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Abstract: Soil contaminated with diesel oils or runoff from
roads could be treated using different plant species. The aim
of test described in this article was to assess plant resistance to
two types of oil in two different doses. Three grass species with
a similar root system were seeded in Petri dishes with contam-
inated sand. The first stages of development and root growth
as well as the inhibition of seed germination with two very high
doses of pollution were assessed. Sweet vernal grass came out
worst, and ryegrass perennial was the best. The article presents
the first stage of the study on the possible use of selected grass
species in pre-treatment or recultivation of areas polluted with
petroleum hydrocarbons.

1. Introduction

The idea of the experiment was inspired by preliminary studies on plant rhizosphere
effects on the distribution of petroleum substances. Analysis of literature data con-
firms the positive impact of the rhizosphere of different plants on the distribution of
oil pollution (Małachowska-Jutsz, 2004; Małachowska-Jutsz et al., 1999; Sijin et al.,
2010). In this study, the most important problem is pollution sources. Thinking of
petroleum substances, we generally mean petroleum oils, but their composition and
properties are different. Except for the differences in density and color, the most im-
portant is varying chemical composition (Zwierzycki, 2006). Used oils have two times
more PAH than diesel oil. It means, they are more toxic, but the problem of occur-
rence of these oils in the environment is inversely proportional to the accumulation
of toxic compounds (Gmitrzuk, 2013).

Oil pollution in the environment is largely caused by the presence of diesel fuel, and
less by the presence of used motor oils. It is related to the recent increased liquidation
of gas stations, following the introduction of the provisions under the Regulation of
the Minister of Economy of 21 November 2005 on the technical conditions that have
to be met by base stations and liquid fuel pipelines for far-reaching transportation of
crude oil and petroleum products and their location, with subsequent amendments
(Dz.U. 2005 nr 243 poz. 2063).

Liquidation of fuel stations is associated with restoring the land to its most natural
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condition. This means, it needs bioremediation (Podsiadło and Krzyśko-Łupicka,
2013; Poluszyńska, 2013). In turn, the problem of contamination with oil derivatives
on the roads is getting smaller because newer and more efficient cars do not leave
splotches of lubricating oils.

The aim of the study described in this article was preliminary assessment of the
impact of two selected oils in two different doses on germinations of three grass species
selected for the experiment.

2. Materials and methods

The seeds used in the experiment were obtained from the Institute of Plant Breeding
and Acclimatization (IHAR) in Radzików, Poland. Methodology developed for the
experiment, was part of the research on the impact of plants on the distribution of
oil products.

2.1. Experimental set-up

The experiment was set up on 05 March 2014, on Petri dishes. It lasted until 19
March 2014, (2 weeks). There were 20 seeds on each plate.

Three grass species: sweet vernal grass (Anthoxanthum odoratum), red fescue
(Festuca rubra) and ryegrass (Lolium perenne) were used to study contamination
with petroleum substances. Contamination in the form of used oil and diesel oil was
introduced in two doses: 5 and 10 % (w / w) to clean, air-dried quartz sand, pre-
moistened with a little water. The sand was tested for the presence of organic matter
(Corg.), which has been excluded using Tiurin methodology in potassium dichromate
with dilute sulfuric acid (VI) (Lityński et al., 1976). Two controls have also been
prepared – on blotting paper and on sand.

All in all, the observation included three species of grass, two oils contaminating
the substrate, with two oil doses for each grass species. Two control samples were
also prepared – one on sand and one on blotting paper. Three repetitions were
carried out for each of the experimental combinations. Altogether 54 Petri dishes
were used. Temperature conditions ranged from 20 ◦C to 30 ◦C. Light conditions
were 11 h light / 13 h dark. Photographs documenting the course of the experiment
are presented below (Fig. 1-3)

3. Results

The results are shown in as a weighted average of 60 seeds for each of the analyzed
variants with three replications of 20 seeds in Tab. 1, 2 and on Fig. 4, 5. Test results
yielded the following information: sweet vernal grass came out last: the number of
germinated seeds after the end of the tests was only 30 % for pure sand. The results
for the red fescue and perennial ryegrass were on average 2 times better. In the case
of medium contaminated with diesel oil in doses of 5 % and 10 %, 5 % and 3.3 %
of sweet vernal grass seeds germinated in the first week of the test but in the second
week of observation, the roots died.

Plant strength on the degraded soils is definitely visible in the length of their roots.
But let us start the analysis of the results from the grass that came out worst, and
will definitively not grow on substrates contaminated with oils tested in this study.
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The average length of the roots of sweet vernal grass growing on a clean surface
was the smallest and was 16 mm for filter paper and 17 mm for clean sand. The
standard deviation was 2.01 respectively for filter paper and 5.12 for clean sand. For
red fescue, the average length of the roots was: on filter paper 19 mm and 32.5 mm

Fig. 1. Differences arising from the types of oils and their doses.

Fig. 2. Ryegrass (Lolium perenne) germination on sand contaminated by used oil with
a 5 % dose.
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Tab. 1. Weighted average and percentage for all the germinated seeds of the three
species of grasses after the first week of the experiment.

Variants
sweet vernal grass red fescue ryegrass perennial

average % average % average %

Control on the blot-
ting paper

1.0 5 13.3 66.5 6.3 31.5

Control on the sand 1.5 7.5 10.7 53.5 10 50

Diesel oil, a 5 %
dose

1.5 7.5 1.0 5 1 5

Diesel oil, a 10 %
dose

2 10 - - - -

Used oil, a 5 % dose - - 2.7 13.5 5.3 26.5

Used oil, a 10 %
dose

- - - - - -

on clean sand. For perennial ryegrass, these values were much higher and amounted
to 23 mm and 34 mm respectively. For these average values standard deviation for
red fescue germinated seeds on uncontaminated substrates has not been determined,

Fig. 3. Preparation of plants for measuring the length of roots and leaves.
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Tab. 2. Weighted average and percentage for all the germinated seeds of the three
species of grasses after the second week of the experiment.

Variants
sweet vernal grass red fescue ryegrass perennial

average % average % average %

Control on the blot-
ting paper

2.7 13.5 15.7 78.5 12.7 63.5

Control on the sand 6.3 31.5 11.7 58.5 12.7 63.5

Diesel oil, a 5 %
dose

- - 1.0 5 2.3 11.5

Diesel oil, a 10 %
dose

- - 0.3 1.5 1.0 5

Used oil, a 5 % dose - - 6.7 33.5 8.0 40

Used oil, a 10 %
dose

- - - - 0.3 1.5

while for perennial ryegrass it amounted to 7.59 for the filter paper and 1.56 for sand.
It is clear that on clean sand, roots grew longer than on filter paper. This is caused
by better moisture retention of the sand.

Analysis of the length of the first grass roots germinated on the uncontaminated
substrate to plant roots from contaminated sand shows significant differences. For
red fescue the average root length decreased by 83.5 % (6 times shorter roots) on a
substrate contaminated with a 5 % dose of diesel oil compared to clean sand.

In the case of perennial ryegrass, the length of roots on the substrate contaminated

Fig. 4. Effects of different concentrations of diesel and used oil on the germinated
seeds after the first week of the test.
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with a 10 % dose of diesel oil compared to clean sand was reduced by 59 % (2.4 times
shorter roots). The difference between the length of roots of perennial ryegrass on the
substrate with a 5 % dose of used oil and the length of roots from clean sand reached
66.6 % (three times shorter roots).

Of the three species tested, perennial ryegrass is the most resistant plant, able
to germinate even on ground contaminated with a 10 % dose of diesel oil. Further
growth of this grass would need longer test pots.

4. Discussion

The test was designed to determine the toxic dose for two petroleum oils that may
leak into the soil environment. Comparing the types of oils in their 5 % doses, we
obtain the following information. In the case of a substrate contaminated with diesel
oil, red fescue seeds germination was 91.5 % lower than on clean sand. Comparing
the same grass species germination on ground contaminated with used oil in the
same doses, the results was 42.7 %. The difference between germinated seeds on
the substrate contaminated with diesel oil and overworked used oil reached 48.8 %.
A similar comparison was made for perennial ryegrass (Tab. 2).

On a substrate contaminated with a 5 % diesel oil dose, 81.9 % less ryegrass
perennial seeds germinated than on clean sand. In the case of sand contaminated
with used oil in the same doses, the result was 37.0 %. The difference between
germinated seeds on the substrate contaminated with diesel oil and overworked used
oil reached 45 %. Once again it was shown that diesel oil was more toxic to seeds
germination than used lubricating oil (Tab. 2).

In the case of oil pollution with 10 % doses, the number of germinated seeds
of studied grasses did not exceed 5 %. In literature we find data about germina-
tion on surfaces contaminated with petroleum substances. For example, in studies

Fig. 5. Effects of different concentrations of diesel and used oil on the germinated
seeds after the second week of the test.
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Tab. 3. The average length and the standard deviation of the roots and shoots for
one germinated seed.

Variant
The average length and

weighted average

root [mm] shoots [mm]

Sweet vernal grass
filter paper 15.91 (± 2.01) 34.88

clean sand 17.24 (± 5.12) 22.91 (± 1.94)

Red fescue

filter paper 19.14 38.14 (± 3.39)

clean sand 32.49 (± 3.94) 53.66 (± 2.02)

diesel oil; a 5% dose 5.37 16.26

Ryegrass perennial

filter paper 23.06 (± 7.59) 48.03 (± 4.35)

clean sand 33.92 (± 1.56) -

diesel oil; a 10 % dose 13.93 -

used oil; a 5% dose 10.85 (± 4.19) 32.38 (± 7.14)

where soil was contaminated with 5 % and 10 % doses of overworked car oil, samples
showed total inhibition of cocksfoot germination (Dactylis glomerata) (Małuszyński
and Małuszyńska, 2009). Different results were obtained in test with the same doses
and contamination of wheat (Triticum sp.). The response to pollution was root growth
decrease by 20.6 % and 22.6 % respectively (Małachowska-Jutsz, 2004). It should be
clarified, that in the first experiment the substrate was loamy sand strong and in the
second, silt loam soil.

In our study, the substrate on which the seeds germinated was clean sand. The
absence of any sorbents has been confirmed in a study on the presence of coal with
the use of the Tiurin method. In studies cited from the literature, the medium
contained different amounts of clay. Especially the second cited experiment, the
largest amount of silt fraction could significantly reduce the toxicity of the tested oil
and could influence better development of the test plants.

In the case of plants described in our test, response to pollution was much bigger.
Rye grass perennial on the substrate with a 5 % dose of used oil had 66 % shorter
roots than in the uncontaminated sand. The length of roots of ryegrass perennial on
a substrate contaminated with a 10 % dose of diesel oil the length decreased by 59
% compared to plants from clean sand. For red fescue root length growth on a soil
contaminated with a 5 % dose decreased by 83.5 %.

The third test species of grass– sweet vernal grass – turned out to be not resistant
to oil pollution at all. In the first week, on substrate contaminated with diesel oil in
two doses, sweet vernal grass released embryonic roots which died in the second week.
The grass did not grow on any of the contaminated substrate. Moreover, according
to Falkowski (1982), sweet vernal grass, is one of the slowest rising grasses in Poland.
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Only 15 % of the seeds germinated in the first week, which could be the cause of such
poor results even in uncontaminated substrates.

5. Conclusion

Used oils are much more toxic than diesel oils, but their negative impact turned
out to be smaller. The rationale behind this may be that diesel oils consist of light
fractions – compounds with fewer carbon atoms in the hydrocarbon molecule. Lighter
fractions have greater solubility in water, which may affect their increased toxicity
(Poluszyńska, 2013).

Preliminary tests have shown that for relatively high amounts of pollutants in
the soil (5 % dose of oil), perennial ryegrass will be the most appropriate for the
restoration of degraded soil. Its good seeds vitality and the longest roots after the
end of the test were confirmed for the substrate contaminated with two different oils.
Right behind it was red fescue. In the case of sweet vernal grass suspicions about the
possibility of shooting plants on contaminated substrate were not confirmed.
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