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Abstract—A total of 17 basidiomycete strains causing white rot and growing on oil-contaminated substrates have
been screened. Three strains with high (Steccherinum murashkinskyi), average (Trametes maxima), and low
(Pleurotus ostreatus) capacities for the colonization of oil-contaminated substrates have been selected. The
potential for degrading crude oil hydrocarbons has been assessed with the use of fungi grown on nonsterile soil
and peat at low temperatures. Candida sp. and Rhodococcus sp. commercial strains have been used as reference
organisms with oil-degrading ability. All microorganisms introduced in oil-contaminated soil have proved to be
ineffective, whereas the inoculation of peat with basidiomycetes and oil-degrading microorganisms accelerated
the destruction of oil hydrocarbons. The greatest degradation potential of oil-aliphatic hydrocarbons has been
found in S. murashlinskyi. T. maxima turned out to be the most successful in degrading aromatic hydrocarbons.
It has been suggested that aboriginal microflora contributes importantly to the effectiveness of oil-destructing
microorganisms. 1. maxima and S. murashkinskyi strains are promising for further study as oil-oxidizing agents
during bioremediation of oil-contaminated peat soil under conditions of low temperatures.
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INTRODUCTION

Basidial fungi causing white rot are capable of
degrading various oil hydrocarbons, including polycy-
clic aromatic hydrocarbons (PAHSs) [1, 2]. The mech-
anisms of oil degradation by these basidiomycetes have
been insufficiently studied. It has been shown that
PAHSs are oxidized under the effect of Mn-peroxidase
(EC 1.11.1.13), lignin peroxidase (EC 1.11.1.14), and lac-
case (EC 1.10.3.2) [2—6]. Thus, it has been suggested
that enzymes involved in the lignin-modifying system
of fungi (LMS) [3—6] play a leading role in the process
of oil degradation. PAHs may become completely min-
eralized under the joint effect of ligninolytic enzymes,
cytochrome P-450 dependent monooxigenases
(EC 1.14.14.1), and epoxide hydrolase (EC 3.3.2.9),
which is evidence of the important role played by non-
ligninolytic enzymes in the process of their degrada-
tion by white rot fungi. It was shown that the combina-
tion of nonligninolytic enzymes and the LMS of two
basidiomycetes (Phanerochaete chrysosporium and
Pleurotus ostreatus) ensured complete mineralization

of pyren and benz[a]pyrene [7]. At the same time,
PAH aromatic rings may be oxidized by free hydroxyl
radicals generated by white rot fungi [8].

Technogenic load intensification and sharp envi-
ronmental degradation initiated the development of
bioremediation technologies. Although bioprepara-
tions based on various strains of microorganisms, pri-
marily bacteria and yeast, have been widely used for
bioremediation of polluted environments [9], particu-
lar attention is being paid to the search for new oil-
destructing microorganisms, such as the basidial fungi
of white rot [10]. One of their major advantages is the
ability to mineralize PAH containing four or more
condensed aromatic rings, whereas bacteria decom-
pose paraffin and naphtene hydrocarbons [2]. It was
shown that a decrease of the PAH concentration in the
environment is accompanied with repression of the
synthesis of LMS enzymes taking part in their decom-
position. Thus, basidial fungi are capable of degrading
PAHs even at low concentrations [11]. The important
feature of basidial fungi is their ability to grow and
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Table 1. Strains of basial fungi used in the study

Collection number Species Family
LE-BIN0432 Pleurotus ostreatus (Jacq.) P. Kumm Pleurotaceae
LE-BIN0677 Coriolopsis caperata (Berk.) Murrill Polyporaceae
LE-BIN072 Trametes hirsuta Wulf. Ex. Fr Polyporaceae
LE-BINO093 Trametes ochracea (Pers.) Gilb. & Ryvarden Polyporaceae
LE-BIN1483 Flammulina sp. Physalacriaceae
LE-BIN1795 Xerula radicata (Relhan) Dorfelt Physalacriaceae
LE-BIN1911 Trametes gibbosa (Pers.) Fr. Polyporaceae
LE-BIN1968 Steccherinum murashkinskyi (Burt), Maas, Geest. Steccherinaceae
LE-BIN1998 Antradiella faginea Vampola & Pouzar Steccherinaceae
LE-BIN2009 Byssomerulius avellaneu (Bres.) J. Erikss.&Hjortstam Phanerochaetaceae
LE-BIN2013 Junghuhnia nitida (Pers.) Ryvarden Meruliaceae
LE-BIN2032 Tramates versicolor (L.:Fr.) Polyporaceae
LE-BIN2047 Lenzites betulina (L.: Fr.) Polyporaceae
LE-BIN2124 Peniophora lycii (Pers.) Hohn. & Litsch. Peniophoraceae
LE-BIN2322 Antrodiella pallasii Renvall, Johann. & Stenlid Phanerochaetaceae
LE-BIN2738 Steccherinum bourdotii Saliba & A. David Steccherinaceae
LE-BIN275 Trametes maxima (Mont.) David & Rajchenb Polyporaceae

develop when the conditions are unfavorable. It was
shown that Lentinus (Panus) tigrinus retained its ability
to oxidize oil upon either a lack or excess of nitrogen in
the axenic culture [12], and P. chrysosporium and
P. pulmonarius effectively degraded PAHs in soil con-
taining heavy metals, even at pH values that were unfa-
vorable for their growth [13]. When ligninolytic basidi-
omycetes were studied as oil-degrading microorgan-
isms, their degradation potential was estimated in either
sterile conditions (model systems) [11, 14] or in soils
under conditions favorable for fungal growth [2, 15].
The inability to extrapolate the obtained results into real
contamination conditions restricts to a significant
degree further development of this branch of bioreme-
diation technologies [14]. According to modern views,
temperature is the main physical factor determining the
biodegradation rate of hydrocarbons [16]. It was
demonstrated that the maximum rate of oil degradation
in soil is observed at 30—40°C [9], whereas oil viscosity
increases at lower temperatures; the vaporization rate of
volatile components [17] and growth rate of microor-
ganisms [18] decrease, which reduces the rate of
decomposition of oil hydrocarbons in the environment.

The purpose of this work is to screen basidiomy-
cetes causing white rot upon their growth on oil-con-
taminated substrate, as well to estimate the oil-
degrading activity of the selected strains in oil-con-
taminated soil and peat at low temperatures.

METHODS

Strains of basidial fungi. Basidiomycete strains
from the collection of the Komarov Botanical Insti-
tute, Russian Academy of Sciences, were used in this
study (Table 1). The basidiomycete cultures were a
film of well-developed white aerial mycelium with a
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noncolored reversum. All strains were kept in tubes at
4°C on wort-agar slants prepared via the dilution of
beer wort with water in the ratio of 1 : 4. The obtained
cultures were stored without transfer for 6—12 months
without any loss of biosynthetic activity.

QOil-destructing microorganisms. The reference
microorganisms used were commercial biological
preparations based on the Rhodococcus sp. actinobac-
terium and the Candida sp. yeast from the Bioros bio-
preparation (Scientific and Research Institute
of Natural Gases and Gas Technologies, Russia).

Samples of soil, peat, and oil. Soil samples were
taken in Moscow region and identified as Retisol by
international classification [19]. It was a medium-tex-
tured loam with a water-extract acidity of (pH,, ;) 6.9,
organic carbon (C,,) and nitrogen content 18.0 and
0.86 g/kg, respectively. The peat (Yamalo-Nenets
autonomous okrug, Russia) was a sphagnum peat with
decomposition degree 40%, pH, e, 3.8, C,,, 437.0 g/kg,
Ny 3.9 g/kg. The soil and peat were passed through a
sieve (mesh size 2 mm). The crude oil (Enty-
Purovskoe deposit, Yamalo-Nenets autonomous
okrug) had a density of 861 kg/m>.

Screening of basidiomycete strains. Strains were
grown on an agarized nutrient medium containing
aqueous wort solution (1 : 4, vol/vol) and 2% agar. The
medium was sterilized (30 min, 0.5 atm) and trans-
ferred to sterile Petri dishes. The strains were inocu-
lated by the method of blocks from the agarized
medium with subsequent growth in the dark at 28°C
until the agarized medium was completely overgrown
by fungal mycelium. The cultivation time varied
depending on the strain and was 7—10 days.

To identify the ability of basidiomycete strains to
grow on oil-contaminated substrate, we used an
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agarized Czapek-Dox medium of the following compo-
sition (g/L): sucrose—30.0, NaNO;—3.0, MgSO,—
0.5, KC1—0.5, Fe,(50,);—0.01, K,HPO,—1.0, and
agar-agar—13.0. To prepare the medium, the compo-
nents above were dissolved in waterat pH 7.3 = 0.2 and
sterilized for 30 min at 1 atm. and 121°C. The Czapek-
Dox medium was supplemented with oil up to a final
concentration of 3% (wt), sterilized (5 h, 75°C), and
transferred to sterile Petri dishes. Inoculation was per-
formed by the method of a block of basidiomycete
strains grown on wort-agar.

The growth rate of strains of basidial fungi on oil-
contaminated substrate was determined by the diameter
of colonies (mm) 7, 10, and 21 days after inoculation.

Oil degradation. To estimate the oil degradation in
soil and peat, which were artificially contaminated with
crude oil, we used reference oil-destructing microor-
ganisms and strains of the following basidiomycetes:
P, ostreatus, S. murashkinskyi, and T. maxima.

The material for further inoculation of basidiomy-
cete strains (grinded by ceramic beads) was grown by
the superficial method on nutrient medium at 25—
27°C and pH 6.0 as previously described [20]. Cultiva-
tion was performed until the mycelium on the nutrient
medium reached the weight of 4 g/L for 6—14 days
depending on the strain.

The pH values optimal for the growth of Candida sp.
and Rhodococcus sp. are 4.0—4.2 and 7.0, respectively.
Sterile distilled water (10 mg/mL) was added to a sterile
tube with lyophilized culture and aerated for 2 h on a
Rotamix rotation mixer (Elmi, Latvia) at the rate of
90 rpm. Cultures were grown under sterile conditions in
a LabGard NU-437-300E safety cabinet (NuAire,
United States).

To prepare a medium contaminated artificially
with oil, a Petri dish was supplemented with 15 g of
nonsterile soil or 1.5 of nonsterile peat. Oil (to a final
concentration of 30 g/kg) and distilled water were then
added up to the level of normal capacity (NC) as
according to [21]. The amounts of distilled water were
3.2 and 5.0 mL per dish for soil and peat, respectively.
The material for inoculation (2 mL per dish) con-
tained about 8 mg of mycelium or 20 g of the culture of
oil-destructing microorganismes.

After inoculation, the microorganisms were incu-
bated for 90 days at 4°C. This temperature corre-
sponded to the mean annual temperature in the layer
of 0—25 cm of peat soils in the south taiga zone of
Western Siberia, which varies within the range of 3.5—
4.2°C [22]. Cultivation was then continued under con-
ditions optimal for the development of soil microflora
for 120 days at 25°C and an NC of 60%. After that, the
residual content of aliphatic hydrocarbons (AIHCs) of
oil was determined by gas chromatography with mass
spectrometry-based detection (GC-MS), and the
content of aromatic hydrocarbons (ArHCs) was deter-
mined by UV spectrophotometry.
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Identification of AIHCs in oil products by GC-MS.
The AIHCs of oil products were extracted from the soil
or peat using hexane. The extracts were purified on
Al,O; according to [23]. Chromatographic separation
on a MDN-1 column (hard-bonded methylsilicone
30m X 0.25 mm) (Supelco, Japan) was carried out
with the help of a GC 2010 chromatograph (Shi-
madzu, Japan) with a GCMS-QP 2010 mass detector
in the regime of temperature gradient (exposure 100°C
1 min, then 10°C/min up to 200°C, 20°C/min to
260°C, exposure 2 min 260°C) at the following tem-
peratures: injector, 200°C; interface, 210°C; and
detector, 200°C. Helium with a flow of 1.2 cm?/min
and a flow pressure of 1 : 2 was used as a carrier gas.
The parameters of the mass detector are the registra-
tion regime (MIC) and a mass/charge of 51, 71, 85.
GC-MS analysis of the studied sample showed that C13
(7%) and C15 (4%) alkanes prevailed among linear
AIHCs; the minimum content was found for C22 (2%).

Identification of aromatic hydrocarbons in the oil by
UYV spectrophotometry. The solution of the studied oil
sample in hexane was characterized by three well-
defined shoulders with maxima at 203, 228, and 264 nm
(Fig. 1). Oil absorption in the range of 200—210, 220—
230, and 230—270 nm is determined by the absorption
of aromatic hydrocarbons (ArHCs) with benzene,
naphthalene, and tricyclic (or more) structures [24].
Based on the absorption of these ranges in the local
maxima at 203, 228, and 264 nm in the hexane extracts
from soil and peat obtained according to [23], the con-
tent of derivatives of benzene, naphthalene, and tricy-
clic structures, respectively, was estimated. The optical
density of hexane extracts was determined in a cuvette
with an optical pathway length of 10 mm with a
512 UV/Vis spectrophotometer (Portlab, England).

Statistical data treatment. All experiments were
performed in three replicates. Statistical processing of
the screening results was carried out with the help of
one-way analysis of variance with calculation of the
least significant difference (LSD) according to [25].
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Fig. 1. Absorption spectrum of a hexane solution of the
studied oil in the range of 200—300 nm.
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Fig. 2. Diameter of colonies of basidial fungi of the strains B. avellaneus (1), S. bourdotii (2), T. gibbosa (3), C. caperata (4),
L. betulina (5), A. pallasii (6), P. ostreatus (7), A. faginea (8), T. maxima (9), T. hirsuta (10), T. ochracea (11), J. nitida (12), Flam-
mulina sp. (13), T. versicolor (14), X. radicata (15), Pen. lycii (16), S. murashkinskyi (17) during growth on oil-contaminated agar
on day 7 (a), 10 (b), 17 (c), and 21 (d) of cultivation. Strains with above-average colony diameters are shown with gray color.

The significance level is o0 = 0.05. Microsoft Excel 2007
and Statistica 8.0 programs were used.

RESULTS AND DISCUSSION

Strain growth on oil-contaminated substrate. The
studied strains of basidial fungi were characterized by
their different capacities for growth on oil-contami-
nated substrate (Fig. 2). An above-average size of fun-
gal colonies (10 mm) was registered in such genera as
Trametes and Steccherinum; the exception was S. bour-
dotii and T. gibbosa, in which the diameter of colonies
was not larger than 4 mm. The size of colonies in the
studied fugal strains during the period from days 7 to
10 increased by 2.4 times on average. It has been
shown that the maximum growth was observed in
S. bourdotii and P. ostreatus strains (five- and fourfold
increases, respectively). S. murashkinskyi exhibited an
even growth; the colonies of this fungus increased by
about 1.5 times. The data showed that the studied
strains of basidial fungi differed by the rate of adapta-
tion to oil contamination and, consequently, the lag
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period. Therefore, P. ostreatus was assigned to the
group of strains with a colony diameter that exceeded
the average value, and 7. ochracea was placed in the
group of strains with a below-average colony size. The
reduction in the growth rate of all basidiomycetes was
observed on day 17 (Fig. 2), and the diameter of their
colonies from days 10 to 17 increased by 27 times on
average. It can be suggested that this fungal strain had
a longer lag period under the conditions of oil contam-
ination. The colony diameters of strains of A. pallasii,
A. faginea, Flammulina sp., X. radicata, Peniophora
lycii, S. ochraceum, and S. murashkinskyi reached their
maximum on day 17.

In a summary of the data on the growth dynamics
of the studied strains of basidial fungi, it can be noted
that S. murashkinskyi was characterized by a more
pronounced ability to colonize when grown on oil-
contaminated substrate: the largest colonies were
observed on day 17 of cultivation; mycelium covered
the entire surface available for growth. The growth rate
under the conditions of oil contamination was higher
than that for fungi of the genera Trametes and Pleuro-
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Table 2. Separation of basidial fungi strains into groups with the same ability to grow on oil-contaminated agar.

. Average colony Homogenous groups
Strain .
diameter, mm I 11 111 v \% VI VII VIII
C. caperata 13.5 +
T. gibbosa 15.9 +
B. avellaneus 18.2 +
S. bourdotii 20.8 +
L. betulina 22.5 + +
P. ostreatus 24.5 + + +
T. versicolor 259 + +
A. pallasii 26.1 + +
T. ochracea 26.6 + + +
J. nitida 27.1 + + +
A. faginea 27.3 + + +
T. hirsuta 28.5 + + +
T. maxima 28.6 + + +
Flammulina sp. 30.6 + +
P. lycii 31.0 + + +
X. radicata 31.4 + + +
S. murashkinskyi 35.6 +

“+” shows the group to which the strain belongs.

tus characterized, as according to the available data, by
a high capacity for oil destruction [2, 11]. The
observed disagreement is probably explained by the
absence of any direct interaction between the ability of
strains to colonize oil-contaminated substrate in the
first days of growth (lag phase) and the capacity of
these strains for oil destruction, which is commonly
measured after longer periods of cultivation lasting for
at least 30 days. B. avellaneus can be characterized as a
strain with the least expressed capacity for coloniza-
tion: the diameter of its colonies was minimal in the
first days of observation (lag phase), and the growth
was almost totally inhibited by day 21 (stationary
growth phase).

Based on the variance analysis, in which the col-
ony sizes in the studied strains of basidiomycetes
were considered a resultant feature and the strains
were considered a factor, the groups of strains with
the same ability to grow on oil-contaminated agar
were isolated (Table 2).

The group of strains with low colonization ability
(groups I and II) included such strains as C. caperata,
T. gibbosa, B. avellaneus, S. bourdotii, L. betulina, and
P. ostreatus. The group with average colonization
ability (groups I11—-VI) involved the majority of stud-
ied strains (Table 2). The high colonization ability
(groups VII and VIII) was found in S. murashkinskyi,
P. lycii, and X. radicata.

The most strongly pronounced capacity for coloni-
zation was observed in S. murashkinskyi. Thus, it was

APPLIED BIOCHEMISTRY AND MICROBIOLOGY  Vol. 52

selected for experiments on oil degradation. For com-
parison, the experimental scheme also included
strains with the average (7. maxima) and low (P. ost-
reatus) capacity for colonization.

Qil degradation by basidiomycetes in soil and peat. It
was shown that, as commercial microorganisms were
introduced in soil and peat, the concentration of oil
HC in them on day 210 of cultivation decreased sig-
nificantly; at the same time, the degradation of ArHC
was more efficient than that of AIHC (Fig. 3). The cal-
culated amount of residual AIHC and ArHC in the soil
and peat was about 49 and 19%, 43 and 24 %, respec-
tively (Fig. 3), which was consistent with the range of
decomposition values of oil HC [9]. The data prove
the high oil-degrading activity of microorganisms in
nonsterile samples of soil and peat. The degree of
AIHC degradation in soil in the presence of strains of
both basidial fungi and nonoxidizing microorganisms
involved in commercial preparations remained low
compared to the control variant (Fig. 4a and 5a).
Thus, the residual content of AIHCs in the presence of
basidial fungi did not reliably differ from the control
value and even exceeded the control values when com-
mercial microorganisms were used. This may have
resulted from the partial suppression of aboriginal
microflora.

The estimation of the residual ArHC content of
(Fig. 6a—6¢) showed an absence of the degree of their
degradation, as did AIHC during the introduction of
basidial fungi or industrial oil destructors in soil.
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Fig. 3. content (% of the initial value) of benzene and its homologs (7), naphthalene and its homologs (2), and tricyclic com-
pounds and their homologs (3) of oil in soil (a) and peat (b) after 210 days of cultivation without introduction of microorganisms.
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Fig. 4. Oil AIHC content (% of control) in soil (a) and peat (b) after 210 days of cultivation in the presence of the strains P. ostreatus (1),
T. maxima (2), S. murashkinskyi (3), Candida sp. (4), and Rhodococcus sp. (5). The controls were soil and peat without introduced

microorganisms. Values significantly lower than control (o. = 0.05) are shown with gray color. LSD = 15%.

The data on the efficiency of use of oil-destructing
strains in nonsterile soil are contradictory [11, 15, 26—
28]. Thus, the comparative study of the oil-destructing
activity of three white rot species (P. chrysosporium,
T. (Coriolus) versicolor, and P. ostreatus) showed that
the degree of HC degradation by these strains at an ini-
tial oil concentration in soil of 32 g/kg over 12 months
was 69, 53, and 78%, respectively [26]. Another strain
of basidial fungi, P. fuber-regium, completely colo-
nized the oil-contaminated soil and efficiently mobi-
lized the aliphatic and aromatic oil fractions (by 70%)
[27]. However, it was shown in the literature [11, 15, 28]
that the efficiency of oil degradation by basidiomycetes
and other oil-destructing microorganisms may
decrease in nonsterile soil compared to sterile soil;
sometimes, there was no effect from introducing micro-
organisms. The absence of any increase in the degree of
oil biodegradation in soil as a result of the introduction
of basidiomycetes probably proved the low competitive
ability of these strains as compared to the aboriginal
microflora [15, 28]. It was shown that the cultivation of
P. chrysosporium at pH 7.4 on oil-contaminated soil did
not cause the release of laccase and arylalcohol oxidase
(EC 1.1.3.7) [29]. Therefore, the soil pH determines the

APPLIED BIOCHEMISTRY AND MICROBIOLOGY  Vol. 52

synthesis of fungal extracellular enzymes tht commonly
cause oil HC degradation.

The introduction of basidiomycetes or oil-destruct-
ing microorganisms in peat, in contrast to soil, pro-
moted the acceleration of o0il-HC decomposition
(Table 2). Thus, in the presence of P. ostreatus,
T. maxima, Rhodococcus sp., and S. murashkinskyi,
characterized by different capacities for colonization,
there was accelerated oil AIHC decomposition (Figs. 4b
and 5b). However, oil AIHC degradation did not occur
in the course of inoculation of Candida sp. in peat.

After the inoculation of peat with all of the studied
basidiomycetes on day 210 of cultivation, there was
higher degradation of paraffines C17—C22 and alkane
isomers C17—C22 (with retention periods of 11.0,
12.63, 13.36, and 13.73), as well as C17—C22 linear
and branched alkenes (Fig. 5b). Basidial fungi caused
total degradation of the aliphatic compounds, C19—
C21 alkenes (with retention periods of 12.10, 12.38,
and 14.03) (Fig. 5b). However, the degree of degrada-
tion of C13—C16 linear alkanes from the long chain
decreased in the presence of 7. maxima and P. ostrea-
tus (Fig. 5b). No reduction was observed in the deg-
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Fig. 5. Chromatograms of hexane extracts of oil-contaminated soil (a) and peat (b) from the beginning of the experiment (/),
after 210 days of cultivation without introduction of microorganisms (2), and after 210 days of cultivation in the presence of the
strains P. ostreatus (3), T. maxima (4), S. murashkinskyi (5), Candida sp. (6), and Rhodococcus sp. (7).

radation rate of these alkanes upon the introduction
of S. murashlinskyi. This indicated that S. murashlin-
skyi had the highest degradation potential in relation
to oil AIHC.

The introduction of P. ostreatus in peat did not
change the content of ArHC. In the presence of
T. maxima and S. murashkinskyi, there was a decrease
in all ArHC fractions in peat (Figs. 6d—6f). The high-

APPLIED BIOCHEMISTRY AND MICROBIOLOGY  Vol. 52

est degree of ArHC degradation was observed when
T. maxima was introduced in peat, in which the con-
tent of benzene homologs, naphthalene, and tricyclic
compounds was 66, 59, and 60% of the control values,
respectively.

The inoculation of Candida sp. in peat also resulted
in a decrease of ArHCs compared to the control val-
ues. There was no such effect of this microorganism in
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Fig. 6. Content (% of control) of benzene and its homologs (a, d), naphthalene and its homologs (b, ), and tricyclic compounds
and their homologs (c, f) in soil and peat after 210 days of cultivation in the presence of the strains P. ostreatus (1), T. maxima (2),
S. murashkinskyi (3), Candida sp. (4) and Rhodococcus sp. (5). The controls were soil and peat without introduced microorgan-
isms. Values significantly lower than control (o0 = 0.05) are shown with gray color. LSD = 18%.

soil. These differences might have been caused by the
environmental pH, which was more favorable for this
microorganism, as well as the high activity of aborigi-
nal microflora in nonsterile conditions [30]. The
introduction of Rhodococcus sp. did not decrease the
ArHC content in peat, which was consistent with the
data on preferred degradation of AIHC by Rhodococ-
cus sp. [31]. As is known, actinobacteria of the genus
Rhodococcus are psychrotolerant and psychrotrophic
microorganisms capable of oil degradation at low tem-
peratures [31]. An important role is played by the release
of biosurfactants, which intensifies upon a deficit of
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nitrogen [32]. Since the ratios of C : N in soil and peat
varied from 21 to 112, it can be suggested that the
increase in the degree of oil degradation in peat in the
presence of Rhodococcus is determined by the effect of
surfactants, which promote better oil bioavailability; the
temperature decrease did not play any key role.

Therefore, the results proved the inefficiency of
using such basidiomycetes as P. ostreatus, T. maxima,
and S. murashkinskyi to degrade crude oil in soil at low
temperatures. This is probably associated with their
low competitive ability in relation to the aboriginal
microflora. Upon the inoculation of peat, all of the
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studied microorganisms presented oil-oxidizing activ-
ity. The most efficient strains were 7. maxima and
S. murashkinskyi, in the presence of which active deg-
radation of both AIHCs and ArHCs occurred. Differ-
ences in the efficiency of oil degradation by the studied
strains of basidiomycetes at a low temperature in soil
and peat showed that the decrease in HC degradation
in nonsterile substrates may be caused by not only an
unfavorable temperature but also the level of medium
acidity and the C : N ratio. It can be assumed that the
efficiency of oil degradation under these conditions is
influenced by the composition and oil-oxidizing
activity of the aboriginal microflora.

Further study of the possible use of 7. maxima and
S. murashkinskyi basidiomycetes is needed to develop
technologies for the bioremediation of oil-contami-
nated peat soils under the conditions of low tempera-
tures.
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