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LANDSCAPE-ECOLOGICAL INVESTIGATIONS MAPPING OF
V. V. DOKUCHAY IV KHNAU ARBORETUM’S TERRITORY

B. M. Onapa, I. M. Bysina, /. 1. Xaiinyc. KAPTOI'PA®YBAHHA JIAHJIIADPTHO-EKOJIOT'TYHHUX JJOCIT/I’KEHHbD
TEPUTOPII IEH/IPOJIOTTIHOT O IIAPKY XHAY IM. B.B. IOKYYAEBA. V npedcmasgneniii cmammi cmucio eUceimieHo
OCHOBHI npobiemu, sIKi GUHUKAIOMb NI YAC NPOEOeHHs. IAHOUAGMHO-EKONO2IYHUX 00CAIOHCeHb mepumopiu. Ha npuknadi oenopo-
noeiunozo napky XHAY im. B.B. [lokyuaesa po3ensaHymo nopieHaIbHO-eKON0IYHUL MEMOO OYIHKU IPYHMOBUX YMOS 34 IICOPOCTUHHUM
eghekmom, mo6mo 3a 6UAOBUM CKAAOOM i NPOOYKMUBHICIIO KOPIHHUX JICOBUX POCIUHHUX Yepynosas. Jlic eucmynae sk cucmema
POCIUHHOCI | cepedosUa NPOHCUBAHHS, A 3 eKOTO2IYHOI MOUKU 30pY — AK BI000padtCeHHs cepedosuwya, AK it 1icopociunnuil epexm.
A maxookc 0151 OOTPYHMYBAHHSA 3aX00i8, CHPAMOBAHUX HA BUPIUEHHS AKMYATbHUX TAHOWAPMHO-eKoN02IUHUX NpobIeM, a came, MPaH-
cpopmayii’ i 3a6pyOHEHHs NPUPOOHO20 cepedosuyd, PO3GUMKY MOPPOOUHAMIUHUX npoyecis. [[0CTi0dNCceHo 6MICm 8ANCKUX Memaie
Ha mepumopii 0eHOPONAPKY, NPO8EOeHO PAHNCUPYBAHHA (DAKMOPIS, AKI BNIUBAIOMb HA PO3NOOIN KOHYEHMPayii nomomanmie ma
BU3HAYUEHO MUN eKONO2IYHOI cumyayii 3a 00NOMO200 Kapmocpagiunux memooie. 3anponoHOBaHO CYYaCHI Ma eKON02IUHI Memoou
GIOHOBILCHHS NOPYWEHUX Mepumopitl 3a OONOM02010 HimopemediayiiHux MmexHoN02il, SKi € 3HAYHO OewesUUMY A Oe3NeUHIUUM.
1Tio uac 3anposadoicenna memodia ghimopemediayii 8id0ysacmuvcsa menuie 6MOPUHHUX 3a0PYOHEHb, QI3UYHULL | 2DAHYIOMEeMPUYHUL
CKAa0 IPYHMI6 He NO2IpuyEmbCsl, OIoN02IUHA AKMUGHICb HE 3MEHUYEMBCSA, d NPOOYKIMUBHICIb YMPUMYEMbC CMAno. Jlana mex-
HONO2iA HAUBINbUWL 3PYUHA OIS OUUWEHHS NOMIPHO 3a0pyOHenux tpynmie. Ipynmu, ax enemenm aanowagmy € 6azomum OLOKOM eKo-
cucmem, pyUuHy8aHHs SKUX MAe OA2amoguMIpHe 3HAUeHHs Ol cmabinbHOCMi NPUPOOHO20 cepedosuwd. AepoceHHe nepemeopenHs
IDYHMI@ Mpaouyiiino oyinioeanocs ax npoepecuste. OOHAK, HAYKOBUL AHATI3 C8IOYUMb, WO eKCIMEHCUBHE 3eMAEPOOCMB0, HepayioHa-
JIbHe XiMiuHe YOoopenus U gpemuwusayia necmuyuoie 3yMosUIU 3HAYHe 3HUNCEHHS POOIOYOCMI, a NO0eKyOu U empamy, 6HACAIO0K
PO36UMKY epo3ii, NPUPOOHO20 IPYHMOBO20 NOKPUBY HA enukux niowax. I1odibni npoyecu cmumynowoms IPYHMosgy Mikpogaopy 0o
DO3KNAOAHHS OP2AHINHUX 3A0PYOHEHb | CIPpUSIONMb NOIUHAHHIO POCIUHON WKIOIUBUX perosut. Jlanowadmmno-exonoeiunuti nioxio
HApasi 3acMoCco8yionts y 6UPIleHHi 0a2amvbox HAYKOBUX 3A60aAHb. K MEOPEeMUYHUX, MAK | NPAKMUYHUX.

Knrouosi crosa: nanowadmmo-exonoeiuni 00CHiONCeHHs, Kapmozpagyeants, edamonu, mpogomonu, edagiuna cimka, 0eHo-
PONOSIYHULL NAPK.

B. H. Onapa, H. H. By3una, /. . Xaiinyc. KAPTOI'PAODUPOBAHHUE JIAH/ILIIA®THO-3KO/IOTHYECKHX HCCJIE-
JIOBAHHH TEPPHTOPHH JJEHIPOJIOTHYECKOI'O ITAPKA XHAY HM. B.B. JOKYYAEBA. B npedcmasnennoii cmamove
KPAmMKO 0c8eujeHbl OCHOBHbIE NPODIeMbl, BOZHUKAIOWUE NPU NPOBEOCHUU JAHOUAPMHO-IKOI02UHECKUX UCCIE008AHUL MEPPUMOPUIL.
Ha npumepe odenoponoeuueckozco napka XHAY um. B.B. Jlokyuaesa paccmompen cpasHUmMenbHO-3KOL0SUYECKULl Memoo OYeHKU
NOYSEHHbIX YCIO8UIL NO NleCOPACMUMeNnsHOMY dP@eknty, mo ecmb no 8UO0BOMY COCMABY U NPOOYKMUSHOCHU KOPEHHbIX JIeCHbIX
pacmumenvHbix coobujecms. Jlec svicmynaem Kaxk cucmema pacmumenbHOCmu i cpedbl 0OUMaHUs, a ¢ IKOL0SUYECKOU MOYKU 3pe-
HUsL — KaK ompaicenue cpeovl, KaK ee 1ecopacmumenvhbix d¢hgexm. A maxoice 0 060CHOBAHUS MEPONPUAMULL, HANPABIEHHbIX HA
peliene aKmyaibHblX J1aHOUAGMHO-IKOI0SUYECKUX NPOOIeM, 8 YaCMHOCIU, MpaHchopmayuu U 3aepa3HeHus npUpooHoll cpeosl,
passumus mop@oounamuieckux npoyeccos. HMccnedosano cooepoicanue magicenvix Memanios Ha meppumopuu 0eHoponapka, npo-
6€0€HO PaHdCUposanue Gakmopos, 6IUAIOWUX HA pacnpedeierie KOHYeHmpayuil noJIOManmos u onpeoenen mun 3K0102u4eckou
cumyayuy ¢ nOMowbio Kapmoepaguueckux memooos. IIpednoceno cospementble U IKON0SUYECKUe MEMoObl B0CCHIAHOGIEHUsS
HAPYUEHHbIX MePPUMOPULL C NOMOWBIO PUMOPEMeOUAYUOHHBIX MEXHONIOUL, KOMOopble 3HAYUMenbHo Oeutesne u besonacuee. IIpu
86e0eHUU MemOo008 Qumopemeouayuy nPOUCXo0OUn MeHblle 8MOPUYHBIX 3a2PASHEHUL, PUIUYECKULl U 2DAHYIOMEMPULECKULl COCA8
noue He yxyouaemcs, GUOIOSUYECKAs AKIMUGHOCHIb HE YMEHbULAEMCS, d NPOU3B00UMENbHOCHIb COOEPAHCUMCS NOCMOAHHOU. [lanHas
mexHono2us Hauboaee YOOOHa 0N OUUCTKU YMEPEHHO 3az2pA3HEHHbIX nous. TIouebl, KaK s1emenm Janowagdhma aeasemcs 6eCombim
O10KOM IKOCUCTEM, PA3PYULeHUEe KOMOPBIX UMeen MHO2OMePHOe 3HayeHue OJid CIAOUIbHOCIU RPUPOOHOLL cpedbl. AepozerHoe npe-
0bpazosanue nous mpaouyUOHHO OYEHUBANOCH KAk npoepeccugnoe. OOHAKO, HAYYHBIIL AHANU3 CBUOCMETLCIMEYem, YMO IKCIMEHCUB-
Hoe 3emiiedenue, HepayUOHAIbHOE XUMUYecKoe yY0ooperue u pemumuzayus necmuyuoos 00yCio8Uly 3HAYUMeENbHOe CHUNCEHUE N0~
00pooust, a uHO20a U NOMeEPIO, 8 Pe3yIbIame pa3gUmMus dPo3ul, NPUPOOHO20 NOUYEEHHO20 NOKPO8a Ha boabuux niowaosx. 110006-
Hble NPOYeccvl CMUMYAUPYION NOYEEHHYIO MUKDOPDIOPY K PAZIOHCEHUIO OP2AHUNECKUX 3A2PASHEHUT U CHOCOOCMEYION NO2TOWEHUIO
pacmenuem 8pedHvix ewecms. Jlanowagpmuo-sKonocuteckuti n00X00 ceudac NPUMEHsIOm 6 peuleHUuU MHO2UX HAYYHbIX 3a0a4. KAK
meopemuiecKux, max u nPAKMu4ecKux.

Kniouesvie cnosa: nanowiadmmuo-3xonocudeckue uccied08anus, Kapmozpaguposanue, e0amonst, mpogpomonsl, 30aguieckast
cemxka, 0eHOPOA02UYEeCKUT NAPK.
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Formulation of the problem. In the field of
ecology the investigation of spatial analysis of ob-
jects is almost not considered, while landscape sci-
ence, on the contrary, has rich and well-studied tra-
ditions. To solve various issues of geosystems’ dy-
namics in landscape investigations, it is necessary to
involve the concept of ecology. In general, in the
field of ecology and landscape science, we can find
many combining and complementary situations,
theoretical positions, methods, whose synthesis in-
volves formation of landscape ecology theoretical
basis [1].

Agricultural production is inextricably linked
with landscapes. The soil cover and its quantitative
and qualitative status is one of the most important
components of land.

Modern integrated field studies envisage not
only obtaining the necessary information about the
landscape and landscape-forming processes, but also
using it during environmental research. Various
forms of obtaining landscape information are used:
substantiation, recommendations, special maps,
schemes, models, etc. [1-2].

A comprehensive system approach to the ra-
tional use of natural resources and public health pro-
tection in conditions of intensive anthropogenic
loading on the environment raises the problem of
assessing the ecological state of landscapes and the
possibility of fulfilling their respective ecological
functions in the foreground [3].

Actual scientific researches and issues ana-
lysis.

Measures to stabilize and restore the ecological
state of landscapes and soils as their integral part
require the ecological assessment of the environ-
ment conditions and the efficiency of land resources
use. This assessment has a number of territorial fea-
tures, which are easier and more explicitly explored
by mapping methods. This suggests the need to cre-
ate a general or universal landscape-ecological data-
base that would provide substantiation of specific
decisions on the ecological safety of the territories
[4-5].

The content of such a database should be as
comprehensive as possible, versatile, reliable and
objective landscape-ecological characteristics of the
environment. It is possible to provide the above-
mentioned needs using GIS with modern mapping
methods. The complexity of the task is determined
by the peculiar study objects —a great variety of pa-
rameters characterizing the qualitative state of the
environment.

Geographic information systems enable us to
automate and accelerate the process of obtaining the
necessary information at the right moment, integrat-
ing data from different sources, and ensuring in-
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teroperability with other systems and technologies
used in the process of regional development man-
agement (V.M. Bagrov, T.V. Kotova, L.F. Yanvar-
iova) [6].

Such systems are intended to provide the exec-
utive authorities and local government with reliable
information on the current state of natural resource
potential, human resources, environment, economic
and social situation in the region with subsequent
transition to scientifically grounded forecasting ac-
cording to certain models. Regional GIS, both com-
plex and thematic, should be developed according to
the approaches adopted for the development of the
national GIS proposed by L.G. Rudenko, V,S.
Chabaniuk and others [4-6].

According to domestic studies (M.V. Bahroy,
V.O. Bokov et al.) and foreign scientists [7-9], the
conceptual data model for the needs of ecological
and environmental mapping should include the in-
formation on:

- natural and socio-economic systems as deter-
minants of nature use;

- ecological conditions of the region and its
evaluation;

- measures to optimize nature use;

- the expected effectiveness of their implemen-
tation.

The ecological aspect of the geosystems’ study
has a number of approaches. Geography, as a sci-
ence that uses environmental assessment criteria,
can address a multitude of issues related to protec-
tion and optimization of disturbed territories. They
are reduced to the geosystems’ management, which
is possible only on an ecological basis. Ecology, as a
science, is the filter through which it is necessary to
skip geographic information before it is used in
solving economic issues.

Natural environment is characterized by spatial
variability. It is this property that is of great ecologi-
cal significance. Therefore, the geographical study
of it is a prerequisite for landscape and environmen-
tal research. An important feature of geographic re-
search is the great potential of a systematic approach
to the study of natural and social phenomena that
can be used in environmental studies [4, 6, 9].

Correct assessment of the natural fertility in
forestry is a prerequisite for a successful solution to
the practical issues of forest cultivation. Any forest
massifs are formed and function with the close in-
teraction of various natural factors: climate, relief,
vegetation, soil cover and underlying rocks and con-
stitute a set of interconnected complicated physical
and geographical processes. The landscape-
ecological approach gives an opportunity to study
the structure of forest masses - the product of zonal
and azonal factors, as well as the diversity of land-



BicHuk Xapkiecbk020 HauioHasibHO20 yHisepcumemy imeHi B.H. KapasiHa

scape types on a particular territory, to consider the
interconnection between the biological diversity of
forests and the basis of the landscape - the lithologi-
cal framework [10].

The average value of optimal forests index in
the forest-steppe zone varies within 20%. Approxi-
mately the same area is occupied by meadow-steppe
and wetland groups of vegetation.

According to the estimations of scientists, land-
scape-ecological optimization of the territory is
achieved with the harmonious combination of natu-
ral and anthropogenic landscapes in the ratio of 3: 2
of landscape structure [11].

Thus, at least 40% of the territory of any forest
steppe region should be occupied by natural land-
scapes, and according to J. Odum — up to 60% [12].

Consequently, the efforts of geography, cartog-
raphy and ecology are aimed at preservation of the
natural environment, or rather spatio-temporal pecu-
liarities of the organisms’ interaction with the envi-
ronment. This interaction takes place in different
socio-natural conditions, at the level of specific eco-
systems and geosystems, that is, on a certain territo-
ry. This forms a new research object — a geosecosys-
tem that enables us to use different geographic ap-
proaches to their investigation [6, 12].

The most important feature of geosystems is
their territorial integrity, ties, and stable structure.
The number of elements in such systems and the
existing interrelationships between them give a gen-
eral idea of the scale of this system. The description
of the elements is the starting point for studying its
integrity, that is, the internal unity of the object.

In the studies by B.F. Ostapenko and D.V. Vo-
robyov the criterion for the forest type allocation is
the indigenous forest association, which is the result
of the development (evolution) of the vegetation
cover. It has a certain composition of forest-forming
wood species, a certain natural biological productiv-
ity, the magnitude of which is a source for compar-
ing and assessing natural and actual productivity of
a particular area of forest area related to this type of
forest [13, 14].

In a geographical aspect, each type of forest
occupies different by size but unique geographical
and climatic range, determined by the combination
of characteristic wood ranges, and sometimes shrub
species belonging to the fundamental plant associa-
tion. At the same time, in each sector or district of
forestry-typological zoning (according to Morozov
— type of forest massif) only one type of forest lo-
cated along the plains is zonal. In the mountains it is
of altitudinal zonation, all other types of forest are
intrazonal.

In the eco-taxonomic aspect, the forest type is
one of the main taxons of the typology. As a climatic
and isometric form it enters a larger taxon — the type
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of forest area, homogeneous in soil fertility. Under
specific conditions, it may be presented in various
ways. Smaller units are the types of woodland and
their analogues, i.e. the types of shrubs, grass,
formed in the forest type as a result of human activi-
ty or the action of natural phenomena [14].

The main purpose and significance of such
studies is the purposeful study of the components in
the landscapes structure, the dynamics of natural
and socio-economic elements for solving a specific
scientific or practical task. In the case of an in-depth
mapping study of geosystems, a number of condi-
tions must be met:

- to develop spatial and content classification of
geosystems and scientific analysis of the latter;

- to establish the specifics of their mapping for
all sections in the classification of geosystems
which involves the reproduction of the main com-
ponents and interconnections, as well as the features
of generalization for each hierarchical level;

- to use regularly the method of division for the
study of complex geosystems.

In each particular case, the purpose and strate-
gy of landscape-ecological mapping study is differ-
ent. It depends on whether the analysis of the select-
ed geosystem is carried out, or the system from the
investigated elements is synthesized. Since the start-
ing positions are different, the planning and organi-
zation of the study will also be different. It is neces-
sary observe the territory, time, level of study, de-
gree of generalization, scale, language [15-16].

During the development of the edaphic grid we
used a comparative and ecological method for as-
sessing soil conditions for the forest-based effect,
that is, by species composition of vegetation and
productivity of indigenous forest vegetation groups.
To evaluate (indicate) soil fertility, plants were di-
vided into ecological groups according to the re-
quirements for moisture and soil richness, based on
the forestry "scales of demands” and ecological
grouping of plants adopted in geobotanics. Accord-
ing to the ordinate of soil richness (or trophy) "scale
of demands " of wood species to the soil were used
to establish forest groups (trophotops), developed by
G.F. Morozov and M.K. Turskyi, as well as distribu-
tion of plants on oligotrophs, mesotrophs and mega-
trophy accepted in the geobotanics [14, 15].

In the practice of forest management and long-
term planning of forestry the knowledge of tropho-
tops is necessary when selecting the main types of
the forestry, in determining natural productivity of
land and its reserves. It is also essential in the period
of clearing and reconstruction of plantations, when
selecting forest trees and designing the types of
crops for logging, etc.

Therefore, in a detailed approach to assessment
of forest vegetation conditions, edaphic and climatic
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variants of trophies, such as acidiphilic, calcium,
nitrophilic, thermal, etc., are allocated as additional
ordinates. Their allocation is necessary in the course
of scientific research and in the implementation of
some forestry measures.

Types of cover are of interest for us in terms of
indications related to soil and moisture. The type of
forest area can be established only if there are spe-
cies of different ecological characteristics, different
environmental properties in the composition of
plants.

Thus, edatop is determined by the composition
of plants (main feature) belonging to different eco-
logical groups. It is very easy to make a mistake
taking into account the species of only one ecologi-
cal group, while the presence of species with differ-
ent ecological characteristics gives us the opportuni-
ty to very confidently determine the type of forest
area.

In the development of edaphic grid we applied
a comparative-ecological method for assessing soil
conditions for the forest-based effect, i.e. species
composition and productivity of indigenous forest
vegetation groups, considered as a system of vegeta-
tion and habitat. From an environmental point of
view it is a reflection of the environment, as its for-
estry effect. Plants were divided into ecological
groups for the assessment (indication) of soil fertili-
ty for demanding moisture and soil richness.

The basis for this was given by the forestry
"scales of demands" and the ecological groupings of
plants taken in geobotanics. According to the ordi-
nate of soil richness or trophy for the establishment
of forest groups (trophotops), scale of demanding of
woody rocks to the soil was used, as well as the sep-
aration of plants in oligotrophs, mesotrophs and
megatrophs adopted in geobotanics. Similarly, the
soil moisture ordinates have been constructed. To
establish moisture groups (hygrotops), there were
accepted geobotanical groupings of plants including
xerophytes, mesophytes, hygrophytes and surface-
covering groups, established by A.A. Krudener
These groups are used to determine the (indication)
of edotopes in nature [13-16].

Identification of previously unsettled parts
of the general issue. The methodological bases of
the landscape-ecological analysis of the territory, the
issue of rational nature management and the resolu-
tion of environmental problems of a specific region
are not clearly outlined in the literature today. To
resolve these issues, it is necessary first of all:

- to clearly formulate the main theoretical and
methodological aspects of ecological analysis and
assessment of landscapes;

- to identify patterns of spatial diversity of nat-
ural and human-made complexes of the studied ter-
ritory, background geochemical and geophysical

functions of natural components;

- to conduct a structural and functional analysis
of anthropogenic landscapes;

- to develop (supplement) the methodology of
landscape and ecological evaluation of the proper-
ties of natural complexes in different taxonomic
ranks, the role of components in the formation of the
ecological situation;

- to assess the ecological condition of a particu-
lar territory, namely, the arboretum on the territory
of the educational campus of the V.V. Dokuchayiv
KhNAU in Kharkiv district, Kharkiv region.

Purpose statement: The purpose of this work
was to study the landscape and ecological structure
of the forest massif, to identify the relationship be-
tween the components of landscapes on the example
of V.V. Dokuchayiv KhNAU arboretum by mapping
the territory.

Presentation of the main material. The main
task of landscape-ecological investigations is the
development of landscape bases for solving various
ecological problems of the environment and the sci-
entific substantiation of ways to optimize its state
through mapping modeling.

Before conducting special investigations, it is
necessary to have materials of landscape field map-
ping and laboratory analysis of samples of land-
scape components, both background and anthropo-
genically loaded and contaminated. Today, different
methods of investigation are used, namely: land-
scape profiling, continuous shooting on key sites,
conjugated testing in autonomous and subordinate
elementary landscapes, etc. Around the sources of
pollution, a more detailed landscape-geochemical
mapping is performed on the morphological units
and chains. Radial (around the source of pollution)
and cascading (swimming pools of the small year)
routes are applied.

The main source of information about soils,
their ecological status, evaluation, use is the data of
landscape-ground surveys and surveys, recorded on
plans, maps, photographs and models of the area.

Prospective development of scientific research
and advanced manufacturing mapping experience
shows that remote measurement methods that allow
large areas to be covered efficiently detect most soil
and landscape parameters, provide the opportunity
to automate the collection, processing, analysis and
mapping of spatial information about an object. Also
the direction of forecast mapping modeling becomes
more and more popular, which allows to predict the
development of certain processes in the environ-
ment.

To conduct the investigation, the arboretum’s
territory of V.V. Dokuchayiv KhNAU’s educational
campus was selected.

Geographical position of the arboretum. The
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arboretum is the part of the green zone of the educa-
tional campus of V.V. Dokuchayiv KhNAU. It is
located in the north-east of the educational campus.
In the north, the park borders on the experimental
field, in the north-east — on the country and in the
east — on garage cooperatives, in the south — on a
residential area, along the western border there is a
road leading to the township Rohan, and across the
road there is Veterans Park (Fig. 1).

Currently the arboretum covers the area of
23.20 hectares. It includes collection (exposition)

areas — 23 blocks with a total area of 14.10 hectares;
flowerbed — 0,70 hectares; introductory nursery of
about 1.0 ha; a collection of perennial flowers —
0,30 hectares; archival-clone and seed plantations of
pine and oak — 6,50 hectares; the molded bed for the
pond is 0.60 hectares (in the designing the pond the
close occurrence of a strong sand layer was not tak-
en into account, therefore, water disappears quickly
and the pond only operates for a short period),
mother plantation of hazelnuts — 0.24 hectares, the
household yard [17-19].

Locnigwe none

Nicocmyra 66

Mapx
Betepanin

Nicocmyra 66a
JAKAIHUK MICLEDOND INANEHHS

Aaove

Raul

KNnomono-uackuena
nNasTauin
COCHMN IDHUDAHOI

Fapasmua
KoOnepaTHD
"Haywosni™

Fig.1. Spatial-functional structure of the arboretum [17]
Equivalence table for Fig. 1

JlocmigHe moie

The experimental field

Jlicocmyra 66 Forest band 66
ITapk Berepanin Veterans Park
Porann Rohan

Vyrocn Instructional farm
Bxin Entrance

Haui Cottages

Jlicocmyra 65a

Forest band 65a

3aKa3HuK MiCLICBOFO 3HAYCHHA

Local Value Reserve

KitoHOBO-HaciHHEBA ITAHTALIS COCHU 3BUYANHOT

Clone-seed plantation of Scotch pine

ApXiBHO-KJIOHOBA TUTaHTAIlisl 1y0a 4epenkoBOro

Archival-clone plantation of petiole oak

ApXiBHO-KJIOHOBA TUTAHTAILiS] COCHU 3BUYANHO1

Archival clone plantation of Scotch pine

Maro4yHo-BiIBOAKOBA IJIAHTALlsl PyHIYKa

Mother plantation of hazelnuts

lapaxxuuii koonepatu «HaykoBuii»

Garage cooperative "Naukovyi"

The arboretum is the object of the natural re-
serve fund of Kharkiv region of national im-
portance. The purpose of establishing was:

- in artificial conditions preservation of collec-
tions of living plants and other botanical objects

having scientific, educational, economic and cultural
significance;

- conducting research works;

- conducting educational, pedagogical and eco-
logical-educational work in the field of botanics and
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nature protection, plant growing and selection, or-
namental horticulture and landscape architecture.
Soil-climatic conditions of the arboretum. To
investigate landscape-ecological conditions, typical
combinations of certain subtypes and varieties of
soil with the typical forest-germination types, de-
fined as forest-based conditions, were considered in
the paper. This concept is an important forestry indi-
cator that characterizes homogeneous forest-based
conditions on forest plots covered and uncovered
with forest vegetation. The edaphic grid of Ale-
kseyev-Pohrebniak, specified by B.F. Ostapenko is
used for their classification [14], based on combina-
tions of moisture and soil richness. Such combina-
tions are called edatopes. In our case, this is fresh
ground (D2). Forest ecologists estimate it as the
most fertile habitat, where soils rich in nutrients
(loamy and clay-rich) are covered with vegetation
with a prevailing number of megatrophs. Meso-
trophs are found only in the upper woody tiers.

So, the soils here are typical black soils average
-washed, which are bedrocked with loess loams on a
thick layer of Neogene sands (the Poltava tier, ac-
cording to the classical scheme of its stratigraphic
division, recognized by soil scientists following
Kharkiv geologists D. Sobolev, I. Remizov, et.al.).

The soil of the test site territory is classified by
the authors as the following agro-groups, according
to the generally accepted "Nomenclature list of
agro-industrial groups of soils in Ukraine":

65e — ordinary chernozem soils weakly eroded
heavy- argillaceous and light-loamy

66r — ordinary chernozem soils medium-
eroded light-argillaceous
66x — ordinary  chernozem soils medium-

eroded medium-argillaceous

631 — ordinary chernozem soils salt-washed
medium-argillaceous

209r — washed chernozem soils and meadow-
chernozem light-argillaceous soils (Fig. 2).

Fig. 2. Cartogram of agro-industrial groups of soils on the territory of the arboretum

Continental climate with unstable moisture.
Average annual air temperature is +6.5 ° C with a
variation from +38 to -35 ° C. The frost-free period
is 113 - 200 days. The average annual rainfall is 520
mm with a variation of 330 to 740 mm. The rainless
period can last from 10 to 52 days. A term with a
relative humidity below 30% may be 24 or more
nights. On these days there are dry winds and
droughts. The study of changes in the annual

amount of precipitation observed and studied by
many scientists in recent years, according to the
township Rohan (experimental field of KhNAU near
the arboretum) makes it possible to claim that there
is a continental type of annual flow of precipitation
in general in this territory. According to it, their
maximum amount is during a warm period. The ter-
ritory belongs to an area with unstable moistening
[20].
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The authors created the information base for an
automated system of landscape ecological maps,
which consists of a database of cartographic infor-
mation and a database of thematic data about the
investigated area.

The cartographic database includes the follow-
ing materials:

1. A spatial-functional structure of the arbore-
tum, which provides information on the contours
and qualitative state of the territories (Fig. 1), and
the cartogram of agro-industrial groups of territories

(Fig. 2).

3. Digital model of relief (Fig. 4). A multidi-
mensional analysis of an object, process or phenom-
enon is increasingly used when conducting research
in ecology. Comprehensive characteristics of the
studied environment are used as mathematical data —
spatial, temporal, quantitative and qualitative. Given
the available data, the type and nature of infor-
mation used during modeling, different methods of
constructing models are chosen.

Digital model of relief is intended for interac-
tive visualization and has the effect of presence on
the ground. In our case, it reflects the location and
numbering of soil samples selected for laboratory
studies.

Such models are used to substantiate measures
to optimize land use in order to restore and stabilize
the ecological situation, assess the nature-
recreational potential of the territory, monitor the
components of the environment, predict the devel-

-203 -

2. A digital image of the investigated area (Fig.
3). Aerospace images provide fast information about
the landscape, coverage of large areas, simultaneous
transfer of many of their properties in different
ways, using the entire range of electromagnetic
spectrum. This makes aerospace information one of
the main sources in the information system of auto-
mated cartographic systems. It has radically changed
the traditional ways of composing landscape maps.
All these materials are a traditional topographic ba-
sis for mapping landscapes.

Rl

opment of transformation and degradation processes
and environmental phenomena.

Cartographic modeling is of interest to re-
searchers, since this is the most laconic way to
streamline a large amount of geographic infor-
mation. This direction is particularly relevant for
those areas where the map is a means of creating
sound concepts of spatial and temporal patterns that
take place in the landscape-environmental field of
research. It is absolutely impossible to explore them
locally. That is why 3D landscape modeling has
great prospects.

Along with the purely cartographic infor-
mation, the database must also be filled with statis-
tical information.

Applied landscape geochemical surveys. Sam-
ples from the upper fertile soil layer were selected
for research on the arboretum territory and the con-
tent of the moving forms of heavy metals (iron, ma-
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nganese, zinc, copper, nickel, lead, chromium and
cadmium) was determined by atomic absorption

-place and number of soil sample selection

Fig. 4. Digital model of V.V. Dokuchayiv KhNAU’s arboretum territory relief.

spectrometry (Fig. 4).

The obtained results show the following. The
accumulation of elements occurs in areas of the ter-

rain lowering due to runoff of surface and ground-
water. The most dangerous of these are lead, cadmi-

um, chromium, nickel, whose concentration exceeds

the acceptable concentration (AC) up to 3-4 times,
or are on the verge of excess (Table 1).

Table 1
Concentrations of heavy metals in the investigated soils

Elements Concentration (average), mg / kg

No. 1 2 3 4 5 6 7 8 AC
Iron 3,37 3,54 78,23 85,43 29,45 50,92 | 289,08 | 227,17 -
Manganese 40,62 | 16,43 | 228,97 | 147,85 | 103,94 |5257 | 18515 |21545 | 50,00
Zinc 1,81 2,48 12,12 21,81 17,75 12,14 | 15,98 9,65 23,00
Copper 1,16 0,86 1,15 1,16 1,28 1,17 1,67 2,23 3,00
Nickel 2,45 3,49 2,85 2,73 4,24 3,96 3,78 4,74 4,00
Lead 2,47 3,75 4,53 4,89 3,59 3,18 6,52 7,12 2,00
Chromium 1,83 3,72 2,41 5,16 5,67 5,24 6,92 6,23 6,00
Cadmium 0,17 0,19 0,52 0,63 0,63 0,42 0,57 0,73 0,70

The highest concentrations of heavy metal con-
tent were found in the lower reliefs, near the motor-
way adjoining the park, as well as on high slopes

(Fig. 5).

The influence of the site position on various el-
ements of relief and exposure on the soils properties
to date has not been studied in detail yet.

The statistical processing of the results was ai-
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med at revealing the relationship between the con-
tent of heavy metals and a number of indicators that
could affect their accumulation: distance to the

highway, depth of the sample, the slope steepness
and the average elevation of the selection point
above the sea level.

1
25
8 29 2
1> =—7inc
Copper
Nickel
=] ead
Chromium
Cadmium
5

Fig. 5. Interpolation of heavy metals concentrations in depth (relative to the deepest point)

As a result of the conducted research, the rank-
ing of factors (characteristics of soil samples) for the
soil, iron, manganese, zinc, copper, nickel, lead,
chromium and cadmium contents was performed. In
the first place there is the height of the sampling
point of the soil, in the second place there is the dis-
tance to the road, in the third — the slope steepness,
and the fourth — the depth of sampling (Table 2).

Thus, we can conclude that distribution of
heavy metals in the studied area mainly depends on
the height of the terrain. That is, with the relief low-
ering substrate with metal-containing substances
washes out and is removed with groundwater.

Based on our research, we can draw conclusi-

ons about the nature of heavy metals behaviour in
the soils of the investigated area: they can be divid-
ed into two different groups. The first group in-
cludes copper, nickel, chromium, cadmium. Their
content in the soil slightly changes with depth and
practically does not depend on the landscape posi-
tion of the point. Accumulation in the humus hori-
zon is poorly expressed.

The second group includes iron, manganese,
zinc and lead. These elements accumulate mainly in
the humus horizon, which may be due to low humus
content in the soils. Assessment of the territory con-
dition is given in Table 3.

Table 2
Ranking of factors (characteristics of soil samples)
Factors
Performance indica- height, m distance to cutslope ratio depth, sm

tors ' the road, m '
X5 3 X4 "1
Iron content 1 3 4 5
Manganese content 1 3 5 4
Zinc content 5 3 1 2
Copper content 2 4 5 3
Nickel content 1 2 5 4
Lead content 2 3 4 5
Chromium content 1 4 2 3
Cadmium content 5 2 3 4

Mean value 2,25 3,00 3,63 3,75
Factor rank 1 11 I1I v
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Table 3
Estimation of environment pollution by heavy metals

Elements Class of dan- AC, Maxi_mum concen- | excess, times Type of gnvir_on-
ger mg/kg tration, mg / kg mental situation

Manganese 111 50 228,97 45 Crisis
Zinc | 23 21,81 0,9 Satisfactory
Copper II 4 474 1,2 Pre-crisis
Nickel I 2 7,12 3,56 Crisis
Lead 11 6 6,92 1,15 Pre-crisis
Chromium 1 0,7 0,73 1,04 Pre-crisis

Today, there are a lot of research results on the
harmful effects of heavy metals on the environment,
methods for their identification and mapping in the
literature. But the problem of preventing the accu-
mulation of heavy metals in soils is not clearly rep-
resented; for the most part they are expensive and
long-term measures.

In our opinion, phytoremediation is a promising
direction in solving such problems [21-22]. Its sig-
nificant advantage is that these measures are abso-
lutely harmless to the environment. They are much
cheaper than other methods and have substantial
public support. With implementing of phytoreme-
diation methods, there is less secondary pollution,
physical and granulometric composition of soils
does not deteriorate, biological activity does not de-
crease, and productivity is kept constant. This tech-
nology is most convenient for cleaning of moderate-
ly polluted soils, which is well suited to our case.
Such technology is absolutely safe from the ecolog-
ical point of view, as it does not destroy the natural
fertility of the soil, reduces the soil erosion and in-
creases its aeration. Such processes stimulate soil

microflora to decompose organic contaminants and
promote the absorption of harmful substances by the
plant.

Conclusions. The landscape-ecological ap-
proach is currently used in solving many scientific
problems, both theoretical and practical. For exam-
ple, in the area of sustainable development of terri-
tories, which is an integral part of nature use optimi-
zation, the agro-landscapes management is used, as
well as in the district method of forest management.

The landscape-ecological method as a compo-
nent of the district method is used in national parks
and nature reserves to ensure the conservation and,
if necessary, in the restoration or reconstruction of
indigenous forest ecosystems, increase of ecologi-
cal, scientific, recreational value of forest land-
scapes, their socio-economic use.

The main goal of developing such methods is
collection, systematization, analysis and processing
of high-quality and reliable information as a result
of complex landscape-ecological analysis of territo-
ries, as well as forecasting of environmental prob-
lems and ways of their solution or prevention.
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LANDSCAPE-ECOLOGICAL INVESTIGATIONS MAPPING OF
V. V. DOKUCHAYIV KHNAU ARBORETUM’S TERRITORY

Formulation of the problem. This article briefly describes the main problems that arise during land-
scape and ecological investigation of territories. On the example of V.V.Dokuchayiv KHNAU’s arboretum
the comparative and ecological method of estimating the soil conditions for the forest-based effect, i.e. spe-
cies composition and productivity of indigenous forest vegetation groups is considered. The forest represents
a system of vegetation and habitat. From the ecological point of view it is a reflection of the environment, as
its forestry effect. The objective is also to justify measures aimed at solving urgent landscape and environ-
mental problems, namely, transformation and pollution of the natural environment, the development of mor-
phodynamic processes.

Soils, as the element of the landscape, are an important block of ecosystems whose destruction has a
multidimensional value for the stability of the natural environment. Aggregate soil transformation has tradi-
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tionally been evaluated as progressive. However, scientific analysis suggests that extensive farming, inap-
propriate chemical fertilization and fetishization of pesticides have led to a significant decline in fertility, and
in some cases, its loss due to the development of erosion of natural soil cover on large areas. Such processes
stimulate soil microflora to decompose organic contaminants and promote the absorption of harmful sub-
stances by the plant.

The landscape-ecological approach is currently used in solving many scientific problems: both theoreti-
cal and practical.

The purpose of the article. The purpose of this work was to study the landscape and ecological struc-
ture of the forest massif, to identify the relationship between the components of landscapes on the example
of the V.V. Dokuchayiv KHNAU’s arboretum by mapping the territory.

Methods. The authors’ own achievements as well as the research results of domestic and foreign inves-
tigators made the methodical basis for the article.

Results. The content of heavy metals on the territory of the arboretum is investigated, a ranking of fac-
tors influencing the distribution of concentrations of pollutants has been carried out and the type of ecologi-
cal situation is determined by means of mapping methods.

Modern and ecological methods of disturbed territories’ restoration with the help of phytotherapeutic
technologies, which are much cheaper and safer, are offered. When implementing phytoremediation meth-
ods, there is less secondary pollution, physical and granulometric composition of soils does not deteriorate,
biological activity does not decrease, and productivity is kept constant. This technology is most convenient
for cleaning of moderately polluted soils.

Scientific novelty and practical significance. One of the main mechanisms for regulating the ecologi-
zation of land resources is the identification, evaluation and implementation of the maximum possible re-
serves for increasing the efficiency of this process. This is reduction of unproductive losses in the mode of
use and conservation of resources and the possibility of using the basic solution as a scientific and technolog-
ical progress. Digital terrain models are designed for interactive visualization and have an effect of presence
on the ground. Such models are used to substantiate measures to optimize land use in order to restore and
stabilize the ecological situation, assess the natural recreational potential of the territory, monitor the compo-
nents of the environment, predict transformation and degradation processes and environmental phenomena
development.

Keywords: landscape-ecological investigations, cartography, edotopes, trophotops, edaphic grid, arbo-
retum.
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