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Abstract

The aim of the study was to determine how soil contamination with petrol and diesel
oil affected content of some macroelements in spring oilseed rape (Brassica napus var.
oleifera) and oat (Avena sativa L.) and to determine whether application of compost, ben-
tonite or calcium oxide could reduce the impact of petroleum-derived products on the pro-
perties of the plants. The soil formed from sandy loam was polluted with the following
amounts of petrol and diesel oil: 2.5, 5.0 and 10 cm3⋅kg-1 of soil. The results of the tests
showed that contamination of soil with diesel oil at the amount between 2.5 and 10 cm3⋅kg-1

of soil disturbed the plants’ chemical composition. Irrespective of the application of com-
post, bentonite or calcium oxide, the highest doses of petrol and especially diesel oil decre-
ased the content of most macroelements in spring oilseed rape and, to a smaller degree, in
oat. Enrichment of soil with compost, bentonite or calcium oxide modified the content of
macroelements in plants, mainly that of sodium under the effect of bentonite. Significant
correlations, mainly between the content of some macroelements in spring oilseed rape
and oats versus plant yield and content of other elements in plants, as well as some pro-
perties of soil were observed.

Key  words: petrol and diesel oil contamination, compost, bentonite, calcium oxide, spring
oilseed rape, oat, macroelements content.
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WP£YW KOMPOSTU, BENTONITU I TLENKU WAPNIA NA ZAWARTOŒÆ
 NIEKTÓRYCH MAKROSK£ADNIKÓW W ROŒLINACH Z GLEBY

ZANIECZYSZCZONEJ BENZYN¥ I OLEJEM NAPÊDOWYM

Abstrakt

Celem badañ by³o okreœlenie, w jaki sposób zanieczyszczenie gleby benzyn¹ i olejem
napêdowym wp³ywa na zawartoœæ niektórych makrosk³adników w rzepaku jarym (Brassi-
ca napus var. oleifera) i owsie (Avena sativa L.) oraz czy stosowanie kompostu, bentonitu
i tlenku wapnia mog³oby zmniejszyæ oddzia³ywanie substancji ropopochodnych na badane
cechy roœlin. Doœwiadczenia przeprowadzono na glebie wytworzonej z piasku gliniastego
zanieczyszczonej rosn¹cymi dawkami benzyny i oleju napêdowego: 2,5, 5,0 i 10 cm3⋅kg-1

gleby. W wyniku badañ wykazano, ¿e zanieczyszczenie gleby olejem napêdowym w daw-
kach od 2,5 do 10 cm3⋅kg-1 gleby modyfikuje sk³ad chemiczny roœlin. Najwy¿sze dawki
benzyny i oleju napêdowego, niezale¿nie od aplikacji kompostu, bentonitu i tlenku wapnia,
zmniejsza³y zawartoœæ wiêkszoœci makrosk³adników w rzepaku jarym, i w mniejszym stop-
niu w owsie. Wzbogacenie gleby w kompost, bentonit i tlenek wapnia modyfikowa³o za-
wartoœæ makrosk³adników w roœlinach, g³ównie sodu, po zastosowaniu bentonitu. Istotne
korelacje stwierdzono g³ównie miêdzy zawartoœci¹ niektórych makrosk³adników w rzepaku
jarym i owsie oraz plonem roœlin i zawartoœci¹ innych sk³adników w roœlinach, a tak¿e nie-
którymi w³aœciwoœciami gleby.

S ³owa k luczowe : zanieczyszczenie benzyn¹ i olejem napêdowym, kompost, bentonit,
tlenek wapnia, rzepak jary, owies, zawartoœæ makrosk³adników.

INTRODUCTION

Petroleum-derived products, which are widespread the natural environ-
ment, contribute to soil degradation by deteriorating soil, air and water
chemical properties (WANG, BARTHA 1990, IWANOW et al. 1994, SZTOMPKA 1999).
Petroleum-derived products include aliphatic, oleic and naphthenic hydrocar-
bons (CHI, KRISHNAMURTHY 1995) and water-soluble aromatic hydrocarbons,
such as benzene, toluene, xylene (KRAHL et al. 2002). Polycyclic aromatic
hydrocarbons (PAH) and other aromatic hydrocarbons are hardly mobile and
can have a long-term effect on soil, plants or ground waters (SPARROW, SPAR-
ROW 1988, RACINE 1993, WYSZKOWSKA et al. 2002a,b). Contaminants penetrat-
ing soil disturb its structure and modify its physicochemical and biological
properties (SZTOMPKA 1999, BUDNY et al. 2002, CARAVACA, RODÁN 2003). Soil en-
zymatic and microbiological activities often respond to soil pollution with
petroleum products (CARAVACA, RODÁN 2003, WYSZKOWSKA, WYSZKOWSKI 2006).
Polycyclic aromatic hydrocarbons are toxic to soil organisms, plants (BUDNY

et al. 2002, WYSZKOWSKA et al. 2002a,b, DELILLE et al. 2003) and people (KRAHL

et al. 2002). These contaminants can show potential carcinogenic and muta-
genic activity (KRAHL et al. 2002). The content of available macro- and micro-
element forms in soil contaminated with petroleum-derived products (WYSZ-
KOWSKI, ZIÓ£KOWSKA 2007) and the uptake by plants of macroelements changes
so that the content of nutrients in particular plant organs fluctuates (WYSZ-
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KOWSKI et al. 2004). It is, therefore, extremely important to restore soil con-
taminated with petroleum-derived products to its original state.

The aim of the study was to determine the effect of petrol and diesel oil
soil contamination on the content of some macroelements in spring oilseed
rape (Brassica napus var. oleifera) and oat (Avena sativa L.), and to verify
whether soil amendment with compost, bentonite and calcium oxide could
reduce the impact of petroleum-derived products on the properties of the
plants.

MATERIAL AND METHODS

The experiment was conducted in a greenhouse at the University
of Warmia and Mazury in Olsztyn (Poland), in polyethylene pots (with 4 rep-
lications). Soil material used for the trials was taken from the arable hu-
mus soil horizon and, under natural conditions, it was proper Eutric Cam-
bisols soil according to WRB (1998) formed from sandy loam (1.0-0.1 mm –
50%; 0.1-0.02 mm – 39%; <0.02 mm – 8%), characterised by following prop-
erties: pH in 1 M KCl dm-3 – 5.10; hydrolytic acidity (HA) – 30.8 mmol
(H+)⋅kg-1; exchangeable cation bases – Ca++, Mg++, K+ and Na+ (ECB) –
88.0 mmol(+)⋅kg-1; cation exchange capacity (CEC) – 118.8 mmol(+)⋅kg-1;
base saturation (BS) – 74.1%; Corg content – 8.48 g⋅kg-1; content of availa-
ble: phosphorus – 34.1 mg⋅kg-1; potassium – 75.2 mg⋅kg-1 and magnesium
– 36.7 mg⋅kg-1. During the study, increasing doses of petrol and diesel oil
were applied in the following amounts: 0; 2.5; 5 and 10 cm3⋅kg-1 d.m. of
soil. Afterwards, some objects were enriched with compost (3% of the soil
mass), bentonite (2%) or calcium oxide (in a dose equal one full hydrolytic
acidity – 1.47 g Ca⋅kg-1 of soil). Compost was prepared from leaves (44%),
manure (33%) and peat (23%) composted for six months. The concentration
of macroelements in these substances (in g⋅kg-1) was as follows: compost: P
– 2.32, K – 1.33, Mg – 1.47, Ca – 15.86, Na – 0.12; bentonite: P – 0.47,
K – 2.43, Mg – 5.03, Ca – 26.72, Na – 12.11; calcium oxide: P – 0.10,
K – 0.77, Mg – 2.65, Ca – 347.99, Na – 0.07. Additionally, macro- and micro-
elements were added to all pots, in the following amounts (in mg⋅kg-1 of
soil): N – 150 CO(NH2)2; P – 30 (KH2PO4); K – 70 (KH2PO4 + KCl); Mg – 50
(MgSO4⋅7H2O); Mn – 5 (MnCl2⋅4H2O); Mo – 5 ((NH4)6Mo7O24⋅4H2O);
B – 0.33 (H3BO3). The mineral fertilizers, in the form of aqueous solution,
as well as petroleum-derived substances, compost, bentonite and calcium
oxide, wherever appropriate, were introduced to the soil once prior to sow-
ing spring oilseed rape, by mixing the substances with the whole mass of
soil per pot. The soil samples thus prepared (each 9.5 kg) were placed in
pots, where their moisture level was brought up to 60% of capillary water
capacity. Prior to mixing and placing in pots, the soil was passed through
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a sieve with a mesh size 1 cm2 and mixed with mineral fertilizers and in
some objects with diesel oil as well as compost, bentonite and CaO. After-
wards, Polish cultivar Mazowiecki spring oilseed rape (Brassica napus var.
oleifera) was sown, which, after the harvest, was followed by Polish cv.
Borowik oats (Avena sativa L.). After emergence, 8 plants of spring oilseed
rape per pot and 15 plants of oats per pot were left to grow. Immediately
after harvesting the main crop in the flowering stage (58 day of vegetation)
and collecting plants samples for chemical analyses, oats as an aftercrop
was sown. The harvest of oats was carried out in the panicle stage (52 day
of vegetation), after which plant samples were collected. The experiment
was conducted in four replications. During the experiment (110 days), the
moisture of soil was maintained at the level of 60% capillary water capacity.

After the vegetation period, the aerial parts of plants were measured
for each pot and the plant material was sampled for laboratory analyses.
The samples were cut, dried and ground. Next, they were mineralised in
25 cm3 of concentrated H2SO4 with the addition of 1 g of d.m of hydrogen
peroxide as a catalyst. The mineralised samples were transferred into coni-
cal flasks, which were replenished with distilled water to the volume of
200 cm3 and assayed for macroelement content. The plant material was an-
alysed for phosphorus by colorimetry (CAVELL 1955). Potassium, calcium and
sodium were determined with atomic emission spectroscopy (AES) (SZYSZKO

1982). Magnesium was assayed with atomic absorption spectroscopy (AAS)
(SZYSZKO 1982). Prior to plant sowing, the following soil properties were de-
termined: pH (exchangeable acidity) potentiometrically, using aqueous solu-
tion of KCl at the concentration of 1M KCl dm-3 (LITYÑSKI et al. 1976), hy-
drolytic acidity – exchangeable H+ and Al+++ (HA) and exchangeable cation
bases – Ca++, Mg++, K+ and Na+ (ECB) with Kappen method (LITYÑSKI et al.
1976), content of organic carbon (Corg) with Tiurin method, using potassium
dichromate with diluted sulphuric acid (LITYÑSKI et al. 1976), the content of
available phosphorus and potassium – by Egner-Riehm method (LITYÑSKI et
al. 1976), the content of available magnesium – by Schachtschabel method
(LITYÑSKI et al. 1976). Based on the hydrolytic acidity and exchangeable cati-
on bases, the cation exchange capacity (CEC) and base saturation (BS) were
calculated from the following formulas: CEC = ECB + HA, BS = (ECB⋅CEC-1)⋅100.
The results were analysed statistically using three-factor ANOVA and two-
factor analysis of variance with Statistica software (StatSoft Inc. 2005). Fi-
nally, based on the results, Pearson’s simple correlation coefficients between
the variables tested experimentally were calculated for all replications.
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RESULTS AND DISCUSSION

Effect of petrol and diesel oil on content of some macroelements
in plants

The present study has demonstrated that the actual effect of petrol and
diesel oil on the content of the macroelements in plants depended on the
degree of contamination, application of a neutralizing substance (compost,
bentonite and calcium oxide) as well as on the species of a crop, which
determined the duration of contamination impact (Tables 1-5, Figure 1). The
correlations between doses of petroleum-derived products and content of
macroelements in plants were stronger for spring oilseed rape (grown as
the main crop) than for oats (the aftercrop). The correlations were stronger
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in the objects with petrol than in the variants with diesel oil. In the first
series of experiments (without compost, bentonite or CaO), petrol stimulat-
ed the content of calcium (r=0.877) and magnesium (r=0.969) in aerial parts
of spring oilseed rape (main crop). In the soil samples mixed with 10 cm3

petrol⋅kg-1, calcium content in spring oilseed rape was 118% and magnesi-
um content was 37% higher than in the non-contaminated objects. Identical
effects were produced by 5 cm3 petrol⋅kg-1 of soil on the content of phos-
phorus (r=0.560), potassium (r=0.813) and sodium (r=0.813). For these ob-
jects, the increase reached 96, 60 and 185%, respectively, compared to the
control variant (without petrol). The highest dose of petrol (10 cm3⋅kg-1 of
soil) resulted in a decrease in the content of phosphorus, potassium and
sodium in spring oilseed rape. Diesel oil (without any organic substance or
CaO added) stimulated only the potassium content (r=0.977) in the aerial
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parts of spring oilseed rape, where the increase was 41%. Similar correla-
tions were found for phosphorus (2.5 cm3⋅kg-1 of soil), sodium (2.5 cm3⋅kg-1

of soil), calcium (5 cm3⋅kg-1 of soil) and magnesium (5 cm3⋅kg-1 of soil).
This effect was particularly strong, which was evidenced by the increase in
calcium (105%) and magnesium (103%). The application of 10 cm3 of diesel
oil per 1 kg of soil caused considerable decrease in phosphorus, sodium,
calcium and magnesium, particularly in aerial parts of spring oilseed rape.

The effect of petroleum-derived products on the content of macroele-
ments in aerial parts of oats (aftercrop) was weaker (Tables 1-4). In the first
(control) series, the content of phosphorus, sodium and magnesium in aerial
parts of oats decreased by 13% (r=-0.954), 90% (r=-0.910) and 22% (r=-0.944),
respectively, in objects with petrol The content of sodium, calcium and mag-
nesium content decreased by nearly 80% (r=-0.769), 21% (r=-0.663) and 14%
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(r=-0.577) in oats cultivated in soil contaminated with 10 cm3 of diesel oil
per 1 kg of soil. The highest petrol and diesel oil doses increased only po-
tassium in oat, whereas the middle diesel oil dose (5 cm3⋅kg-1 of soil) de-
pressed only the content of phosphorus. Further increases in petrol and
diesel oil doses had a negative effect on the content of phosphorus and po-
tassium in oats.

The study presented in this paper has revealed some strong and signifi-
cant correlations between the content of macroelements in spring oilseed
rape and oats versus plant yield and content of other elements in plants, as
well as some properties of soil (Table 6). Such relationships are confirmed
especially by correlation coefficients calculated between the content of po-
tassium, sodium and calcium and other elements in plants and properties
of soil.
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These results are confirmed by the literature on the effect of petrole-
um-derived compounds on plants (IWANOW et al. 1994, AMADI et al. 1996, WYSZ-
KOWSKI et al. 2004). The negative effect of such pollutants is a product of the
behaviour of petroleum-derived compounds in soil, where they block air spac-
es that allow air and water to enter soil layers, which causes soil lumping
and deteriorates physical, chemical and biological properties of soil. The or-
ganic carbon to nitrogen ratio in soil contaminated with petroleum-derived
products is typically unfavorable. Therefore, reactions of mineral and organ-
ic nitrogen compounds in soil are inhibited. The rate of ammonification and
nitrification decreases (IWANOW et al. 1994, AMADI et al. 1996) while bacteria
and fungi develop intensively and consume macroelements. The content of
plant available macroelements in soil decreases (XU, JOHNSON 1997). Such
a development has been confirmed in the present study and in earlier re-
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Fig. 1. Comparison of the effect of a neutralizing substances on the content of some
macroelements of plants, in g⋅kg-1 d.m. (average for series):

0 – without substances, C – with compost, B – with bentonite, Ca – with calcium oxide
LSD for: a – kind of a petroleum substances, b – addition of a neutralizing substances

**significant for p=0.01, *significant for p=0.05,  n.s. non-significant
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search (WYSZKOWSKI, WYSZKOWSKA 2005), in which limited content of macroe-
lements in oats from soil contaminated by high doses of diesel oil was dem-
onstrated. Another experiment reported by WYSZKOWSKI and WYSZKOWSKA

(2005) indicates correlation between the enzymatic activity of soil and the
content of nitrogen and phosphorus in plants. However, this correlation was
strongly modified by the presence of diesel oil, nitrogen and sawdust in soil.

The effect of petrol and diesel oil on macroelements in plants is deter-
mined by many factors, of which plant variety seems to be the most impor-
tant. In the study by DIMITROV and MITOWA (1998) only 3 out of 7 experimen-
tal plant species contained modified levels of some macroelements when
cultivated on diesel oil-contaminated soil in comparison to uncontaminated
soil. According to WYSZKOWSKI and WYSZKOWSKA (2005), content of most mac-
roelements in aerial parts of maize on diesel oil-contaminated soil is likely
to increase.

Role of compost, bentonite and calcium oxide in modification
of the influence petroleum-derived products on plants’ chemical com-
position

A very important factor which modified content of macroelements in
plants was the addition of compost, bentonite or calcium oxide (Tables 1-4,
Figure 1). On average, irrespective of the degree of soil contamination, all
components introduced to soil in order to alleviate possible negative effects
of petroleum-derived products significantly modified the content of macroe-
lements in aerial parts of both plants. Obviously, the effect of the neutraliz-
ing substances varied depending on the dose of petrol and diesel oil added
to soil. The effect of a neutralizing substance (compost, bentonite and calci-
um oxide) on the content of the majority of macroelements was stronger in
spring oilseed rape than in oats. Compost, bentonite or CaO more strongly
contributed to increasing the content of sodium, calcium and magnesium
than phosphorus and potassium in plants. Bentonite was the effective in
increasing sodium in aerial parts of both plants, especially spring oilseed
rape. In the bentonite-treated series, the highest increase in sodium con-
tent in spring oilseed rape (ca 9-fold in petrol objects and ca 7-fold in diesel
oil objects) was observed in either uncontaminated objects or polluted with
the highest doses of petrol and diesel oil. Calcium oxide and, to a lesser
degree bentonite (only in spring oilseed rape), increased the content of calci-
um in plants. As for magnesium, the correlation was reverse. The results
obtained after the application of compost were less consistent.

The application of compost and other substances to soil usually have a
positive effect on soil properties, plants’ growth and chemical composition
(VOUILLAMOZ, MILKE 2001). Compact soils rich in humus are far more tolerant
to degradation than sandy soils (WYSZKOWSKI et al. 2004). Organic substance
improves absorbance of petroleum products and has influence on the biolog-
ical life of soil (MA£ACHOWSKA-JUTSZ et al. 1997) and consequently on plants.
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Liming improves properties of soil. Bentonite added to soil forms a compact
barrier, which prevents petroleum products from reaching deeper horizons
of the soil profile. Moreover, content of elements available to plants rise,
which is of importance for plant growth and development (WYSZKOWSKI et al.
2004, WYSZKOWSKI, WYSZKOWSKA 2005).

CONCLUSIONS

1. Irrespective of the application of compost, bentonite or calcium oxide,
the highest doses of petrol and especially diesel oil decreased the content of
most macroelements in spring oilseed rape and, to a smaller degree, in
oats.

2. Enrichment of soil contaminated with petroleum-derived products with
organic matter, bentonite or calcium oxide improved chemical composition
of plants, which was demonstrated as increased content of some macroele-
ments in plants. These neutralizing substances added to soil increased its
tolerance to eco-toxic effects of petrol and diesel oil.

3. Enrichment of soil with compost, bentonite or calcium oxide modified
the content of macroelements in plant, mainly sodium when bentonite was
used.

4. Some strong and significant correlations between the content of mac-
roelements in spring oilseed rape and oats versus plants yield and content
other elements in plants, as well as some properties of soil were observed.
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