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The only real way to deal with the consequences of oil and oil products spills is a complex of
works, including mechanical or physico-chemical removal of spilled oil products with subsequent
purification of the remaining oil in the soil by biological methods using phytoremediation with
oil-oxidizing plants.

One of the stages of the study of hydrocarbon-oxidizing plants before their introduction into
the environment for remediation of contaminated sites is the study of the process of degradation
of pollutants in model soil systems.

Model experiments on cleaning and restoration of soils after their contamination with oil and
oil products by plant biomass were studied. Oil samples from the Tengiz field were taken. During
the experiments, the indicator of the total amount of biomass, as well as the oil content in the
soil, was controlled. To correctly assess the participation of plant raw materials in the destruction
of oil, experiments were carried out using non-sterile soils. Among other plant cultures, the most
degrading activity was shown by plant cultures of the genus Fabaceae, which led to an increase
in growth in the soil environment by an average of 7 sm in 20 days. This is observed for plants
with oil concentrations of 3, 6 and 9 g.

The results of physical and chemical analyses of phytoremediation products of crude oil,
petroleum products and individual aromatic hydrocarbons can be important in microbiological
and chemical studies with geobotanical indicators that allow analyzing the mechanism of action
of biomass in the process of phytoremediation in the disposal of oil waste that pollutes the
environment.

The available data on the effect of petroleum hydrocarbons on plants are very contradictory.
The species diversity of plants capable of growing on oil-contaminated soils has not been
sufficiently studied. Knowledge of the degree of resistance of plants to hydrocarbon pollution
is necessary to address issues related, on the one hand, to the possibility of their cultivation on
contaminated soil, and on the other - to use for the restoration of disturbed soil fertility.

In connection with the above, it is of great scientific and practical interest to study the effect
of various doses of oil on changes in vegetation cover, soil properties and assessment of their
phytotoxicity, which together determines the relevance of the stated topic.

KEY WORDS: phytocenosis, oil-contaminated soil, vegetation cover
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MyHai meH myHal eHimOepiHiH meeiry candapbiMeH KypecyOiH Kasipai ke30eai xarfbi3 HaKmbl
adici, onn meaineeH MyHall eHiMOepiH MexaHUKaslbIK HemMece ¢husuKa-XUMUSITTbIK XXOIIMEH arlbIf macmay,
colaH KeliiH moribipakma KarFaH MyHalidbl buonozusinsik 8dicmepmeH MyHalira me3imdi eciMoikmepmeH
umopemeduayusinay apKbinbl masapmy.

92 HE®Tb U A3 &5 2021 4 (124)



IAKONOInA

Makanada nacmaHraH xepnepdi pemeduayusinay yWwiH KopwaraH opmara eHaizep andbiHOa
KemipcymeKmi mombiKmbipambiH eciMOikmepdi 3epmmey ke3eHOepiHiH 6ipi MoOens0ik morbipak Xyu-
enepiHOeai nacmaywibl 3ammapdbiH eapadayusi MPoueciH 3epmmey 60s1bin mabbiinadsbi.

Tonbipakmbl MyHal xeHe MyHau eHiMOepi TeHi3 KeH opbiHOapbIHaH arbiHbir, eciMOik buomac-
canapbiMeH nnacmaraHHaH KeliH orapObl masapmy XoHe KarrbiHa Kkerimipy 6olibiHua mModesboik
aKcriepumMeHmmep xypaisy 3epmmerieHoi. OkcriepumeHmmep bapbicbiHOa buomMaccaHbIH Xarrbl
caHblIHbIH Kepcemkilui, coHOali-aK morbipakmarbl MyHal mMeswepi 6akbinaHObl. ©CiMOIK WUKi3ambIHbIH
MyHaUObIH XoUblryblHa KambiCybiH Oypbic baranay ywiH aKkcriepuMeHmmep cmepurns0i eMec moribi-
pakmbI KoridaHy apKbiribl Xypei3indi. backa ecimiik dakbindapbiHbIH iwiHOe Fabaceae mykbiMOachiHbIH
ecimOik Oakblndapbl eH Oeepadayusinibik 6erceHOinikmi kepcemir, 6y monbipakmapda wamameH 20
KyHOe opma ecerireH 7 cM ecy OuHamukachkl bakblrnaHObl. Byn MyHal KoHUeHmpauusicel 3, 6 xoHe 9 2
ecimOikmep ywiH batikanadsbl.

Lluki myHad, myHal eHiMOepi xaHe apoMammbi kemipcymekmepoi ghumopemeduayusinay eHimoepiH
usuka-xumusinbiK mandaynapobiH Homuxxernepi 2eobomaHuKarbIK Kepcemkiwmepi 6ap Mukpobuoro-
2USITbIK XHEe XUMUSTTbIK 3epmmeyriepde MaHbI30b! 60mybl MyMKiH, 6y KopwaraH opmaHb! nacmatmbiH
MyHaU KandbikmapbiH kadeae xapamy kesiHOe ¢ghumopemeduayusi npoueciHoe buomMaccaHbIH acep emy
MexaHu3MiH mardayra MyMKiHOIK 6epedi.

MyHat kemipcymexkmepiHiH ecimOikmepae acep emyiHe Kambicmbl Korida 6ap depekmep eme
Kapama-Kaliwbl. MyHaliveH niacmaHFaH moribipakmap0a ecemiH ecimOikmepdiH myprepiHiH sapmyp-
niniei )xemkinikcia 3epmmerizeH. ©cimOikmepdiH KemipcymekmiH iacmaHybiHa me3imoinik 0spexxeciH
6iny, 6ip xarbiHaH, onapobl TacmaxfFaH Morbipakma ecipy MyMKiHOI2IMEH, eKiHWI XarbiHaH, by3birraH
monbIpak KyHaprbirbiFbiH KarrbiHa Kenmipy ywiH natidanaHy apKbinbi 6adnaHbicmel Macernenepdi
wewy ywiH Kaxem.

XKorapbiOa alimblinFaHOapra balinaHbicmbsi MyHaliObiH apmyprii do3arnapbiHbiH 6CIMOIK XXaMblrifbi-
CbIHbIH ©32epyiHe, MOrbipakmbiH KacUemmepiHe acepiH 3epmmey xeHe or1ap0ObiH ¢hUMOMOKCUKaIbIFbIH
baranay yrKeH fbifbIMU XX8He npakmukarblK Kbi3blFyWbIbIK myObipadsbi, Oy 0ezeHimis, bepineeH
MaKbIPbINMbIH 63€KMmiflieiH aHbIKmaulobl.

TYWIH CO3LEP: humoueHo3s, MyHaliMeH nacmarFaH morbipakmap, eCiMOiK XambIFbICh.
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EOQuHcmeeHHbIM pearnbHbIM criocobom 6opbbbi ¢ nocrnedcmeusiMu pasnuea Heghmu U Heghme-
podyKmoe 8 Hacmosiwee 8peMsi Sersiemcsi KOMraeKc pabom, eKkroHaowull MexaHu4eckoe unu
pusuko-xumuyeckoe ydaneHue pasnumeix Hegpmernpodykmos ¢ rnocredyroujeli o4ucmkol ocma-
rowjelics 8 noyse Heghmu buorioaudeckumu Mmemodamu rnpu nomMowu chumopemeduayuu Heghmeo-
KUCHsitoWUMU pacmeHUsiMU.

B cmambe npusedeH 00uH u3 amariog uccredosaHusi yerieeo00pOo00KUCSAWUX pacmeHul
reped ux uHmMpPodykyuel 8 oKpyxatouwlyro cpedy Ornsi pemeduayuu 3a2Psi3HEHHbIX y4acmKos, 4mo s18-
Jisilemcs1 Uerbio U3yyYeHusi rpouecca 0egpadayuu romsiomaHmos 8 MoOerbHbIX MOY8EHHbIX CUCMEMaX.
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U3yyeHo nposedeHusi MOOErbHbIX 3KCepUMEHMO8 MO O4YUCMKE U 80CCMAaHOB/IEHUK 1048
rocrie 3a2ps3HeHUs UX Hegbmbo U HeghmenpooyKkmamu pacmumerbHbIMu 6uomaccamu, Orist 4e2o
bb1r1u omobpaHbl Mpobbl Hegpmu TeHau3CK020 MecmopoXxoeHus. B xode sKcrnepuMeHmos8 KOHMpo-
Jiupoearnu nokazamerib obwiel YucrneHHocmu buomMacchl, a makxe codepxaHue Heghmu 8 rodse.
[nsa npasurnsHOU OUEeHKU yYacmusi pacmumesibHO20 Chipbsi 8 0eCMpPyKYUU Heghmu 3KCrepuMeHmbl
pPo8OOUUCH C UCMOMb308aHUEM HECMEPUITbHbIX Mo48. Cpedu ocmarbHbIX pacmumesnbHbIX Kybmyp
Haubornbwyto deepadupyrowlyro akmugHOCMb roKa3asiu pacmumeribHbie Kyrbmypbl poda Fabaceae,
Komopable npusernu K rosbIWeHUro pocma 8 rno4yseHHol cpede 8 cpedHem 7 cm 3a 20 cymok. 3Imo
Habrrodaemcs Orisi pacmeHul ¢ KoHueHmpauuel Hegpmu 3, 6 u 9 e.

lNpusedeHbl pe3yrnbmambl hU3UKO-XUMUHECKUX aHanu308 npodykmos chumopemeduayuu coipol
Hegbmu, Hegbmenpodykmos u uHOUBUAyarbHbIX apOMamuU4YecKux yerneeo0opodos, Komopble Moaym
UMemb 8aXXKHOE 3Ha4YeHUe 8 MUKPObUOIO2UHYECKUX U XUMUYECKUX uccredosaHusix ¢ eeobomaHuye-
CKUMU roKa3amersisiMu, ro3eosIsouue aHanusuposams MexaHu3m delicmausi buomaccel 8 rpouecce
gumopemeduayuu fMpu ymunusayuu He¢hmsiHbIX 0mxo008, 3a2ps3HSULUX OKpYXKaroulyto cpedy.

Umerowuecs aHHble 8 omHoweHuu delicmeusi y2r1e8000p0d08 Heghmu Ha pacmeHusi 6eCbMa
npomugopeyusbl. HedocmamoyHo u3y4yeHo gudogoe pa3Hoobpasue pacmeHul, crioCObHbIX Mpou3-
pacmamp Ha Heghme3sazpsi3HEeHHbIX ro4eax. 3HaHUe cmeneHu ycmol4yugocmu pacmeHul K yare-
8000POOHOMY 3a2psi3HEHUK HEOBXOOUMO Or1s1 PEWEHUST 8OIMPOCOB, C85I3aHHbIX, C OOHOU CMOPOHHI,
C BO3MOXXHOCMbIO UX 8030€rbI8aHUsI Ha 3agpsi3HEHHOU ro4yee, a ¢ dpy2ol — C Ucnonb308aHuUeM Ons
80CCMaHOBeHUsT HapyWeHHO20 NMOY8EHHO20 M1odopoOUs.

B c8s13u ¢ 8biwe u3noxeHHbIM, 60r1bwoul HayYHbIU U MpakmuYeckuli uHmepec rpedcmasnsem
u3ydeHue 8rusIHUSI PasnuyHbix 003 Heghmu Ha U3MEeHeHUe pacmumerbHOZ0 1oKpoesa, ceolicmea
1048 U OUeHKa ux ¢humomoKCUYHOCMU, Ymo 8 COBOKYNHOCMU orpedenisem akmyarnbHOCMb 3asie-
JIleHHOU meMbl.

KJTIOYEBBIE CJIOBA: chumoueHo3, Heghme3sazpsiaHeHHasi ro4ea, pacmumersibHbill MoKpoe.

he vegetation cover is the most important component of the landscape, flexible
T and responsive to changes in environmental conditions. Plant communities are a
reliable indicator of the nature and degree of soil cover degradation. Compared
to meadow vegetation, steppe vegetation is more resistant to soil over consolidation. The
stability of phytocenoses is the most important function of the structure of the biosystem,
since the structure, ultimately, is a set of stable connections of the object [1, 2]. At the same
time, the study of the conditions for sustainable existence and development of biosystems
is of great applied value, since it is the presence of a stable trajectory of an object in
the phase space of environmental factors that is the basis for an adequate assessment of
the state of an object and predicting its changes when varying the intensity of action of
external and internal factors. The phenomenon of stability can be considered in relation to
systems of different levels. A phytocenosis is an elementary area of vegetation, for which
it is characteristic: relative uniformity in appearance, species composition, structure, a
relatively similar system of relationships between populations of plant species and the
habitat, and which can exist independently outside the given environment [3].

Problems of stability of biosystems have long been the object of close attention of
researchers. Long-term discussions about the essence of sustainability have led to the
emergence of a large number of different approaches and as a consequence of the lack
of a unified view of the nature of this phenomenon. The analysis allows us to identify
several main approaches to understanding sustainability. The most general definition
belongs to M.A. Glazovskaya: stability, as the ability to preserve a given object for some
time. Another fairly general definition belongs to K. Waddington: stability, as the ability
to maintain the development trajectory of an object [4].
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The resistance of plants to toxic substances is different within the genus, species, and
even the population, in the same plant at different stages of development. Many modern
studies are associated with the study and identification of signs of plant resistance, in
particular, physiological-biochemical, anatomical-morphological, genetic [5, 6].

Characteristics of pigment systems and intensity of photosynthesis. The entry of toxic
substances into the root system and stems is accompanied by a decrease in the buffer capacity.
The accumulation of toxic substances leads to the destruction and decay of pigments.

Under the biological resistance of the plantation Sergeichik S.A. understood the ability
to withstand unfavorable environmental conditions with the least loss of trees that retain
the maximum longevity and duration of growth. At the same time, it was proposed to
classify plantations as stable when they have the following forest biological properties:
the ability to withstand unfavorable conditions of growth and development, in which
the possibility of premature decay and withering away, the replacement of some species
by others is excluded. The signs of the stability of the biocenosis are the constancy of
the number of species in it and the small amplitude of fluctuations in the number of its
populations. The presence of conjugate resistance of plants to gases and other extreme
environmental factors was emphasized by P.A. Genkel. The positive value of drought
resistance and winter hardiness for the gas resistance of plants is included in the use of
xeromorphic structures as a protective barrier against toxicants [7].

Environmental pollution from industrial emissions cannot be regarded as a new
environmental factor. In the literature, the stability of natural systems is considered as the
ability for a long, but not endless accumulation of harmful effects without visible harm
to the system. The degree of variability of individuals of the population depends on the
extremeness of the impact, and, with an increase in the strength of the factor, the average
damageability of plants increases and, at the same time, the level of variability decreases.

The reaction of plants to an unfavorable effect consists of two phases - reaction and
recovery. In turn, for the recovery period, the processes of neoplasm are characteristic of
both physiological and sometimes morphological and anatomical character. Yu.Z. Kulagin
determined that the gas resistance of plants cannot be reduced to any one function or
structure, no matter how great their role in protecting against a toxicant [7, 8].

N.P. Krasinsky pointed to the involvement of various structural and physiological
properties in the gas resistance, which act as prerequisites for varying degrees of damage,
noting that the gas resistance of plants was not created in the process of evolution [9].

V.M. Ryabinin proposed by gas resistance to understand the ability of plants to
maintain their viability under conditions of atmospheric air pollution with toxic gases
due to general or individual anatomical, physiological and biological characteristics.
Subsequently Yu.Z.Kulagin significantly expanded the types of gas resistance, bringing
them to eight: anatomic, physiological, biochemical, gabitual, phenorhythmic, anabiotic,
population, coenotic. Each type of resistance is based on mechanisms that ensure the
reliability of the organism, different forms of restoration, reservation, adaptation of
structures and functions at all levels of their physiological manifestation, and a certain
type of resistance is formed as a composition of the main systems of plant reliability [11].

Woody plants, as a rule, are the first to react to unfavorable environmental factors.
One of the reasons for this is the presence of a powerful trunk, which is a transport line
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between the crown and the root system for aqueous solutions. Shrubs, as a further stage
of the adaptive evolution of woody plants to deteriorating environmental conditions,
increased their multi-trunk and short stature more strongly, increased the number of
renewal points [10].

According to G.M. Il'kun, the main criteria by which the selection of gas-resistant
plants should be carried out include soil characteristics: the capacity of cation and anion
exchange, the relation to soil salinity with chloride-sulfate salts. At the same time, the
species, the phylogenetic fitness of which is associated with acidic and moist soils, are
less gas-resistant and, on the contrary, more gas-resistant plants grown on soils saline
with chloride-sulfate salts. The accumulation of alkaline and alkaline earth elements (K,
Ca, Mg) can increase the buffer capacity of the cytoplasm and cell sap and contribute
to the neutralization of absorbed anions (SO, and NOx). The saturation of cells with
free mineral cations restrains the onset of irreversible changes in them. Up to a certain
threshold, phytopathological changes are reversible, and when the external influence is
removed, they are restored [10].

In this way, vegetation under the direct impact of oil dies completely, however,
complete degradation of vegetation is observed extremely rarely. Long-lived tree species
have a strong and rather deep root system, so they are less vulnerable to the direct impact
of surface oil spills; at the same time, the period of development of cenoses up to the
stage of the climax community can last up to several hundred years. As for the steppe
vegetation, it takes less time for the formation of a vegetation cover consisting of short-
lived species than for a cover with long-lived tree species [10, 11].

Petroleum bitumens have a great influence on cell division and plant growth; in
addition to bitumen, an important role belongs to the elements present in oil waters, often
accompanying oil - boron, iodine, bromine. Therefore, plants undergo strong changes
when oil gets directly onto them or into the soil. Plants become painfully swollen, with a
deformed stem, completely without leaves or with leaves turned into shapeless outgrowths
[12,13].

Vegetation cover dynamics and phytotoxicity of oil-contaminated soils

At the end of the study, the vegetation of the control plot remained unchanged. The
total projective cover was 70-60%. The height of aboveground shoots in the communities
decreased to 20-25 cm, which is apparently related to the weather conditions of the study
year. Floristic richness is represented by 4 types on the description site. The families
Poaceae and Fabaceae also continue to dominate. The value of the underground phytomass
was 1.3 times higher than the aboveground one and amounted to 179.5 g/m?. The total
reserves of phytomass are 259.1 g/m?.

In areas with 3% pollution, the residual oil content reaches an acceptable level.
Geobotanical indicators of the studied areas with a contamination dose of 3% are close
to those in the control uncontaminated area. Samples with 6, 12 and 18% oil doses still
demonstrate a decrease in the projective cover up to 15%, the average height of the grass
stand up to 7 cm, aboveground and underground biomass up to 29.4 g/m? and 36.7 g/m?,
respectively, and reduction of humus reserves to 66.1 g/m?.

At the site with a 3% dose of oil, the processes of suppression of natural vegetation
cease and biomass, such indicators as phytomass, the height of herbage do not differ much
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from areas not contaminated with oil products. In areas with a higher concentration of oil,
the tendency to oppression of vegetation is more pronounced (table 1).
With a decrease in the concentration of oil pollution, cereals appear first on the
recovering soil, which disappeared at an early stage.
The dynamics of geobotanical indicators of areas contaminated with various doses
of oil is presented in fable 2.

Table 1 — Dynamics of geobotanical indicators of areas contaminated with different doses of oil
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6 % 4892+ 50-35 18-15 98.3 75.4 173.7 1.3
9% 11255+ 25-20 16-12 74.1 58.7 132.8 1.3

Table 2 — Correlation dependence of geobotanical indicators on the physical properties
of oil-contaminated soils

Physical properties
of soils

Geobotanical indicators

Soildensity

Water permeability
of soil

Residual oil content
in soil

2018 year

projective cover

r=0.76, p=0.001

r=0.79, p=0.003

r=-0.72, p = 0.005

average height of herbage

r=0.82,p=0.013

r=0.78, p=0.007

r=-0.75,p=0.003

total reserves of phytomass

r=0.84, p = 0.004

r=0.83,p=0.011

r=-0.81, p=0.007

2019 year

projective cover

r=0.71, p=0.004

average height of herbage

r=0.75, p=0.006

total reserves of phytomass

r=0.73, p=0.004

r=0.80, p =0.004

r=-0.74, p = 0.008

Correlation analysis data showed a close relationship between the geobotanical
parameters of oil-contaminated areas with the physical properties of these soils. 7able 2
shows that in 2018 the correlation dependence is closer than in 2019. This indicates that in
2019 there was a partial recovery of soil after pollution. As a result, changes in some factors
have become not so significant as to affect the growth and development of natural vegetation.
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Thus, the results of the study showed that representatives of the Fabaceae family are

the most resistant plant species. According to many authors, legumes and some types of
greens are used as phytomeliorants for oil-contaminated soils. €
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