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ADAPTIVE AND DESTRUCTIVE PROCESSES OF DENDROLOGICAL OBJECTS
UNDER OIL CONTAMINATION CONDITIONS

The authors investigate the adaptive and destructive reactions of tree plants in response to oil
pollution of the environment. The article states the decrease of vitality of the investigated plants
according to a suite of metrics on cellular, organ, organism and population levels of the biosystem
organization. Vegetative organs size reduction, asymmetry and necrotic damage of leaf blades,
reduction of water saturation and increase of ash-content of dry material of tree leaves are revealed.
The authors highlight the deterioration of the buffer system of the leaves protoplast as the cells that
are the most sensitive to changes in the internal and external environment of plants organs.

Premature defoliation and colour change of tree crowns are the signs of organism aging
which is the consequence of contamination, free radical processes. Based on the set of vitality
parameters the tree species are placed in the row in accordance with the decrease of their stability:
walnut — common sea buckthorn— drooping birch — big-leaf linden — Norway maple— little-
leaved linden — ordinary horse chestnut.

The Norway maple, big-leaf linden, little-leaved linden, ordinary horse chestnut should be
used in the phytoindicative studies of technologically transformed ecosystems. In the oil-polluted
environment the destructive processes in the organisms of these species dominate over the adaptive
ones. It is proved by the presence of pests and tree plants diseases caused by them. The protective
mechanisms of the above mentioned plants, depleted in long-term stresses are unable to counter
parasites, therefore the species cannot perform an environment-cultivative function effectively.

Walnut, drooping birch, common sea buckthorn are well adapted to stressful conditions of
growth and are recommended for the amenity planting at the oil-contaminated areas in order to
reclaim them. These tree species have such adaptive features as relative stability of the buffer system
of assimilation organs cells, low level of necrosis, protection against metals and other pollutants.

Key words: adaptation, destructive processes, oil field, plants, environmental factors,
environment.

Formulation of the problem. Adaptive and destructive indices of plants that arise in response to
adverse growth conditions are markers of the level of technogenic pressure on specific ecosystems. These
are two sides of a single phenomenon — stress — a combination of non-specific reactions of the organism
to environmental factors that violate its homeostasis. Adaptation is aimed at restoring a stable equilibrium
state of the biological system. Adaptive-protective reactions of plants involve optimization of metabolism
by saving resources and energy [1, 3, 5].

There is a positive — eustress, and negative — distress — of the organism. The differences between
these two types of stress consist in its duration and intensity of action. In the case of eustress, the
resistance of the organism to the negative factor increases, as well as the functional reserve of the
organism. Distress also leads to the depletion of the adaptive forces of the organism, the emergence of
diseases and even death [6, 8, 10].

Oil pollution today is a global environmental problem, therefore the analysis of the physiological
possibilities of plant systems adapting to this type of contamination and their environmental significance
in these conditions is extremely important. As the primary recipients of anthropogenic factors influence
tree plants are especially important in terms of their prospects as phytoindicators and phyto-remediants.
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Analysis of research and publications. Visible damage to the organs of plants is a consequence
of a number of biochemical reactions in the cells, the disruption of metabolic processes, the benefits of
catabolic transformations over anabolic. At the molecular level of the biosystems organization all positive
and negative influences on the organism are realized. External visible damage is only a consequence of
the internal transformation and its reflection [11, 15, 19].

Under the influence of oil pollution of the environment, plants are mostly characterized by
inhibition of vitality in general, but to varying degrees [8, 16]. Also there are known herbaceous plants
that are well adapted to oil pollution and can even increase their vitality in such growth conditions [9].
Sustained and sensitive species that can be used as remediants and indicators of the ecological state of
technogenically transformed environment were discovered by native [4, 13] and foreign authors [12, 20].

There are three types of plant resistance:

- physiological, which includes the state of the buffer system of cells, oxidation-reduction
processes and enzymatic activity, water content in cells;

- morpho-anatomical, which represents barriers for the penetration of toxic compounds into the
leaves and reduces their degree of damage;

- biological, which characterizes the ability of plants to restore damaged by pollution organs,
which is common for plants with high ecological plasticity and rapid growth [18].

The leaves have high bioindicative promise, as they exhibit the obvious plasticity to the complex
of environmental factors [2, 7, 14].

Selection of previously unsolved parts of the general problem.

Long-term green plantations have a special bioindicative value as they are exposed to the
complicated environmental factors and perform a barrier function between pollutants and heterotrophs,
including humans. Accumulating toxicants in their tissues, plants acquire a number of adaptive-protective
changes in the case of wide environmental adaptation, or destructive processes that lead to the death of a
biological object [6, 14]. Currently, the problem of adaptation to stress by plant organisms is relevant,
since it allows to distinguish species resistant, sensitive to pollution or other environmental factors, to
determine the limits of the survival of phytocoenoses, their distribution and role in ecosystems. Each
species is characterized by individual biological and environmental capabilities, therefore, the study of the
characteristic features of individual tree species under oil pollution has a practical and theoretical value
for improving the state of the environment and avoiding unnecessary death of plant organisms.

Setting objectives. The purpose of our work was to investigate the visible signs of adaptation or
destruction and the internal biological processes of tree plants that grow in conditions of the oil and gas
deposit.

Presenting main material. We have studied the dechromatic, growth and cumulative features of
woody species growing in the zone of influence of one of the oldest oil deposits in the world — Boryslav.
Boryslav city is known for the high level of oil pollution of the environmental abiotic component — the
surface layer of the air, soils, water resources. The selection of plant material was carried out from the
lower part of the crown at the end of the assimilation system development [17]. 6-8 representatives of
each species were analyzed that grew within a radius of 500 m from the deposit. As a conditionally
ecologically clean area, the Demyaniv Laz forestwas chosen.

In the conditions of oil-contaminated territory, the growth of ash content in the dry weight of tree
leaves was compared with the background area. Aesculus hippocastanum L. has the highest metal-
accumulation ability, the content of ash in the leaves of which in the conditions of the deposit is three
times higher relative to control. The species is most susceptible to environmental pollution, which is
manifested by the appearance of necrosis on all investigated leaf blades. In addition, plants that are
weakened by oil contamination become vulnerable to pests, in particular Cameraria ochidella Deschka
and Dimic, Guignardia aesculli. Aesculus hippocastanum L. is characterized by the highest level of
growth processes inhibition and violation of the buffer stability of the leaves tissues’ protoplast.

Juglans regia L., on the contrary, is characterized by high resistance to oil pollution. We did not
detect visible signs of damage to the assimilation organs, no pest damage was recorded. The buffer
stability of the species is the highest compared to other tree species, indicating a significant resistance to
contamination. The high absorption capacity of the mineral elements of Juglans regia L. proves its
remediation properties. The ability of some herbaceous plants to detoxify aromatic hydrocarbons to
harmless metabolic products makes it possible to ascertain the resistance and high adaptive potential of
these plants to oil pollution.
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Acer negundo L., under oil deposit conditions, is characterized by the leaves lesions with resinous
spotty due to nitrogen deficiency in the soil. Black stains with a yellow border are available in more than
half of the examined leaf blades. Tilia cordata Mill. and Tilia platyphyllos Scop. individuals suffer from
parasites — lime mites, which are the cause of the emergence of germs. Lime aphids — one of the most
common pests — affect 75% of the investigated leaves of both limes. Birch has a higher resistance to
contaminants compared to other sensitive species, however, it is noted that there were leaves necrosis of
the third degree and damage to the organs by a parasite complex — Cacoecia xylosteana L., Cacoecia
rosana L., Semidobia betulae Winn., Nectria cinnabarina Fr.

Under the influence of the Boryslav petroleum deposit, there is a chronic damage to the
assimilation apparatus of tree plants. This is a consequence of the constant penetration of the leaves and
other organs of gaseous compounds or their solutions through the root system. We detected the
appearance of necrosis, reducing the size of leaves, increasing the level of crown dehromation. It is
inextricably linked with a decrease in water content and an increase in the number of ash elements.
Accumulation of ash in plant tissues leads to inhibition of functional activity, the structure of
photosynthetic organs as a result of blocking the activity of enzymes. As you know, heavy metals, which
make up the main part of ash in a plant, are life-threatening, since displacing cations from active centers
of enzymes, inactivating them. In turn, sulfur and nitrogen, which are part of the oil, interacting with air,
subsequently deposite on the surface of plants, causing burns, the appearance of necrosis, weakening the
protective properties of plants. In this case, the plants become very susceptible to pests and diseases [19].

We detected the appearance of premature aging of plants under the influence of petroleum
products, indicating a violation of homeostasis of phytocoenoses and ecosystems in general. Qil
components destructively act on living systems, poisoning the body with compounds that have mutagenic
characteristics. Plants are a raw material for human food and nutritional needs, as well as a source of food
for animals. Thus, the movement of toxic components of oil through the trophic chains of the food
pyramid occurs and the vitality of organisms on its links is carried out.

According to the complex of vitality indicators, the stability of woody species in the conditions of
the oil deposit decreases in the following row of plants: Juglans regia L. — Hippophaer hamnoides L. —
Betula pendula Roth. — Tilia platyphyllos Scop. — Acer negundo L. — Tilia cordata Mill. — Aesculus
hippocastanum L.

Conclusions. A common feature for all investigated tree plants that grow under the influence of
the Boryslav oil deposit is the predominance of destructive processes in the organism over adaptive ones.
There is a tendency to increase catabolic processes over anabolic, as evidenced by a decrease in biomass,
inhibition of growth and the development of phyto objects under the influence of environmental
contamination by petroleum products. This is the result of internal molecular changes consisting in the
inactivation of vital enzyme systems, blocking the biosynthesis of proteins, and inhibition of cell division.
Changing the color of the leaf blades of trees, the appearance of necrosis in most species is a visual
indication of unfavorable environmental conditions. The increase in ash content and the reduction of
water resources in the assimilation organs of trees indicates the depletion of the tread properties of the
biological system, which creates conditions for the spread of pests and diseases. Physiological changes in
the cells of the investigated plants confirm all visible signs of depression of organisms under the influence
of oil pollution. The weakening of buffer stability is directly related to the premature aging of phyto
objects, which is manifested in the defoliation of the crown, the appearance of persistence and dying of
assimilation organs. Types react differently to oil pollution, so we divided them into three groups.
Sustainable include Juglans regia L., Hippophaer hamnoides L., Betula pendula Roth. and sensitive ones
— Tilia cordata Mill., Aesculus hippocastanum L. The middle position is occupied by Tilia platyphyllos
Scop. And Acer negundo L.
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H. I. I'nioosuyvka, X. b. Kapaeanosuu

leano-Dpankiscvkuil HAYIOHATLHUL MEXHIYHULL
VHigepcumem Haghmu i 2azy

OCOBJINBOCTI AJAIITUBHUX I AECTPYKTUBHUX ITPOLIECIB
JAEHIPOOB’EKTIB B YMOBAX BIIJIUBY HA®TOBOI'O POJOBHIIIA

JlocniaykeHo afanTUBHI Ta IeCTPYKTUBHI peakilii AepeBHUX POCIMH Yy BIANOBIAb Ha Ha(TOBE
3a0pyAHEHHS JOBKULIS. BCTaHOBIEHO 3HMKEHHS )KMUTTEBOCTI TOCHIHKEHUX POCIUH 32 KOMILJIEKCOM
MOKA3HUKIB KIJIITUHHOTO, OPraHHOI'0, OPraHi3MOBOTO Ta HONYJALIMHOrO piBHIB 010CHCTEMHOI
opraHizauii. BusBieHo 3MeHIIEHHs PO3MIpPIB BET€TAaTUBHUX OPraHiB, MOSBY aCUMETPUYHOCTI Ta
HEKPOTHYHHMX YIIKOKCHb JIMCTKOBUX IUIACTHHOK, 3HWKCHHS BMICTY BOJM Ta 3DOCTaHHs 30JbHOCTI
Cyxoro MaTeplany JIUCTKIB fiepeB. BeranosieHo moripiieHis crany OydepHoi CHCTeMH MPOTOIIIacTy
JIMCTKIB SIK HAHYYTIMBILIOrO 10 3MiH BHYTPIIIHBOIO 1 30BHIIHBOrO CEPEIOBHILA OPraHiB POCIHH.

Iependacha nedomiarist Ta 1eXpOMALlis KPOHH JIEPEB € O3HAKOIO CTAPIHHS OPraHi3My, IO €
HACII/IKOM, ~ CHPUYMHCHNX 3a0pYAHCHHSM, BLUIBHOPAMK&IbHMX MPOLECIB. 32  KOMIUICKCOM
napaMeTpiB KUTTEBOCTI JEPEBHI BUIU PO3MIIIEHI B HACTYITHOMY PsAJi BiJITOBIXHO 0 3HMKEHHS X
CTIMKOCTi: TOpIX BOJIOCBKMH — 0O0minuxa KpymuHOmoniOHa — Oepe3a MoOBHCIa — JIUIA
HIMPOKOJIMCTA — KJIEH TOCTPOIMCTHI — JIUIA CEPLEINCTa — TIPKOKAIITAaH 3BUYaiHUM.

Knen rocrponucTuii, auIy CepuenucTy, JUMY LIIMPOKOIMCTY Ta TIPKOKAIITaH 3BUYAWHUMN
JOITFHO BHKOPHUCTOBYBAaTH B (DITOIHAMKAIIHUX JOCIIIKEHHIX TEXHOT€HHO-TPaHC(HOPMOBAHUX
exocucteM. B ymoBax HaTOoBOrO 3a0pyAHEHHS y IMX BUAIB NEPEBAXAIOThH JECTPYKTHUBHI MPOLIECH
HaJ aJanTHBHUMH, TIPO IO CBIMYUTH HASBHICTH IIKIIHWUKIB Ta CIPUYMHEHUX HUMHU 3aXBOPIOBAaHBb
JIEPEBHHUX POCIHH. 3aXMCHI MEXaHI3MHU y BUCHO)KEHUX TPUBAIUM CTPECOM BHINE 3a3HAYEHUX POCIUH
HE37aTHI NPOTUIISATH MAapa3sUTUYHUM OpraHi3MaMm, TOMY BHJAM HE MOXYThb €(EKTHBHO BHKOHYBATH
CepeOBUIIECTBIPHY (PYHKITIFO.

lopix Bomockkwii, Oepe3a TOBHCIA, OOJIMUXa KPYIIMHOMOAIOHA JOOpe MPUCTOCOBAHI 0
CTPECOBUX YMOB 3pOCTaHHS Ta PEKOMEHIOBAaHI J10 BIIPOBA/UKEHHS y O3€JIeHEeHHs HahT03a0pyTHEHIX
TEPUTOPIN 3 METOIO PEKYJIbTHBAIlIl OCTAHHIX. ATaITHBHUMH OCOOJMBOCTSIMH ITHX JIEPEBHUX BUJIIB €
BiTHOCHA CTaOUTBHICTH Oy(epHOi CHUCTEeMH KIITHH AaCHUMUTIIIMHUX OpraHiB, HU3BKUH pIBCHb
ypaXeHHS HEKpPO3aMH, HasSBHICTh MPOTEKTOPHUX OCOOJIMBOCTEH Bl METaNiB Ta IHIINX
3a0pyAHIOBAYIB.

KarouoBi cjoBa: anmanrariis, JeCTPYKTHBHI TIpOIeCH, Ha(TOBE pOIOBHUIIE, POCIUHH,
€KOJIOTT9H1 (PaKTOpH, TOBKILIS.
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