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Abstract
Studies on soil fertility were carried out following an oil spill incidence caused by crude oil theft at Ahoada East in the Niger Delta region of Nigeria. The objective was to evaluate the state of soil fertility in the affected area which is crucial for developing effective remediation strategies to restore soil health and support sustainable agricultural practices in Ahoada. Soil samples were collected from both oil-impacted and non-impacted control sites, at two depths (0-15cm and 15-30cm), using a stainless-steel auger. Subsequently, laboratory analyses were conducted to evaluate pH, electrical conductivity, chloride, and concentrations of the selected micronutrients such as iron (Fe), manganese (Mn), zinc (Zn), and copper (Cu); and primary macronutrients such as nitrogen (N), phosphorus (P) and potassium (K). Other fertility indicators like Organic carbon and organic matter were also evaluated. Findings revealed a notable decrease in essential nutrients, particularly Cu, Zn, and Mn. The pH values for the contaminated soils varied between 5.3 and 6.65, while the electrical conductivity (EC) ranged from 9 to 48 µS/cm. These and other key indicators were higher in the control soils. However, total organic matter (TOM) ranged from 1.04-12.62% in the contaminated soils, while the control point ranged from 0.86-2.42%, indicating a decrease in TOM. These conditions generally imply low soil fertility, which in turn implies low agricultural productivity and reduced source of livelihood in the affected area. To restore the contaminated area and sustain agricultural productivity, there is need for immediate and efficient clean up exercise, beyond the sand filling observed at the site. The soil-pH should be adjusted to a range of 6.0 – 6.5 by the addition of calcitic lime, followed by the application of appropriate and sufficient inorganic N-P-K fertilizer to restore the carbon to nutrient ratios to the optimum level required to stimulate and sustain microbial activity.

Introduction
Soil ecosystem is the bastion of agricultural productivity, and its most important function is to accommodate and sustain plant life. To achieve this, the soil needs to be fertile.  However, pollution may give rise to alterations in soil fertility and impair productivity, and one of the common sources of soil pollution in the Niger Delta is oil spill (Ekundayo and Obuekwe, 2000). Oil spills have the potential to cause detrimental effects on the soil ecology. One of the most critical issues is the disruption of soil nutrient status, particularly the primary macronutrients such as nitrogen (N), phosphorus (P), and potassium (K), which are vital for plant growth and agricultural productivity (Smith and Johnson, 2022). In a study conducted for NEST/Ford Foundation in the Niger Delta, NDES (1999) reported that soil fertility loss and declining crop yield, among others, were of “high priority” because these were found to be indirect sources of pressure on natural resources and community structure, especially amongst the poor. The reality of these impacts where oil spill has already taken place, their anticipation in areas prone to experience spillage, and the inadequacy of clean-up measures have provoked concern over oil pollution in the oil producing communities of Niger Delta (Osuji and Nwoye, 2007).
Oil spills are caused by operational mishap, equipment failure or sabotage, whereby there is an intentional damage to facilities bearing crude oil. In recent times, these damages have occurred more often during attempts to steal the crude oil from oil facilities such as the oil pipeline or oil-well head. In the Niger Delta, such crude oil thefts have continued unabated, despite the strategic collaboration of security agencies and host communities to mitigate it. According to the National Oil Spill Detection and Response Agency (NOSDRA), oil theft cases represent 84 per cent of the primary causes of oil spill, with the first half of 2024 witnessing the highest rate (NOSDRA, 2025). NOSDRA also reported that between 2021 and 2024, a total of 2,654 incidents were recorded. The challenges of crude oil theft and its impact on terrestrial and aquatic eecosystems are enormous (Collins and Wali, 2020).
The Niger Delta is generally known for its rich biodiversity, supporting various species of plants, animals, and aquatic life. Soil fertility and agricultural suitability have underpinned the livelihoods of local communities, especially in the upland area of the region. However, environmental integrity has been severely compromised due to persistent oil spills, gas flaring, and other industrial operations (Otaiku, 2019; Ugochukwu and Nwankwo, 2022; Osagie et al., 2022). In Ahoada, where agriculture has traditionally been a mainstay of local livelihoods, the contamination of soil by oil spills will obviously have implication for agricultural yield and food security (Chikere et al., 2023). The presence of hydrocarbons in the soil may lead to stunted plant growth, loss of biodiversity, and diminished agricultural yields (Osuji et al., 2010).
When oil spills, it alters the microbial community of the soil which is a key player in the biogeochemical cycle (Falih et al., 2024). The soil contains the flora (e.g., bacteria) and the fauna (e.g., earthworms), otherwise known as soil biota, which aid the mineralization process. Petroleum contamination alters the metabolic activities of these organisms (Obafemi et al., 2018; Wood et al., 2017; Tao et al., 2019; Baoune et al., 2018). The release of crude oil into the environment introduces toxic compounds, such as polycyclic aromatic hydrocarbons (PAHs), heavy metals, and volatile organic compounds, which can persist in soils long after the initial spill event (Haritash and). In response to toxicity and degradation. petroleum contamination alters the structure of the microbial community structure (Mafiana et al., 2021; Ameen et al., 2022; Polyak et al., 2023). Oil penetration into the soil matrix leads to the formation of hydrophobic layers, exacerbating issues related to water retention and affecting the availability of nutrients to plants (Roberts et al., 2024). PAHs from the oil may be absorbed by soil particles due to their high hydrophobicity; thus, they replace water molecules and reduce oxygen and water infiltration in the petroleum-polluted soil (Sakshi and Haritash 2019). The contamination alters the availability of these nutrients, thereby influencing the agricultural potential and ecological balance of the area (Ikem et al., 2023). 
Soils contaminated with persistent organic pollutants (POPs) associated with petroleum, such as PAHs, present high potential health risks because of their ability to enter the food chain and their affinity for accumulation in living organisms (Honda and Suzuki 2020; Daâssi et al., 2022). PAHs exhibit persistence in soils (sam et al., 2023); their solubility and biodegradability decrease as their molecular weight and the number of benzene structures increase, making them more toxic (Meador 2008). According to Terytze et al. (1995), PAHs are characterized by a strong sorption affinity to soil organic matter. Further, soil geotechnical characteristics may be affected by hydrocarbon contamination, such as permeability, hydraulic conductivity, and compaction, as well as the biological properties (biomass and enzymes) of the soil matrix (Zahermand et al. 2020; Daâssi et al., 2022). Understanding the changes in the fertility indicators is crucial for developing effective remediation strategies to restore soil health and support sustainable agricultural practices in Ahoada.

2.0 Materials and Methods
2.1 Geo-characteristic Description of Study Site
The study site at Ahoada (Plate 1) is located in Rivers State, Nigeria, within the oil-rich Niger Delta region. Known for its lush vegetation and tropical rainforest climate, Ahoada is an area of high agricultural potential, yet it faces environmental challenges due to oil exploration and associated pollution. This region, with latitude 5.0833° N and longitude 6.6500° E, is characterized by warm temperatures, high humidity, and seasonal rainfall, which together support diverse ecosystems but also influence how oil contamination impacts soil and water resources. It also lies within a humid, tropical zone with two primary seasons: a rainy season (typically March to October) and a dry season (November to February). The region’s annual rainfall averages between 2,000 to 2,500 mm, which contributes to the area’s dense vegetation and fertile soils, particularly loamy and clay soils that support a wide range of crops. However, these rainfall patterns also mean that oil spills tend to spread through soil and water systems more rapidly, exacerbating the environmental impacts.
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Plate 1. A section of the study site showing the area the spill was induced as a result of the alleged crude oil-theft 
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Plate 2. A section of the oil-spill-impacted site at Ahoada in Rivers State, Nigeria 

Figure 1 contains the location map of the oil-theft-induced spill siter at  Olaikata-Edoha in Ahoada-East Local Government Area of Rivers State, in the Niger Delta region of Nigeria, where soil samples were collected for this study. 
[image: ]Fig. 1: Map of study area showing the location of the oil-spill-impacted site at Olaikata-Edoha in Ahoada-East Local Government Area of Rivers State, Nigeria.

2.2 Sampling and Soil Collection
The contaminated soil samples were taken from a recently crude oil polluted site in Olaikata-Edoha in Ahoada-East Local Government Area of Rivers State, Nigeria. The sampling area was 200 by 200 square meters. The sampling area was subdivided into twenty (20) grid plots. Each of the grid plots was further segmented into three staggered quadrats consisting of three sampling points for topsoil and subsoil respectively.  Soil samples were taken from each point at 0-15cm from the surface and 15-30cm from the subsurface. Sampling proper was taken from eight (8) of the twenty grid plots, each plot having replicates of three (3) top and subsoils respectively, that is each plot is made up of three points, each point has top and subsoil, this would give a total of six (6) sampling points per plot. All the sampled plots were not analysed but representative samples were taken from the following sampling points 4, 8, 10, 12, 14, 16, 18, and 20.  Samples were collected accordingly thus, six (6) each from plots four and eight respectively, while two (2) samples were collected from 10, 12, 14, 16, 18, and 20, two samples (top and subsoils) each were also collected from two control points. A total of twenty-four (24) contaminated samples were analysed alongside four (4) samples from control site.  A manually operated Soil sampling auger was used for the soil sample collection, the soil samples were collected after the surface of each sampling points was cleared of non-soil materials. The collected samples, after collection with the manually operated auger were wrapped with Aluminium foil, put in a water-resistant polythene bag, and transferred to the storage container for onward transportation to the laboratory where the analysis was conducted. 
The control samples were equally collected from about 50m away from the contaminated portion of the sampling site.

2.3 Laboratory Analysis
2.3.1 Soil-pH, Temperature, Electrical Conductivity, and Salinity
A preselected, air-dried, and sieved soil samples were weighed, about 10g, put into a beaker, and dissolved in 20ml of distilled water, stirred with a glass rod, and allowed to stand for about 30 minutes; thereafter, a Hach Sension multi-meter instrument for temperature, pH, conductivity, and salinity was inserted into the beaker and the readings for the various parameters were taken (Wang 2013).
2.3.2 Moisture Content Determination
Approximately 5 grams of the contaminate wet soil was weighed in a clean beaker washed with DCM to remove any hydrocarbon, and water to remove any water- soluble component from the beaker. The beaker was weighed empty and weighed with the contaminated soil sample. The beaker with soil sample was transferred into an oven set at 105oC. The soil sample in the beaker was dried to a constant weight for about six (6) hours. The beaker containing the soil sample was removed from the oven and transferred to a desiccator where the heated and dried contaminated soil sample was cooled to ambient temperature in the absence of ambient moisture.  After the cooling, the cooled soil sample and the beaker were weighed, this process was repeated until a constant beaker plus dried contaminated soil weight was achieved. The difference in the weight of the contaminated wet soil sample and the dried contaminated soil sample was determined and converted to percentage, this represents the moisture content of the contaminated soil sample (Dobriyal, et al., 2012).
2.3.3 Heavy Metals 
A portion of the preselected air-dried soil sample was weighed after which it was ground and digested with a combination of hydrochloric and nitric acids (HCl and HNO3) so that the expected analyte was released from the soil matrix. The heavy metals were analysed using already calibrated Atomic Absorption Spectrophotometer (AAS).
2.3.4 Total Organic Carbon (TOC) and Total Organic Matter (TOM) 
TOC is the carbon stored in soil organic matter which is derived from the decomposition of plant and animal residues. 5grams of the contaminated soil sample was weighed after removal of some debris. This weighted soil sample was transferred into Pyrex conical flask. 5mls of Potassium Chromate solution was added to 7.5ml of concentrated Sulphuric Acid and added to the weighed contaminated soil sample. The solution was heated for about fifteen (15) minutes to reflux. After the heating the solution was cooled to ambient condition of temperature after which it was diluted to 100mls using distilled water. 0.2M Ferrous Ammonium Sulphate was titrated against the Potassium Chromate solution and concentrated Sulphuric Acid, Ferroin indicator was used.  To determine the TOC of the contaminated soil sample, a blank was ran using equivalent quantity of Potassium Chromate titrating it against equivalent quantity of Sulphuric acid as was used for the soil sample, except that the blank does not contain the contaminated soil sample. The titre value was recorded and the TOC percentage was calculated using the formula; Titre value of the blank – Titre value of the sample x 0.003 x 100 divided by sample weight.   The TOM content of soil was obtained from the TOC values; the TOM  is about twice TOC value  hence a reference factor of 1.724 is usually used as a factor to multiply the value of the TOC, and this automatically gives the TOM in the contaminated soil.  Empirically, TOC is about 58% of TOM (Oguzie, et al., 2024). 
2.3.5 Potassium (K)
For Kjeldahl analysis, 10g of soil, 50ml.  of water, 40ml.  of Sulphuric acid and 1.0 g  of Copper Sulphate or 0.2 g. of Selenium was used as catalyst. This digestion involveK the conversion of orgonic Nitrogen to ammonium sulphate which was later neutralized using Sodium Hydroxide to liberate ammonia.
The Kjeldah digested contaminated soil sample was made up to using 50ml distilled water. The aspirator’s tubing system was flushed with distilled water to rid it of residual analyte. Standard Potassium ion concentration was aspirated into the Spectrophotometer’s burner chamber to calibrate the equipment after which a graph of standard ion concentration was plotted. A wavelength of 760mm was used for the calibration of the system, the prepared sample was aspirated into the Spectrophotometer and the concentration of Potassium in the contaminated soil sample was displayed (Amin, et al., 2004; Osuji and Onojake, 2005).
2.3.6 Total Organic Nitrogen (TON) 
TON was determined by converting organic nitrogen to ammonium sulphate after sample preparation and Kjeldahl digestion. Ammonium sulphate would be neutralized with sodium hydroxide. The neutralized sulphate was distilled and passed through boric acid to form ammonium borate which was titrated against Hydrochloric acid causing the release of ammonium; the ammonium released was converted to organic nitrogen and the amount of ammonium converted to organic nitrogen was used to determine organic nitrogen in the soil (Amin, et al., 2004).

2.4 Results and Discussion
The overall trend of lower micronutrient levels, particularly copper (Cu), zinc (Zn), and manganese (Mn), in oil-contaminated plots indicates significant nutrient depletion likely caused by the presence of hydrocarbons in the soil. Essential nutrients critical for plant growth and maintaining soil fertility appear to be less available in these contaminated areas (cf: Tables 1 and 2) . This reduction not only limits the productivity of the soil for agricultural purposes but can also affect the resilience and health of the local ecosystem.
The observed decline in key nutrients and alterations in soil pH and conductivity in contaminated soils signal a compromised soil health profile, with potential implications for crop yield and environmental stability. Lower pH values in contaminated plots suggest increased soil acidity, which can reduce nutrient availability for plants. Additionally, decreased conductivity in these soils may indicate fewer dissolved ions essential for microbial and plant functions. Both of these changes could further disrupt nutrient dynamics, leading to reduced agricultural productivity and challenges in restoring soil fertility (Osuji et al., 2005).
Oil contamination also appears to have caused an imbalance in nutrient availability and the accumulation of heavy metals like lead (Pb) and iron (Fe). While lead is a non-essential, potentially toxic element, high levels of iron may interfere with the absorption of other nutrients, compounding the adverse effects on plant health and growth. Such contamination not only limits crop productivity but could also pose risks to human and animal health through the food chain.
These findings underscore the urgent need for targeted soil management strategies and remediation efforts in Ahoada. Restoring the nutrient balance, adjusting pH, and removing or stabilizing heavy metals are essential steps to mitigate the adverse effects of oil spillage, thus supporting sustainable agriculture and environmental health in the region.

1. pH
The pH values for the control and contaminated sites vary between 5.3 and 6.65. The control plot has a pH of 5.59, indicating slightly acidic conditions. Contaminated plots show slightly lower pH values, except for Plot 7 PT1 TS, which records a pH of 6.65.
The variation in pH could be due to the presence of hydrocarbons, which can influence soil acidity. A lower pH can reduce nutrient availability, particularly essential micronutrients, and may adversely affect plant growth and microbial activity.
2. Electrical Conductivity
Conductivity levels were significantly higher in the control plot (105 µS/cm) compared to contaminated plots, where values ranged from 9 to 48 µS/cm. High conductivity is often associated with increased salt levels, which could influence nutrient availability. Lower conductivity in contaminated plots may indicate changes in soil composition due to oil contamination, which could inhibit the presence of salts and other soluble ions, thus affecting nutrient uptake by plants.
3. Chloride (Cl-)
Chloride concentrations are considerably lower in contaminated plots (2-10 mg/kg) than in the control plot (34 mg/kg).  Reduced chloride levels in contaminated soils could be indicative of alterations in soil ionic balance due to oil contamination. This imbalance might affect plant water uptake and soil structure, potentially reducing soil fertility.
4. Copper (Cu)
Copper levels in the control plot are 6.56 mg/kg, significantly higher than in contaminated plots (ranging from 0.98 to 1.65 mg/kg). Copper is essential for plant enzyme systems and reproductive processes. Lower copper concentrations in contaminated plots suggest nutrient depletion, likely a result of oil-induced alterations in soil chemistry, which can hinder crop growth and reduce agricultural productivity.
5. Zinc (Zn)
Zinc levels were also highest in the control plot (25.85 mg/kg) and much lower in the contaminated plots, ranging between 5.47 and 8.41 mg/kg. Zinc is vital for protein synthesis and growth regulation in plants. Its reduced levels in oil-contaminated soils indicate a decrease in soil fertility and potential challenges in achieving optimal plant growth in these areas.
6. Iron (Fe)
Iron concentrations varied widely, with the highest level in Plot 9 PT1 SS (3,909.68 mg/kg) and the lowest in Plot 7 PT1 TS (933.27 mg/kg). The control plot showed a relatively high iron content of 3,040.42 mg/kg. Iron is critical for chlorophyll synthesis and overall plant vitality. The variable iron levels across contaminated plots may reflect inconsistent effects of oil spillage on soil iron content. Increased iron concentrations in certain contaminated plots could be due to local soil conditions or mineral content, while decreased levels may result from oil-induced chemical changes that limit iron availability.
7. Lead (Pb)
Lead levels are slightly elevated in contaminated soils, with the control plot at 6.34 mg/kg and contaminated plots ranging from 4.44 to 7.26 mg/kg. Lead is a toxic metal with no beneficial role in plants. Its presence in elevated amounts in contaminated plots suggests oil contamination may increase the bioavailability of heavy metals, posing potential risks to plant health and, consequently, to human health through the food chain.
8. Manganese (Mn)
Manganese concentrations are significantly higher in the control plot (121.08 mg/kg) than in the contaminated plots, which have values between 3.53 and 5.33 mg/kg. Manganese is essential for photosynthesis and nitrogen metabolism. The reduced manganese levels in contaminated soils highlight a nutrient imbalance that may limit plant growth and soil fertility.
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[bookmark: _heading=h.5hfgpztifn8x]Table 1.  Physicochemical properties and micronutrients of spill-impacted soils

	S/N
	Parameters
	Control Plot 5 PT1 TS
	Plot 5 PT1 SS
	Plot 7 PT1 TS
	Plot 7 PT1 SS
	Plot 9 PT1 TS
	Plot PT1 SS

	1
	pH
	5.59
	5.43
	5.65
	6.65
	5.8
	5.3

	2
	Conductivity (µs/cm)
	105
	11
	9
	14
	48
	25

	3
	Chloride, Cl- (mg/kg)
	34
	2
	2
	3
	10
	8

	4
	Copper, Cu (mg/kg)
	6.56
	1.18
	0.98
	1.65
	1.45
	1.4

	5
	Zinc, Zn (mg/kg)
	25.85
	6.95
	5.91
	5.47
	6.84
	8.41

	6
	Iron, Fe (mg/kg)
	3,040.42
	1,556.58
	933.27
	1,857.61
	2,028.02
	3,909.68

	7
	Lead, Pb (mg/Kg)
	6.34
	5.51
	4.44
	5.18
	5.89
	7.26

	 8
	Manganese, Mn (mg/kg)
	121.08
	5.33
	3.77
	3.53
	5.12
	4.26





9. Total Organic Matter (TOM)
The TOM of the sampled points was generally low, but with the highest value of 12.62%. The average of the TOM for the contaminated points was 3.90% and that of the control point was 1.69%. The OM ranged from 1.04-12.62% in the contaminated soils, while the control point ranged from 0.86-2.42%, which was quite lower than the value range of the contaminated soil. These agree with what was reported by Oguzie et al. (2024) who reported their study that the TOM of the contaminated soil was 1.15+/-0.03% while that of their reference point was 0.69+/-0.01%, Osuji and Adesiyan (2005) also reported in their investigation of the effect of crude oil contamination on soil physicochemical parameters that the TOM content was enhanced because of TOC enhancement. The TOM obtained in this study was also in agreement with the findings of Osuji, et al., (2005) who reported an increase in the TOM content of the crude oil contaminated soil but opined that the increase was not significant in concentration, which they reported to be supposedly due to natural rehabilitation of the affected soils layer.
The pH values indicate that most plots are slightly acidic to near-neutral. Soil pH affects the availability of nutrients; in acidic soils (pH < 6), phosphorus may become more available, while others, such as calcium and magnesium, may become less accessible. The control sample (pH 5.59) and Plot 7 PT1 TS (pH 6.65) are close to the ideal range for many crops (pH 6–7), which maximizes nutrient availability. Acidic soils, like those with pH around 5.3, might require liming to raise the pH, particularly if crops are sensitive to acidity.
Electrical conductivity (EC) measures ion concentration in the soil solution, indicating salinity or soluble nutrient levels. The control sample has the highest EC (105 µS/cm), which suggests higher ionic content, possibly due to nutrient or salt presence. Low EC levels, as seen in most plots (around 9–48 µS/cm), imply fewer soluble salts or nutrients, which might benefit crops that are salt-sensitive. However, if low EC correlates with low nutrient levels, certain plots might need fertilization to boost productivity.
The highest TON is in Plot 7 PT1 TS (0.270%), suggesting it has the most organic matter, potentially supporting richer plant growth. Lower levels, like 0.111% in Plot 7 PT1 SS, may indicate reduced organic material, leading to limited nitrogen availability.
Phosphorus is essential for root development, flowering, and energy transfer within plants. Values here are uniformly low (below 0.17 mg/kg), with the highest in the control. The low levels indicate a potential deficiency, which could limit plant growth and yield. Fertilization strategies should include phosphorus sources to correct this deficiency.
 Sulfate is important for protein synthesis in plants. Sulfate levels are quite low, especially in Plot 5 PT1 TS and Plot 5 PT1 SS, which show no detectable sulfate with the control sample containing the highest concentration (4 mg/kg). Low sulfur may limit protein formation and overall plant health, especially for sulfur-demanding crops like cabbage. 
Potassium which plays a vital role in plant stress tolerance, water regulation, and disease resistance. Plot PT1 SS has the highest potassium level (63.10 mg/kg), which is advantageous for potassium-loving crops like tomatoes and potatoes. Lower levels, such as 29.72 mg/kg in Plot 5 PT1 SS, might support basic growth but could require supplementation for optimal yield in potassium-demanding plants (Osuji and Nwoye, 2007). 
Calcium levels are highly variable. The control sample has significantly higher calcium (41.00 mg/kg) compared to other plots, which may contribe to better soil structure and nutrient uptake in this sample. Plots with low calcium, such as Plot 5 PT1 SS (0.42 mg/kg), may require calcium amendments for crops that need high calcium levels for growth.
 Magnesium is important for photosynthesis, and all plots show adequate levels. The control sample again has the highest magnesium (47.64 mg/kg), likely sufficient for most crops. Lower levels, as seen in Plot 5 PT1 SS (21.10 mg/kg), might still support plant health but could be monitored for magnesium-demanding crops (Osuji et al., 2005).
Table 2. Primary macronutient status of spill-impacted soils	
	S/N
	Parameters 
	control 
	Plot 5
PT1 TS
	Plot5
PT1 SS
	Plot 7
PT1 TS
	Plot 7
PT1 SS
	Plot 9
PT1 TS
	Plot 9
PT1 SS

	1
	pH
	5.59
	5.43
	5.65
	6.65
	5.80
	5.30
	5.25

	2
	Conductivity (ųs/cm)
	105
	11
	9
	14
	48
	25
	33

	3
	TON(%)
	0.145
	0.189
	0.142
	0.270
	0.111
	0.148
	0.175

	4
	Phosphorus, P(mg/kg)
	0.17
	0.10
	0.10
	0.13
	0.15
	0.14
	0.14

	5
	Sulphate  SO42-(mg/kg)
	4
	0
	0
	1
	2
	1
	1

	6
	Potassium,K (mg/kg)
	49.79
	35.58
	29.72
	51.75
	30.97
	51.59
	63.10

	7
	Calcium, Ca (mg/kg)
	41.00
	1.15
	0.42
	2.67
	2.80
	10.03
	6.48

	8
	Magnesium, Mg(mg/kg)
	47.64
	27.90
	21.10
	29.84
	21.62
	27.09
	28.30



Conclusion and Recommendations
Results of studies conducted at the oil spill site at Ahoada East in the Niger Delta, with a view to evaluating the impact of the spill on soil fertility indicators point to possibilities for restoration. Soil-pH, electrical conductivity, chloride, and concentrations of the selected micronutrients such as iron, manganese, zinc, and copper and macronutrients (Nitrogen, phosphorus and potassium) in the soil and other fertility indicators such as TOC and TOM evaluated were within restoration limits. Findings revealed a notable decrease in essential nutrients, particularly Cu, Zn, and Mn. The pH values for the contaminated sites vary between 5.3 and 6.65, while the electrical conductivity (EC) ranged from 9 to 48 µS/cm. These and other key indicators were higher in the control soils. However, the OM ranged from 1.04-12.62% in the contaminated soils, while the control point ranged from 0.86-2.42%. These conditions generally imply low soil fertility, which in turn implies low agricultural productivity and reduced source of livelihood in the affected area. Though primary macronutrients (N, P and K) in the study area were inherently low.
To restore the contaminated area and sustain agricultural productivity, there is need for immediate and efficient clean up exercise. Subsequently, the soil-pH should be adjusted to a range of 6.0 – 6.5 by the addition of calcitic lime, followed by the application of appropriate and sufficient inorganic NPK fertilizer to restore the carbon to nutrient ratios to the optimum required to stimulate and sustain microbial activity. Stimulation of the indigenous microbial growth by cultivating the soil to distribute the nutrients and lime and to aerate the treatment zone.  The effective development and implementation of the above recommended remediation strategies are crucial for the restoration of soil health and sustainable agricultural practices at the study site.
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