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In the field and laboratory experience oil pollution influence (5 %) on biological ac-
tivity of sod-podzolic soil of Borislav with phytorecultavion activity of plants C. hirta was
estimated. The carried out examinations have demonstrated low cellulose activity as in
the background and model soil. In the oil-polluted soil, we determined higher resistance
of urease compared to cellulase. Cellulase activity decreased, and urease activity in-
creased at the oil pollution. Potential biological activity was higher in comparison with
actual both at background and in oil-polluted soil. Oil contamination incremented an-
aerobic process of cellulose decomposing. Destruction of cellulose of filter disks from
a soil surface was slower, than filter disks from beneath soil. The carried out examina-
tions have demonstrated, that growth of C. hirta influenced variation of biological activ-
ity of oil-polluted soil. Growth of plants C. hirta enriched biological properties of the oil-
polluted soil. In rhizosphere region of plants actual and potential activity was higher
compared to a space between rows. Cellulase and urease activity of the background
and oil-polluted soil in rhizosphere region of plants C. hirta was incremented compared
to a row-spacing.

Keywords: sod-podzolic soil, actual and potential activity, oil contamination, rhi-
zosphere, row-spacing, Carex hirta L.

INTRODUCTION

At last time, intensive degradation processes in soils is observed [6]. Anthropo-
genic degradation of soils often causes by oil and oil products that belong to priority
pollutants of biosphere [2]. Oil pollution by soil damaged it stabile functioning: changed
physical and chemical peculiarities, character of biochemical processes and activity of
microbiota [19; 23; 28]. The most sensitive indicators of soil state are biological pro-
cesses [22; 27], because of their first respond to oil pollution [3].

Biological activity is an important indicator of functional and toxicological soil state,
production potential [16] and determines the level of potential and effective soil fertility
[17; 45]. Changing of indicators complex of biological activity of soils, polluted by oil
products, and their self-regeneration capacity can serve as early diagnostic features
that allow to notice negative changes in the initial stages [14; 20; 26; 34; 36].
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Biological soil activity is divided into actual and potential. Actual biological activity
characterizes the real activity of soils in natural (field) conditions. Potential biological
activity is soil activity, measured in artificial conditions, optimal for occurence of a par-
ticular biological process [37].

Among the biological characteristics can distinguished the most sensitive and cha-
racteristics: cellulase and urease activities of soil [12; 25], which can be determined by
the decomposition rate in the soil of linen material and urea respectively [37]. Intensity
of cellulose decomposition reflects tension of environmental situation and is complex
indicator [42]. However, this indicator is advisable to use if there is an opportunity to put
into the soil linen material on 30 days of exposure [3]. Determination of urease activity
allows quickly determine the soils biochemical potential to assess their self-purification
capacity [9].

Boryslav is a unique city in the world where up to now oil production is conducted.
This led to the fact that the city soil is heavily polluted by oil and oil products. Since the
remediation of soil from oil should be carried out in the city, the method must be safe for
public health. One of these methods is the phytomelioration.

Plants resistant to oil pollution of Boryslav turf-podzolic soil are Carex hirta L. [39].
This plant is recommended for cleaning of oil-polluted soils [15]. In C. hirta was find
mycorrhiza [40]. It may be one of the mechanisms of it resistance to oil pollution of soil.
Plant roots with mycorrhiza characterized by high biological activity [13; 24].

Investigations on change in soil activity in the rhizosphere of resistant to oil pollu-
tion plants are very few. Therefore, soil activity was measured in soil artificial polluted by
oil (5 %) in field and laboratory conditions in zones: the rhizosphere and space between
rows.

MATERIALS AND METHODS

For the estimation of biological activity of soil, we had chosen two indicators: cel-
lulase and urease activities. Has been field research methods which was complement-
ed by laboratory methods. An experiment on the investigations of oil influence on bio-
logical activity of soil was begun in 2009-2013 in north-western part of Boryslav on the
open country. Soil of this territory is sod-podzolic, loamy, covered by motley grass.

On 4 m? areas were landed for 96 plants of C. hirta. An area of soil without adding
of oil (background soil) served as a control. Area of soil artificially polluted by oil (p =
0.87 g/sm?; 50 g of oil on 1 kg of soil) served as a model soil.

For creation of area was dug up a trench in 0.25 m depth and 1x4 m size. The bot-
tom of trench was covered by polyethylene tape with perforations. In every trench were
brought in for 1000 kg soil at 15 % of its humidity. In model soil were added 50 kg of oil
and mixed. General area of experimental area was 40 m?, area of trench was 4 m>.
Placing of trenches was successive. Experiment was repeated triple.

In 20 days after adding of oil (necessary term for evaporation of volatile toxic oil
products) [27] the vegetative individuals of C. hirta were planted in soil. Plants were
identical on age and sizes. Humidity of soil was supported within the limits of 60 % from
a complete moisture-capacity.

The selection of soil standards was carried out on 30 day of plants C. hirta growth,
what corresponds to 50 day of oil destruction.
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Cellulase activity was determined in the field and laboratory conditions.

In the field conditions cellulase activity was determined on K. N. Mishustin’s and
I.V. Vostrov’s applique method [33]. Linen material was mortgaged simultaneously with
landing of plants on a depth 5—-10 cm in the root area of plants and space between rows.
The places with linen material were marked by lighthouses. Linen was exposed in soll
during 30 days. Speed of linen material decomposition was determined on loss of it
mass in dry state. Results were expressed in percent’s from initial mass. Experiment
was repeated 6-multiple.

In laboratory conditions C.G. Kristensen’s method was used [44]: on the indexes of
decreasing mass of cellulase substrate — filtration disks. On the bottom of sterile Petri
dish were put sterile filtration disks. From above on them was laid out soil, water-wet to
the sour cream similar state, and on it again were put sterile filtration disks. Account was
conducted after 30 days. Experiment was repeated 3-times.

For determination of urease activity an express-method, offered by T.V. Aristov-
skaya and N.V. Chugunova, was used (on speed of urea decomposition at Petri dishes)
[29]. Experiment was repeated 5-multiple.

Statistical processing of experimental data was conducted with the use of applica-
tion in Microsoft Excel 2003 and Statistica 9.0 package.

RESULTS AND DISCUSSION

Cellulase activity of soil is an integral index wrap-round different soil processes.
Determination of intensity of plant remains decomposition by method of linen materials
decomposition objectively reflects activity of soil microbiota in the wild conditions.

In our field researches indexes of cellulase activity as in background so in model
soils are small (table), that is characteristically for polluted sod-podzolic soils [5; 35] and
coincides with literary data [30]. After 30 days cellulase activity of sod-podzolic oil-pol-
luted soil in rhizosphere area was about 8 % (Table) that was on 35 % less than in rhi-
zosphere area of background soil. In space between rows activity of model soil was only
about 4.6 % while in a control variant this index was on 51 % higher (Table). The de-
creasing of linen material decomposition intensity on 35-51 % is evidence of oil-pollu-
tion toxic effect in soil.

Less cellulase activity in space between rows in compared to rhizosphere area is
related with creation of anaerobiosis in space between rows in great degree when in
rhizosphere. Growth of roots friables in the soil and it in same time creates limiting con-
ditions for development of anaerobic microorganisms at surplus of substrate [7].

In laboratory conditions destruction of filtration disks cellulose from the soil surface
of control variant at 30 days arrived to 26.7 % in rhizosphere and 20.9 % in soil from
space between rows (Fig. 1). At the same time cellulase activity of oil-polluted soil was
10.6 % and 6.1 % respectively, that almost on 60 % and 70 % less than in the control
(Table).

On 30 days destruction of filtration disks cellulose from beneath soil was higher
compared to destruction of filtration disks cellulose from surface of soil both in rhizo-
sphere and in space between rows. However, in oil-polluted soil it was below on 39 %
in rhizosphere and on 85 % in space between rows as was compared to the control
(Table). Obviously, destruction of cellulose is carried out in a greater degree by anaerobic
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microorganisms decomposing cellulase. Soils of technogenic territories with low aera-
tion [7] are characterized by high quantity of anaerobic microorganisms. Oil, impregna-
ting with soil particles, creates favourable conditions for their development [18]. The
main reason of low cellulose decomposition ability of oil-polluted soil is repression of
cellulose degrading microorganisms’ activity [31].

Cellulose decomposition ability of oil-polluted soil at rhizosphere zone
of C. hirta L. plants

3aaTHicTb HahTO3abpPYAHEHOTO IPYHTY PO3LLENJIOBAaTH LeNono3sy B pu3occepHin 30Hi
pocnuH C. hirta L.

Disk from surface | Disk from beneath
of soil soil
2% Rhizosphere 12.9+2.3 26.7+5.4 43.1+4.7
e c
28
= § Between rows 9.3+2.4 20.9+4.8 38.846.2
§ S Rhizosphere 8.4+£2.7 10.6£3.9 26.5t£3.5
5 ©
83
= Between rows 4.6+1.2 6.1+2.1 5.7+1.8

Much higher indices of cellulose decomposition ability were in laboratory conditions
when to compare with field conditions, obviously, related with this fact, that in laboratory
experiment are created conditions for flowing of soil processes near to optimal and
a difference in degree of worsening of soil properties between the control and polluted
soil becomes more expressed. Thus, in the field conditions maintenance of oil in soil is
not unique ecological factor which is not in an optimum, accordingly and difference be-
tween the values of biological indexes of polluted and unpolluted soils is shaded.

Urease possesses strict specificity of action: it decomposes only urea and does not
influence on its derivative compounds [10]. Urease activity in investigational soils was
different (Fig. 2).

The level of urease activity for the actions of oil was increased on 30 % in a rhizo-
sphere and on 40 % in space between rows compared to the control. Increasing of
urease activity in oil-polluted soils was looked after [18]. Stimulant actions on urease
activity have n-paraffin hydrocarbons and cyclic hydrocarbons, that including to oil com-
position [18]. Oil and oil products stimulate urease activity, because activity of urease in
direct ratio depends on maintenance of organic carbon in soil [8; 43].

High level of urease activity and its rapid growth in polluted standards suggests
about high stability of this enzyme to inhibiting factors. It is necessary to suppose that
this enzyme plays an important role in self-cleaning of such soils [11].
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Rhizosphere zone Between rows

MODEL SOIL

Fig. 1. Cellulose decomposition ability of soil at 30 day (laboratory experiment): 1 is from surface of soil; 2 is
from beneath soil

Puc. 1. 3patHicTb r'pyHTY poswenntoBati uentonody Ha 30 aeHb (nabopaTopHuUii eKCcnepumeHT): 1 — 3 no-
BEPXHI I'PYHTY; 2 — i3-Mig r'pyHTY

In background soil in space between rows, urease activity was 20 % lower on com-
pared to the control, and the process of urea decomposition developed slowly. It is re-
lated with small quantity of organic compounds [10]. In the rhizosphere zone of back-
ground soil, urease activity was 70 % higer than in the control (Fig. 2). The high rate of
urea decomposition in the investigated soils characterizes potential self-cleaning ability
of soil cover [11; 43]. It is one of important ecological functions of soil which is able to
provide a defense of soil and contiguous environments, both from chemical and bacte-
rial contamination [32].

CONCLUSIONS

Oil pollution of soil causes a change of its biological activity. In conditions of oil
contamination cellulase activity decreases, but urease activity increases. It suggests
self-cleaning activity of soil.
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Fig. 2. Urease activity of sod-podzolic soil ('P<0.05; n = 5)
Puc. 2. YpeasHa akTMBHICTb AepHOBO-MiA3onucToro rpyHTy (‘P<0,05; n = 5)

Oil pollution inhibited intensity of cellulose decomposition in soil. Combination of
moisture limit and acid environment made oppressive influence on cellulase activity.

In space between rows cellulase activity (actual) is less compared to rhizosphere,
but potential is vice versa higher.

In conditions of oil pollution, the anaerobic process of cellulose decomposition in
soil increased.

High level of urease activity in polluted standards suggests high stability of this
enzyme to inhibiting factors. It is supposed that this enzyme plays an important role in
self-cleaning activity of such soils.

Potential biological activity was higher than actual both in background and oil pol-
luted soil conditions.
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AKTYAJIbHA | NOTEHUIAJIbHA AKTUBHICTb HA®TO3ABPYOAHEHOIO
OEPHOBO-MIA30JINCTOO I'PYHTY 3A Ali ®ITOMENIOPAHTA CAREX HIRTA L.

J1. B. ByHbo, O. M. LiginuHtok

JlbgiscbKuli HauioHannbHUU yHigepcumem imeHi leaHa ®paHKa
syn. pywescbkoeo, 4, llbeis 79005, YkpaiHa
e-mail: bioza@ukr.net

Y nonboBoMy MofenbHOMY Ta nabopaTopHOMY AocChigax BUSIBAEHO BNMB HAdhTOBO-
ro 3abpynHeHHs (5 %) Ha BionoriyHy akTUBHICTb AePHOBO-NIA30MMCTOrO I'PYHTY M. Bopu-
cnaea i3 BMKopuctaHHsaM pocnuH C. hirta ansa ditopekynbstusauii. Y pesynbsrati Hawwmnx
AocnigkeHb 6yno BCTaHOBEHO 3MiHY 6iONOriYHOI aKTUBHOCTI HAadhTO3abpyaHEHOTO I'PyH-
Ty. [poBeneHi JocnigpKeHHA gOBeNnu, WO Lentono3onitMyHa akTUBHICTb ik (OOHOBOIO,
Tak i HapTO3abpyaHEHOro r'pyHTIB Byra HU3bLKOK. Y HadTo3abpyaHEeHOMY I'pYHTI BUSIBU-
nn GinbLUy CTINKICTL hepMEHTY ypeasun, NopiBHAHO 3 uentonasot. LlentonosonituyHa
aKTUBHICTb 3MeHLlyBaracbh, a ypeasHa aKkTUBHICTb 3pocTana y HadTto3abpyaHeHomy
rpyHTi. [NoTeHuianbHa GionoriyHa akTUBHICTb Oyna BULLIOKD, NOPIBHSAHO 3 aKTyarnbHO,
AK y (boHOBOMY, Tak i y HadTOo3abpyaHeHoMy r'pyHTax. HadptoBe 3abpyaHEHHS I'pyHTY
36inbLlyBano aHaepobHMI NpoLec posknaay Lentonosun. JecTpyKuia uentonosm ginstpy-
BanbHUX OMUCKIB 3 NOBEPXHI I'PYHTY BigbyBanacs noBinbHille, HiX OEeCTPYKLiS Lenonosn
dinbTpyBanbHMX AUCKIB 3-Nig rpyHTy. IMig Yac gocnigkeHHs 3’acoBaHo, wo pict C. hirta
BMMMBaB Ha 3MiHy 6ionoridyHOi akTMBHOCTI HadpTo3abpyaHeHOro rpyHTty. PicT pocnuH
C. hirta nokpawyBaB GionoriyHi BnacTmBocTi HadTo3abpyaHEHOro rpyHTY. Y pusocdep-
Hin 30Hi POCNUH akTyanbHa Ta NoTeHujianbHa akTUBHICTb Byna BULLIOKD, NOPIBHAHO 3 MiX-
psaaam. LlentonosonituiHa M ypeasHa akTMBHICTb (QOHOBOrO i HadpTo3abpyaHeHoro
I'PYHTIB y pu3ocdepHin 30Hi pocnuH C. hirta 3poctana, nopiBHAHO 3 MXPAOASM.

Knro4oei crioea: [epHOBO-NIA30NUCTUN I'PYHT, akTyarnbHa i noTeHuianbHa akTuB-
HiCTb, HadgToBe 3abpyaHeHHs, pusocdepa, Mixpagas, Carex
hirta L.

AKTYAIIbHASA N NOTEHUUANBHAA AKTUBHOCTb HE®TE3AIPA3HEHHON
OEPHOBO-NOA30/IMCTON NOYBbI NPU AEUCTBUU ®PUTOMEJIUOPAHTA
CAREX HIRTA L.

J1. B. ByHbo, O. M. LjgunbiHiOK

Jlbeosckull HayuUoHarsbHbIU yHUBepcUmem umeHu MeaHa ®paHKo
yn. pywesckoeo, 4, Jlbeos 79005, YkpauHa
e-mail: bioza@ukr.net

B noneBom mogensHOM 1 nabopaTtopHOM OnNbITax BbISBIIEHO BNUSIHUE HETSAHOrO
3arpsisHeHns (5 %) Ha BMonorn4eckyo akTMBHOCTb AePHOBO-NOA30MMCTON NOYBbI I. Bo-
pucnaea ¢ ncnonb3oBaHnem pacteHun C. hirta ana dutopekynstnsaumn. B pesynbra-
Te HaluMX nccrneaoBaHui BbINIO YCTAHOBIIEHO U3MEHEHME BUOOrMYyeckon akTUBHOCTH
noyBbl NpU HEPTSAHOM 3arpsisHeHuK. [poBeaeHHbIE UCCNegoBaHNA Nokasanu, YTo Len-
NNo30NnTNYEeCcKasl akTMBHOCTb Kak (DOHOBOW, Tak U HedbTe3arpsa3HeHHOM NoyB Obina
HM3KOW. B HedpTe3arpsisHeHHON NoyYBe 0OHaPYXMNN BONbLLYI YCTOMYMBOCTL hepMEHTa
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ypeasbl, N0 CpaBHEHWIO C Lenntonason. Lienntonosonutuyeckas akTMBHOCTb YMEHbLLA-
naceb, a ypeasHas akTMBHOCTb BO3pacTarna npu HeTAHOM 3arps3HeHnn noyssbl. [NoTeH-
unanbHasa Guonornyeckas akTMBHOCTb Obifna Bbille, N0 CPABHEHMIO C aKTyanbHON, Kak
B poHOBOW, TaK N B HedpTe3arpsasHeHHOW noysax. HedrsaHoe 3arpsasHeHne no4Bbl yBe-
nnymBano aHaspobHbIV Npouecc pasnoXeHnsa Lennonosbl. JecTpykumnsa Lennonosbl
PUNLTPUPYIOLLMX OUCKOB C NMOBEPXHOCTU MOYBbLI NMpoucxoaurna MeasneHHee, Yem Je-
CTPYKUMSA Lennonosbl unsTpoBasnbHbIX ANCKOB U3 ry6OuHbI NoYBbl. [NpoBeaeHHbIe Uc-
cnenoBaHua nokasanu, 4To pocT C. hirta Bnvsan Ha nameHeHne 6MoNorM4yeckon akTme-
HOCTU HedTe3arps3HeHHoOW no4sbl. PocT pacteHun C. hirta ynydwan 6uonoruyeckue
CBOMCTBa HedTe3arpsasHeHHoOW no4Bbl. B pusocgepHoOn 30He pacTeHWn akTyaribHas
M NOTEeHLUManbHasi akTUBHOCTb Obina Bbille, N0 CpaBHEHUIO C Mexaypsabem. Lienntono-
30nMTNYecKes U ypeasHas akTMBHOCTb (DOHOBOW U HedbTe3arpsa3HeHHOW NoYB B pU3oc-
doepHomn 30He pacTeHun C. hirta ysenuymeanach, No CPaBHEHUIO C MEXOYPSObEM.

Knroueenlie cnosa: OEPHOBO-MOA30/INCTaA no4Ba, aktyaribHad n noteHuunarbHas

aKTMBHOCTb, HEPTAHOE 3arpsisHeHne, pusocgepa, Mexayps-
abe, Carex hirta L.

OpepxaHo: 14.10.2014
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