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ASSESSMENT METHODOLOGY OF GREEN PLANTATIONS VITALIT Y IN THE
CONDITIONS OF TECHNOGENICALLY TRANSFORMED ECOSYSTEM S

The most informative parameters of woody plantsigjivcondition are analyzed, which should be
used for the ecological monitoring of urbanized ailecontaminated areas. The reactions of the plant
organism at different levels of the biosystem orgation in response to the action of priority ptdots
of the technogenic-transformed environment — heangtals and oil products — are provided. The
relevance of the study of oil pollution as onelaf turrent main environmental problems is subsitadi
The adaptive-protective reactions characteristithefresistant plant species and destructive clsaimge
the stress-sensitive phytoobjects are highlighiteid. established that the widest range of plaattiens
to the man-made environmental impacts can be fatnthe molecular, cellular and organ levels of
biosystems organization. Based on a set of morgiaaf) physiological, cytological, histological and
phenological processes of plants, it is recommenoede indicator species in biomonitoring Stucées)
remediative species — in the reclamation measunethé anthropogenically altered areas. The authors
have highlighted the methodical approaches to ssgeshe ecological condition of urbanized and oil-
contaminated ecosystems, based on the specifimenaig and choice of background area. The cladses o
vitality and the categories of plant stability anearacterized based on the percentage deviatidheof
analyzed plant parameters from the background sallige prospects of green plantations as the pyimar
producers of organic matter and recipients of themlex impact of biotic, abiotic and anthropogenic
environmental factors are substantiated. The @ifer sampling plant material for bioindicatiorudies
to obtain reliable factual data are described. rEtegtionship between the processes that occut lavals
of the biosystem hierarchy of the plant organisfmom molecular to ecosystem — is highlighted. Based
on establishing the living condition of the greemas of urbanized and oil-contaminated areas, it is
possible to timely record the slightest changeth&ecological state of the environment and to gméev
further negative trends in it.

Key words: living condition, green plantations, oil pollutiomrbanized ecosystem, biosystem
organization.

Problem statement.Plants are an integral part of any ecosystem, ag #tt as the primary
producers of organic matter and absorbers of the-mmede pollutants. Carrying out the environment-
creating function, plants reflect the environmestake, which is manifested in the change of plaités
parameters at different levels of biosystem org#tion. Therefore, the urgent task of practical
environmental science is to study the plants liangditions under the active influence of anthrapug
activities in order to timely identify irreversiblgrocesses in the environment. In urban areasntia
sources of environmental pollution are industry arahsport, which produce large amounts of toxic
substances for biota — heavy metals, hydrocartamid oxides, chlorine derivatives, etc. A specatger
to the stable functioning of ecosystems is caugediband its products, which are the most common
contaminants of the environment today. In this régapecial attention is paid to monitoring the
ecological state in oil-producing areas, and paegrgreen plantations are recommended to be used as
biological indicators and remediates.

Literature review. A large number of scientific papers are devotethéostudy of plant organisms
reactions to the heavy metals effects, which amapaments of oil and have carcinogenic action, cause
necrotic damage to plants, block photosynthesis raathbolic transformations [2-5, 7-9, 13, 15, 19].
Heavy metals are a source of free radicals in,oetéch are formed during cellular respiration aadise
oxidative stress. Oil hydrocarbons inhibit the griovand development of plants and are especially
dangerous for the generative sphere of phytoobjddis 16]. Nitrogen and sulfur compounds, as the
components of oil, interact with atmospheric maistand precipitate in the acid rain form. This k&l
the chemical burning of plant tissues and theimateire death [10, 17]. Qil pollution is a complex
environmental problem that includes the currensgirgy problems — environmental pollution by heavy
metals and acid rain. Therefore, the study of thetional state of plants in terms of oil pollutiand its
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derivatives will identify the sustainable speciesl &pecies-indicators that can be implemented en th
landscaping of man-made areas for various purposes.

The effect of petroleum products and other polltgari anthropogenic origin on grass plants has
been sufficiently studied [11, 12, 18, 20, 21]. Hwer, the reactions of perennial tree plantationthée
effects of oil pollution are especially relevantterms of their prospects as phytoindication marker
ecomonitoring studies. There arises the questioideftifying the most informative morphological,
phenological, physiological, cytological, and amaial features of woody plants, which can quickly
determine the quality of habitat. Based on the ipatars of green plantations vitality, it is possilbd
identify the species that effectively perform tieenediation function and the species that are ulestab
the effects of adverse environmental factors. Thtsis possible to solve two key aspects of
biomonitoring — to identify bioindicators to conitrihe slightest changes in the ecological statéhef
environment, and remediative species to restorertkizonment degraded by anthropogenic activities.

Setting objectives.The purpose of our work is to identify the biolaglg indicative reactions of
tree species to the complex influence of pollutamtke conditions of technogenic-transformed ternes
and to investigate the suitability of green plaiotad as phytomeliorants and phytoindicators.

Results and discussionThe living condition of a plant is a complex of gth and development
parameters that reflect the resistance of an iddali to a set of environmental factors. As in the
conditions of oil-producing territories, the prigricontaminants of urban ecosystems are oil and oll
products. Vehicles and industry emissions are ssuaf aliphatic, aromatic hydrocarbons, acid oxides
and heavy metals.

To assess the living condition of the plant in Sie@nvironment, it is necessary to study the
processes of plants’ life at all levels of the lpgism hierarchy — from molecular to biocoenotibl@al).

Table 1
Assessment of woody plants living state at differetevels of the biosystem hierarchy in the
conditions of oil pollution

No. Level of biosystem organization Parameterdarfitporganism vitality
1 | molecular content of photosynthetic pigments thed ratio, organic
and mineral substances content, antioxidant enzact@sty
2 | cellular chromosomal abnormalities during mitaigd! division,

number of germinated and viable pollen grains ahfd, cell
size, intracellular buffering capacity

3 | tissue density and size of stomata, tissue tegkn

4 | organ mass and number of vegetative and genem@tjans of
plants, area and linear parameters of leaf platpes of leaf
necrotization, asymmetry of plant organs

5 | organismic intensity of defoliation, dechromatarthe crown and its
length, age and height of the plant, presencesefadies and
pathogens

6 | population-species duration and timing of phegialal phases of ontogenesis

7 | biocoenotic cycle of chemical elements in thafplenvironment”
system

The molecular level of biosystems organization Imgs the study of plants photosynthetic
processes activity, the suppression of which isigm ©f adverse environmental conditions. The
concentration of chlorophyll in the plants assitmla organs decreases in direct proportion to #gree
of man-made pressure on the environment. The isereficarotenoids content relative to chlorophyll i
the leaf blades indicates the ecological plastiaftthe species and its high vitality [6, 14].

Among all pollutants, heavy metals, which block yanatic reactions in cells by inactivating
enzymes, have the most detrimental effect on g@asitmilation. The action of heavy metals is toaegl
the element in the active center of the enzymechvhiakes it impossible for it to function.

Studying the concentration of glucose, starch, anaicids, proteins, fatty acids and lipids in the
plant gives a complete picture of its metaboliccpgses, indicates the predominance of catabolic or
anabolic reactions in the plant body. The increadmtbmposition of organic matter in the plant body
indicates the presence of stress and is an indicdtplant sensitivity to contaminants. The adagptiv
reactions of plants at the molecular level of b&begn organization are the synthesis of protectreéems
— metallothioneins and phytochelatins, heat shookems — and the formation of a strong lipid lager

20



HaykoBo-texniunuii sxypnan Ne 2 (22) 2020

the surface of plant organs. The lipid layer on theicle of plant organs prevents the excessive
transpiration and damage to plant tissues due \teraé biotic, abiotic or anthropogenic environmknta
factors. The accumulation of ash is an indicatothef high accumulative capacity of the plant arsdaa
rule, indicates a strong remediation capacity. Brey are substances of protein nature that arengedyre
sensitive to the chemical and physical influendeth® environment, so all components of the mananad
environmental pollutants block the activity of emmgy systems. This prevents the physiological coofse
biochemical reactions and reduces plant viabilipwever, under stress, the activity of antioxidant
enzymes increases and provides protection agdiasadtivated forms of oxygen, which are formed in
large quantities during cellular respiration unttex influence of contaminants. The activity of tada,
peroxidase, glutathione reductase and superoxgteudase is a reliable parameter of plant life itade
growing conditions.

The classic adaptive response of plants at thalaelevel of organization is to reduce cell siae i
order to minimize the energy costs of metaboliaustijent [21]. The consequence of oil components
influence on plants is a violation of cell divisiand the formation of non-viable pollen grains.ndsihe
iodine starch test is a convenient way to detexthtin the pollen grains of woody plants and doesgn
their living condition. The buffering of the intraltular environment of plants indicates the adaptiv
potential of plants to the effects of stress faxtdihe research results of the plant cells prosbpéaction
in response to a weak solution of hydrochloric adidw us to classify a particular species as sitea
or resistant plant.

The plants resistant to stressful growth conditioage a thickening of the integumentary tissues of
the vegetative organs and a decrease in the dexidite stomata on the inner surface of the leadids.
The respiratory cells of plants provide gas exchaagd transpiration — the key processes of platdo
reducing the number of stomata is considered adaptive-protective reaction aimed at optimizing th
water and gas exchange of plants.

The organic level of studying the green plantingality provides the analysis of a number of
plants morphological parameters — weight and qtyaufi vegetative and generative organs, sizes of
leaves and degree of their necrotic lesions. Ttengification of man-made effects causes the itibibi
of plant growth processes and the appearance obsgie®f various types on the leaves. Necrotiolesi
are specific indications of plants that occur doi¢hie ingress of heavy metals and acid oxidestimto
plant. When assessing the favorable habitat ofnisgss the asymmetry coefficient of individual plant
organs is used, which indicates the degree of ubessure on the environment. Particularly prorgigm
this regard is the leaf as a functionally importardan of plants, which ensures the implementation
key physiological processes [1]. Oil is a sourcéath metals and non-metals in the environmentchvhi
leads to the irreversible morpho-physiological jesses in the plant body.

At the organismal level, it is advisable to studicts morpho-physiological parameters of tree
vitality as the degree of dechromation of deciducrasvn, length of the crown, height and age ofttbe.
The adverse environmental factors cause a reduatidhe timing of phenological phases of plants,
premature aging and leaf fall. All visible phenoraexi plant organisms reflect the processes oc@uain
the previous lower levels of the biosystem orgaiopa Under the conditions of man-made pollution,
weakened plants are vulnerable to phytopathogemishvprovoke plant diseases.

In any ecosystem, plants play the role of primagdpcers of organic matter and oxygen, and are
the first link in the cycle of matter and energyhus, studying the cycle of chemical elements in the
“plant-environment” system is an urgent task in itming the anthropogenically altered areas.

The following recommendations should be followedewlselecting the material of plant objects
for research:

- to select the material of age-old plants, which gepresented in the number of at least 8-10
individuals within each ecotope of the selectedgiarea;

- to select plant material at the same height frieenbranches of the same order along the perimeter
of the crown of the species during completion ef glhowing season;

- the selected plant material should be storednimaigy-dry state or used immediately in the
experiment.

When studying the ecological condition of greeraaref the urban environment, it is advisable to
be guided by the functional zoning of the territaryzoning according to the parts of the worldislt
recommended to study an oil-contaminated ecosybtesad on determining a certain distance from the
source of oil emissions, in particular a pit or @éposit. The living condition of plants growingane¢he
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oil deposit will reveal both the distribution of lpgants in the environment and the degree of their
toxicity.

The research results of the plants vitality paransein the man-made environment should be
compared with similar parameters of the planthiéndo-called background area (table 2).

7The background territory may be a legislativelptpcted area or an area with homogeneous
natural and climatic conditions, where there isemaess of the maximum allowable concentrations of
priority pollutants.

With an average parameter deviation from the backgt value of 1-10%, the plant vitality is
considered high; of 11-20% — above average; of @%-3 average; of 31-50% below average, and with a
deviation of 51% or more — low.

Table 2
Assessment of the living condition of woody plantat different levels of the biosystem hierarchy in
urban and oil-contaminated ecosystems

Parameter deviation from the oo .
Plant vitality class Category of plant resistance
background value

1-10 % I high
11-20 % 11 above average
21-30 % 111 average
31-50 % 1Y below average

>50 % V low

Thus, based on the research results, it is pogsildleaw appropriate conclusions about increase in
the degree of man-made pressure in a particulatibmal area.

Conclusions.When conducting ecological monitoring of urban aldcontaminated areas, it is
necessary to take into account zoning of the ssdeetosystem and to follow certain recommendations
when selecting plant research sites. Using thenpetexrs of plants vitality at different levels of
biosystems organization, it is possible to charaztethe ecological state of the environment of
anthropogenically-transformed areas. Accordinghi green plantations complex of features, there are
species-indicators that reflect the real ecosibmain a certain area, and species-remediates that a
resistant to man-made pollutants and have higlsstesistance. The adaptive capabilities of rerteslia
allow them to be used as effective phytomelioramthe oil-contaminated environment.

H.I. I'niboseuuvka, 1. €. lllkiua

leano-@pankiecokuii HAYIOHANLHUN MeEXHIYHUL
VHi8epcumem Hapmu i 2azy

METOJO0JIOI'IAA OIIHKHU )KUTTEBOI'O CTAHY 3EJIEHUX HACA’KEHD B
YMOBAX TEXHOI'EHHO-TPAHC®OPMOBAHUX EKOCUCTEM

[IpoananmizoBaHo HaiiHGOPMATHUBHIIII TapaMeTPH >KUTTEBOTO CTaHY EPEBHUX POCITHH, SKi
JOLINBHO BHUKOPHUCTOBYBAaTH TIPH TNPOBEACHHI EKOJOTiYHOrO MOHITOpDUHTY ypOaHi3oBaHHX 1
HarozabpymHennx Teputopiii. HaBemeHo peakiii pOCIHHHOTO OpraHi3My Ha pI3HHX PIiBHIX
OlocHCTeMHOI Opramizamii y BIiANOBiAP Ha if0 TPIOPUTETHUX 3a0pyTHIOBAYiB TEXHOTECHHO-
TpaHC(HOPMOBAHOTO AOBKUUI — BAXKHX MeTaliB Ta HadTompoaykTiB. OOIPYHTOBaHO aKTyalbHICTh
BUBUCHHS HA(TOBOTO 3a0pyIHEHHS HABKOJMIIHBOTO CEPEIOBHUINA SK OJHI€l 3 TOJOBHUX EKOJOTIYHUX
npobjeM ChOroAeHHs. BuaineHo MpHUCTOCYBalNbHO-3aXMCHI peakiii, XapakTepHi sl CTIMKHX BHIIB
POCJIHH, Ta MECTPYKTHBHI 3MiHH y YyTJIMBHX JI0 CTPECOBUX YMOB icHYBaHHS (hiT00O’ €KTiB. BcTaHOBICHO,
10 HAWIMIMPIIMKA CHEKTP POCIMHHUX peakUiii Ha TEXHOTEHHI BIUIMBU JOBKULIS MOXKHA BHSBHUTH Ha
MOJICKYJIIPHOMY, KIITHHHOMY Ta OpPTaHHOMY piBHI opranizamii 6iocucreM. Ha OCHOBI KOMILIEKCY
Mopdooriunux, (¢izioNOriyHUX, MUTOJOTIYHUX, TICTOJIOTIYHUX 1 ()EHOJOTIYHHX MPOLECIB POCIHH
PEKOMCHIOBAHO BHKOPHCTOBYBATH BHJIH- IHAMKATOpH y OIOMOHITOPUHIOBHMX JOCIIUKCHHSX, & BHIH-
peMeiaHTH —y PeKyJIbTHBALIHHIX 3aX0JaX aHTPONOICHHO-3MIHCHHX TEPUTOPiii. BicBiTIeHO MeTOMMYHI
miAXO0OW OO0 OLIHKH €KOJOTiYyHOro craHy ypOaHi3oBaHHX 1 Ha(bT03a6py)1HeHHx EKOCUCTEM, WIO0
IPYHTYIOTECS Ha cneumblm 30HYBAHHS Ta BHOODI (I)OHOBOI Tepmopn OxapaKTepmoBaHo KJIacu
XKHUTTEBOCTI Ta KaTeropii CTIHKOCTI pOCIMH Ha OCHOBI BiJICOTKAa BiAXWJICHHS aHATi30BaHUX IapaMeTpiB
pociuH Bix (oHOBHX 3HayeHb. OOIPYHTOBAHO NMEPCHEKTHBHICTH 3€IEHHX HACA/DKEHb SK TEPBUHHUX
MPOAYLEHTIB OPTaHiKK Ta PELHITI€HTIB KOMIUIEKCHOTO BIUIMBY O010THYHHX, a0i0THYHUX 1 aHTPOIOTEHHUX
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YUHHUKIB HABKOJIUITHHOTO CepeIOBHIIA. Omcano kpurepii Bigbopy mpoo POCITHHHOTO Marepiany s
MPOBEICHHS 6101HZ{I/IK3L{H/IHI/IX JOCTIIKCHD 3 METOK0 OJICp)KaHHs JOCTOBIPHHX (aKTHYHUX JIaHHX.
BucBiTieHO B3a€MO3B' 30K MK MPOLECaMH, IO BIAOYBAlOTHCS HA yCiX PIBHSX 0l0CHCTEMHOI iepapxii
POCIIMHHOTO OPTaHi3My — BiJI MOJIEKYJISIPHOTO JI0 €KOCHCTEMHOT0. Ha OCHOBI BCTAHOBJICGHHS JKUTTEBOTO
CTaHy 3€JICHUX Haca/KeHb ypOaHi30BaHUX 1 HAPTO3a0pyAHEHNX TEPUTOPiH MOKHA CBOE€YACHO (iKCyBaTH
HaMEHII 3MIHA B €KOJIOTIYHOMY CTaHi JOBKULIS Ta TMONEPEIUTH IMOJAIBINI HETaTHBHI TEHICHINI Y
HBOMY.

Karw4oBi cioBa: XUTTEBUIH cTaH, 3elieHI HacaKeHHS, HadTOBe 3a0pymHEHHs, ypOaHi3oBaHa
eKocucTeMa, 6i0cuCTeMHa OpraHizartis.
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