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ABSTRACT: An in-situ simulated crude-oil polluted soil was remediated for 8 weeks by three different 

nutrients, and then used to plant maize (Farz 26) with a growth period of 14 weeks, with an irrigation depth of 

4mm/day. Remediation consisted of the application of 16.667, 22.222, and 27.778 t/ha of NPK (15:15:15) 

fertilizer, spent mushroom substrate (SMS), and pig slurry (PS) to the polluted soil, laid out in randomized 

complete block design, with three replications, including a control that was neither polluted nor treated. 

Physico-chemical and microbial properties of the soil before and during remediation, and growth parameters of 

the maize were determined. Results indicated that 8 weeks after remediation, 27.778 t/ha of NPK, PS, and SMS 

reduced total hydrocarbon content (THC) by 87.3, 91.2, and 88.6% respectively. For maize, 14 weeks after 

planting resulted in a yield of 1.11, 1.20, and 1.17 t/ha  from the soil remediated by 27.778 t/ha of NPK, PS, and 

SMS respectively, while the control yielded 2.58 t/ha. The difference in yields between the control and the 

remediated soils was significant at 5% level. The result indicated a 53.5% reduction in yield mainly due to the 

non-restoration of the soil to its original status.  
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I. INTRODUCTION 

The Niger Delta region of Nigeria produces more than 98% of Nigeria’s crude-oil [1]. Commercial 

exploration, which started in 1958 [2], has continuously led to increasing soil infertility due to oil spillage 

arising mainly from lack of pipeline maintenance by oil prospecting companies, and/or sabotage by host 

communities due to perceived injustice and unequal distribution of the oil wealth. Crude – oil contaminated soil 

may remain unsuitable for plant growth for months or years, depending on the degree of contamination [3]. As 

oil spills on the soil, it penetrates easily to the depth of 10-20cm, a depth range usually considered vital for 

agricultural activities. Rainfall and ground water fluctuations provide the opportunity for migration of the crude 

oil from the polluted site, causing extensive threat to the surrounding ground which, in turn, threatens human 

health and those of the organisms that are dependent on the soil [4]. Furthermore, some of the pollutants remain 

trapped in the pore spaces of the soil, forming films between the soil grains thereby reducing the rate of 

infiltration [5; 6]. Changes in soil properties due to contamination with petroleum -derived  substances can also 

lead to water and oxygen deficits as well as shortages of available forms of nitrogen and phosphorus [7]. All of 

these are detrimental to crop production. 

              The search for cheaper and environmentally friendly options of enhancing petroleum hydrocarbon 

degradation has continued to elicit research interest [8]. Thus, bioremediation, which involves the use of micro-

organisms via addition of fertilizers to improve their numbers or the direct addition of micro-organisms, has 

been studied as a means of remediating the harmful effect of crude-oil pollution [9]. The involvement of micro-

organisms in the degradation of petroleum and its products has been established as an efficient, economic, 

versatile and environmentally sound treatment [10]. Addition of organic materials such as poultry and green 

manure singly or in combination to improve the chemical properties of the oil-polluted soil will enhance the 

solubility and removal of the contaminants, thus improving biodegradation rates [11]. Maize is an important 

food crop grown in the Niger Delta region of Nigeria. Its production is, however, limited by farmers’ total 

dependence on rain-fed agriculture. The crop is therefore grown only during the rainy season. Maize is quite 

sensitive to water stress, and shows different responses to water deficiency in different developmental stages 

[12]. The objective of this research, therefore, is to remediate a crude oil polluted soil, using three different 
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nutrients during the dry season, with a view to ascertaining the performance of irrigated maize on the soil 

remediated by each of the three nutrients. 

 

II. MATERIALS AND METHODS 
2.1   Description of the study area  

The study was conducted at the Teaching and Research Farm of the Rivers State University, Port 

Harcourt, Nigeria, during the dry season between November, 2015 and April, 2016. Port Harcourt is situated in 

the Niger Delta region of Nigeria. It has a tropical humid climate with distinct wet and dry seasons. It is 

characterized by high humidity (80%) and moderately high temperature between 25 and 30
0
C. The area is also 

characterized by heavy rainfall, with total annual rainfall ranging from 2000 to 2500mm, occurring mostly in the 

months of June through September. Geographically, Port Harcourt is found in latitude 04
0
 47’30” N and 

longitude 06
0
 59’ 30” E [12]. 

 

2.2   Experimental Design and Treatment Applications  

A soil surface, 4.7 x 2.7m on the field was divided into three plots, each 0.9 x 2.7m, with an alley of 

1m between plots. Each plot was further subdivided into ten smaller units or cells of size 0.3 x 0.3m, with a 

spacing of 0.3m between cells. Shallow drains were constructed in the spacing between cells and between plots 

with a view to preventing treatment from one cell or plot flowing into the other, either by surface runoff or 

interflow.  

              

 The nutrient used for bioremediation were NPK (15:15:15) fertilizer, spent mushroom substrate 

(SMS), and pig slurry (PS). The treatments consisted of 150g (16.667t/ha) of NPK, SMS, and PS; 200g (22.222 

t/ha) of NPK, SM, and PS; 250g (27.778 t/ha) of NPK, SMS and PS. There was also a control that represented 

the natural condition of the soil and so had no treatment. The treatment combinations were laid out in a 

randomized complete block design, with all treatments appearing in each plot, replicated thrice. There were 

therefore ten treatments in each plot, giving a total of thirty experimental cells. Since the period of investigation 

was the dry season (November to April), irrigation water, at a rate of  0.002 m
3
/s and at an interval of 4 days,, 

was applied uniformly to each plot, using watering can with roses similar to overhead irrigation method.  0.4 

litres of crude-oil (Bonny light) from Shell Petroleum Development Company, Port Harcourt, Nigeria, was 

sprinkled upon each cell, except the control. The cells were left undisturbed for a week for proper infiltration of 

the crude-oil, after which the treatments were applied. All the cells were then tilled with hand trowel and 

homogenized twice a week. This was done with a view to ensuring proper aeration and mixing of nutrient and 

microbe with the contaminated soil.  

 

 2.3 Planting 

              After eight weeks of remediation, three seeds of maize (farz 27) were planted in the centre of each cell, 

but later thinned to two plants after germination. The seeds were obtained from the Agricultural Development 

Programme (ADP), Port Harcourt, Nigeria. 

  

2.4Soil Sample Collection And Analysis  

Composite soil samples, between 0-30cm were collected from the cells using soil auger, from different 

periods i.e. before contamination with crude-oil, one week after contamination, four weeks after remediation (4 

WAR), and eight week after remediation (8 WAR). These samples were placed in labeled polythene bags and 

taken to the laboratory for physico-chemical and microbial analysis. The parameters analysed were pH, 

electrical conductivity (EC), total hydrocarbon content (THC), and total nitrogen (TN). Others were available 

phosphorus (P), available potassium (K), and hydrocarbon utilizing bacterial (HUB). pH was determined with 

Hanna pH meter H 122110, while EC was measured with Hanna EC 214 conductivity meter K 015572. The 

other parameters were determined by adopting the procedures outlined by [13,14,15, 16]. 

The analysis of variance (ANOVA) was used to compare the variability in yield due to the application 

of the different levels of nutrients. This is due to the fact that yield data were the main index used to evaluate the 

extent of biodegradation by the nutrients.  

 

II. RESULTS ADD DISCUSSION 
Table 1 presents the chemical and microbial properties of PS and SMS. Thus, all the substrates used, 

including  NPK (15:15:15) fertilizer, contain N and P which are known as the most important nutrients needed 

by hydrocarbon – utilizing bacteria to carry out effective and efficient biodegradative activities of xenobiotics in 

the soil environment [17]. 
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Table 1: Chemical and microbial properties of pig slurry (PS) and spent mushroom substrate (SMS) 
Parameters PS SMS 

pH 7.20 6.80 

Moisture content(%) 19.10 17.50 

Electrical conductivity(μs/cm) 26.70 24.28 

Organic matter (%) 48.50 54.20 

Organic carbon (%) 27.70 32.03 

Total nitrogen (%) 2.50 1.24 

Available phosphorus(%) 0.83 0.15 

Available calcium(%) 0.20 0.10 

Available magnesium (%) 0.60 0.06 

Available potassium (%) 1.50 0.14 

THB (cfu/g)x106 0.20 0.27 

HUB(cfu/g)x 103 1.00 0.46 

 

 Table 2 shows that the pH of the soil increased by a maximum of 10.7% one week after contamination 

with crude-oil. However, this increase was not sufficient to alter the acidic nature of the soil. 

 

Table 2.Physico-Chemical And Microbial Properties Of The Soil ( 0 – 30cm Depth) Before,  

And One   Week After Crude-Oil Contamination 
Parameters Before Contamination with crude-oil, one week 

after (but without treatment) 

  Cells for 

  NPK PS SMS 

pH 5.31 5.87 5.87 5.88 

Electrical conductivity(μs/cm) 30.86 68.53 67.94 68.55 

Moisture content (%) 20.10 15.3 16.00 15.86 

Total organic carbon (%) 0.24 0.4 0.39 0.40 

Total nitrogen(%) 0.22 0.16 0.16 0.15 

Total hydrocarbon content (mg/kg) 83.51 12568.42 12580.17 12545.88 

Available phosphorus(%) 0.16 0.17 0.20 0.20 

Available potassium (%) 0.12 0.08 0.08 0.08 

HUB(cfu/g) x 104 3.07 25.73 25.66 25.71 

 

Although the contamination was a one-off exercise, the result is in consonance with some other 

research findings that indicated increase in pH as the level of contamination increased [18; 19; 20]. It has 

however been observed that after two weeks of pollution by different levels of crude-oil, the soil pH decreased 

[21]. This is contrary to the assertion that crude-oil contamination could potentially alkalinize marsh soil, thus 

adversely affecting soil fertility and physical properties, resulting in the deterioration of the marshes[18]. It has 

also been observed that the optimum pH value for the growth of many plants is between 6.5 and 7.5[22].  

 

Table 2 further indicates an increase in electrical conductivity (EC) of the soil, one week after 

contaminating with crude-oil. EC is a measure of ionic concentration in soils and is therefore related to 

dissolved solutions [22]. Dissolved salts in water exert osmotic forces on the water. Since EC value and salt 

concentration are linearly related, and, osmotic forces increase linearly with salt concentration, it implies that a 

linear relationship also exists between the osmotic forces in the soil solution and its EC value [22]. In addition to 

osmotic forces, there are matric forces which also hold water in the soil. Thus, these forces must be overcome 

for plants to remove water from the soil. A high EC value, resulting from the crude-oil contamination, is 

therefore an indication that less water will be available for plant use. Total organic carbon (TOC) increased 

slightly in the soil one week after pollution with crude-oil, as shown in Table 2. This same observation has also 

been made [21; 24]. The increase was attributed to microbial mineralization of the crude oil. The increase has 

also been attributed not only to the high amount of carbon in the oil but also to the slow decomposition rate of 

the amendment by soil organisms, as contamination of the soil with crude-oil might have resulted in poor soil 

aeration [25]. Total nitrogen (TN) decreased in the soil one week after crude-oil pollution. Some other 

researchers have made similar observation [1; 20; 26]. Bacterial population was utilizing the available nitrogen 

for hydrocarbon degradation.  

 

Table 2 also shows that there was an astronomical increase in THC of the soil one week after 

contamination with crude-oil. The chemical composition of crude-oil is predominantly a complex mixture of 

both low and high molecular weight hydrocarbons. Thus, a soil polluted with crude oil would, naturally, have an 

over enrichment of total hydrocarbon, depending, of course, on the amount of crude-oil pollutant. The increase 

in THC is in conformity with the findings of other researchers [1; 26]. The increase in hydrocarbon utilizing 

bacteria (HUB) is also attributed to the addition of crude-oil.  
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Table 3 indicates that apart from the control, all the treatments after eight weeks of remediation 

increased the pH of the soil when compared to the first week after contamination (Table 2) 

. Table 3.    Physico-chemical and microbial properties of  the soil 4 and 8 weeks after remediation.  

Nutrient 

variety 
Nutrient 

Amount  

(t/ha) 

Parameters 

  pH EC 

(μs/cm) 

THC (mg/kg) TOC 

(%) 

TN (%) Avail. P 

(%) 

Avail. K 

(%) 

HUB (cfu/g) 

x 104 

WAR WAR WAR WAR WAR WAR WAR WAR 

4 8 4 8 4 8 4 8 4 8 4 8 4 8 4 8 

Control  

 

16.667 

5.28 5.58 37.10 34.00 83.53 83.58 0.23 0.24 0.11 0.16 0.11 0.09 0.08 0.08 3.09 3.08 

NPK 5.57 6.00 83.72 82.51 2973.94 2722.34 0.28 0.26 0.09 0.07 0.10 0.09 0.06 0.04 120.50 74.62 

PS 5.61 6.31 72.58 73.13 2290.94 1581.26 0.34 0.30 0.06 0.06 0.14 0.12 0.06 0.06 198.52 136.37 

SMS 5.65 6.07 72.46 72.41 2505.36 2101.77 0.31 0.28 0.05 0.04 0.12 0.11 0.05 0.04 163.54 105.49 

 Control  

 

22.222 

5.28 5.6 38.24 32.78 83.53 83.55 0.24 0.24 0.11 0.11 0.10 0.11 0.07 0.06 3.08 3.10 

NPK 5.68 6.06 83.80 84.31 2708.16 1940.17 0.31 0.28 0.12 0.14 0.09 0.07 0.06 0.05 186.15 95.03 

PS 5.71 6.29 73.78 74.06 2213.8 1285.9 0.36 0.26 0.10 0.13 0.10 0.07 0.05 0.06 279.83 144.91 

SMS 5.76 6.07 73.55 73.82 2497.41 1591.61 0.32 0.28 0.10 0.11 0.10 0.08 0.06 0.04 201.56 133.72 

 Control  

 

27.778 

5.30 5.57 38.24 35.21 83.51 83.55 0.24 0.24 0.17 0.11 0.11 0.10 0.07 0.07 3.08 3.08 

NPK 5.68 6.03 88.24 88.64 2495.53 1600.36 0.25 0.23 0.13 0.16 0.10 0.06 0.05 0.04 198.26 100.37 

PS 5.63 6.20 74.48 78.31 2089.35 1109.81 0.24 0.23 0.14 0.16 0.08 0.05 0.04 0.04 333.56 173.68 

SMS 5.66 6.15 74.01 76.56 2332.93 1426.53 0.25 0.22 0.13 0.15 0.09 0.07 0.04 0.05 291.33 157.66 

 

         WAR=Weeks after remediation 

 

A similar trend has been observed with the assertion that the increase in pH may favour degradation by 

microorganisms [21; 27]. The polluted soil remediated with 22.222 t/ha of PS produced the highest pH during 

the remediation period. It has however been observed that the pH decreased after six weeks of remediation [1]. 

There was also a general increase in EC by all the treatments up to eight weeks after remediation. A related 

study however indicated a general decline in EC between 15 and 60 days of remediation [28]. Increase in EC 

during remediation has been attributed to the soluble salt-content in the soil arising from the introduction of 

inorganic fertilizer [1;13]. Table 3 further indicates that the highest EC level resulted from the remediation by 

27.778 t/ha of NPK, while the highest reduction in THC after eight weeks of remediation was brought about by 

27.778 t/ha of PS. Although at 27.778 t/ha of nutrient addition, the levels of THC reduction by NPK, PS and 

SMS were 87.3, 91.2, and 88.6% respectively, the difference was not significant at 5% level.  

At the end of the eighth week after remediation, application of 16.667 t/ha and 27.778 t/ha of NPK 

reduced TOC by 35 and 42.5% respectively when compared with the soil one week after pollution, while the 

same quantities of PS reduced TOC by 23.1 and 41% respectively. For SMS, the same quantities reduced TOC 

by 30 and 45% respectively. Thus, there was a general reduction in TOC with increase in nutrient quantity. This 

trend has been associated to the fact that bacteria need a source of carbon for cell synthesis in the course of their 

metabolism during the degradation process and so utilized the organic carbon for their metabolism, leading to a 

decline in organic carbon [1]. Total nitrogen (TN) did not show a consistent trend. Application of 16.667 t/ha of 

nutrients reduced TN when compared with the control, eight weeks after remediation. This is due, in part, to the 

reduction in HUB during the same period. However, utilization of available N by bacterial population for 

hydrocarbon degradation will diminish available N with time [29]. 

 Application of 16.667
 
t/ha  of  NPK reduced available P by 47.1% while 27.778 t/ha  reduced the level 

by 64.7%. For PS, there was also a general reduction of available P with increased quantity of PS. A similar 

trend was observed for SMS. Although the pollution of the soil with crude- oil was a one-off exercise in this 

study, some other researchers have reported decreased levels of available P with increase in levels of crude-oil 

pollution [24; 30; 31]. HUB increased as remediation progressed, with the highest increase occurring four weeks 

after remediation, and with PS amended soil producing the largest (333.58 cfu/g x10
4
). As the treatments were 

applied only once at the beginning of the remediation period, less HUB would be available after a certain 
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interval as the nutrients are depleted. It has been posited that with increasing time and availability of less 

nutrients, bacteria growth and oil degradation would decrease [17;32;33]. 

The growth and yield performance of maize are presented in Table 4. The table shows that one week 

after planting (1 WAP), the control which was unpolluted and irrigated but without the addition of nutrients 

recorded the highest germination rate (90.29%), while the highest germination rate from the pollution but 

remediated soils came from SMS (68.82%) which was supplemented with nutrient amount of 27.778 t/ha.  

 

Table 4. Mean Growth And Yield Parameters Of Maize. 
Nutrient 

variety 

Nutrient 

amount 

(t/ha) 

Seedling 

emergence(%) 

Plant height(cm) Leaf area(cm2) Grain 

yield(t/ha) 

  1WAP 4WAP 14WAP 4WAP 14WAP  

Control  

 

16.667 

90.26 39.73 140.31 308.52 496.84 2.56 

NPK 41.71 21.28 66.43 107.74 116.51 0.98 

PS 46.05 21.84 68.38 109.38 132.36 1.10 

SMS 46.05 22.36 66.85 107.91 132.68 1.06 

Control  
 

22.222 

89.98 40.17 140.28 310.11 500.10 2.58 

NPK 63.14 21.64 67.91 111.63 143.72 0.98 

PS 67.51 23.85 70.14 114.37 151.81 1.15 

SMS 64.28 23.85 68.83 111.94 148.33 1.18 

Control  

 
27.778 

90.29 40.36 140.28 309.86 498.67 2.58 

NPK 68.30 28.38 83.65 113.51 210.31 1.11 

PS 68.04 30.13 97.32 118.16 280.72 1.20 

SMS 68.82 28.81 95.17 114.08 233.16 1.17 

                  WAP = Weeks after planting.  

 

This observation has been supported with the fact that crude-oil application delay and decrease the rate 

of germination [20]. For pant height, the control also produced the highest height (140.28cm) both at 4WAP and 

14WAP. However, the highest height from the polluted and remediated soils was obtained from 27.778 t/ha of 

PS (97.32cm), 14 WAP. The same trend was observed in lead area. The growth performance of maize on the 

soil remediation by PS may be attributable to the nutrient’s high content of N, P, and K. The highest grain yield 

of 2.58
 
t/ha was also obtained from the control, while the highest yield from the polluted but remediated soils 

was 1.20
 
t/ha from 27.778 t/ha of PS. This indicates about 53.5% reduction in grain yield between the unpolluted 

and polluted but remediated soils. The difference in yield between the control and polluted but remediated soils 

was significant at the 5% level, while there was no significant difference in yield between the remediated soils. 

This shows that although the polluted soils were remediated, albeit partially, crop performance was still 

negatively affected. 

 

III. CONCLUSION 
The three substrates, NPK, PS, and SMS used for the remediation of the crude-oil polluted soils 

reduced THC in the following order: PS > SMS > NPK. Thus, the performance of maize planted in the soil 

remediated by these nutrients generally followed the same order. On the whole, however, there was 53.5% 

reduction in maize yield between the unpolluted and untreated, and polluted but remediated soils mainly due to 

the non-restoration of the polluted soil back to its original status. 
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