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Abstract

Soil pollution due to oil spill is a common problem in the Niger Delta region of Nigeria. This necessitated the
experiment to determine the effect of diesel oil pollution on some soil properties in Uyo within the Niger Delta
region of Nigeria. The experiment was conducted at the University of Uyo Teaching and Research Farm in 2009.
It was laid out in a completely randomized design (CRD) in triplicates. The size of the experimental plot was
60.7m’, sub-divided into three sub-plots each measuring 20.24m’. Each sub-plot was divided into five
experimental units receiving the following treatments: 0 (control), 8, 11.5, 14.5 and 22.0 litres of diesel oil,
which was converted into 0.0%, 1.39%, 2.50%, 3.45% and 5.06%. The results at two weeks after oil application
(2WAOA) showed significant decrease in soil pH from 4.90 in the control to 4.35 in 5.06% pollution levels
resulting in soil reaction being rated as extremely acid in oil polluted soils compared to the control with
soil/reaction being rated as very strongly acid. There was depletion in total nitrogen and basic cations such as
Ca2+, Mg2+, Na'" and K'. at 2WAOA. Carbon/nitrogen ratio increased in all the treatments, with the highest
pollution level (5.06%) having 114.33+1.41. Percent base saturation increased inconsistently across the
treatments with the highest being 56.96+0.003% (for 2.50% pollution) and the lowest being 44.24+0.008% (for
5.06% pollution level). The results at 18WAOA showed varying degrees of increase in the soil pH. The control
plot had the pH of 6.39+0.002 and the highest pollution level of 5.06% had the pH of 6.05+0.2. The soil reaction
at 18 WAOA was rated slightly acid compared to extremely acid in 2WAOA. There were varying degrees of
increase in organic carbon in all the treatments. Total nitrogen also increased at I8WAOA, the increase ranged
from 50-80%. Carbon/Nitrogen ratio was significantly reduced (P < 0.05) across the treatments. Basic cations
and percent base saturation increased across the treatments at 1I8WAOA. Correlation between concentrations of
diesel oil in the soil and some soil properties at 2WAOA and 18 WAOA showed that at 2 WAOA soil pH, total
N and percent base saturation showed negative correlation, while organic carbon and carbon/nitrogen ratio
showed positive correlation. At 18 WAOA, organic carbon and total N, showed positive correlation, while soil
pH, carbon/nitrogen ratio and percent base saturation showed negative correlation.
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1. Introduction

Soils and water represent the first lines of recipients of pollution with petroleum and petrochemical
products. Pollution has been one of the most serious problems, especially when associated with accidental spills
on a large scale.

Large scale contamination has been reported in both marine and subsurface environments due to
accidents involving motorized vehicles, leaves and spills from underground storage tanks, pipelines and illegal
disposal (Mukheriji et al., 2004; Plohl and Briceji 2002; Saddoun 2002; Ziad et al., 2005). Soil pollution by
petroleum products is also a widespread problem, and mineral oil hydrocarbons are the most frequently
occurring environmental contaminants (Riffaldi ef al., 2006). Contamination of land is of paramount importance
to man because it is on this portion that man’s activities lie (Pathak et a/., 2011). The damaging effects are due
to suffocation and toxicity of the crude oil. Apart from this it has been reported that nitrate formation was
reduced, even at 0.1% (v/w) of oil in and this is inimical to soil fertility (Pathak ef al, 2011). Diesel fuel is a
complex mixture of normal, branched, and cyclic alkanes (parafins) (60 to > 90%) by volume, having
hydrocarbon chain length, usually between Cy and Cj,, aromatic compounds, especially alkyl benzene 5-40% by
volume and polycyclic aromatic hydrocarbons (PAHs) obtained from the middle-distillate, gas-oil fraction
during petroleum separation. They are produced by refining crude oils and are widely used as transportation
fuels. Diesel fuel is also used in stationary engines and in boilers, reciprocating engines, gas turbines, pipeline
pumps, gas compressors, steam processing units in electric power plants and water heating facilities (Shrivastava
and Gupta, 2008).

The various types of hazards posed by the diesel constituents include short-term hazards of water-
soluble compound (such as toluene, ethyle benzene and xylene); show acute toxicity to aquatic life in the water
column and long-term potential hazards including contamination of ground water. Chronic effects include
changes in the liver and harmful effects on the kidneys, heart, lungs and nervous system. Increase rate of cancer,
immunological, reproductive, fetotoxic and genotoxic effects have also been associated with some of the
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compounds found in diesel fuels (Irwin, 1997).

Oil products, including petrol not only modify physico-chemical and biological properties of the soil,
but also contribute to limitations of the productive ability of arable crops (Wyszkowskwa, et al, 2002).
Petroleum pollution of soil generally has strong negative effects on the plants community. The mode in which
petroleum acts on plants is complex and involves both contact toxicity exhibited by low boiling components and
indirect deleterious effects mediated by interactions of the petroleum with the abiotic and microbial components
of soil. Polycyclic aromatic hydrocarbons (PAHs) can affect all stages of plants growth from germination to
reproduction. The germination of the seed is the essential condition of the further development of the plant.
Diesel oil in the soil inhibits germination by physically impeding water and oxygen transfer between the seed
and the surrounding soil environment; thus, hindering the germination response. This stage of development is
crucial, since the plant has not yet got sufficient detoxicative ability within this relatively short period (Adam
and Duncan, 1999, Siddiqui and Adams 2002; Ziad et al., 2005).

Microorganisms possess mechanisms by which they degrade diesel compounds by utilizing them as
carbon or nitrogen sources. Aerobic bacterial within background soils represent about 50-70% of the total
microbial abundance while anaerobic bacteria, actinomycetes and micromycetes represent about 10%, 20-30%
and 1-2%, respectively (Shrivastava and Gupta, 2008). In this present investigation, the main aim was to assess
the effect of diesel oil pollution on some soil properties in the Niger Delta area of Nigeria. This is with a view to
developing appropriate soil management technique to ameliorate the adverse effects of oil pollution and ensure
optimum and sustainable agricultural productivity of soils in the area of study.

2.0 Materials and Methods

Study Area: The Niger Delta is located within latitudes 5°45” and 6°35” and longitudes 4°50” and 5°15°
in the central part of southern Nigeria and has a landmass covering 70,000 square kilometers which accounts for
about 8 percent of Nigeria’s landmass (NDES, 2003). The Niger Delta is one of the world’s largest Wetlands
and the largest in Africa. It is a vast flood plain build up by the accumulation of centuries of silt washed down
the Niger and Benue Rivers, composed of four main ecological zones-coastal barrier islands, mangroves, fresh
water swamp forest, and low land rainforests whose boundaries vary according to the patterns of seasonal
flooding (Moffat and Lindien, 1995).

The mangrove forest of Nigeria the third largest in Africa, over 60 per cent of this mangrove or 6,000
square kilometers is found in the Niger Delta. The fresh water swamp forest of the Delta reach 11,7000 square
kilometers and are the most extensive in West and Central Africa (Moffat and Lindein, 1995). The Niger Delta
region has the highest biodiversity characteristics of extensive swamp and forest areas with many unique species
of plants and animals.

The meteorological study of the area reveals an average atmospheric temperature of 25.5°C in the rainy
season and 30°C in the dry season. The daily relative humidity values ranged from 55.5 per cent in the dry
season to 96 per cent in the rainy season (Gobo, 1998). The area is characterized by two distinct seasons, wet
and the dry seasons. The wet season starts from March to October, while the dry season starts from November to
March. A short dry spell is normally noticed in August, and it is traditionally referred to as “August Break”. The
rainfall ranges from 2000-3000 mm per annum.

2.1 Field Study

An experiment to evaluate soil properties in diesel oil polluted soil was conducted at the University of
Uyo Teaching and research farm in 2009. The experiment was laid out in a completely randomized design (CRD)
in triplicates. The size of the experimental plot was 60.7m” The plot was sub-divided into three sub-plots
measuring 20.24m’” and each sub-plot divided into five experimental units receiving the following treatments: 0
(control), 8, 11.5, 145.5 and 22.0 litres of diesel oil, which was converted into 0.0%, 1.39%, 2.50%, 3.45% and
5.06% according to Yargodin (1982).

The diesel oil used in this study was obtained from Mobil Filling Station, Uyo, Akwa Ibom State
Nigeria. Diesel oil was applied evenly using a fine hose watering can to each experimental unit and properly
worked into the soil by the help of a garden fork.

2.2 Laboratory Studies

Soil samples were collected before oil application, 2 weeks and 18™ weeks after diesel oil application
(at 2WAOA degradation had taken place and the toxicity reduced and at 18 WAOA mineralization dominates
immobilization) from each of the treatment and air-dried and crushed and passed through a 2-mm sieve for
mechanical and chemical analysis. Soil particle size distribution was by Bouyoucos hydrometer method (Klute,
1986), pH in 1:2.5 soil/water suspension by pH- meter (Rowell, 1994). Soil organic matter by the Walkley and
Black, 1934), as described by Nelson and Sommers (1982), total nitrogen was estimated by macro-kjeldahl
procedure (Jackson, 1962), available phosphorus was extracted using Bray’s P-1 by the method of Bray and
Kurtz (1945) and phosphorus in the extracts was determined by the method of Murphy and Riley (1962),
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Exchangeable cations (Ca’", Mg®, K" and Na') were extracted with the ammonium acetate (pH 7.0) and
determined by atomic absorption spectrophotometer (Udoh et al., 2009), exchangeable aluminum and hydrogen
were determined with buffered potassium chloride and by titration method by 0.05 N NaOH. Effective cation
exchange capacity (ECEC) was obtained by IITA (1979) summation of exchangeable bases and exchangeable
acidity while the percentage base saturation was calculated as:
% Base saturation = Ca>” + mg®" + K" + Na" x 100
ECEC

2.3 Statistical Analysis

Analysis of variance (ANOVA) was determined based on completely randomized design (CRD) with
means separated using least significant difference (LSD), correlation analysis and measures of significant were
determined at 5% probability using SAS (1990).

3.0 Results and Discussion

The results in Table 1 show the nutrient composition of diesel oil and Tables 2 and 3 show the physical
and chemical properties of the soil before diesel application, 2 and 18 weeks after diesel application. The
analysis of diesel oil showed the following nutrients
3.1 Composition: organic carbon 13.07% total nitrogen 0.15% available phosphorus 80 mg/l, calcium 4.8
mg/l, magnesium 2.8mg/1, potassium 0.3 mg/l and sodium 0.18 mg/I.

Physico-chemical analysis of the soil before diesel application (Table 2) shows that the soil has a
textural class of loamy sands, with sand fraction having 86.0+1.20, silt fraction 6.6+0.001% and clay fraction
4.8+0.002%. The result shows a soil reaction of very strongly acid with the pH 4.9+0.003, total nitrogen content
in the soil was very low with the value of 0.05%.

This shows that the soil is low in plant nutrients and may need amendment with nitrogen fertilizers for
crop production. Organic carbon was moderates with the value of 1.37+0.005%, carbon/nitrogen ratio was
27.4+0.05.This indicates that immobilization may dominates mineralization of total N in the soil. The microbial
assimilation of mineral nitrogen into their cell protoplasm resulted in converting inorganic nitrogen form to
organic form (Akpan and Ekpo, 2006). Organic carbon in the soil increased as the level of oil in the soil
increases at 2 weeks after oil application (Table 3). The highest pollution level of 5.06%, had the organic carbon
content of 3.43 £0.005% compared to the control with the organic carbon content of 2.57+0.001%. The increase
in organic carbon in all the treated soil may be attributed to the hydrocarbon used in polluting the soil.

The carbon/nitrogen ratio in the soil increased with increasing levels of diesel concentration in the soils
at 2 WAOA (Table 3). The high increase in carbon/nitrogen ratio of 51.4+1.01 in the control plot to 114.334+1.41
in the highest pollution level of 5.06% plot. The high carbon/nitrogen ratio may be due to the activities of
hydrocarbonastic utilizing microorganisms acting on the applied hydrocarbon releasing carbon into the soil.
Based on this, immobilization dominates mineralization in the plots.

Available P in the soil decreased with increasing concentration level of diesel oil in the soil. The highest
pollution level of 5.06% had the P content of 85.28+0.5 mg/kg compared to the control plot with the P value of
120+2.0mg/kg. The reduction of about 38.93% P value in the polluted soil (5.06%) is due to immobilization of
this nutrient by microbes degrading diesel oil.

Basic cations (Na, K, Ca and Mg) contents at 2 WAOA were generally low in all the plots. The reasons
for the low content of these nutrients may probably be due to increase pressure on the nutrients by diesel
degrading microbes. Leaching may also be quite conceivable as a possible reason for the low contents of these
nutrients because the area is within the humid tropical rain forest zone that is pruned to heavy rainfall and
erosion.

Effective cation exchange capacity was inconsistent in all the treatments. The values ranged from 5.38
+ 0.003 cmol/kg in the control to 7.92+0.008 cmol/kg in the 2.50% concentration level as the highest. Percent
base saturation was decreasing inconsistently in all the polluted plots. The values decreased from 56.96+0.003%
in 2.5% concentration level to 44.24+ 0.008% in 3.45% level of pollution. The low percentage base saturation is
a reflection of the low contents of basic cations due to leaching and activities of microorganisms in the polluted
plots. Available P in the soil had the value of 12.0+2.0mg/kg. The P value in the soil was higher than the range
of >20 ppm (Bray 1) by Esu et al.,, (2009) as being very high. Sodium (Na) content in the soil was 0.12+ 0.001
cmol/kg. This value is in line with the range of 0.1-0.3 cmol/kg given by Esu et al., (2009) as low. K value in
the soil was 0.08+0.0008 cmol/kg. This K value is rated as being very low by Esu et a/, (2009) as it falls within
the range of <0.2 cmol/kg. Ca content in the soil was 1.23+0.0002 cmol/kg. This value falls within the value of
<2 cmol/kg rated as very low by Esu et al. (2009). Mg content in the soil was 1.33+0.002 cmol/kg. The
magnesium content was moderate as it falls within the range of 1-3 cmol/kg rated as moderate. Exchangeable
acidity in the soil was 2.88+0.0003 cmol/kg. This value is a reflection of the soil reaction which has a pH value
of 4.90+0.003 described as very strongly acid. The ECEC was equally very low. This is as a result of the low
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values of basic cations and the exchange acidity. Percent base saturation in the soil was 51.68+1.5%. This value
is rated by Esu et al., (2009) as moderate because it is within range of 50-60%.

The results in Table 3 show the physic-chemical properties of the soil two weeks after diesel application
(2 WAOA). The results in the control plot showed 86.2+0.001% sand, 7.0£0.0% silt and 6.8+ 0.001% clay
giving rise to loamy sand textural class, the plot polluted with 1.39% concentrations showed 83.6+£0.00% clay,
giving rise to sandy loam textural class, the plot polluted with 2.5% concentrations level had 85.6+0.003% sand,
7.6£0.002% silt and sand textural class. The plot polluted with 3.45% level of concentration had 85.6+0.002%
sand 7.6+£0.003% silt and 6.8+0.003% clay giving rise to loamy sand textural class. Similarly, the plot polluted
with 5.06% level of concentration had 85.6+0.003% sand, 8.8+0.0025% silt and 5.6+0.002% clay and giving rise
to loamy sand textural class. It is observed that the oil did not impart any significant change on the soil separate.

Soil reaction showed decreasing pH from the control plot with the pH 4.90+0.002 to the highest
pollution level of 5.06% having the pH 4.35+0.005. The decrease in pH in the polluted plots may be as a result
of the activities of hydrocarbon degrading microorganisms. This result was earlier observed by Akpan and Ekpo
(2006). Total nitrogen in the soil was low decreasing with increased level of diesel oil concentrations. The
control plot had 0.05+0.001% and the plot with highest concentration level of 5.06% had 0.03+0.00015% total N.
The reason for the low level total N in the soil may be due to immobilization of mineral N by microorganisms
and converting it to organic N. Table 4 shows the chemical properties of the soil 18 weeks after diesel oil
pollution soil reaction. The result shows varying degree of increase in the pH of the soil with the control plot
having the highest pH value of 6.39+0.002 and the least being the highest pollution level (5.06%) with the pH
value of 6.05+0.2. This gives rise to the soil reaction of polluted plots being rated as slightly acid (Fig. 1). The
reason for the slight increase in pH of the polluted plots 18 weeks after pollution may probably be due to
reduction in microbial activities. The difference between the pH values 2WAOA and 18 WAOA is well
conceivable in Fig. 1.
3.2 Organic Carbon: There were varying degrees of increase in organic carbon in each of the treatment
compared to the control with the least organic carbon content of 2.6+0.001% and the highest being the plot
polluted with 3.45% concentration having organic carbon content of 3.69+0.14%. The increase in organic C in
the treated soil may be from the hydrocarbon used in polluting the soil.
33 Total Nitrogen: There is increased total nitrogen in the soil as the level of diesel oil pollution increases.
The plot with 1.39% concentration of diesel had 50% increase in total nitrogen, 2.50% pollution level had 60%
increase in total N, while 3.45% and 5.06% levels of concentrations recorded 80% and 70% increase in total
nitrogen content of the soil respectively (Fig. 2). The reason for the high increase in total N 18 WAOA may be
due to mineralization of N content in the diesel oil or dead degrader may also contributed to the significant
increase in the total N.

The increase in nitrogen content of the soil after oil pollution was in line with earlier reports by (Odu,
1972, Udo and Fayemi 1975). Odu (1972) reported that the increase in total N may be due to increase in non-
symbiotic fixer attracted to the contaminated soils.
34 Carbon Nitrogen Ratio: The result shows reduction in carbon nitrogen ratio content of the soil with
increased in diesel oil pollution (Fig. 3). The highest concentration level of 5.06% had the least carbon nitrogen
ratio of 19.82+1.2 compared with the control with the carbon nitrogen ratio of 26.00+1.2. The reason for the
reduction in carbon nitrogen ratio of the polluted plots may be due to concomitant increase in nitrogen content of
the soil. Available P, there was increase in available P in all the treatments. The increase may be from the
mineralization of diesel oil with phosphorus content of 80mg/kg; or diesel degrading microorganism such as
Pseudomonas aeruginosa might have contributed n solubilizing fixed P leading to the release of the nutrient to
the soil.
3.5 Calcium content in the soil: There is general increase in Ca in all the treatments at 18 weeks after oil
application compared to the control. For example, there is 130.76% increase with 1.39% pollution level, and plot
with 2.50% pollution level had 115.38% increase in calcium content compared to the control, while the plots
receiving 3.45% and 5.06% pollution levels had 84.615 and 69.92% increases, respectively. The increase in
calcium content of the soil may be due to the release of calcium from the diesel (4.8mg/1) as a result of microbes
activities on diesel.
3.6 Potassium: The result shows decrease in K content of the soil at 18 WAOA, with increase in diesel oil
pollution. The reasons for the decrease may be due to immobilization and leaching of the nutrient. The result
similarly showed decrease in Na content of the soil at 18 WAOA in all the treatments. The reason for the
decrease in Na content may be due to leaching of nutrient. Exchange acidity: The result shows increase in
exchange acidity in all the treatments as compared to the control at 18 WAOA. The reason for increase in EA
may be due to leaching of basic cations leading to increase in AP*" and H' content of the soil.

Effective cations exchange capacity (ECEC). The result shows increase in ECEC content in all the
treatments compared to the control. The reason for the increase may be due to the increase observed in EA.
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Percent base saturation (PBS). The result showed increase in percent base saturation in all the treatment at 18
WAOA (Fig. 4). The increase may be because of increase in some of the basic cations.
3.7 Correlation between Concentration of Diesel Oil Pollution and some Selected Soil Properties

At 2 weeks after diesel oil pollution

The result in Fig. 5 shows the correlation between concentration of diesel oil in the soil and soil reaction
(pH). The result shows negative correlation with the correlation coefficient of (r = -0.951). This shows decreased
in soil pH as the concentration of diesel oil increases. The reason may be due to increase in acidic metabolites
from the microorganisms degrading the diesel oil. This result is in conformity with easier report by Akpan and
Ekpo (2005) who observed lower pH near high microbial activities, organic carbon. The result in Fig. 6 shows
the correlation between the concentration of diesel oil pollution and organic carbon content.

The result shows positive correlation with the correlation coefficient of (r = 0.670). The result indicated
increase in organic carbon content as the concentration of diesel oil pollution in the soil increases. This may be
due to the addition of hydrocarbon to the soil. Carbon/nitrogen ratio the result in Fig.7 shows the correlation
between concentration of diesel oil pollution and the carbon nitrogen ratio in the soil. The result shows positive
correlation with the correlation coefficient of (r = 0.863). The reason for this may probably be due to increase in
the organic carbon content of the soil due to the added hydrocarbon and the conversion of mineral nitrogen in the
soil to organic form.

3.8 Total Nitrogen: The result in Fig. 8 shows the correlation between concentration of diesel oil pollution
in the soil and total nitrogen. The result shows negative correlation with the correlation coefficient of
(r = 0.848). The result indicated decreased in total nitrogen of the soil as the concentration of diesel oil pollution
in the soil increases. The reason for this may be due to the conversion of mineral nitrogen forms in the soil to
organic form by microorganisms acting on the diesel oil.

3.9 Percentage Base Saturation

The result in Fig. 9 shows the correlation between concentration of diesel oil pollution and the percent
base saturation in the soil. The result shows negative correlation with the correlation coefficient of (r = -0.333).
The reason for the negative result may be due to leaching of the basic cations and immobilization of the nutrients
by microorganisms acting on the hydrocarbon.

3.10 At 18 Weeks after Diesel Oil Pollution

The result in Fig. 10 shows the correlation between concentrations of diesel oil pollution and soil
reaction (pH). The result shows negative correlation with the correlation coefficient of (r = -0.547). There was
increased in pH of the soil in all the pollution levels compared to the result at 2 weeks after pollution. The result
in Fig. 11 shows the correlation between concentrations of diesel oil pollution in the soil and the organic carbon
content. The result shows positive correlation with the correlation coefficient of (r = 0.593). The result indicated
high organic C content due to increasing hydrocarbon.

3.11 Total Nitrogen: The result in Fig. 12 shows the correlation between concentration of diesel oil
pollution in the soil and total nitrogen content of the soil. The result shows positive correlation with the
correlation coefficient of (r = 0.724). The result shows increased in total nitrogen with increasing concentration
levels compared to 2 weeks after oil pollution. This may be due to mineralization of nitrogen in the diesel oil
into the soil or the returning of nitrogen back to the soil from dead microorganisms.

3.12 Carbon Nitrogen Ratio

The result in Fig. 13 shows correlation between concentration of diesel oil pollution in the soil and
carbon nitrogen ratio. The result shows negative correlation with correlation coefficient of (r = -0.596). The
reason for this may be due to degradation of the diesel oil applied to the soil and the reduction of microbial
activities. The result in Fig. 14 shows the correlation between concentrations of diesel oil pollution and percent
base saturation the result shows negative correlation with the correlation coefficient of (r = -0.197). This result
shows increased immobilization of basic cations with increasing level of diesel oil in the soil.

4.0 Conclusion

The frequent pollution of the Niger Delta environment by hydrocarbon necessitated the study on the
effect of diesel oil pollution on the soil properties. The results showed depletion in soil pH giving rise to the soil
reaction being rated as strongly acid at 2WAOA. At 2 WAOA show depletion in basic cations (Ca, Mg, Na and
K) and increase carbon Nitrogen Ratio. There was significant decline in total N in the soil. At 18 WAOA, the
results showed increase in the soil pH with the soil reaction being rated as slightly acid. There was increased in
all the basic cations, total N, available P and per cent base saturation. There was reduction in carbon/nitrogen
ratio.
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Table 1: Chemical Content of Diesel Oil
Nitrogen 0.15%
Organic carbon 13.07%
Phosphorus 80mg/kg
Calcium 4.8mg/1
Magnesium 2.8mg/1
Potassium 0.3mg/1
Sodium 0.18mg/1
Table 2: Physico-Chemical Properties of Soils from the Experimental plot before Pollution with Diesel
Dept Sand Silt Clay pH Total Org. C C/IN Av. P Na K Ca Mg EA ECEC B.S
h % % % N % Mg/k %
Cm % : < Cmol/kg » |
861 6.6+0.0 4.8+0.0 4.90+0.0 0.05+0.00 1.37+0.00 27.4+0.0 120+2 0.12+0.00 0.08+0.000 1.23+0.00 1.33+0.00 2.88+0.00 5.96+0.00 51.68+1
20 2 01 02 03 01 06 05 0 01 05 02 02 03 03 5

Table 3: Physico-Chemical Properties of Soils from the Experimental plot 2 Weeks after Oil Application

(WAOA)
Dept Sand Silt Clay pH Total Org.C C/IN Av. P Na K Ca Mg EA ECEC B.S
h % % % N % Mg/kg %
Cm % P Cmol/k -~
<« g »
After
% Oil
0 86.2+0. 7.0£0.0 16.8+0. 4.90+0.0 0.05+0.00 2.57+0.0 51.4+1. 120£2.0 0.11+0. 0.09+0. 1.44+0. 1.45+£0.0 2.76+0.0 5.85+0.
1.39 001 01 001 02 010 61 0 106.76+0 011 005 001 068 068 002 52.87+0.
2.50 83.6+0. 5.6+0.0 10.8+0. 4.76+0.0 0.05+0.00 2.15+0.0 45.74+1 20 0.10+0. 0.11£0. 1.44+0. 1.38+0.0 3.24+0.6 6.27+0. 04
3.45 008 1 02 020 020 05 2 105.67+0 010 01 001 001 2 03 48.38+0.
5.06 85.6+0. 7.6£0.0 6.8+0.0 4.74+0.0 0.04+0.00 3.11+0.0 88.86+2 12 0.11+0. 0.30+0. 2.88+0. 1.15+£0.0 3.48+0.0 7.92+0. 001
003 03 1 012 05 03 0 96.67+0. 011 02 001 002 04 008 56.96+0.
85.6+0. 7.6£0.0 6.8+0.0 4.56+0.0 0.03+0.00 3.19+0.0 96.69+1 03 0.11+0. 0.12+0. 1.20+0. 0.95+0.0 3.00+0.0 5.38+0. 03
002 03 05 015 12 010 0 85.28+0. 011 04 002 001 1 003 44.24+0.
85.6+0. 8.8+0.0 5.6+0.0 4.35+0.0 0.03+0.00 3.4320.0 114.33+ 05 0.10+0. 0.2320. 1.20+0. 0.90+0.0 3.12+0.0 5.56+0. 008
003 025 02 05 015 050 14 010 03 002 002 03 002 44.78+0.
006

Table 4: Effect of Diesel oil on Chemical properties of Soil from the Experimental plot 18 Weeks After Oil
Application (18 WAOA)
H Org.

Conc. p! Total N CIN Av. P Ca Mg K Na EA ECEC B.S
of c % Mg/kg Cmol/kg %
Diesel % « >
oil - i
0 6.39+0.20 2.6+0.014 0.10+0.011 26.00+1.2 120.842.5 1.56+0.05 1.20+0.025 0.12+0.01 0.03+0.01 3.00:0.00085 6.32+0.0005 52.34+0.00175
1.39 6.1+0.14 3.04+0.0011 0.15+0.001 20.27+0.44 113+0.58 3.6+0.05 1.20+0.025 0.04+0.0002 0.04+0.00019 3.35+0.0017 8.92+0.00025 56.95+0.01
2.50 6.04+0.18 3.53+0.0013 0.16+0.002 22.06+1.5 120+1.4 3.36+0.01 1.08+0.0015 0.07+0.0004 0.05+0.0063 3.36+0.0016 8.04:0.00002 58.21+0.02
3.45 6.13+0.04 3.69+0.04 0.18+0.004 20.50+0.5 120+1.4 2.88+0.12 0.80+0.07 0.04+0.002 0.04+0.0019 3.96+0.0014 7.92+0.003 49.97+0.11
5.06 6.05+0.2 3.37+0.002 0.17+0.005 19.82+1.20 122+1.0 2.64+0.02 0.08+0.002 0.05+0.0003 0.04+0.0019 3.24+0.0012 7.60+0.005 49.95+0.011
7 -
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0 1.39 2.5 3.45 5.06

Concentration of diesel oil in the soil (%)
Fig 1: comparing the pH of the soil at 2 weeks and 18 week after oil application
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Fig 2: comparing the pH of the soil at 2 weeks and 18 week after oil application
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Fig3: comparing the C/N ratio of the soil at 2 weeks and 18 week after oil application
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Fig. 4: comparing the base saturation (%) of the soil at 2 weeks and 18 week after oil application
5 4
4.9 =
4.8 2= 0.951 g 3 /
o
T 47 - * 52 e r'=0670
3 45 |
4.5 # Seriesl § 1 # Seriesl
[s]
4.4 a
*
4.3 1 0 2 4 &
g 2 L. 6 Concentration of Diesel Oil [%)
Concentration of Diesel Qil (%)
Fg. 5: Comelation between concentration Fg. 6: Comrelation between concentration of
of Diesel oil in the soil and seil pH Diesel ol in the soil and Org. C (%)
140 0.06
120 -
e ) 0.05 *
2 o0 £ 004
& g
z 60 g 0.03 - *
Y ap @ Seriesl 5 002 - ri=0848 # Seriesl
20 P 001
0 T o
Q 2 4 5 0 2 4 5
Concentration of Diesel Qil (%) Concentration of Diesel Oil (%)
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