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Tonouux Uuna, Menbauk Bepa. CoBpeMeHHOe cocTosiHMe KauecTBa BoAbI B p. CThIPh B npenenax PoBenckoii
obmacta. B pabote wmccreqyercs COBpEMEHHOE COCTOsIHHE KadecTBa BOIbI p. CThipb. MccnenyroTcss OCHOBHBIC MPUYHHBL
3arpsi3HEHUS BOJBI B Ipeneiiax BoiblHCKOW BO3BBINICHHOCTH W BoinbiHckoro Ilonecks Ha Tepputopuu PoBeHCKOM
obmactu. OmpenesnsFoTcss OCHOBHBIC 3aTrPsI3HUTENIN M 3arpA3HAIONINE BemlecTBa BOABI peukd. [IpoBoauTcst moapoOHBIi
aHAJIN3 TUHAMUAKHA U3MEHEHHH, KOJIOTHIECKast OI[CHKa COBPEMEHHOT'O COCTOSIHHSA KadecTBa BOAH! p. CThIph. XapakTe-
PHCTHKA KadecTBa BOJBI OCYIIECTBISIETCS HA OCHOBAHUHM KOJOTHYIECCKON KIacCH(HUKAIINH KadecTBa IMOBEPXHOCTHBIX
BOJ CYIIM M ACTyapueB YKpaWHbI, KOTOpas BKIIOYACT MIMPOKHH HAO0Op THAPOPUINIECKHUX, THIAPOXUMHYECKUX,
THAPOOHOJIOTHYECKUX TTOKA3aTeNIel, KOTOPhIE OTPaxaroT 0COOEHHOCTH aOHOTHYECKON N OMOTHUYECKOH COCTABIISIONINX
BOJIHBIX 3KOcHCTeM. MccneoBaHusIMU YCTaHOBICHO, YTO Boja p. CThIph B mpenenax BOJNBIHCKOW BO3BBIIICHHOCTH 3HA-
YUTEIBHO YUINE, YeM B mpeaenax BombiHckoro [Tonechs, MHTETpaIbHBIA SKOJIOTUYCCKAN MHIEKC CPEAHUX 3HAYCHHUU
cocraBisier 2,2u 2,5,a MakcuMalIbHBIX 3HaueHuil — 2,5u 3,0.

KuaroueBble cJIOBa: OLCHKA KA4eCTBa BOBI, 3arps3HSIONIMC BEUICCTBA, MHICKC 3arpsA3HCHHS, KIacC KayecTBa
BoJibI, peuka CTeIpb, PoBeHCKas 001acTh.

Tolochyk Inna, Vira Melnyk. The Current State of Water Quality in the Styr River Within Rivhenska
Region. The work is devoted to the study of the curreatesbf water quality in the Styr river. The mairusas of
water pollution within the Volyn Upland and Volyrolssya in the territory of Rivne region were intigated. The
main pollutants and pollutant agents of the rivextex were identified. The detailed analysis of tdymamics of
changes, the ecological assessment of the curtatg ef the water quality of the Styr river wererr@d out.
Characteristics of water quality are based on tiedogical classification of the quality of surfasaters of land and
estuaries of Ukraine, which includes a wide ranfjéyarophysical, hydrochemical, hydrobiological icators that
reflect the peculiarities of the abiotic and biotemponents of aquatic ecosystems. The studies $tawen that the
water of the Styr river in the Volyn Upland is mugdeaner than in Volyn Polissya, the integral egaal index of the
mean values is 2,2 and 2,5, and the maximum valtee,5 and 3,0, respectively.

Key words: water quality assessment, pollutant agents, pofiutidex, water quality class, river Styr, Rivngioa.
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Soil Ecomorphs as a Form of Adaptation to the Condiions
of Biogeocenosis
The spatial variability of the mechanical impedamdeordinary chernozem have been investigated withi

regular grid (105 points). Ecomorphic analysishe vegetation in each cell of the grid has beeredGiuster analysis,
conducted on the basis of the statistical datavaltbto distribute the existing changes in soil naemital profiles in
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three clusters with characteristic for them, rektio the same type of dynamic properties. Enviremiad separation
content of the soil plots on clusters studied usiigcriminant and variance analyzes. Statisticghificance of
variations of external properties associated with $patial heterogeneity within soil plots belorpito different
clusters allows them to be meaningfully interpreged confirms the formation of ecological naturetted identified
soil structures-ecomorphs.

Key words: soil penetration resistance, morphological feaueavironmental factors.

Formulation of Scientific Problem and its Significance. The core problem of biogeocenology is the
study of the nature and depth of interaction behatbe living and bone components of the biogeocsisno
Connections between the components of biogeocedetsmine its structural and functional organiaati
Among the regulatory mechanisms, the intraspeaifid interspecies interconnections of plants, whieh
associated with trophic dependencies and transtamaf environmental conditions, are of fundaménta
importance [2]. As a component of biogeocenosigetagion appears for a system of eco-morphs wireh a
certain adaptations of individual species to tloedmosis taken as a whole and to each of its bgilaocks. The
system of ecomorphs for the steppe of Ukraine, hichvcenomorphs, adaptations of species to phybsten
taken as a whole, appear for ecology-cenotic groups developed by A. L. Bel'gard in details [2]. 1Bne
of the branches of the development of this doctrn¢he research workon the biotope phytoindication
method, which is based on the fact that phytocsrfosins in a certain biotope as a result of admptdbd a
complex of environmental effects, and the amplitadd frequency of certain species reflects adayptat
environmental factors that determine this cenddie referring of the species to a particular cengimads
determined expertly on the ground of an analysitheir frequency in different types of phytocenoSls,
for example, plant species, which living conditi@me optimal in the steppe, are called steppe spettiose
ones on the meadow are calledmeadow species, tmese in the forest are calledsilvants etc. Unified
phytoindication scales [8; 18], one of which is terking system of cenomorphs, which was proposeal i
report of the flora of the Dnepropetrovsk and Zagbye regions, are used as a matter of practice [22
Phytoindication scales based on data for plantispgeeferences for climatic and edaphic charastiesi of
the growing area (temperature, light intensity,usoence of nutrients, humidity, etc.) are a coneantool
for environmental evaluation, since they requineféaver labor contribution than a direct measurenuoén
its climatic and edaphic parameters.

Zoologists, in their turn, developed a method ddlagical diagnostics of soils. Taxonomic groups of
large soil invertebrates are used in it as reliadgeators of the condition of natural communifis11; 14; 27].
The ecomorphic approach, both in phytodiagnostias ia zoodiagnostics, is based on the frequency of
species in biogeocenoses of various typesand ugesmation on the population requirements for
environmental parameters.

In accordance withthe doctrine of biogeocenosis, sl is a fullfledged component of it. Moreover,
the soil has a special status of the bio-inert bbthny characteristics (for example, metabolism exchange of
energy), which are found in living beings, charaete the soil. G. M. Minkovskysuggests multi-level
morphoelements of the soil to be considered as péithe living organism, which are a functionalohkh
their functioning is consolidated ina single pracebhe scientist believes that the division of otgento
«living» and «lifeless» does not matterin strudtprablems, the concept of «living» has a moral miag
Authors [17; 19] suggest to search for new formsaf material activity at the morphological lealthe
organization. We believe that the heterogeneitgailf properties is a phenomenon, while studyingcivhi
is possible to come to grips with the objectivedanf the existence of soil as a component of biogeosis.
The above-mentionedmakes it necessary to develgg@morphological approach in the study of soihas
component of biogeocenosis. In addition to the abadvs important to select the criteria againkich the
changesintervening in the soil caused by soil foigngactors in the time dimension,which is typital the
variability of the bi-cenotic components, could leasured. Mechanical impedance of the soil is such
criterion. Spatial and temporal dynamics of impesacorrelates with variations of the majority ofl so
characteristics which create conditions for plaiotngh and habitat for soil fauna [1; 16; 28; 32hefefore,
impedance is anadequate diagnostic sign that tas an integrated index of the state of the saily/l§6; 20].

The objective of this paper is to evaluate thetimriahip between the spatial variation of the meuata
impedance of chernozem and environmental factoradsns of the use of phytoindicator scales.

95



Hayxkoeuit gicnux CxioH0€8pOnelicbKo20 HauioHanbHozo ynieepcumemy imeni Jleci Ykpainku

Materials and Methods. The collection of mechanicalimpedance data anddiscription of the
vegetation was carried out on April 19, 2013 ateppge site located on the upper part of the Soasti-E
slope of the ravine Kamyanistaya exposure (soutbBaburb of the Dniprocity, 48°38'67" south latitude
35°09'05"western longitude). The plot is locatemhglthe slope with an angle of 15°, from above liaunded by
a wood line and agricultural field adjacent to thege. The study was carried out on a regular ggfdw
7x15 sample points, the distance between whichms Accordingly, the size of the range is 42 m 118

Studied soil was typical eroded high-carbonate mmatlieavy-loamy on loess-like clayschernozem.
This area is not used for economic operations.

Mechanical impedance of the soil was recorded uaimgne-penetrometer Eijkelkamp. The average
error of device measurement results was * 8 %. Measents of the mechanical impedance of the so#we
made by a cone of cross-section 2 of cm? in eallloteange to a depth of 50 cm at intervals ofrb ¢
(10 impedance indices in each of the 105 points®plot).

To assess the environmental conditions, phytoitidicascales were used [8]. They are based on a
description of the abundanceof vegetation and gdeoain opportunity to assess the environmental tondi
according to both climatic and edaphic characiesistThe phytoindication method uses the data ef th
species representation in the plant cover withi ot and the scope of species tolerance to péatic
environmental factors, in other words, the range@jlogical minima and maxima scope. The group of
edaphic factors were presented by such soil hymratidexesas Hd — soil humidity, fH — variability o
moisture, which takes is sensitive to the amplitoflehange in the soil moisture index, Ae — aeratid
soil, Rc — acidity, Sl — total salt regime, Ca +bomamate content in soil and Nt — nitrogen cont&éhe group
of climatic factors were presented by such parametiethermal characteristics of the soil as Trhefinal
climate, Om — humidity, Cr — cryoclimate and Knlimate continentality, which is considered asthkiga
of the function of annual amplitude of air temparat Besides these specified factors, Lc — lighplant
community was considered as a microclimatic scale.

A large number of researchers have proved thatt glammunities are more accurate and better
indicators than selected specieswhich are chaiazeteby a wider ecological amplitude and, as a,rule
belong to different types of communities. Therefdia@ a more complete indication, the scales of the
coenomorphs by A. L. Bel'gard [2] and V. V. Tarasf@?] were given in the paper. They provide an
opportunity to estimate the biotopes as a whole2B8and in regardto some of the environmentabfad13].
Cenomorphs are represented by steppe species, wmepdoies, psammophytes, plants which live in sand,
silvants, which are forest species, ruderants, lwhie ruderal species. Steppe speciesand meadoiespe
form the majority of the vegetation cover, therefust these ecomorphs were used as predictohe
mechanical impedance (variables St and Pr reprédsemcomorphs’ projective covés).

Quantitative characteristics of the representatainecological forms of plants with different
preferences for humidity of environment are chamdotd by a hygromorph scale. Hygromorphs were
represented by xerophytes (humidity level 1), mesophytes (humidity level 2), xeromesophytes
(humidity level 3), mesophytes (humidity level 4)dahygromesophytes (humidity level 5). The humidity
index (Hygr) was estimated as:

DINGL)) il
Hygr = ™

wherei — humidity level;Pi — hygromorphs projective cover of correspondinmidity level.

Trophomorphs are ecomorphs, adapted to certaihatopes. In the plant community within the plot,
they were represented by oligotrophs (trophicityelel), mesotrophs (trophicity level 2) and megah®
(trophicity level 1). The trophicity index (Troph) Bias estimated as:

j=N ,.
> (ixP)
Troph B=—/——+—,
10C
wherej — trophicity level;Pj — trophomorphs projective cover of correspondingliicity level.
Plants may be classified ecologically, accordinghr requirement of light. Such ecological groups
are named as heliomorphswhich were representedhwiite plot by heliosciophytes (solar radiationele?),
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sciophytes (solar radiation level 3), and heliopkyfsolar radiation level 4). The solar radiatioteix (Hel)

was estimated as:
z=N
Hel = Zzzl (Zx PZ)

10C

wherez — solar radiation levePz— heliomorphs projective cover of correspondingraadiation level.

In statistical calculations, descriptive statistiggeostatistical, cluster, dispersion and discranin
analyzes were used.

Results and its DiscussionMean values of the mechanical impedance of stuslldncreased with
depth, from 1,34 + 0,0MPa to 1,60 + 0,03 (table 1). The layer of 10—-15fam the surface exhibits the
lowest level of the mechanical impedance, the deegiadied layer of 45-50 cm exhibits the highesel
of the mechanical impedance. When moving downwarda profile, the mechanical impedance as a whole
tends to increase. The coefficient variation of itidicators differs significantly in the layers 510 and
10-15 cm downwards on a profile, where it is thghbst (31,40 and 30,42 %). The parameters of {fleeda
located above and below are less variable, thdiciesit variation ranges from 17,89 to 22,77 %.

Table 1
Mechanical Impedance of Soil: Descriptive Statist
Layers Depth,cm X + SE,MPa CV,% SDL, % R, m

0-5 1,34 + 0,03 22,77 20,00 8,04
5-10 1,35+0,04 31,40 27,78 9,59
10-15 1,29 +0,04 30,42 31,25 10,50
15-20 1,32+ 0,03 20,46 37,50 8,31
20-25 1,32 +0,03 17,89 33,33 7,42
25-30 1,36 £ 0,02 18,42 37,50 11,30
30-35 1,38 £ 0,03 19,69 50,00 10,80
35-40 1,45 +0,03 21,46 50,00 11,40
40-45 1,53 +0,03 21,83 83,33 10,66
45-50 1,60 + 0,03 21,36 30,77 8,51

Explanation of Symbolsx — mean (MPa), SE — standard error, CV — coeffitivariation (%), SDL — spatial
dependence level (%), R — radius of influence (m).

The descriptive stage of the study gives an ideavefage profile, the characteristics of whichtae
approximate, as evidenced by the difference irctiedficients variation related to the data of diffet soil
layers. For deeper analysis of the regimentatiosodfmechanical impedance indicators, geostasistols
were used. With their help, the degree of spatgpethidence of the mechanical impedance data was
determined layer-by-layer, that is, spatial relatmf SDL. When interpreting it, it should be takimo
account that if its level is within the range fréno 25 %, then it is a case of strong spatial ddpace; if it
is within the range from 25 to 75 %, the dependeaidbe variable is moderate; if it is greater tl&n%,
the variable is considered to be weakly spatiaflgahdent [22; 25]. According to the results of studies,
the mechanical impedance of chernozem comes Withhedegree of spatial dependence in the surfgee, la
weak one in the layer of 40-45 cm from the surfane the middle one in all other layers of the sddiolil
depth.

Cluster analysis based on the obtained geostalistita provided an opportunity to sort condititynal
provided profiles of the soil mechanical impedafidf@b points) into four clusters with relatively gie-type
dynamics of characteristics which is specific terth(fig. 1). The proximity of sites was measuredhe
Euclidean distance. As a merge rule, the Ward'idtktvas used.
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15

10

Fig. 1. Clusteranalysison Mechanical Impedance, Ward's bikktthe Euclidean Distance
Note. The Rectangles Indicate the Amount of ClustersaFgolution of 4 Clusters.

Division into clusters provided an opportunity toganize the observed data into demonstrative
structures, for a meaningful description of thdedénces between them. Sites belonging to the samter
are characterized by the same change in the mecthampedance with a penetration. Figure 2 shows th
dynamics of the soil mechanical impedance alongthéle for each of the selected clusters.
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Fig. 2. Changeinthe Mechanical Impedance with a Penetrafilamg the Profile Typical
for the Different Clusters: by the Abscissa Axilsisters Numbers are Indicated, by the Ordinate Axis
Soil Mechanical Impedance, MPA is Indicated

The time of the study (mid-April) makes impact tie tresults. The characteristic property means that
the surface layers are harder than those located/b&he greatest decrease is observed in clustarsl 2.
The minimum indices in cluster 1 are observed atl¢fvel of 30—35 cm of the soil profile, in clusiat a
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depth of 10-15 cm. For the dynamics of the soil meaal impedance of clusters 3 and 4, a certain
decrease in indices with the penetration is typmal less significant. The studied property acquitee
greatest values at the level of 45-50 cm in clss2aand 4.

Soil clusters are located quite compactly. The tfowtuster occupies the largest area of the studied
plot, the rest occupy substantially smaller paguffe 3).

The ecological content of the division of soil sifato clusters was studied using variance analirsis
our case, it is used to detect environmental fa@ssociated with specific soil profiles which tgygcal for each
of the four clusters. The environmental factorsexpressed in terms of phytoindication scales,rdéted
by the quantitative and qualitative analysis of fent community of the investigated plot [8; 2Zhe
validity of this approach is discussed in a numbiepapers [8; 18; 30]. The results of the discriamn
analysis are presented in table 2.

10
5
0 1
0] 5 10 15 20 25 30

Fig. 3. Spatial Distribution of Clusters of the Soil Meclaat Impedance on the Studied Plot

.

[4M]

58!

Table 2
Variance Analysis of Data on the Ecomorphic Charadristics of Vegetation
on Clusters of Chernozem

Scales | SS | MS |

F-value | p-level
Phytoindication Scales
Hd 0,24 0,08 2,53 0,06
ffl 0,08 0,03 1,05 0,37
Rc 0,24 0,08 4,79 0,00
Sl 0,16 0,05 3,26 0,02
Ca 0,16 0,05 6,37 0,00
Nt 0,04 0,01 0,47 0,70
Ae 0,02 0,01 1,90 0,13
Tm 0,03 0,01 3,53 0,02
Om 0,03 0,01 3,71 0,01
Kn 0,11 0,04 2,58 0,06
Cr 0,00 0,00 0,51 0,68
Lc 0,00 0,00 1,15 0,33
Plantsecomorphsindexes

Hygr 2,05 0,68 8,55 0,00
Troph_B 0,11 0,04 3,08 0,03
St 0,44 0,15 2,42 0,07
Pr 0,41 0,14 2,29 0,08
Hel 0,54 0,18 10,25 0,00

Note. SS — the sum of squares, MS — the standard devi&id — hydromorph scale, ffl — the variability rabisture,
Rc — acidity regime, S| — total salt regime, Caarbonate content in the soil, Nt — content of adalte nitrogen forms,
Ae — aeration, Tm — thermal regime, Om — humidity,— climate continentality, Cr — cryoclimate, Ldight scale,
Hyg — hygromorphs, Troph_B — trophomorphs, St pp#especies, Pr — meadow species, Hel — heliomorphs
Statistically significant values are provided inldho
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According to the data presented in table 2, théemihce in clusters is reliably significant for the
variable scales of the soil solution acidity, tatalt and termal regimes, humidity and carbonateert in
the soil. Indices based on plant ecomorphs shotvdinaters are reliably identifiable by the preseindé
hydro-, tropho- and heliomorphs.

On the territory located closer to the bottom &eftner on the map, the dynamics of the soil medani
impedance along the profile is marked by a sigaiftadecrease in the parameters to a depth of 3Saah
soil ecomorphs are associated with the relatively acidity of the soil solution and the low contexfit
carbonate salts in the soil (fig. 5). For the ceaphic structure of the plant community which isdted on
this territory, decreased number of plants reqgihomid living conditions, and an increased repreg®sn
of those demanding for soil nutrition and greaitght| is typical.

On the territory where the mechanical impedancthefsurface layer of soil is the highest (4 clyster
the edaphotope is characterized by high acidigycttncentration of carbonate with a high ratio edithand
moisture. The characteristics of the plant comnyusiie averaged.

Relatively small areas of the second and thirdtelgsare characterized by the highest soil temperat
high content of carbonate salts and a decreaseirepresentation of plants with high requireménmtsoil
nutrition and light in the plant community. Thert@ry of the second cluster (with the lowest vald the
soil mechanical impedance) is also characterizeginbyncreased representation of plants of humitbees.
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Fig. 5. Values of Ectomorph Scales of Acidity Regime, BatthiRegime, Carbonate Content in the Soil, Hutyidi
Thermal Regime, Hygromorphs, Trophomorphs, Helignheion Chernozem Clusters

Note.By the abscissa axis, value of the correspondiatess indicated, by the ordinate axis, numberslosters
are indicated.

The results of the study show that the dynamicthefsoil mechanical impedance down the profile at
different points of the experimental site is sigrahtly different. Points in which the behaviortbe soil
mechanical impedance is similar to the penetratiom related to certain characteristics of the renvinent
and have reliable different characteristics frormtswhere the nature of the change in the soilhaeical
impedance is diverse. Furthermore, these changesassociated with the distribution of species with
differing preferences for moisture, trophicity dight conditions in the plant community. Profilesthwthe
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single-type of soil mechanical impedance changel@rated quite compactly, merging into clusters tha
occupy a certain territory and form demonstratiracdures. The connection between the dynamic®ibf s
mechanical impedance and specific ecological chamatcs and ecological forms of plants speakshef
ecological character of the formation of the stillcture, and we propose to call the selectedstittures —
clusters — soil ecomorphs.

Soil ecomorphs are elements of the spatial orgtaizaf the soil of the over-the-horizon level, whi
have their own sizes, shape, certain regularitiespatial distribution. Since the soil mechanicapedance
strongly depends on the characteristics of thetammunity [3; 12; 16], it can be expected that phants
themselves take an active part in the formatiosalf ecomorphs. The different ability to desuctimd
split-level root systems model the soil space,rdngut its layers nonuniformly and thereby contiiftoy to
the creation of heterogeneity of soil conditions.

The relationship of the soil ecomorphic structurthvihe environmental factors proves their funcéion
dependence. We believe that the formation of tlenecphicstructure is the way the soil, as a compbok
the biogeocoenosis, interacts with its other corept& By ecomorphic structure we mean the featofres
the structure (in the broad sense of the wordpiblegomorphs and their mutual arrangement in sungong
soil material as parts which form an integral unibe soil body. Soil ecomorphs are found in dédfdrtypes
of soils and differ in shape and structure [29—-32jey can be called elements of heterogeneityediney
differ by the criterion of the soil mechanical inda@ace from adjoining elements of the organizatidhe-
soil material where they are located. These moqgal formations are natural elements of soil oizgion as
a natural body, since they are separated from mdpisoil space by gradient boundaries, which are
considered to be the most «natural» ones, sindepbsition in soil space is conditioned by theitios and
views of the researcher least of all [9]. The d&beacof soil ecomorphs face the classification thaje of
the hierarchy of morphological elements, indicabgda number of authors [19, 26]. Furthermore, soil
ecomorphs may be one of the missing links in tlaradpical system of the living world of the Ear],[
which elementary unit of organization is biogeoca#$.0

The results of our study reveal some mechanismistefaction of the soil, as a component of the
biogeocoenosis, with its other components and rauthn integral picture of the mediator processes
occurring in it between the soil formation factarsd soil characteristics. The soil characterisieermine
its functions, the most important of which is itsler in preserving of biodiversity. This is not abou
biodiversity, which is associated with a taxonoutirersity of the soils on a global scale, but als®during
subsistence of a huge number of species in taxaadiynidentical soils. Even within a single biogenosis,
predominantly, the number of species is commensucathe number of soil types that are specificigd
soil scientists [7; 9; 21]. And plants, animalsdanicroorganisms find an ecological niche for thelwss,
which is entirely or partially located in the ssglace. The coexistence of species with differequirements
to the soil environment is possible in consequesfcthe presence of the soil ecomorphic structueg th
provides favorable conditions for the life of organs with different, sometimes conflicting, requirents
for living conditions.

Conclusions.Dynamics of the soil mechanical impedance of typateernozem down the profile is
significantly different at different points of thexperimental plot and forms characteristic profitesthe
change in the soil mechanical impedance.

Sectors of the same type, on grounds of the vénmaation of the soil mechanical impedance, are
integrated into clusters compactly enough and Wedthem soil ecomorphs.

The detected soil morphological formations reliadhifyer in related climatic and edaphic properties,
well as in the ecological structure of the planhaaunity.

References

1. Andrusevich, K. V. Ecomorphical characteristicsnoésofauna in the sod-lithogenic soils on the gmreeqg
clays at the nicopol manganese ore basin / K. Vdradsevich // Scientific Notes of Taurida National
V. I. Vernadsky University. — Series «Biology andemistry». — 2014. — Vol. 27(2). — P. 11-20 (in §as).

2. Belgard, A. L.The forest vegetation of the south east of the idkrd A. L. Belgard. — Kiev : University
Press, Kiev, 1950. — 263 p. (in Russian).

3. Boogaart K. Gerald. Package ‘tensorA’ / BoogaartGérald // Advanced tensors arithmetic with named
indices — 2010. — 48. [Elektronik resourse]. — Mode of access : UR&:Hivww.stat.boogaart.de/tensorA

101



Hayxkoeuit gicnux CxioH0€8pOnelicbKo20 HauioHanbHozo ynieepcumemy imeni Jleci Ykpainku

4. Bondar G. A. Plant cover ecological structure fodras a results of self-growing of the sod-lithogesuils on
loess-like clays / G. A. Bondar, A. V. Zhukov //sviik of the Dnipropetrovsk State Agrarian Universit
2011. —Ne 1. — P. 54-62 (in Russian).

5. Chajkovskij Ju. V. Active connected world. The esipece of the theory of the evolution of life /
Ju. V. Chajkovskij. — Moskwa : Tovarishhestvo naugdhizdanij KMK, 2008. — 726 p. (in Russian).

6. Cecilia M. Soil penetration resistance analysisriytivariate and geostatistical methods / M. Cachi. C. Jesus,
CortesC.A. // Eng. Agric. Jaboticabal. — 2012. - V. 32,1. — P. 91-101.

7. Chesson P. Mechanisms of maintenance of speciessdiv/ P. Chesson // Annu. Rev. Ecol. Syst., 2600
Vol. 31. — P. 343-366.

8. Didukh, Ya. P. The ecological scales for the specieUkrainian flora and their use in synphytoiradion /
Ya. P. Didukh. Phytosociocentre — Kyiv, 2011. — 344in Ukrainian).

9. Dmitriev E. A. TeopeTnuueckrie 1 METOIOJIOTHYECKHE TIpoOIeMbl mouBoBeaeHus / E. A. Dmitriev. — Moskwa :
GEOQOS, 2001. — 374 p. (in Ukrainian).

10. Field scale variability of soil properties in aahtowa soils / [C. A. Cambardella, T. B. MoormadnM. Novak et al.] //
Soil Science Soc. Am. —1994. — Vol. 58. — P. 131 1.

11. Giljarov M. S. Saoil invertebrates as indicatorstbé soil regime and its changes under the inflaeoic
anthropogenic factors / M. S. Giljarov // Bioindiica of the state of the environment in Moscow dine
Moscow region. — Moskwa : Nauka, 1982. — P. 8—hR(issian).

12. Hamza, M. A. Soil compaction in cropping systemgeview of the nature, causes and possible salstio
M. A. Hamza, W. K. Anderson // Soil Till. Res. -8 — V. 82 Ne 2. — P. 121-145.

13. Kleshcheva, E. A. Indicator properties of South&iherian plants with respect to soil moisture. fRus
E. A. Kleshcheva // J. Ecol. — 2010. — V. 48 6. —P. 480-485.

14. Kirivoluckij D. A. Soil fauna in environmental cookt/ D. A. Krivoluckij. — Moskwa : Nauka, 1994 269p. (in Russian).

15. Lipies J. Quantification of compaction effects sail physical properties and crop growth / J. Lpie
H. Hatano // Geoderma. — 2003. — V. 1¥61-2. — P. 107-136.

16. Medvedev, V. V. Soild and soildgram in researchttentreatment of soil / V. V. Medvedev // Eurasgwmil
Sci+. — 2009. Ne 3. —P. 325-336 (in Russian).

17. Min'kovskij G. M. Structural approach in pedolag§. M. Min’kovskij // Eurasian Soil Sci+. — 1995Ne 7. —
P. 9-18 (in Russian).

18. Nazarenko N. N. Coenomorphs as phytometers obpést/ N. N. Nazarenko // Visn. Dnipropetr. UnierS
Biol. Ecol. — 2016. — Vol. 24\e 1. — P. 8-14 (in Russian).

19. Rozanov B. G. Morphology of sails. / B. G. RozareMoskwa : Akademicheskij proekt, 2004. — 43@pRussian).

20. Soil layer models created with profile cone pemmteter data / [S. Grunwald, K. McSweeney, D. J.riRgo
B. Lowery] // Geoderma. — 2001. — V. 108,1-2. — P. 181-201.

21. Strategies of ecological extrapolation / [D. PP€ters, J. E. Herrick, D. L. Urban et al.] // Gik@004 — Vol. 106. —
P. 627-636.

22. Tarasov V. V. Flora of the Dnipropetrovsk and Zianua regions / V. V. Tarasov. — Dnipropetrovskira,
2012. — 296 p. (in Ukrainian).

23. What makes a plant species specialist in mixeddieaved deciduous forests? / [A. Marinsek,Carni,
U. Silc, Manthey M.] // Plant Ecology. — 2015. —246,Ne 10. —P. 1469-1479.

24. Zadorozhna Q0. Environmental aspect of spatially inhomogenedtischnogenic origin edafotops / G. Zadorozhna //
Scientific Bulletin of Volyn National University maed after Lesya Ukrainka. Biological sciences. 2&0-
T. 332,Ne 7. —P. 106-116 (in Ukrainian).

25. Zadorozhna G. O. Thespatial organization of sditldggenic soils on the grey-grin clays / G. O. @adhna //
Biological Bulletin of Bogdan Chmelnitskiy MelitopdState Pedagogical University — 2010% 2(1). —
P. 48-57 [Elektronik resourse]. — Mode of acces©i:nttp://dx.doi.org/10.15421/20133_03. (in Ukraim).

26. Zaharchenko, A. V. Experience of the 3D morphognefrthe soil horizons surfaces in fields investigas /
A. V. Zaharchenko, N. V. Zaharchenko // Eurasiait Sci+. — 2006. -Ne 2. —P. 153-160 (in Russian).

27. Zhukov O. V. Belgard — Akimov s ecomorfes and ecologicaltrira/ O. V. Zhukov // Ecology and
Noospherology. — 2003.M 21(3—-4). — P. 109-111 (in Ukrainian).

28. Zhukov A. V. Spatial distribution of mole rat ($@a microphthalmus) mounds and soil penetratioistasce /
A. V. Zhukov, O. N. Kunah, T. P. Konovalova // Eggical journal of the Volga region. — 2013Ne-1. —
C. 3-15 (in Russian).

29. Zhukov A. V. The role of the horizon-over morphgital structures in vegetation organization of sogl-
lithogenic soils on loess-like clays (Nikopol mangae ore basin) / A. V. Zhukov, G. A. Zadorozhnéyehe
Journal of V. N. Karazin Kharkiv National Univexsit- Series : biology. — 2015Ne 24. —P. 171-186 (in Russian).

30. Zhukov A. V Phytoindicative estimation of measuesis obtained with multidimensional scaling of the
plant community structure / A. V. Zhukov // Biolagi Bulletin of Bogdan Chmelnitskiy Melitopol State
Pedagogical University. — 2015Ne 1. —P. 69—-93 (in Russian).

102



PO3JI1JI I1. Exoutorisi. 7, 2017

31. Zhukov A. V. The spatial variability of pedozem c¢hanical impedance / A. V. Zhukov, G. A. Zadorozta4d
Biological Bulletin of Bogdan Chmelnitskiy Melitop&tate Pedagogical University. — 2013Ne-3(1). —
P. 34-49 (in Russian).

32. Zhukov A. Spatial heterogeneity of mechanical impedancatygbical chernozem: the ecological aproach /

Alexander Zhukov, Galina Gadorozhnaya // Ekolo@ieafislava). — 2016. — Vol. 3%e 3. —P. 263-278.

3anoposxnast 'anuna. ITouBeHHbIe 3x0MOpdBI Kak opMa aJanTaluy K yCJI0BUAM Onoreonenosa. Vccnenyercs
NPOCTPAHCTBEHHAsT BapHaOeNbHOCTh TBEPAOCTH YepHO3eMa OOBIKHOBEHHOTo mo peryisipHoii cetke (105 Touek).
[IpousBenen skoMophHUUECKUN aHAIM3 PACTUTEILHOCTH B KaXKIOH stuelike mosmrona. KiacTepHbIi aHamm3, MpoBe-
JICHHBIF HAa OCHOBE MOJYYCHHBIX CTATHCTUYECKUAX JAHHBIX, IIO3BOJIMII PACHIPEICITUTh NMEIOMHECs MPO(QHIN H3MEHEHHS
TBEPJOCTH MOYBHI B TPH KJIacTepa C XapaKTEPHOH /Il HUX OTHOCUTEILHO OJHOTHITHOW TWHAMHUKOM CBOMCTBA. DKOJIO-
THYECKOE COZep KaHUe pa3IeIeHUs yJacTKOB MOYBHI Ha KJIACTEPHI H3YYCHO C MMOMOIIBIO0 JUCKPIMHHAHTHOTO H AHCIIEP-
CHOHHOTO aHaMM30B. CTaTUCTHYECKAs 3HAYMMOCTh N3MEHEHHI BHEITHUX MTPU3HAKOB, CONPSIKCHHBIX C MPOCTPAHCTBEH-
HOW HEOTHOPOIHOCTHIO TOYBEHHBIX YYaCTKOB, NMPHHAJIC)KAMIMX K Pa3HBIM KJIacTepaM, JaeT BO3MOXKHOCTh HX CO-
JIep)KaTeJIbHOTO ONMCaHMSl U IOATBEPXKAACT (OPMUPOBAHUE JKOJIOTMYECKOTO XapaKTepa BBISBICHHBIX MOYBEHHBIX

CTPYKTYp —9KOMOpO.
KroueBbie c10Ba: TBEpJOCTb MOYBbI, MOP(HOJIOIHYECKUE DIIEMEHTHI, 3KOJIOTHYECKHE (PaKkTOpPHI.

3agopoxna Fanmna. [pynTosi ekomopdu sixk gpopma aganranii 10 ymos ioreomenosy. J[ociipkeHO IPOCTOPOBY
BapiabesbHICTh TBEPAOCTI YOPHO3EMY 3BHUYAMHOrO 3a peryisipHoro citkoro (105 Touok). [IpoBeaeHo ekomopdiunuit
aHaii3 pociauHHOCTI. KnacrepHuil aHaii3, BUKOHAHMH Ha OCHOBI OTPUMAHHMX CTATHCTUYHHMX JAaHHX, JaB MiJCTaBY
PO3MOUTATH HasABHI MPOd1isli 3MiHN TBEPJOCTI TPYHTY B TP KIACTEPH 3 XapaKTEPHOIO JIJIsl HUX BiJTHOCHO OJHOTHITHOIO
JNIUHAMIKOIO BJIACTUBOCTI. EKONOTIYHUIN 3MICT MOAUTY MUISHOK IPYHTY Ha KJIACTEPH BHBUYCHO 3a JOIOMOTOIO JAMCKPH-
MIiHAHTHOTO ¥ JucriepciiHoro ananizy CTaTUCTHYHA 3HAYMMICTh 3MiH 30BHINIHIX O3HAK, MOB' sI3aHUX i3 IPOCTOPOBOIO
HEOJHOPITHICTIO TPYHTOBUX MUITHOK, IO HAaJEKaTh O Pi3HUX KIACTEPIB, YMOXKIWBIIOE iX 3MICTOBHH ONHC Ta
MiATBEPKYE GOPMYBAHHS €KOJIOTIYHOTO XapaKTepy BUABICHUX IPYHTOBHX CTPYKTYp — eKOMOpd.
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HeijiTpanizauisa (piToTOKCHYHOCTI Neperopijioi mopoau BiaBajiB KaM' IHOBYTiJILHUX
mwaxTt nonejsoM TEC i rymarom kaJiro

JlocIipkeHo BIUTMB KaM' THOBYTUILHOTO Tonielty 3 JloOpoTBipchkoi TeruioenekTpocTaHiii Ta Tymaty kamiro « KB-45»
Ha (ITOTOKCHYHICTH CyOCTpaTy Meperopiyioi Mopoau 3 BiABaJiB KaM' SHOBYTUILHUX MIaXT YepBOHOTPaIChKOTO TipHH-
YOIPOMHCIIOBOIO paiiony. JIius GioTecTyBaHHS BHKOPHCTaAM CyaaHChKy TpaBy Sorghum bicolorsubsp.drummondii
(Nees ex Steud.).

BusiieHo 3017bIIEHHS IO JIMCTKOBOT MMOBEPXHI, JOBXUHH i MAacH KOPEHIB 31 3MEHILEHHSIM BUCOTH cTeOa 3a
JI0JIaBaHHs TyMary A0 CyOcTpaTy neperopiioi mopoau. 3acTOCYBaHHs JIMIIE IMOIENTy HE CIPUYMHHIIO JOCTOBIPHOTO
BIUIMBY Ha JIOCHIJDKEHI MOp(OMETPHYHI apaMeTpH, ajie y BapiaHTi 3 HOro BHECEHHSIM Pa3oM 13 TyMaToOM IPOCTEXEHO
MiJCHICHHS CTUMYJISIIHOTO BILTMBY OCTAHHBOTO HA Macy KOPCHIB 1 IIONLY JINCTKOBOI TIOBEPXHI.

YcTaHOBIIEHO, 110 BHECEHHS IIOTIENY ITPU3BOIUTD /0 MiABUIIEHHS BMICTY XJIOpOodily a 3 0JHOYAaCHUM 3HMKEH-
HAM yMicTy ¢eoditTmHy a y JTUCTKaX CyHaHChKoi TpaBu. JlomaBaHHS T'yMaTy TpPH3BEJIO IO IIBUIICHHS BMICTY
xyiopodiny a i 3HmwkeHHa peoditiHy a. 3acTOCyBaHHS TOIETY Pa3oM i3 TyMaToM MiABUIIMIO BMICT XJopodiny a Ta
3HH3WIO BMICT QeodiTrHy a OUIBIIO MipoI0, HI’XK YHECSHHS JIUIIE TIOTETy.

36inbIIeHHsT Po3MipiB JKCTKIB i KopeHiB Sorghum bicoloisubsp.drummondii,migsuienns smicty xmopoginy a
y TO€THaHHI 31 3MEHIIEHHSM BUCOTH CcTe0Ja, 3HWKEHHAM yMicTy (heodiTHHY & CBIIUUTH MPO 3MEHIIECHHS CTPECOBOTO
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