


AN APPRAISAL OF REMEDIATION PRACTICE ON AGRICULTURAL SOILS AND CROP CULTIVATION IN KDERE, OGONILAND

Abstract 
BACKGROUND AND OBJECTIVES: This study investigated the effectiveness of remediation practices on agricultural soils and crop cultivation in Ogoni, Rivers State, Nigeria, with emphasis on soil fertility and physicochemical suitability for agriculture. The aim was to comparatively evaluate essential mineral elements and key soil properties in remediated and non-remediated farmlands to determine whether remediation restored agronomic functionality beyond contaminant reduction. 
METHODS : Topsoil samples (0–15 cm) were collected from remediated and non-remediated sites in K-Dere community and analysed using standard laboratory procedures. Soil pH and electrical conductivity were measured using calibrated digital pH and conductivity meters, while moisture content was determined by oven drying at 105 °C. Particle size distribution was assessed using the hydrometer method, and porosity was derived from bulk density relationships. Total organic matter was analysed by the Walkley–Black wet oxidation method, and cation exchange capacity was determined through ammonium acetate extraction followed by titration. For mineral analysis, nitrogen was measured using the Kjeldahl digestion apparatus, available phosphorus was determined calorimetrically with a UV–visible spectrophotometer, potassium and calcium were analysed using a flame photometer, and magnesium, zinc, copper, and iron were quantified using atomic absorption spectrophotometry. Sulphate was measured turbidimetrically. 
FINDINGS:  Stable soil pH (6.23–6.21), declined electrical conductivity (98 - 60 µS/cm), and increased porosity (45 % - 49 %) within recommended limits were recorded. Increase in soil nitrogen (0.029 mg/kg <0.053 mg/kg), phosphorus (0.15 mg/kg - 0.90 mg/kg) and total organic matter (TOM:  0.579 % -1.064 %,) were observed between non-remediated and  remediated soils. Remediation practice declined  potassium levels (42.93 mg/kg - 9.74 mg/kg), magnesium (27.28 mg/kg - 16.03 mg/kg, and cation exchange capacity from 0.569 - 0.369 meq/100 g),  Zinc and copper also decreased but remained within acceptable ranges. 
CONCLUSION :  Remediation improved soil condition and restored several parameters to acceptable agronomic levels, but reductions in potassium, magnesium, and cation exchange capacity indicate potential nutrient limitations. Targeted nutrient supplementation, continued organic amendment, and regular soil monitoring are therefore recommended to sustain crop productivity on remediated Ogoni farmlands.
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1.0 Introduction
Agriculture remains central to livelihoods, food security, and economic stability across Africa, employing over 60% of the continent’s labour force and contributing significantly to rural income generation (FAO, 2023). However, agricultural productivity has increasingly been threatened by land degradation driven by industrialization, extractive activities, and environmental mismanagement. Recent assessments indicate that more than 45% of Africa’s arable land is affected by soil degradation, with hydrocarbon contamination and heavy metal accumulation emerging as major constraints in oil-producing regions (D’Odorico et al., 2017). Such degradation directly alters soil physicochemical properties, disrupts nutrient cycling, and reduces the capacity of soils to support sustainable crop cultivation.
In sub-Saharan Africa, Nigeria presents a particularly critical case. Although agriculture contributes approximately 24% to Nigeria’s Gross Domestic Product and supports over 70% of the rural population, its productivity has been uneven and regionally constrained (National Bureau of Statistics, 2023). In the Niger Delta, intensive petroleum exploration has resulted in widespread environmental degradation, primarily through crude oil spills, gas flaring, and improper disposal of petroleum wastes. These activities have significantly altered soil pH, reduced cation exchange capacity, impaired microbial activity, and introduced toxic substances into agricultural soils (Li et al., 2020; Wonodi & Ekpete 2021). The cumulative effect has been declining soil fertility and reduced crop yields, particularly for staple crops such as cassava, maize, and vegetables.
Ogoniland in Rivers State represents one of the most severely impacted agricultural environments in the Niger Delta. Decades of oil-related pollution have rendered extensive farmlands marginal or unsuitable for cultivation. Empirical studies conducted in Ogoni and surrounding communities report marked depletion of essential soil nutrients such as potassium, magnesium, zinc, and copper, alongside structural degradation characterised by reduced porosity and water-holding capacity (Amaechi et al., 2022). These changes compromise root development, nutrient uptake, and overall crop performance, thereby intensifying food insecurity and livelihood vulnerability among smallholder farmers.
In response to these challenges, soil remediation has become a central strategy for restoring oil-contaminated agricultural lands. Remediation practices, including bioremediation, chemical treatment, and organic amendment, are designed to reduce hydrocarbon concentrations while improving soil structure and nutrient dynamics. Several studies have reported improvements in soil organic matter, nitrogen availability, and microbial activity following remediation of oil-polluted soils in the Niger Delta (Brown et al., 2017). However, evidence remains inconsistent regarding the recovery of key physicochemical properties critical for agriculture, particularly cation exchange capacity and essential mineral balance. Post-remediation declines in potassium, magnesium, and micronutrients have been documented, raising concerns about the long-term agricultural suitability of remediated soils (Ejechi and Ozochi 2015).
Despite the implementation of large-scale restoration initiatives such as the Hydrocarbon Pollution Remediation Project (HYPREP), there remains a limited number of site-specific, empirical studies that evaluate remediation success from an agronomic perspective. Most assessments prioritize contaminant reduction without adequately examining essential soil minerals and physicochemical properties that directly influence crop cultivation. 
In view of the foregoing, the present study appraises remediation practices on agricultural soils in K-Dere community, Ogoni, Rivers State. By comparatively analysing essential minerals (N, P, K, Ca, Mg, Zn, Cu, Fe, and S) and physicochemical properties (soil texture, structure, porosity, moisture content, pH, organic matter content, and cation exchange capacity) in remediated and non-remediated soils. By focusing on variables central to soil health and crop cultivation, the study provides evidence-based insight into the effectiveness of remediation as a pathway for restoring agricultural productivity in oil-impacted regions of Nigeria particularly Ogoni land.
2.0      Materials and Methods
2.1	Study Area
The research was conducted in K‑Dere and Kpor communities in Gokana Local Government Area of the Ogoni region. Two sampling locations were selected: the remediated site at Latitude 4.663436°N, Longitude 7.283530°E, and the non-remediated control site at Latitude 4.659969°N, Longitude 7.270142°E. This region, situated approximately 20–25 km southeast of Port Harcourt, experiences a humid tropical climate with high annual rainfall and consistently high relative humidity, typical of southern Niger Delta agroecosystems (Tajudeen and Nyiayaana, 2024). These climatic conditions, together with the predominantly alluvial loamy soils, support diverse crop cultivation; however, prolonged petroleum pollution has degraded soil quality, affecting fertility and productivity.
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Figure 1: Map showing the sampling points from a remediated and non-remediated soils in K-Dere, Ogoniland.
2.2	Soil Sampling, Preservation, and Preparation
Topsoil (0–15 cm depth) was collected during the early hours of the day randomly about 50m apart to ensure sampling spread and representative composite of the studied farmland using a clean hand trowel to capture surface soil conditions relevant to crop growth and remediation effects. Samples were individually placed in clean, labeled nylon bags to prevent cross‑contamination during handling. Immediately after field collection, samples were refrigerated for 24 hours to preserve their physicochemical integrity prior to laboratory analysis, following established sample conservation protocols that minimize alteration of nutrient content and moisture retention as described by the United States Department of Agriculture Natural Resources Conservation Service (USDA NRCS, 2024).
In the laboratory, soil samples were air‑dried at ambient temperature to remove excess moisture, gently crushed, and sieved through a 2 mm mesh to ensure a uniform particle size distribution for subsequent analyses, consistent with standard soil analytical method in accordance with AOAC procedures (AOAC, 2019). Prepared soils were stored in airtight containers to prevent moisture absorption and contamination prior to analysis.
2.3	Physicochemical Analysis
Physicochemical properties evaluated in this study included soil pH, organic matter content, cation exchange capacity (CEC), moisture content, soil texture, soil structure, and porosity. Soil pH was measured using a calibrated glass‑electrode pH meter in three separate suspensions: distilled water, 0.01 M calcium chloride (CaCl₂), and 1 N potassium chloride (KCl). These methods provide insight into both active and exchangeable acidity in soil, which influence nutrient availability and soil chemical behaviour. Organic matter content was quantified using the Walkley–Black wet oxidation method, with soil organic carbon converted to organic matter using established conversion factors. CEC was determined via potassium chloride extraction followed by titration to quantify exchangeable hydrogen and aluminium ions, providing an estimate of the soil’s capacity to retain essential nutrient cations. Soil moisture content was determined by oven‑drying samples at 105°C until constant weight, and soil texture was assessed by the hydrometer method, yielding percentages of sand, silt, and clay for textural class determination in accordance with the standard procedures described by the Association of Official Analytical Chemists (AOAC 2019). 
2.4	Essential Mineral Analysis
Essential nutrient levels, including nitrogen (N), phosphorus (P), potassium (K), calcium (Ca), magnesium (Mg), zinc (Zn), copper (Cu), iron (Fe), and sulfur (S), were measured to evaluate soil fertility status. Exchangeable bases were extracted with ammonium acetate; potassium and calcium were quantified using flame photometry, while magnesium and micronutrients (Zn, Cu, Fe) were determined by atomic absorption spectrophotometry. Available phosphorus was measured calorimetrically after reaction with molybdenum blue reagent and spectrophotometric analysis. Effective cation exchange capacity was calculated as the sum of exchangeable bases plus exchangeable acidity, reflecting the soil’s nutrient retention potential.
2.5	Quality Control and Assurance
To ensure analytical accuracy and reliability, all instruments were calibrated regularly with certified standards, and analytical‑grade reagents were used throughout. Soil analyses were conducted in replicates with appropriate blanks included, and certified reference materials were analysed alongside field samples. Standardized laboratory procedures were followed to ensure consistent data quality across all measured parameters, including soil physicochemical properties and nutrient concentrations.














3.0    Results and Discussion
3.1    Results




	Table 1: Levels  of Essential Mineral Elements in Soils from K-Dere 

	Element
	Non-remediated (mg/kg)
	Remediated (mg/kg)

	Nitrogen (N)
	0.029
	0.053

	Phosphorus (P)
	0.15
	0.90

	Potassium (K)
	42.93
	9.74

	Calcium (Ca)
	13.38
	12.40

	Magnesium (Mg)
	27.28
	16.03

	Zinc (Zn)
	11.87
	5.25

	Copper (Cu)
	4.53
	2.51

	Iron (Fe)
	2654.21
	2628.85

	Sulphate (SO₄²⁻)
	5
	3
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Fig 2- Level of Iron (Fe) in Non-remediated (mg/kg) and Remediated (mg/kg) soil
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Fig 3- Levels of Essential Mineral Elements in Non-remediated (mg/kg) and Remediated (mg/kg) soil

Table 2: Physicochemical Properties of Remediated and Non-Remediated Soil 
	Parameter
	Non-remediated
	Remediated
	USEPA Standard Range
	     Remark

	pH
	    6.23
	6.21
	6.0 – 8.5
	Within acceptable limit

	Conductivity (µS/cm)
	    98
	60
	≤ 400
	Within acceptable limit

	Acidity (mg/kg)
	    0
	0
	≤ 50
	Within acceptable limit

	Temperature (°C)
	    27.1
	27.9
	25 – 35
	Within acceptable limit

	Moisture Content (%)
	   12.334
	11.052
	10 – 30
	Within acceptable limit

	Porosity (%)
	    45
	49
	40 – 60
	Within acceptable limit

	Sand (%)
	   74.40
	80.36
	 
	Textural classification parameter

	Clay (%)
	   17.32
	16.32
	 
	 

	Silt (%)
	   8.28
	3.32
	 
	 

	Total Organic Matter (%)
	  0.579
	1.064
	0.5 – 6.0
	Within acceptable limit

	Cation Exchange Capacity (meq/100g)
	   0.569
	0.369
	≥ 0.2 (minimum acceptable)
	Within acceptable limit
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Fig 4- Physicochemical Parameters of Remediated and Non-Remediated Soil 
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Fig 5- Total Organic Matter (%) and Cation Exchange Capacity (meq/100g) of Remediated and Non-Remediated Soil 


4.0	Discussion 
The results presented in Tables 1 and 2 provide a clear numerical basis for assessing the effects of remediation on soil nutrient status and physicochemical properties by comparing the non-remediated and remediated soils. Generally, remediation altered both the availability of essential mineral elements and key soil quality indicators, with most parameters remaining within internationally acceptable limits.
In Table 1, nitrogen concentration increased from 0.029 mg/kg in the non-remediated soil to 0.053 mg/kg in the remediated soil. According to FAO (2023) soil fertility technical guidelines, nitrogen values below 0.05 mg/kg are generally associated with low fertility in tropical soils, while values above this level indicate improving nutrient status. The remediated soil therefore reflects a transition from nitrogen-deficient to moderately adequate conditions. Similar numerical improvements have been reported by Abbasi and Khaliq (2016), where nitrogen varied between 0.57 and 0.71 mg/kg in remediated soils compared to 0.51 mg/kg before remediation using agro-wastes. Sahoo et al. (2021) also observed post-remediation nitrogen values ranging between 0.048 and 0.058 mg/kg, closely aligning with the 0.053 mg/kg recorded in this study.
Phosphorus showed a pronounced increase from 0.15 mg/kg in the non-remediated soil to 0.90 mg/kg in the remediated soil. FAO (2023) guidelines indicate that available phosphorus below 0.2 mg/kg is typically limiting for crop production, while values between 0.5 and 1.5 mg/kg are considered adequate for most agricultural soils. The observed remediated soil value of 0.90 mg/kg in this present study therefore falls squarely within the recommended range. Comparable studies by Wu et al. (2019) reported phosphorus concentrations increasing from 0.10–0.18 mg/kg in polluted soils to 0.75–1.10 mg/kg following remediation, supporting the observed trend.
In contrast, potassium declined from 42.93 mg/kg in the non-remediated soil to 9.74 mg/kg in the remediated soil. FAO (2023) agronomic references suggest that exchangeable potassium values between 10 and 50 mg/kg are generally suitable for crop growth, with values below 10 mg/kg considered low. The remediated soil potassium level is therefore slightly below the lower recommended threshold, indicating potential potassium limitation. Similar reductions have been reported in sandy or remediated soils by Volf, et al. (2021), where potassium decreased from about 72 mg/kg to 21 mg/kg due to reduced cation retention.
Calcium levels showed minimal variation, decreasing slightly from 13.38 mg/kg in the non-remediated soil to 12.40 mg/kg in the remediated soil. FAO (2023) guidelines indicate that calcium concentrations above 5 mg/kg are generally sufficient for structural stability and plant nutrition, suggesting that both soils remain adequate in calcium. Magnesium, however, decreased from 27.28 mg/kg to 16.03 mg/kg. International references place optimal magnesium concentrations between 10 and 30 mg/kg, meaning that despite the reduction, the remediated soil still falls within acceptable limits. Similar magnesium values ranging from 1.3 cmol/kg non remediated soil to 179 cmol/kg have been reported in remediated soils by Saha et al. (2023).
Micronutrients followed a declining trend after remediation. Zinc decreased from 11.87 mg/kg in the non-remediated soil to 5.25 mg/kg in the remediated soil, while copper declined from 4.53 mg/kg to 2.51 mg/kg. FAO (2023) guidelines indicate that typical agricultural soils contain zinc in the range of 1–10 mg/kg and copper between 1 and 5 mg/kg. The remediated soil values therefore remain within acceptable international limits, though they are lower than those in the non-remediated soil. Comparable studies by Mbasabire et al. (2023) reported zinc values between 4.0 and 6.5 mg/kg and copper values between 2.0 and 3.0 mg/kg after remediation, closely matching the present findings.
Iron concentrations were consistently high in both soils, with 2654.21 mg/kg in the non-remediated soil and 2628.85 mg/kg in the remediated soil. FAO (2023) reports indicate that total iron in tropical soils commonly exceeds 1000 mg/kg, largely reflecting parent material rather than management practices. The minor numerical difference observed here suggests that remediation had negligible influence on total iron content. Sulphate decreased from 5 mg/kg to 3 mg/kg; both values are well below the FAO (2023) upper guideline of 20 mg/kg for sulphate in agricultural soils, indicating no present risk of sulphate accumulation.
The physicochemical properties in Table 2 further contextualize these nutrient patterns. Soil pH was 6.23 in the non-remediated soil and 6.21 in the remediated soil. These values fall comfortably within the USEPA and FAO recommended range of 6.0–8.5 for productive agricultural soils, indicating that both soils maintained conditions favorable for nutrient availability and microbial activity (USEPA, 2017; FAO, 2023). A similar near‑neutral pH of 6.9 was reported by Itam et al., (2023) in remediated crude‑oil‑impacted soils in Niger Delta Nigeria, where pH neutrality was associated with improved nutrient dynamics.
Electrical conductivity (EC) decreased from 98 µS/cm in the non‑remediated soil to 60 µS/cm in the remediated soil. Both values are well below the USEPA (2017) recommended upper limit of 400 µS/cm for agricultural soil salinity, suggesting salinity is not a constraint in these soils currently been investigated. Li, et al., (2016) reported EC values that varied from about 0.29 µS/cm in the rinsed salt soil to 1.51 µS/cm depending on treatment conditions, demonstrating how remediation and amendment affect EC variability in hydrocarbon impacted soil.
Soil acidity was below detectable limit in both soils. This below detectable limit of acidity aligns with observations by Onwuka et al. (2016), who found acidity levels <10 mg/kg in remediated soils, suggesting that remediation did not induce acidification and that soils remain within the safe range for most crops.
Soil temperature increased marginally from 27.1 °C in the non‑remediated soil to 27.9 °C in the remediated soil, both within the typical biological activity range (25–35 °C). These values are consistent with similar field studies in contaminated soil environments, where temperature shifts of less than 1 °C following remediation did not affect microbial processes (Wang et al., 2022).
Moisture content showed a decline from 12.334 % in the non‑remediated soil to 11.052 % in the remediated soil, both within the recommended 10–30 % range (FOA 2023). This trend is attributable to the increase in sand content and porosity, which together reduce water retention capacity. Ijah and Antai (2003) observed a similar moisture decline in hydrocarbon‑remediated soils where sand fractions increased and organic content was amended.
Porosity increased from 45 % to 49% after remediation, remaining within the acceptable 40–60 % range. Increased porosity often reflects improved soil structure, as observed in studies where remediation and organic amendments enhanced aggregate stability and pore space (Alghamdi et al.,  2024).
Textural changes were notable. Sand content rose from 74.40 % in the non‑remediated soil to 80.36 % in the remediated soil, while silt and clay fractions declined from 8.28 % to 3.32 % and 17.32 % to 16.32 % respectively. This shift toward a sandier profile is characteristic of soils undergoing remediation processes that remove finer fractions or loosen soil structure. Similar textural outcomes were documented Devatha et al., (2019) in remediated petroleum‑laden soils, where sand content exceeded 48.4 % after treatment.
Total organic matter (TOM) increased from 0.579 % in the non‑remediated soil to 1.064 % in the remediated soil. FAO (2023) soil fertility framework considers values between 0.5 % and 6.0 % to be within acceptable ranges for tropical soils. The increase to 1.064 % indicates a positive improvement in soil organic carbon, corroborating Egobueze et al., (2019), who reported organic matter enrichment in remediated soils that received organic amendments and exhibited enhanced microbial activity.
Cation exchange capacity (CEC) declined from 0.569 meq/100 g in the non‑remediated soil to 0.369 meq/100 g in the remediated soil but remained above the FAO (2023) minimum acceptable limit of 0.2 meq/100 g. This decline is consistent with the observed increase in sand content, since sandy soils have fewer charged surfaces than finer textured soils Costa et al., (2020) recorded similar CEC values (0.30–0.40 meq/100 g) in remediated soils where coarse particles became dominant and organic matter increases were moderate.
Collectively, the physicochemical profile shows that remediation maintained soils within internationally accepted benchmarks for pH, conductivity, acidity, moisture, and organic matter while adjusting texture and exchange properties in ways that reflect altered physical structure. The observed increases in organic matter and porosity are consistent with studies demonstrating that remediation, especially when combined with organic amendments, improves soil habitat for biota and plant roots. Meanwhile, the textural shift toward sand and associated lower moisture and CEC indicate that targeted nutrient and water management may be necessary for sustained productivity.
5.0	Conclusion 
This study revealed that remediation clearly influenced both the nutrient status and physicochemical properties of the soil, with clear numerical evidence of improvement in general soil quality. Nitrogen increased from 0.029 mg/kg in the non-remediated soil to 0.053 mg/kg after remediation, indicating a shift from nitrogen-deficient to moderately adequate fertility conditions. Phosphorus also improved markedly, rising from 0.15 mg/kg to 0.90 mg/kg, a value well within the recommended agronomic range for crop production. Total organic matter increased from 0.579 % to 1.064 %, reflecting enhanced organic carbon status and improved biological conditions. Soil pH remained stable at 6.21–6.23, electrical conductivity declined from 98 to 60 µS/cm, and temperature remained within the optimal biological range of 27.1–27.9 °C, confirming that remediation did not compromise soil chemical stability. Conversely, some nutrients declined following remediation. Potassium decreased from 42.93 mg/kg to 9.74 mg/kg, magnesium from 27.28 mg/kg to 16.03 mg/kg, and cation exchange capacity from 0.569 to 0.369 meq/100 g. These reductions correspond with increased sand content (74.40 % to 80.36 %) and reduced silt and clay fractions, which lowered nutrient retention capacity. Zinc and copper also declined but remained within acceptable limits.
[bookmark: _GoBack]Based on these findings, post-remediation management is recommended. Supplementary application of potassium- and magnesium-rich fertilizers is necessary to address nutrient depletion below critical thresholds. Organic amendments should be applied to further increase organic matter. Routine soil testing is also recommended to guide site-specific nutrient management and ensure sustained agricultural productivity on remediated soils.
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