzwetzkyana

(Dieck) Langenf. (WCVP, 2021), which are now con-
sidered synonymous with M. domestica (Suckow)
Borkh. (POWO, 2021; WCVP, 2021). Specific epithet
niedzwetzkyana, which is formed from the surname
Nedzvetsky, originally has the form of an adjective
(Mezhensky, 2010).

Due to its decorative flowers, the Nedzvetsky
apple tree quickly spread around the world. It
was involved in crossing with small-fruited ap-
ple tree species, which formed hybrids that were
given note-like names: M.xpurpurea, M.xgloriosa,
M.xmoerlandsii Door, etc. It was also widely used
in the selection of fruit varieties M. domestica and
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its rootstocks. Domestic dendrologists often do not
distinguish such hybrids, referring apple trees with
anthocyanin-coloured petals as the Nedzvetsky
apple tree. The origin of some forms is very com-
plex, for example, ‘54-490°, used as a clone root-
stock of an apple tree, is created as a result of
crossing {M. domestica ‘M 8 x[(M. prunifolia (Willd.)
Borkh.xM. domestica ‘Sinap Kandille’)xM. baccata (L.)
Borkh.]}x{M. domestica ‘M & x{[(M. domestica
‘Pepinka Litovska’xM. prunifolia)xM. domestica
‘Reinette d’Orleans’|*M. domestica ’Rubinovoye’}},
where only the last hybrid ‘Rubinovoye’ comes
directly from the Nedzvetsky apple tree. The or-
namental variety ‘Aldenhamensis’ comes from a
three-species cross (M. hallianaxM. sieboldii (Regel)
Rehder)xM. domestica var. niedzwetzkyana.

Attempts to classify cultigenic interspecific hy-
brids involving the Nedzvetsky apple tree using the
International Code of Nomenclature for algae, fungi,
and plants are ineffective, so it is better to apply the
provisions of the International Code of Nomencla-
ture for cultivated plants, which regulates the names
of varieties and groups of varieties. Thus, varieties
with anthocyanin colouration of petals that have in
the pedigree M. domestica var. niedzwetzkyana, can
be distinguished as Malus Niedzwetzkyana Group. If
it is supplemented with other varieties with antho-
cyanin colouration of the petals, originating, for ex-
ample, from M. halliana, M. spectabilis, etc., then the
extended group can be called Malus Purpurea Group.
At the same time, some varieties may belong to other
groups, in particular, Malus Pendula Group cov-
ers the varieties with a weeping crown “Gazonnaya

Krasnolepestnaya’, ‘Umbraculifera Rubrifolia’ and
‘Chorna Perlyna’, and Malus (Plena Group) — double
flowered ‘Aldenhamensis’ and ‘3-34’. Fruit varieties
‘Krasnyi Shtandart’, ‘Redlove Sirene’, ‘164, etc., are
classified as Malus Redflesh Group.

Identification of samples obtained under the
same varietal name indicates that specimen 3157
corresponds to the description of the ‘Pionerka’ vari-
ety, while sample 3691 does not. The latter is a kind of
small-fruited derivative of the Nedzvetsky apple tree.

Due to seed propagation, the offspring may
differ quite a lot from the original mother plant, such
as sample No. 3656 M. halliana, which is a seedling of
sample No. 3603. Also selected forms of M.xgloriosa
‘17-279’, ‘17-316’, “18-275°, ‘18-293’, ‘18-325" have
noticeable differences both among themselves and
from sample No. 1723 ‘Gazonnaya Krasnolepestnaya’,
which is their mother form (Tables 2-3, Figures 1-3).
Recombination of genes and the development of new
traits based on them allow selecting forms with a dif-
ferent manifestation of certain traits.

The diameter of the flowers in most samples
ranges from 4.5-6.0 cm, while sample No. 3692 has
very large flowers 6.0-8.0 cm in diameter. Since
flowering apple trees are observed from a distance,
the size of the flowers does not affect the decora-
tive value. The difference in the size of the flowers
becomes noticeable only when they are observed
from a close distance. As a rule, the unfolded petals
are lighter in colour than those of the buds and fade
slightly over time. Flowers differ not only in size and
intensity of red colour, but also in the shape of the
petals and the degree of their overlap.

Table 2. Characteristics of flowers of the specimens of Malus under study

Introduction Lim Bud Petal Pubescence of Length of
number Flower Pedicel colouring* colouring* the calyx and sepals, mm
diameter, cm | length, cm pedicel
1723 4.5-5.0 2.0 d.-red red present 8
2332 6.0-6.5 3.5-4.0 red pink present 12
2550 5.0 2.5 red red present 8
2947 5.0-6.0 1.5-2.0 red pink present 7
3098 4.5-5.0 1.5 d.-red red present 4
3100 4.0-4.5 3.0-4.0 red red present 8
3157 3.0 3.0 red pink absent 6
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Table 2, Continued

Introduction Lim - Bud Petal Pubescence of Length of
number _ Flower Pedicel colouring* colouring* the calyx and sepals, mm
diameter, cm | length, cm pedicel
3305 6.0 4.0-4.5 d.-red red present 10
3314 4.5-5.5 3.0-5.0 d.-red d.-red absent 8
3375 4.0-4.5 2.5-4.0 d.-red d.-red absent 5-10
3382 5.0 3.5 red d.-pink. present 4
3505 4.5-5.0 2.0 red pink present 5-6
3540 4.5-5.5 3.0-3.5 d.-red red present 4
3592 4.0-5.0 3.0-3.5 red pink present 8-10
3601 4.5-5.0 4.0-5.0 red pink present 10
3603 4.0-5.0 3.0 d.-red red present 10-14
3656 4.0-4.5 4.0-4.5 red pink absent 10
3657 4.5 3.0-4.0 red pink present 7
3691 5.0-6.0 3.5-5.0 d.-red pink present 10
3692 6.0-8.0 3.0 pink l.-pink present 10
3805 4.5 2.0 d.-red red present
3971 5.5-6.0 1.5-2.0 red pink present
4067 5.0-6.0 3.5 d.-red pink present 10
4292 4.0-4.5 3.0-3.5 red d.-pink present
4339 4.5-5.5 1.5 red red present
17-279 5.0-6.0 1.5 d.-red red absent
17-316 5.0-5.5 2.5 red pink present 12
18-275 5.0-5.5 2.5 red pink absent 8
18-293 4.5-5.0 2.0 d.-red red present 10
18-325 5.0-5.5 3.0-5.0 red pink present 10
*1.-pink. - light-pink, d.-pink. - dark-pink, d.-red — dark-red
Table 3. Characteristics of the leaves of the specimens of Malus under study
Leaf blade Petiole
Intrll'ggﬂltcg‘on Form® Averagceiliength, “‘:X:;?%fn Edge** Pubescs:)l:teof:‘lom the ?Zrel;ﬁ?
cm
1723 ellipt. 9.0 2.5 dent. along the veins 2.5
2332 ov. 8.5 6.0 d.-dent. absent 1.5
2550 ov. 7.0 5.0 cren. available 1.0
2947 ov. 9.0 5.0 cren. available 3.0
3098 ellipt. 6.0 3.5 dent. available 2.5
3100 ov. 8.0 5.0 d.-dent. along the veins 1.5
3157 ellipt. 6.0 3.5 ser. along the veins 2.5
3305 ov. 7.5 5.5 cren. along the veins 2.5
3314 ov. 8.0 8.0 d.-dent. absent 2.0
3375 ellipt. 7.5 3.5 ser. along the veins 2.0
3382 e.-ovoid 12.0 4.0 ser. along the veins 2.5
3505 ov. 9.0 5.0 d.-dent. available 3.0
3540 ov., lobed 10.0 9.0 cren. available 2.0
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Table 3, Continued

Leaf blade Petiole
Introduction
number Form* Averagceiliength, wl}gct:;a’l%fn Edge™* Pubescle:gtcteof:‘lom the ?ZEE{:?‘?
3592 ov. 6.5 4.0 d.-ser. absent 1.5
3601 ellipt. 9.0 4.0 dent. along the veins 2.5
3603 e.-ov. 8.0 3.5 ser. along the veins 1.5
3656 e.-ov. 8.0 4.5 cren. absent 2.5
3657 ellipt. 5.0 2.5 ser. along the veins 1.5
3691 ov. 9.0 5.5 cren. along the veins 2.0
3692 ov. 10.0 6.5 ser. available 2.0
3805 ov. 8.5 6.0 dent. available 3.0
3971 ov. 8.0 4.5 ser. available 2.0
4067 ov. 6.0 4.0 cren. along the veins 1.0
4292 ellipt. 6.5 3.5 cren. along the veins 2.0
4339 ellipt. 7.0 4.0 cren. available 2.0
17-279 ov. 6.5 4.5 cren. absent 2.5
17-316 ov. 7.0 5.0 cren. along the veins 2.0
18-275 ellipt. 6.0 3.0 ser. absent 3.0
18-293 ellipt. 8.5 3.5 ser. absent 2.0
18-325 ov. 7.5 5.0 cren. available 3.0

* e. — elongated, ellipt. - elliptical, ov. - ovoid

**cren. — crenated, d.-dent. — double-dentated, d.-ser. — double-serrated, dent

30.05.2021

. — dentated, ser. — serrated

Calendar dates

05.05.2021
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Introduction and selection numbers
Figure 1. Flowering calendar of the specimens of Malus under study
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Figure 2. Flowers of the specimens of Malus under study
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Figure 3. Flowers of the specimens of Malus under study
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The apple tree is characterised by abundant
flowering and looks especially attractive during
flowering, regardless of the colour of the petals —
from light pink to dark red Samples with a flowering
score of 5 received the highest decorative value score
of 5 points. Trees with a flowering score of 4 — sam-
ple No. 3691 — have a slightly lower rating. The au-
thors of this study suggest that samples No. 3314
‘Royalty’, 3375 ‘Chorna Perlyna’ with dark red flow-
ers are less decorative, because the flowers are lost
against the background of purple leaves covering
the trees during flowering. Compared to them, other
samples with purple leaves, but lighter flowers have
a higher decorative value. However, due to the dif-
ference in leaf colour, all purple-leaved trees have
a certain advantage over apple trees covered with
green leaves. At the same time, the purple colour
mainly of the apical leaves of young shoots does
not particularly affect the overall decorative value
during flowering. Sample No. 3657 ‘Umbraculifera
Rubrifolia’ with smallish leaves and flowers does
not acquire a high decorative value during flower-
ing, which is rated with a score of 4. In sample No.
3540, in the year of research, the leaves had pro-
nounced blades on the tops of young shoots, which
was not observed before.

Decorative value of samples No. 2550 ‘62-396’,
3505 ‘Redlove Sirene’, 3805 ‘Krasnyi Shtandart’, 3971
‘21-49’, 4067 ‘54-490’, 4339 ‘Velarma’ with a flow-
ering score of 2-3 under the conditions of the col-
lection per year of research is estimated at 3 points
(decorative value is insignificant), but this estimate
is not final, because the degree of flowering of these
samples was somehow affected by the frequency of
fruiting and they require additional observations. In
addition, fruit varieties of red-flowered apple trees
with large fruits are less suitable for park plantings

than small-fruited samples, so the profusely bloom-
ing sample No. 2947 should not be used in gardening.

The vast majority of specimens have simple
five-petaled flowers. Semi-double flowers are found
in specimens No. 3110 ‘Aldenhamensis’ and 3592, but
this does not extend the duration of their flowering.

The average duration of flowering depends
on the air temperature at this time and is about one
week in most samples, but in some specimens, it can
reach and exceed 10 days. Specimens No. 3601, 3691
began to bloom at the earliest (May 9), and at the
latest (May 18) — No. 3100 ‘Aldenhamensis’, 3592 ‘3-
34°, which stopped blooming on May 27. Thus, the
total flowering period of red-flowered samples in the
collection was 19 days.

Conclusions

Varieties and collections of red-flowered ap-
ple trees, which originates from M. domestica
var. niedzwetzkyana, and also M. halliana and
M. spectabilis can be extremely decorative during
flowering due to the anthocyanin colouration of the
petals The highest decorative value (5 points) during
flowering is inherent in samples No. 2332 ‘Makamik’,
2947, 3100 ‘Aldenhamensis’, 3157 ‘Pionerka’, 3305,
3382, 3540, 3592, 3601, 3603, 3656, 3691, 3692, 4292,
and hybrids ‘17-279°, ‘17-316’, ‘18-275’, ‘18-293’,
‘18-325’. Samples No. 1723 ‘Gazonnaya Krasnolep-
estnaya’, 3314 ‘Royalty’, 3375 ‘Chorna Perlyna’ are
somewhat inferior to them in decorative properties,
but they have a special habit or intense anthocyanin
colouration of the leaves, which gives them certain
advantages. Sample No. 2947, despite the abundant
flowering, is not recommended for landscaping parks
due to the large fruits. The use of these samples al-
lows creating a conveyor of elongated flowering of
red-flowered apple trees at green construction sites.
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YepBOHOKBITKOBa A96nyHA B Konekuii HauioHanbHoro yHiBepcurety
6iopecypciB i NpnpoaoKopUCTYBaHHSA YKpaiHU

Bonogumup Mukonariosud MexeHcbkuii, Jltogmuiaa OnekciiBHa MexeHCbKa

HarionanpHuit yHiBepcuTeT 6iopecypciB i MpMUpOmOKOPUCTYBAaHHS YKpaiHU
03041, Byn. 'epoiB O6oponnu, 15, m. Kuis, Ykpaina

AHoTanis. SJ6yHi 3 YepBOHMMM KBiTKaMM BUPi3HSIOTHCS 0COBIMBOIO MPUBAGIMBICTIO B Iepiof KBiTyBaHHS,
o pobuTh iX OGaskaHMM KOMIIOHEHTOM [AeKOpaTMBHMX HacamkeHb. JlocmimkeHo 30 3paskiB s6ayHi 3
aHTOIIiaHOBMM 3ab6apBiieHHSIM opraHiB y Konekilii HHBJI «['eHeTMYHUX pecypciB, iHTPOMYKIIii Ta ceymekilii
HeTpaAuLiiHMUX TUIOJOBUX Ta IeKOPaTUBHUX KyIbTyp», po3milleHiit y BIT HYBIll Vkpainu «ArpoHOMiuyHa
JocligHa craHiis». Y 2001 poui mpoBemeHO (eHOJIOTiIUHI CIIOCTepesKeHHS IIiJ, Yac KBIiTyBaHHS, 3/1iliCHEHO
MopdoMeTpUUHMIT aHaji3 KBiTOK i JIMCTKIB Ta OL[iHEHO HEeKOPAaTMBHICTh 3pa3KiB. JJOMiHAHTHMII r'eH, IO
KOHTPOJIIOE aHTOIiaHOBY ITiIrMEHTAIIil0 OpraHiB y si6iyHi, moxomuthb Big Malus Niedzwetzkyana — si6imyHi
HensBerikieBoi. HuHi paHT 1IbOTO TaKCOHY IOHIMKEHO A0 pisHOBUAY — M. domestica var. niedzwetzkyana.
slonynio HensBelikieBy Oy/IO 3a/Iy4eHO 10 CXpEITyBaHHS 3 APiOHOIIONMMM BUIAMM SIOMYHI IJIs1 CTBOPEHHS
IeKOpaTUBHUX riOpUIiB, IesIKi 3 IKMX OTPUMAaJI HOTOBMIOBI Ha3BM Ta 6y/IM BUKOPMCTAHI B CEJIEKITii IJTOTOBUX
copriB i miguien M. domestica. 3rigHo 3 MibKHapOOHMM KOJIEKCOM HOMEHKJIATypU KYJIbTYPHUX POCIMH COPTU
3 aHTOLIiaHOBMM 3a6apBJIEHHSIM ITeJTIOCTOK, 110 MaloTh y pomoBoai M. domestica var. niedzwetzkyana, Mo>kHa
BHOKpeMuUTH 1K Malus Niedzwetzkyana Group. SIKio ii JOTOBHUTY COPTAaMM 3 aHTOLiaHOBMM 3a0apBJIEHHSIM
TIeJTIOCTOK, 110 TIOXOASITh Bif iHIIMX BUAIB s16myHi, Hartpukinan M. halliana i M. spectabilis, To po3mypeHy rpymy
Mo)kHa Ha3BaTtu Malus Purpurea Group. BomHouac mesKi COpTM MOXKYTb HajJeKaTu OO0 iHIINX TPYII, 30KpeMa,
Malus Pendula Group, Malus Redflesh Group Tomto. HaiiBuiia nekopaTuBHicTb (5 6asiB) MiJ yac KBiTyBaHHS
npuTaMaHHa 3paskam N2 2332 ‘Makamik’,2947,3100 ‘Aldenhamensis’, 3157 ‘TInonepxka’, 3305, 3382,3540,3592,
3601, 3603, 3656, 3691, 3692, 4292 ta ribpumam ‘17-279°, ‘17-316’, ‘18-275, ‘18-293’, ‘18-325’. BUKOpMCTaHHSI
3a3HAYEHMX 3PAa3KiB JIa€ 3MOTry CTBOPUTM KOHBEED ITOAOBKEHOIO KBiTyBaHHSI YePBOHOKBITKOBOI SIONMYHI Ha
06’eKTax 3eJ1eHOTO OyIiBHUIITBA

KniouoBi cioBa: mekopaTvBHA SIONYHS, KBiTYBaHHS, COPTM, BUAM, aHTOIiaHOBe 3abapBiieHHS, SOIyHS
HensBelkieBa
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Effect of rutin-ammonium complex on the physiological state
of Scots pine seedlings
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Abstract. In the plant organism, phenolic compounds have a non-specific effect on the processes of
morphogenesis and perform a wide range of regulatory and protective functions. Of particular interest are the
processes associated with the complex formation of flavonoids as a result of their interaction with ammonium
forms of nitrogen. Polar compounds that are formed in tissues by chemical transformation are quite mobile
in soil solutions and exhibit high biological activity. The properties of phenol-ammonium complexes are of
considerable interest in terms of morphogenesis, physiology of resistance, and in the system of interaction of
plants with soil microorganisms. This is also extremely important in the production of high-quality planting
material that is resistant to unfavourable factors. The effect of the phenol-ammonium complex was studied
on seeds and seedlings of Scots pine. Quantitative indicators of germination energy and similarity were
determined by the seed germination method. Biochemical profiling of seedling tissue extracts was performed
by high-performance thin-layer chromatography. It has been experimentally confirmed that rutin (quercetin-
3-o-rutinoside) after interaction with a 10% aqueous solution of ammonia forms a complex of substances,
among which polar products were detected by chromatography, which potentially affect growth regulation. At
a total concentration of 15 mg/1, these substances significantly increased germination energy and germinating
ability. In pine seedlings, they stimulated the growth of roots and shoots. The effect of the complex of organic
compounds on seedlings depended on the concentration, duration of seed treatment, and had a prolonged
effect. The resulting phenol-ammonium complex at a concentration of 10-15 mg/l contributed to an increase
in the amount of chlorophylls and carotenoids in the tissues of seedlings, and at 20-40 mg/1 it increased the
content of phenolic synthesis products
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Introduction

Phenolic compounds are one of the important com-
ponents of the synthesis of secondary metabolites in
the plant body (Lattanzio, 2013). The functions of phe-
nolic compounds are extremely diverse and require a
comprehensive study (Buer et al., 2010; Caretto et al.,
2015). Plant phenols perform mechanical, structural
and signalling functions, protect tissues from UV,
perform the functions of antioxidants, chelate tran-
sition metal ions, remove radioactive elements from
the body, protect the plant organism from the effects
of adverse factors, pests, and pathogens (Blokhina
et al., 2003; Naikoo et al., 2019; Tegelberg et al., 2001,
Zagoskina & Nazarenko, 2016; Winkel-Shirley, 2002).

When obtaining planting material, consid-
erable attention is now paid to the investigation
of physiological reactions of plants to the action of
biologically active substances, organic and mineral
fertilisers, which are used to improve the quality
of planting material and increase plant resistance
to adverse factors (Kovalevsky & Taranenko, 2013;
Pinchuk, et al., 2017; Pinchuk & Likhanov, 2018).

The secondary metabolism of most higher
plants is aimed at the active synthesis of phenolic
compounds. However, the concentration of different
classes of phenols in plant tissues may differ signifi-
cantly. In particular, the amount of phenol carboxylic
acids in the leaves correlates with the concentrations
of phytohormones. This is conditioned by the fact
that oxycoric and oxybenzoic acids have a non-spe-
cific effect on morphogenesis processes (Santelia,
2008; Volynec, 2013) and perform a wide range of
regulatory and protective functions (Zaprometov,
1993; Grana et al., 2017). To understand the role of
individual oxycoric and oxybenzoic acids, as well as
flavonoids, it is of great interest to model the condi-
tions of their individual and complex effects on the
plant organism. In addition, important but poorly
understood processes are those associated with the
complexation of phenolic compounds, in particu-
lar flavonoids, in plant tissues and the rhizosphere
during their entry into the soil (Grodzinsky, 1973;
Boyer et al., 1989).

Phenolic compounds are actively secreted by
physiologically active root zones. Some flavonoids
(in particular, quercetin and its glycosides) have high
reactivity to ammonium cations (Likhanov et al.,
2021). Polar compounds that are established as a re-
sult of chemical transformation of polyphenols are
quite mobile in soil solutions and exhibit high bio-
logical activity (Melnychuk et al., 2011). Their effect
on growth processes, development of root system,
synthesis of plastid pigments and secondary meta-
bolic products is already observed at a concentration
of 20 pug/ml. A similar effect, for example, was con-
firmed for kaempferol-3-O-B-D-glucoside. An in-
crease in its concentration from 15 pg/ml and above
increased the elongation of shoots of Echinochloa
colonum L. (Li Jun, 2011). Current research also con-
firms that invasive plants Triadica sebifera (L.) Small
are characterised by a high content of quercetin in
root exudates. It is assumed that in the composition
of exudates, this flavonol is a key in the signalling in-
teractions of plants with mycorrhizal fungi and other
soil microorganisms (Anand et al., 2016; Tian, 2021).

Since the biological activity of compounds
formed as a result of the interaction of flavonols
with ammonium forms of nitrogen has not been suffi-
ciently investigated, the purpose of this study was to
consider the effect of the rutin-ammonium complex
on the physiological state of Scots pine seedlings.

Materials and Methods

Preparation of polar complexes based on rutin with
an aqueous solution of ammonia. A test tube con-
taining 10 mg of rutin (Merck, Germany) was stirred
on a vortexer in 300 uL of distilled water for 60 s.
Then 100 pL of a 10% aqueous ammonia solution
was added and stirred for 30-40 seconds until rutin
was completely dissolved. The resulting solution
acquired a rich brown colour. The volume of the
solution was adjusted with bidistilled water to 1 ml
and stored at +4°C. The resulting stock solution con-
tained 10 mg/mL of polar compounds. To investigate
the effect of the rutin-ammonium complex on seeds
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and seedlings of Scots pine, the initial solution was
diluted with distilled water. Seeds were soaked in
prepared solutions (concentrations — 10, 15, 20, and
40 pg/ml) for 3 and 24 hours before germination.

Method for determining the germination energy and
germinating ability of Scots pine. Determination of
germination energy and germinating ability of Scots
pine was carried out according to DSTU 8558:2015
“Seeds of trees and shrubs. Methods for determin-
ing seed qualities (germinating ability, viability,
good quality)” (SSU, 2015). Seed germination was
performed in Jacobsen apparatuses with a photope-
riod of 12 hours at a constant temperature (22+2°C).
Seeds of Scots pine, prepared for germination, were
laid out on a bed of 100 seeds, not allowing touching
each other, in order to avoid transmission of infection
from diseased to healthy seeds. After decomposition
of seeds of one medium sample, the work surface, bed,
cap and tweezers were disinfected with alcohol. To
determine the indicators of germination energy and
germinating ability, 4 samples were laid in triplicate.
Evaluation and accounting of sprouted seeds were
carried out on days 5, 7, 10, and 14. Determination of
germination energy for Scots pine seeds was carried
out on Day 7, germinating ability — on Day 14.
High-performance thin-layer = chromatography
methods. Biochemical profiling of extracts from Scots
pine seedling tissues was performed by the HPTLC
method on silica gel G60 plates (Merck, Germany).

Flavonoid separation was performed in solvent
systems: ethylmethylketone-ethyl acetate-metha-
nol-water (v/v/v/v — 30:20:5:5); ethyl acetate-formic
acid—acetic acid-water (v/v/v/v — 100:11:11:25). To
determine the chemical nature of the substances, the
chromatograms were treated with 0.5% NP reagent
and 1% PEG 400 followed by heating (5 min at 105°C).

Separation of chlorophylls, carotenoids, and
xanthophylls was performed in the system: tolu-
ene—ethyl acetate—formic acid (v/v/v - 2:6:1). Vi-
sualisation of phenolic compounds and plastid pig-
ments was performed in UV for A__ =365 Nm.

The mobility coefficients of individual com-
pounds (Rf) were determined photodensitometrically
using the Sorbfil TLC Videodensitometer software
suite ver. 2.3.0.2994 (JSC Sorbopolymer, RF).

Statistical data processing. The obtained data
were presented as an average value * standard er-
ror (X£SE). The validity of differences between the
mean values (p<0.05) was determined by the method
of univariate analysis of variance (one-way ANOVA)
and Tukey’s honest significance test (HSD) in the
XLSTAT software suite (Addinsoft Inc., USA, 2010).

Results and Discussion

It has been experimentally confirmed that rutin
(quercetin-3-o-rutinoside) after interaction with a
10% aqueous solution of ammonia forms a complex
of substances that contain products that play an
important role in regulating the processes of plant
growth and development. Chromatographic studies
have confirmed that after the interaction of rutin with
an aqueous solution of ammonia, 5 new products are
formed, which, according to the mobility coefficients
(Rf), belong to midpolar and polar substances (Fig. 1).

0.9 -0.9
0.8 4 0.8
0.7 - -0.7
0.6 -0.6
0.5 - -0.5
0.4 - - 0.4
0.3 -0.3
0.2 4 0.2
0.1 0.1
Rf L Rf

Figure 1. Chromatogram of the rutin-ammonium
complex before (a) and after (c) treatment with NP
reagent; standard rutin solution before (b) and after
(d) processing; arrows indicate bioactive candidate
substances
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After 72 hours, no rutin was detected in the
resulting solution. Thus, over time, a complete bio-
chemical transformation of flavonol occurred. On
the chromatogram, after treatment with NP re-
agent, two products with Rf ~0.53 and 0.58 with fla-
vonol-characteristic UV fluorescence (A=365 Nm)
were detected in small amounts. The highly polar
compound with bright blue fluorescence with an Rf
of ~0.18 and the substance that remained on the
starting line were fairly stable. This gives grounds
to consider them as candidate substances with high
biological activity and the ability to influence the
growth processes of plants. The effect depends on

the concentration of the rutin-ammonium complex
solution. Prolonged exposure indicates the ability
of water-soluble polar compounds, which are part
of the phenol-ammonium complex, to penetrate
through the seed shells into living tissues, remain
stable in them and further participate in the regu-
lation of root growth.

In particular, the pretreatment of Scots pine
seeds with various dilutions of the initial solution
of the rutin-ammonium complex showed that at a
concentration of 10 pg/ml, the indicators of germi-
nation energy and germinating ability do not signifi-
cantly differ from the control (Table 1).

Table 1. Effect of rutin-ammonium complex on germination energy and germinating ability of Scots pine

(n=3, X+SE)
Concentration, pg/ml Germination energy, % Germinating ability, %
0 (control) 58.0%1.73 69.7%1.45
10 60.3+0.88 72.0%1.15
15 67.7+1.45** 78.0+1.73*
20 64.0+0.59* 72.3%1.45
40 52.0+1.15* 63.7%£2.03

Note: the significance of differences was evaluated using univariate analysis of variance and Tukey’s honest significance

test (HSD); * - the difference with the control is significant for p < 0.05, ** - for p <0.01

When the concentration of the complex of ac-
tive substances in the solution increases to 15 and
20 pg/ml, these indicators increase, but significantly
decrease when the concentration reaches 40 pg/ml.

Further observations of the processes of germina-
tion and seedling development revealed the pro-
longed effect of organic compounds (Fig. 2).
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Figure 2. Seedlings of Scots pine after treatment of seeds with rutin-ammonium complex
(1 -2 hours; 2 - 24 hours); ruler — 20 mm; a — control; b, ¢, d, e — sprouts that were pretreated
with solutions with concentrations of 10, 15, 20, and 40 ug/ml, respectively

Soaking the seeds in solutions with dif-
ferent concentrations for 24 hours stimulated
the growth of seedlings. At concentrations of 10
and 20 pg/ml, the growth processes of stems and
cotyledons were more sensitive to bioactive sub-
stances (Fig. 3, a).

Under conditions of increasing concentration

of phenolic compounds, the growth rate of stems
slowed down, and roots, on the contrary, increased
(Fig. 3, b). The difference in the growth processes of
roots and shoots indicates the presence of a certain
tissue specificity in the plant body, which is condi-
tioned by the anatomical structure and functions of
aboveground and underground organs.

50 3
40
g 2
Pt 2
S ]
5 ©
— 20 o~
1
10 I
0 0
0 10 15 20 40 0 10 15 20 40
Concentration pg/ml Concentration pg/ml
Figure 3. Effect of rutin-ammonium complex on root and shoot growth rates (a)
and their relationship (b) in seedlings of Scots pine
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Stimulating root system development is an
important element of a plant survival strategy in the
face of fierce competition for spatial resources and
nutrients, especially in conditions of moisture de-
ficiency. For adventitious species with a wide range
of adaptive responses, active root system develop-
ment is one of the main strategic features that en-
sure the successful naturalisation of plants in new
conditions.

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

Rf

Intensity, c.u

Intensity, c.u

A significant influence of the rutin-ammoni-
um complex on the qualitative composition of pho-
tosynthetic pigments included in light-harvesting
complexes and auxiliary pigments — xanthophylls
and carotenoids — was also revealed. In Scots pine
seedlings that were treated with a solution with
concentrations of 10 and 15 pg/ml, the total amount
of plastid pigments increased (Fig. 4, a, ¢, d). The
amount of chlorophylls in a and b also increased.

b

[ phenolic compounds

[ plastid pigments

Intensity, c.u

5000

4000

3000

2000

1000

Figure 4. Photodensitograms of plastid pigments in cotyledons of Scots pine seedlings on Day 14 of

germination; b — control; ¢, d, e, f — photodensitograms of seedling extracts that were pretreated with

solutions with concentrations of 10, 15, 20, and 40 pug/ml, respectively; arrows show peaks that differ
significantly in their area from the control group
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A different trend was observed in the quali-
tative composition of phenolic compounds. Under
conditions of increasing the concentration of the
phenol-ammonium complex, the number of phenols
in seedling tissues increased (Fig. 5).

— 0.9
—0.8
— 0.7
— 0.6
— 0.5
— 0.4
—0.3
— 0.2

—0.1

L Rf

Figure 5. Chromatogram of phenolic compounds of
Scots pine seedlings on Day 14 of germination; K -
control, 1-4 — plant extracts after seed treatment
with rutin-ammonium complex with concentrations
of 10, 15, 20, and 40 pg/ml, respectively; arrows
show flavonoids, the content of which is much
higher than the control

When seeds were treated with a solution with
a concentration of 20 and 40 pg/ml in methanol ex-
tracts, the content of flavonoids with Rf ~0.63 and
0.71 significantly increased (Fig. 5, 3, 4). The com-
pound with an Rf of ~0.43 was found exclusively in
seedling extracts treated with a solution of 20 pg/ml.
Treatment of seeds with rutin-ammonium complex
with the lowest concentration caused the opposite
effect. Under such conditions, the qualitative com-
position and total pool of phenolic compounds in
seedling tissues decreased (Fig. 5, 1).

The opposite dependence of the synthesis of
phenols and terpenoids can be caused by different
ways of synthesis of these compounds, except for

flavonoids, the development of which can compete
with carotenoids for a substrate common to the
corresponding enzymes. Carotenoids are polyene
derivatives of isoprene, whose molecules have dou-
ble bonds. These pigments are mainly localised in
chloroplasts, where they are synthesised from ace-
tyl-CoA (Della Penna and Pogson, 2006). Most plant
phenols are formed from shikimic acid in chloro-
plasts and cytosols. At the same time, the synthesis
of flavonoids and carotenoids is also possible from
acetyl-CoA under conditions of its carboxylation in
acetyl-CoA carboxylase and the subsequent estab-
lishment of malonyl-CoA, which is a substrate for
the synthesis of flavonoids. Therefore, the accumu-
lation of flavonoids in seedlings against the back-
ground of a simultaneous decrease in the content of
carotenes and xanthophylls may indicate the ability
of the phenol-ammonium complex to selectively af-
fect the enzyme systems responsible for the synthe-
sis of substances formed from acetyl-CoA.

Conclusions

Quercetin glycoside rutin (quercetin-3-o-rutinoside)
after interaction with an aqueous solution of 10%
ammonia forms a complex of medium- and high-po-
lar organic compounds with high biological activity.

These substances, when treated with loblolly
pine seeds, can affect germination energy, germinat-
ing capacity, and subsequently seedling growth. The
effect of the complex of organic compounds formed
from the rutin-ammonium complex depends on the
concentration and duration of seed treatment.

A solution with a concentration of 15 pg/ml
increased seed germination, while concentrations
of 10 and 15 pg/ml promoted the synthesis of plas-
tid pigments. The total pool of phenolic compounds
increases when seeds are treated with solutions with
concentrations of 20 and 40 pug/ml. Therefore, the
phenol-ammonium complex is able to regulate the
processes of growth and development, and affect the
secondary metabolism of Scots pine seedlings. The
identified effects reveal a new, still poorly understood
aspect of the role of flavonoids in the plant body.
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BnnmB pyTUH-aMOHIMHOIO KOMIMJIeKcy Ha ¢isionoriuHum ctaH
NPOPOCTKIB COCHU 3BUYAMNHOI

Anppiii ITerpoBuu IliHuyk, Irop BikTropoBuu IBaHIOK,
Mapis OnekcanzapiBua llleBuyk, Mapis IOpiiBua /Iyouax,
ApTtyp ®enopoBuu JIlixaHoB
HarionanpHMit yHiBepcuTeT 6iopecypciB i mpMpomoKopucTyBaHHS YKpaiHu
03041, Byn. T'epoiB O6oponu, 15, m. Kuis, Ykpaina

AHoTauis. Y pocimHHOMY opraHizmi heHoMbHi crionyku HecrelindivyHO BIUTMBAIOTh Ha ITpo1iecy MopdoreHesy
i BUKOHYIOTD IIMPOKMI CIIEKTP PETYISITOPHMX i 3aXcHUX QyHKIIi1. OCO6aMBUI iHTEpeC CTAaHOBJISITD ITPOIECH,
SIKi TOB’I3aHi 3 KOMIVIEKCOTBOPEHHSIM ()IaBOHOIIiB Y pe3y/bTaTi iXHbOI B3aEMOZii 3 aMOHiltHUMY hopMamu
asory. [TonsipHi CITONMYKM, SIKi YTBOPIOIOTHCS B TKAHMHAX Y pe3y/bTaTi XiMiuHOi TpaHcdopmalii, ;ocTaTHbO
pyxomi y I'PYHTOBUX PO3UMHAX i BUSIBISIIOTH BUCOKY 0i0JIOTIYHY aKTMBHICTh. BiacTuBocTi heHOM-aMOHITTHIX
KOMIUIEKCiB BUK/IMKAIOTh 3HAUHe 3allikaBJeHHS B acrekTi MmopdoreHesy, disionorii cTiftkocTi, a TakoX y
cucTeMi B3a€EMOZii POCIMH i3 I'PYHTOBMMM MiKpoopraHizmammu. Lle Takok Ha[A3BMUaifHO aKkTyaabHO MPU
BUPOOHUIITBI IKICHOTO Ta CTifIKOTO 10 HECTIPUSTIMUBUX (PaKTOPiB caAyBHOrO MaTepiany. JOCTiaKeHHS BIUTUBY
(beHoOI-aMOHITHOr0 KOMILJIEKCY ITPOBOAM/IM Ha HACiHHI i MpOpocTKax coCHYM 3BMUaiiHOi. KinbKicHi moKasHMKM
eHeprii MpopOoCTaHHS Ta CXOKOCTI BU3HAUYAIM METOIOM ITPOPOIyBaHHS HaciHHs. bioxiMiuHe mpodintoBaHHS
eKCTPaKTiB TKaHWH IPOPOCTKIB BUKOHYBAIM METOAOM BMCOKOe(pEeKTMBHOI TOHKOIIApOBOi XpomaTorpadii.
ExcriepuMeHTaIbHO MiATBEPAXKEHO, 1110 PYTUH (KBepleTuH-3-0-pyTnHO3UA) Micis B3aemofii 3 10 % BogHUM
PO3UMHOM aMiaKy YTBOPIOE KOMILIEKC PEUYOBUH, Cepel SIKMX MeTogoM xpomatorpadii BUSBIEHO MOMSpPHI
MIPOAYKTH, SIKi HOTEHLII/IHO BILIMBAIOTh HA PETYJISIIIiI0 POCTY. 3a CyMapHOi KOHIeHTpallii 15 MI//1 1ii pedoBMHM
IIOCTOBiPHO MiABUITYBAIM TOKA3HUKM €Heprii MPOPOCTaHHS Ta CXOXKOCTi HACiHHS. Y TPOPOCTKIB COCHU BOHU
CTUMYJTIOBAJIM PicT KOpeHiB i marouiB. EdekT mii KoMITIeKCy OpraHigyHMX CITOJNYK Ha ITPOPOCTKY 3ajiekaB Bif
KOHIIEeHTpaIllii, TpUBa0CTi 06pO6IeHHS HACIHHS i MaB IIPOJIOHTOBAHY Aito. OTpuMaHMii GeHoI-aMOHITHMIT
KOMILJIEKC 3a KOHIeHTpaniero 10-15 Mr/n copusB IiIBUIEHHIO KiJIbKOCTI XJIOpOdisiB, KApOTUHOIMIB Y
TKaHMHAX IIPOPOCTKiB, a 3a 20-40 Mr//1 36i/1bIITyBaB YMiCT IMTPOAYKTIB (DEHOTBHOTO CUHTE3Y

KirouoBi ciioBa: pyTuH, GJIaBOHOIIM, aMOHIi, PETYISITOP POCTY, COCHA 3BMYaiiHa, HACIHHS
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