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ABSTRACT

The effect of diesel oil applied at 0, 2.4, 4.8 and 7.2 ml.kg™ of soil on yield of oat and number of oligotrophic, eutrophic,
nitrogen immobilising, ammonifying and cellulolytic bacteria and Azotobacter sp., actinomyces and fungi was studied in
apot experiment. Inoculation with Streptomyces intermedius spores was used for soil detoxication. The experiment was
performed in Eutric Cambisol soil derived from light clay sand. Diesel oil was found to have anegative effect on the
growth and development of oat. Inoculation did not attenuate the response of oat to soil contamination with diesel oil,
but it had a positive effect on oligotrophic and eutrophic bacteria as well as Azotobacter sp., nitrogen immobilising bacte-
ria and fungi. Regardless of sown and unsown soil and inoculation with S. intermedius spores, diesel oil stimulated the
number of oligotrophic, eutrophic, nitrogen immobilising bacteria and actinomyces. Sowing of oat positively affected
microbiological properties of soil, because it had a positive influence on the relation of oligotrophic bacteria and actino-

myces to fungi. This positive effect, however, was weakened by diesel oil.
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Soil pollution with petroleum and its derivatives is one
of the causes of degradation of natural environment.
Toxicity of refinery products depends on their physical
and chemical properties (Riis et al. 1995, Olson et al. 1999).

Carbohydrates of simple structure and small molecular
weight (C5—C11) referred to as light fraction of petroleum,
move easily in soil and escape to atmosphere. They dis-
solve in water more easily than the other carbohydrates.
In large concentrations, they are toxic to soil organisms
and plants. Physical and chemical activity of carbohy-
drates decreases with their increased molecular weight.
Carbohydrates possessing more than 11 carbon atoms
(C12-C42) are less harmful to soil organisms than light
fraction carbohydrates. Refinery products may be present
in soil in the gaseous state in empty spaces of the aeration
sphere not filled with ground water or in the liquid state
(Zienko 1996). These compounds spread in soil as sub-
stances floating on the surface of soil solution, carbohy-
drates dissolved in water, residual contaminants adsorbed
on soil molecules or gases (Matachowska-Jutsz et al.
1997). Petroleum-derived substances disperse in soil
under the influence of gravitational force and counterac-
tive capillary and sorptive forces. Refinery products may
be transferred in soil vertically and horizontally (Olan-
czuk-Neyman 1994).

Biodegradation of refinery products is one of the meth-
ods of combating pollution caused by petroleum-derived
compounds (Riis et al. 1995, Margesin and Schinner
1997). This method is particularly useful if a large area in
a built-up zone or in the vicinity of a road or railway junc-
tion is contaminated; in which case in situ decontamina-
tion methods must be applied (Tyczkowski 1993). Among
the advantages of biodegradation of refinery products
are low costs and the fact that soil reclaimed with the help
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of biological methods retains its properties. A disadvan-
tage, however, is the long time necessary for complete
soil reclamation (Tyczkowski 1993). During the process
of biodegradation of carbohydrates, a large proportion
of contaminants (90-95%) is removed quite efficiently,
but the removal of the remaining part is troublesome (Riis
etal. 1995).

The aim of our study was to determine modifications
of microbiological properties of soil contaminated with
diesel oil and to assess the possibility of using actino-
myces spores (Streptomyces intermedius) for detoxica-
tion of such soil.

MATERIAL AND METHODS

Experiments on oat cv. Komes (25 plants per pot) were
conducted in a greenhouse. Pots were filled with 2.5 kg
of Eutric Cambisol soil derived from light clay sand [or-
ganic carbon content (C) —0.75%; pH in 1 M KCl 6.6; hy-
drolytic acidity (Hh) 1.16 mmol.100 g! of soil; total of
bases (S) 14.1 mmol.100 g of soil; sorptive complex ca-
pacity (T) 15.26 mmol.100 g of soil; degree of saturation
with alkaline cations (V) 92.4%]. Prior to putting into
pots, soil was fertilised with the following macroele-
ments, in g.kg™! of soil (expressed as pure component):
N-0.15[CO(NH,),];P-0.1[KH,PO,];K-0.15[0.12 g
of K as KH PO, and 0.03 g of K as KCI]; Mg — 0.05
[MgSO, 7H,0]. The fertilisers and diesel oil were added
to soil before sowing of oat. Soil was contaminated with
the following amounts of diesel oil: 0.0, 2.4, 4.8 and 7.2
mlkg ! of soil. The experiments involved two series in four
replicates. No microorganisms were introduced to soil in
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Figure 1. Effect of diesel oil (ON) on oat yield

the first series of the experiments. The aim of the second
series was to test the effect produced by increasing dos-
es of diesel oil on soil previously amended with multi-
plied of Streptomyces intermedius at 11.0.10"* CFU per
kg of soil d.m. In addition to this, a series without oat was
introduced in order to assess more precisely the influ-
ence of oil on autochtonous soil microorganisms.

Streptomyces intermedius was taken from own collec-
tion of the Chair of Microbiology. Cells were multiplied
on slopes for 7 days at 28°C and then washed off using
3 ml sterile of water solution 0.85% NaCl. Suspension of
S. intermedius from 60 slopes were poured into a conical
flask of 1 dm* capacity and mixed. After that, 5 cm® of the
suspension per pot (2.5 kg of soil) was measured. Strep-
tomyces intermedius was cultured on a medium com-
posed of soluble starch —10.0 g, casein — 0.3 g, KNO, -
2.0 g,NaCl-2.0 g, K, HPO,-2.0 g, MgSO,.7H,0-0.05 g,
CaCO,-0.02 g, FeSO, - 0.01 g, agar — 20.0 g, distilled
water —to 1 dm’.

Soil moisture was maintained at constant level of 60% of
the capillary water holding capacity for the whole vegeta-
tive period of plants (50 days). The yield of oat, harvested
at the tasseling stage, was determined. After 14 days and
50 days of the experiment, soil was taken for basic microbi-
ological analyses. The plate method (in three replications)
was applied to determine the count of the following mi-
croorganisms: organotrophic bacteria (Org) on Bunta
and Rovir’s medium according to the procedure described
by Harigan and McCane (1996), oligotrophic (Olig) and

—Si: soil without Streptomyces intermedius
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eutrophic (Cop) bacteria on a substrate with peptone and
meat extract according to Onta and Hattori (1983), acti-
nomyces (Act) by the method of Kiinster and Williams
with two antibiotics (nystatine and actidione) according
to the procedure reported by Parkinson et al. (1971), fun-
gi (Fun) — on glucose-peptone agar according to Martin
(1950) and Azotobacter sp. by Fenglerowa’s method
(1965), nitrogen immobilising (Im) and ammonifying mi-
croorganisms —on Winogradski’s medium (1953).

All the results were analysed statistically with the help
of Duncan’s test by Statistica (StatSoft, Inc. 2000).

RESULTS AND DISCUSSION

The results of the study clearly show that the soil con-
tamination with diesel oil had a considerable effect on the
growth and development of oat (Figure 1). Negative in-
fluence of the pollutant was related with the degree of
soil pollution. The lowest dose of diesel o0il (2.4 ml.kg™' of
soil) caused significant inhibition of the growth of the
crop (25.6% decrease), but the highest dose (7.2 ml.kg™!
of soil) was responsible for a 68.4% decline in the yield.
Since the volume of oat yield in the control contaminat-
ed objects was unaffected by inoculation with Strepto-
myces intermedius spores, the inoculate was found
incapable of relieving the toxic effect produced by oil on
the growth and development of oat, which indirectly
proves its small efficacy in biodegradation of diesel oil.
The statistical analysis of the results revealed a highly
significant negative correlation between the dose of die-
sel oil in soil and oat yield (Figure 2). The correlation
coefficient for these two factors in the series without
actinomyces spores was —0.99, and —1 for the experiment
with Streptomyces intermedius.

Toxic influence of refinery products on plants was con-
firmed by the authors’ own investigations and those of
other researchers (Rytelewski et al. 1981, Iwanow et al.
1994, Kucharski and Wyszkowska 2001, Wyszkowska
and Kucharski 2001, 2000). Ryteleweski et al. (1981) attrib-
uted reduction in yield of plants grown in petroleum con-
taminated soil to several events, including high deficiency
of available phosphorus and potassium and water deficit,
whereas the degrading effect of petroleum-derived com-

+8i: soil with Streptomyces intermedius

30

1\
20
<
10 —
0 T T T
0 2 4 6 8

Dose of diesel oil (ON) in mlLkg™" of soil

y = 27.941 — 3.3475x + 0.0937x2 r* = -1.00

ROSTLINNA VYROBA, 48, 2002 (2): 51-57



ml ON per kg of soil 24
8 7227 .2
-e—0 — 24
--m--48 ——72
30 5

[
93

[
=]

=]

cfu of Olig x 10° (columns)
"

w

(=]
:

Figure 3. Number of oligotrophic bacteria (cfu) and
ratio of the total number of oligotrophic bacteria and
actinomyces to fungi in 1 kg of soil d.m.
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ponents consisted not only in causing acute phosphorus
deficit but also in generating nitrogen and oxygen deficien-
cy and disturbed water balance. Besides, by penetration
deep into soil, diesel oil causes agglomeration of soil and
deterioration of chemical, physical and biological soil prop-
erties and fertility (Tyczkowski 1993).

Microorganisms play an important role in the flow of
energy and biogenous circulation of elements in ecolog-
ical agrisystems owing to small size of their cells, high
metabolic activity and rapid multiplication (Opic 1996).
In the experiments reported hereby diesel oil introduced
to soil modified the number of all physiological and sys-
tematic groups, although the effect observed was not
always straightforward (Figures 3—10). Under the influ-
ence of diesel oil and regardless of the use of soil (soil
unsown or sown with oat) or soil inoculation with S. in-
termedius spores, the average number of oligotrophic
(Figure 3), ammonifying (Figure 5), nitrogen immobilising
bacteria (Figure 6) and actinomyces (Figure 10) in-
creased.

There was a highly significant positive correlation be-
tween the count of oligotrophic bacteria and degree of

diesel oil soil contamination (Table 1). For both unsown
soil without actinomyces spores and sown soil inoculat-
ed with S. intermedius, the correlation coefficient was
0.95. Number of these bacteria was respectively 3.3- and
2.2-fold higher in the soil contaminated with the highest
dose of 0il (7.2 ml.kg™" of soil) in comparison to uncon-
taminated soil (Figure 3). Soil inoculation with S. inter-
medius resulted in a significantly increased growth of
oligotrophic bacteria in unsown uncontaminated soil, but
inhibited the effect of diesel oil on multiplication of these
bacteria, which may be thought of as a positive outcome,
since the biological balance disrupted under the influence
of oil was to a certain extent remedied by the inoculate.
Same as oligotrophic bacteria, the number of eutrophic
bacteria was positively correlated with the degree of soil
contamination with the refinery product (Figure 4, Ta-
ble 1), except in sown soil with S. intermedius, where two
concentrations of diesel oil (2.4 and 4.8 ml.kg™! of soil) had
a negative effect on the growth of eutrophic bacteria.
Ammonifying bacteria, whose count was significantly
positively correlated with soil contamination (Table 1),
were found to be highly vulnerable to soil pollution with

Table 1. Correlation coefficients between diesel oil soil contamination and number of microorganisms

Microorganisms S S

unsown soil sown soil unsown soil sown soil
Olig 0.95 0.45 0.41 0.95
Cop 0.84™ 0.91% 0.82"" 0.61"
Am 0.98"" 0.90"" 0.37 0.93"
Az 0.34 —-0.68" -0.77"" -0.93™"
Im 0.96" 0.67" -0.31 0.72""
Cel -0.97 0.94"" -0.97™" 0.61"
Act 0.84™ 0.30 0.55 0.78""
Fun -0.54" 0.89"" -0.91™" -0.14
(Olig + Act)/Fun 0.81"" 0.04 0.98"" 0.82""

Olig = oligotrophic bacteria, Cop = eutrophic bacteria, Az = Azotobacter sp., Im = nitrogen immobilising bacteria, Am =
ammonifying bacteria, Cel = cellulolytic bacteria, Act = actinomyces, Fun = fungi, (Olig + Act)/Fun = ratio of the total number of

oligotrophic bacteria and actinomyces to fungi

—Si — soil without Streptomyces intermedius, +Si — soil with Streptomyces intermedius

* significance for p < 0.05; ™ significance for p < 0.01; n = 16
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Figure 4. Number of eutrophic bacteria (cfu) in 1 kg soil d.m.
(denotations explained in Figure 3)

diesel oil (Figure 5). Diesel oil positively influenced the
proliferation of nitrogen immobilising bacteria (Figure 6).
The highest significant rise in the number of these bac-
teria under the influence of oil, regardless of the degree
of soil pollution with this contaminant, was recorded for
sown soil not inoculated with S. intermedius, for exam-
ple an 11-fold increase in the count of nitrogen immobilis-
ing bacteria occurred in the soil contaminated with 4.8 ml
of oil per kg of soil. It was only in the soil not inoculated
with actinomyces that diesel oil in the amount of 4.8 and
7.2 ml.kg™! of soil did not modify the number of these
bacteria.

The response of Azotobacter sp. to soil pollution with
diesel oil was negative (Figure 7, Table 1). With the ex-
ception of two objects (in the unsown soil not inoculat-
ed with 7.2 ml of diesel oil per kg and in the oat sown soil
not inoculated with 2.4 ml of diesel oil per kg), the num-
ber of these cells was negatively correlated with soil con-
tamination with diesel oil. The count of Azotobacter sp.
grew only in the unsown soil not inoculated with acti-
nomyces and contaminated with the highest dose of oil
(7.2 mlL.kg"! of soil) and in the sown soil with the lowest
dose of the contaminant (2.4 ml.kg™" of soil). Refinery
products were particularly toxic in soil sown with oat and
amended with S. intermedius spores, in which the corre-
lation coefficient between contamination and number of
Azotobacter sp. was —0.93 (Table 1).
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Figure 6. Number of nitrogen immobilising bacteria (cfu) in 1 kg
soil d.m. (denotations explained in Figure 3)
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Figure 5. Number of ammonifying bacteria (cfu) in 1 kg soil d.m.
(denotations explained in Figure 3)

Irrespective of the degree of soil contamination and in-
oculation with S. intermedius, diesel oil in unsown soil
always produced a negative effect on the amount of cel-
lulolytic bacteria (Figure 8). A significant negative corre-
lation (» =-0.97) between soil contamination with diesel
oil and the number of these bacteria was determined for
unsown soil (Table 1). Reverse correlation appeared in
sown soil not inoculated with actinomyces, in which die-
sel oil significantly stimulated the growth of cellulolytic
bacteria (r = 0.94). With regards to the objects with S. in-
termedius, the number of these microorganisms remained
stable.

The response of soil fungi to diesel oil was similar to
that of cellulolytic bacteria (Figure 9). Diesel oil de-
pressed the number of fungi in unsown soil, especially if
it was inoculated with actinomyces. In the latter case, the
number of fungi declined 29-fold under the effect of the
highest degree of contamination. Objects sown with oat
and not inoculated with actinomyces were different as
they stimulated the growth of soil fungi.

Actinomyces (Figure 10) responded to soil contamina-
tion with diesel oil very much the same as oligotrophic,
eutrophic, ammonifying and nitrogen immobilising bacte-
ria did. Regardless of the experimental series and degree
of soil contamination, diesel oil stimulated multiplication
of actinomyces. Therefore, soil contamination was posi-
tively correlated with the count of actinomyces.
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Figure 7. Number of Azotobacter sp. (cfu) in 1 kg soil d.m. (deno-
tations explained in Figure 3)
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Analysis of fluctuations in the number of particular
groups of soil microorganisms may be informative in terms
of direction and range of transformation of the arable soil
layer. Mys$kow (1981) claimed that the ratio of the number
of bacteria and actinomyces to the number of fungi reflect-
ed more fully the microbiological properties of soil than the
count of each group of microorganisms separately. The
usefulness of this ratio, however, finds no confirmation in
this paper because the ratio of the total count of olig-
otrophic bacteria and actinomyces to the number of fungi
increased and reached particularly high levels in unsown
soil inoculated with S. intermedius (Figure 3), even though
the effect of diesel oil on yield of oat was clearly negative.
This would suggest that the above index should be treat-
ed with great caution when assessing soil fertility.

[ oo @24 D48 ©@7.2mlON per kg of soil

120,01
LSD =19.95

100,04

80,01

|

60,0

x 10°

40,04

20,04

0,0
c c+Si P p+Si

Figure 9. Number of fungi (cfu) in 1 kg soil d.m. (denotations
explained in Figure 3)

It is interesting to observe the interaction between the
inoculum of S. intermedius and the groups of microoor-
ganisms studied (Table 2). The inoculum was favourable
to oilgotrophic, eutrophic, Azotobacter sp., and nitrogen
immobilising bacteria and to actinomyces and fungi, but
it affected adversely cellulolytic and ammonifying bac-
teria. The influence of the S. intermedius inoculum was
weakened by the introduction of diesel oil to soil.

The effect of growing oat was beneficial to most micro-
organisms, and Azotobacter sp. in particular (Table 3).
The count of all groups of microorganisms, except cellu-
lolytic bacteria and fungi in uncontaminated objects, was
higher in sown versus unsown soil. Such an effect pro-
duced by root secretions on microorganisms was also
noticed in diesel oil contaminated soil, with the number
of fungi increasing under these extreme conditions.

Fluctuations in the count of microorganisms were
caused by oat cultivation, inoculation of soil with S. in-
termedius spores and, perhaps, by specific mutual in-
teractions of autochtonous microorganisms in soil
polluted with diesel oil as well as the use of this con-
taminant as a source of carbon and energy (Margesin
and Schinner 1997).

Most research on the effect of refinery products on mi-
croorganisms has been conducted in vitro under labora-
tory conditions (Tong et al. 1998). However, reports on
the influence of petroleum derivatives in natural environ-
ment, including microorganisms, are scarce. The effect of
diesel oil on fungi determined by Michalcewicz (1995),
Kucharski and Wyszkowska (2001) and Wyszkowska and

Table 2. Ratio of the number of microorganisms in sown soil with Streptomyces intermedius inoculum to soil without inoculum

Diesel oil Olig Cop Az Im Cel Am Act Fun (Olig + Act)/
(mlLkg™) Fun

0 1.22 1.62 1.86 1.85 0.82 0.78 1.26 1.08 1.16
2.4 0.48 1.01 1.05 0.98 0.87 1.47 0.80 0.67 1.00
4.8 0.69 0.83 1.19 0.56 0.97 1.11 0.86 0.67 2.59
7.2 0.57 1.12 0.86 0.52 0.97 0.84 0.77 0.33 5.74
LSD 0.27 0.67 0.43 0.24 0.77 0.77 0.28 0.38 1.13
Denotations explained in Table 1
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Table 3. Ratio of the number of microorganisms in oat sown soil to unsown soil

Diesel oil Olig Cop Az Im Cel Am Act Fun (Olig + Act)/
(mlkg™) Fun
—Si
0 0.92 1.20 3.16 0.42 0.14 1.75 0.71 0.44 1.75
2.4 7.55 1.24 7.15 3.23 0.33 2.46 1.97 1.32 2.80
4.8 1.65 1.33 4.77 1.73 0.69 1.09 1.52 2.17 0.74
7.2 1.55 1.41 1.50 1.27 0.96 1.01 0.62 1.58 0.65
+Si
0 2.09 1.04 3.04 1.75 0.24 1.28 1.65 0.60 2.99
2.4 1.89 0.83 8.90 0.59 0.28 0.86 1.20 1.28 1.13
4.8 3.79 0.69 5.34 3.82 0.47 0.97 1.21 11.25 0.18
7.2 3.00 1.28 5.78 2.70 0.48 1.79 1.55 15.39 0.13
LSD
a 1.78 n.s. 4.11 0.78 0.35 0.78 1.49 7.93 0.68
b 1.03 0.69 2.37 0.45 0.20 0.45 0.86 4.58 0.42
ax b 2.52 1.69 5.81 1.11 0.49 1.11 2.11 11.21 0.99

a — for diesel oil dose, b — for Streptomyces intermedius inoculum
Denotations explained in Tables 1 and 2

Kucharski (2001), although varied, and was usually neg-
ative, resembling the results obtained in this paper. The
authors’ own research as well as that by Iwanow et al.
(1994) showed that Azotobacter sp. was not tolerant to
soil contamination with diesel oil. The growth of the oth-
er microorganisms could be explained by the fact that
many species of microorganisms are capable of degrad-
ing refinery products. The following genera of bacteria
decompose carbohydrates most efficiently: Achromo-
bacter, Actinetobacter, Arthrobacter, Flavobacterium,
Nocardia, Flavobacterium, Pseudomonas, Acetobacter,
Xantomonas, Bacillus, Micrococcus, Corynebacterium
(Bieszkiewicz et al. 1998, Tong et al. 1998).
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ABSTRAKT
Vliv kontaminace motorovou naftou na pidni mikroorganismy a rist ovsa

V nadobovém pokusu jsme sledovali vliv motorové nafty aplikované v mnozstvi 0; 2,4; 4,8 a 7,2 mlL.kg™! pidy na vynos
ovsa a na pocty oligotrofnich a eutrofnich bakterii, bakterii pisobicich imobilizaci dusiku, amonifikaci, celulolytickych bak-
terii a bakterii Azotobacter sp., a dale na pocty aktinomycet a hub. K detoxikaci ptidy jsme pouzili inokulaci sporami Strep-
tomyces intermedius. Pokus jsme provadéli na eutrické kambizemi vyvinuté na lehké jilovitopis¢ité pudé. Zjistili jsme, ze
motorova nafta ma negativni vliv na rust a vyvoj ovsa. Inokulace neoslabila reakci ovsa na kontaminaci pidy motorovou
naftou, ale pozitivné ovlivnila oligotrofni a eutrofni bakterie i Azotobacter sp., bakterie pisobici imobilizaci dusiku a houby.
Bez ohledu na to, zda byla piida oseta ¢i neosetd, a na inokulaci sporami S. intermedius, motorova nafta méla stimulacni
ucinek na oligotrofni a eutrofni bakterie, bakterie pusobici imobilizaci dusiku a na aktinomycety. Oseti pidy mélo pozitivni
ucinek na mikrobiologické vlastnosti pudy, protoze byl pozitivné ovlivnén pocetni vztah mezi oligotrofnimi bakteriemi
a aktinomycetami na jedné stran¢ a houbami na strané¢ druhé. Tento kladny c¢inek byl vSak oslaben pisobenim motorové
nafty.

Kli¢ova slova: motorova nafta; vynos ovsa; poc¢et mikroorganisma
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