Comparative Evaluation of Soil Fertility and Quality of Soils Developed from Different Parent Materials in Akwa Ibom State, Nigeria



Abstract
This study presents a comparative evaluation of soil fertility and quality of soils formed from different parent materials in Akwa Ibom State, Nigeria. Parent material plays a critical role in the early stages of soil formation, influencing mineral composition, nutrient availability, and overall soil productivity. Three distinct parent materials coastal plain sand, shale stone, and alluvial deposits were selected for the investigation. Within each parent material, three representative profile pits were established and described following the FAO (1990) guidelines for soil profile characterization. Samples were collected from the identified genetic horizons for laboratory analysis, making a total of nine profiles. Results revealed considerable variation in soil physical and chemical properties among the different parent materials. Soils derived from alluvial deposits exhibited sand overlying sandy clay loam textures, while those developed from coastal plain sand and shale stone had sand overlying loamy sand or sandy loam horizons. The mean soil pH was extremely acidic in soils formed from coastal plain sand and shale stone, but moderately acidic in those developed from alluvial deposits. Organic matter content was relatively higher in alluvial soils compared with other parent materials, though not statistically significant (p < 0.05). Similarly, mean available phosphorus (P) was moderate in both coastal plain sand and alluvial soils but low in shale-derived soils. Exchangeable Ca, Mg, K, and ECEC values were also higher in soils formed from alluvial deposits, though variations were statistically insignificant (p < 0.05).
Taxonomically, soils derived from coastal plain sand were classified as Typic Hapludults or Haplic Acrisols, and in some cases, Typic Dystrudepts or Dystric Cambisols. Soils from shale stone were identified as Arenic Paleudults or Haplic Acrisols, while those from alluvial deposits were classified as Aeric Endoaquults or Gleyic Acrisols. Overall, soils developed from coastal plain sand and shale stone exhibited intermediate soil quality, whereas those derived from alluvial deposits demonstrated higher quality and fertility potential.
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Introduction
Soils represent the “Earth’s Critical Zone,” a dynamic interface extending from the canopy layer to the underlying bedrock, encompassing processes and resources that sustain terrestrial life and ecosystem functions. Globally, inappropriate agricultural practices have contributed to declining soil fertility and environmental degradation, underscoring the need for sustainable soil and land management strategies to support long-term agricultural productivity (Murugasamy et al., 2023).
Parent material constitutes a fundamental factor influencing soil genesis, particularly during the early stages of soil formation and development (Hahm et al., 2014). It plays a key role in determining the physical and chemical characteristics of soils, thereby influencing pedogenesis. While numerous studies have explored the relationships between parent material and soil chemistry, limited attention has been given to such relationships in semi-arid tropical environments (da Silva et al., 2022; Sheng et al., 2023).
The capacity of a soil to sustain ecosystem functions is determined by the collective interaction of various soil properties, often referred to as soil quality indicators. These indicators provide measurable attributes that reflect the soil’s physical, chemical, and biological capacity to perform specific functions (Murugasamy et al., 2023; Sofo et al., 2022). According to Jenny (1994), although the influence of parent material on soil properties may diminish over time due to climatic and biological factors, the duration and extent of this influence remain uncertain. Even slight variations in parent material composition can lead to pronounced differences in soil properties.
Understanding the contribution of parent material to soil formation is therefore vital for applications in precision agriculture, biogeochemical modeling, soil fertility management, and land-use planning (Wilson et al., 2017; Hore & Hore, 2024). Differences in soil fertility and quality across landscapes are frequently attributed to variations in parent material, among other soil-forming factors. For instance, Schaetz (1991) linked variations in soil texture and nutrient composition across landscapes to differences in parent material, noting distinctive grain sizes among soils derived from schist, granite, and pyroclastic materials. Similarly, Wilson et al. (1999) observed that soils formed from granodiorite, quartzite, and basalt exhibited differing textural and fertility characteristics, which were attributed to differences in the original mineral grain size of the parent materials.
The mineralogical composition and abundance of the constituent materials influence the soil’s structure, nutrient reservoir, and geochemical processes, which collectively determine soil fertility status. Mareschal et al. (2015) documented variations in soil particle size distribution, pH, exchangeable cations (Ca, Mg, K), cation exchange capacity (CEC), and extractable Fe and Al among soils derived from granite, basalt, and diorite. Similarly, Yousefifard et al. (2015) reported distinct fertility levels in soils developed from granite/diorite compared to those derived from andesite and dacite parent rocks.
A comprehensive understanding of nutrient distribution and soil quality as influenced by parent material is therefore essential for achieving effective soil fertility management, sustainable crop production, and environmental conservation. Such knowledge promotes soil health, reduces degradation and pollution, and enhances agricultural sustainability. Consequently, this study was undertaken to evaluate the fertility and quality of soils developed from contrasting parent materials in Akwa Ibom State, Nigeria.




2. Materials and Methods
2.1 Study Area
The study was conducted in Akwa Ibom State, located in the South-South geopolitical zone of Nigeria. Geographically, the state lies between latitudes 4°30′ and 5°30′ N and longitudes 7°30′ and 8°20′ E. The geology of the area is characterized by coastal plain sands, alluvial deposits, and sandstone/shale formations as the dominant parent materials. Annual rainfall ranges from 2,500 mm to about 3,000 mm, with a distinct dry season lasting between one and three months each year. The mean annual temperature varies between 26°C and 28°C, while relative humidity averages between 75–80%. The topography is diverse, with some parts comprising hills and steep ridges, whereas the low-lying zones are mainly underlain by alluvial deposits (Petters et al., 1989).
2.2 Field Sampling
According to Petters et al. (1989), four major parent materials occur within the study area. Based on this classification, three were selected for detailed investigation: coastal plain sand, shale stone, and alluvial deposits. Within each parent material, three representative profile pits were excavated, described, and sampled following the FAO (1990) guidelines for soil profile characterization. Soil samples were collected from various genetic horizons for laboratory analyses, resulting in a total of nine profile pits across the study locations.
2.3 Laboratory Analysis
All laboratory analyses were conducted using standard procedures.
· Particle size distribution was determined using the Bouyoucos hydrometer method (Udo et al., 2009).
· Soil pH was measured in a 1:2.5 soil-to-water suspension using a glass electrode pH meter as described by Udo et al., 2009. 
· Organic carbon content was determined by the dichromate wet oxidation method (Nelson & Sommers, 1996).
· Available phosphorus (P) was extracted using the Bray P-1 method, and phosphorus in the extract was quantified colorimetrically by the blue method (Udo et al., 2009).
· Total nitrogen (N) was determined using the micro-Kjeldahl digestion and distillation method (Udo et al., 2009).
· Exchangeable bases (Ca, Mg, K, Na) were extracted with 1 N ammonium acetate (Thomas, 1996). Exchangeable K and Na were determined using a flame photometer, while Ca and Mg were analyzed with an atomic absorption spectrophotometer.
· Exchange acidity was determined by extraction with 1 N KCl, followed by titration (Udo et al., 2009).
· The effective cation exchange capacity (ECEC) was obtained by summing the total exchangeable bases and exchangeable acidity.
· Base saturation (BS) was calculated as follows:
BS = x100 (Udo et al., 2009). 
2.4 Statistical Analysis
Data generated from laboratory analyses were subjected to analysis of variance (ANOVA) to determine significant differences among soils developed from the various parent materials. Treatment means were separated using the Duncan Multiple Range Test (DMRT) at a 5% probability level
2.5 Soil Quality Index (SQI)
Selection of Minimum Dataset (MDS)
A Principal Component Analysis (PCA) was employed to select the Minimum Dataset (MDS) used for soil quality evaluation. Expert judgment was also applied to include essential soil properties that influence crop productivity and ecosystem functioning but were not selected by PCA. Principal components (PCs) with eigenvalues greater than 1 were retained for MDS identification (Yu et al., 2018). Within each PC, soil indicators with factor loadings ≥ 0.30 were considered representative and included in the MDS.
Indicator Transformation and Scoring Function
The soil indicators within the MDS were standardized by transforming their measured values into unitless scores ranging from 0.0 to 1.0, to ensure comparability across parameters. Scoring curves were assigned according to the relationship between the indicator and soil function, following one of three response patterns:
· “More is better” – used when higher indicator values enhance soil quality (e.g., organic carbon, nutrient availability).
· “Less is better” – applied when higher indicator values negatively impact soil quality (e.g., bulk density, exchangeable acidity).
· “Optimum is better” – used when intermediate values are optimal for soil performance.
Table 1. Threshold values for evaluating soil quality index
	
	Lower limit
	Upper limit
	

	Sand (%)
	Optimum
	0
	60
	Gebreyesus (2014)

	Silt (%)
	More is better
	0
	30
	Gebreyesus (2014)

	Clay (%)
	More is better
	0
	30
	Gebreyesus (2014)

	Bulk density
	Less is better
	1.0
	2
	Askari et al., 2015

	pH (acid soil)
	Optimum
	2.5
	6
	Andrews et al., (2001)

	pH (alkaline soil)
	Optimum
	8.0
	10.5
	Andrews et al., (2001)

	EC (dS/m)
	Less is better
	0
	6.0
	Smith & Doran (1997)

	Org. matter (%)
	More is better
	0.4
	3.0
	Enwozor et al (1989)

	Total N (%)
	More is better
	0.05
	0.3
	Enwozor et al (1989)

	Av.P (mg/kg)
	More is better
	3
	20
	Enwozor et al (1989)

	Exch. Ca (cmol/kg)
	More is better
	2
	20
	Enwozor et al (1989)

	Exch. Mg (cmol/kg)
	More is better
	0.3
	8
	Enwozor et al (1989)

	Exch. K (cmol/kg)
	More is better
	0.2
	2
	Enwozor et al (1989)

	Exch. Na(cmol/kg)
	Less is better
	0.1
	2
	Enwozor et al (1989)

	ECEC (cmol/kg)
	More is better
	6
	40
	Enwozor et al (1989)

	Base saturation (%)
	More is better
	20
	90
	Enwozor et al (1989)



Upper limit (score of 1) = when the measured soil property is at an optimal level 
Lower limit (score 0) = when soil property is at an unacceptable level 
Two linear scoring techniques were used in transforming the minimum dataset. They were the Liebig scoring function and the Glover scoring function. In the Liebig scoring function, for more is better, each observation (soil indicator) was divided by the highest observed value such that the highest score received a value of 1. For less is better, the lowest observed value was divided by each observation so that the lowest observed value received a score of 1. The lowest observed value was the numerator while each observation was the denominator using equations 1 and 2. For the Glover linear scoring technique, optimum, upper and lower limit threshold values were established using Enwozor et al, (1989) fertility rating for Nigerian soils and other researchers (Table 1). Equations 3 and 4 were used for the transformation. 
The equations for the score curve were: (1). 

Liebig scoring function: 
𝑌𝑀=𝑋𝑋𝑀𝑎𝑥 More is better (Liebig et al., 2001) --(1) 
𝑌𝐿=𝑋𝑚𝑖𝑛𝑥 Less is better (Liebig et al., 2001) ----(2) 
Where Ym = Linear score for more is better; YL =Linear score for less is better, X=indicator value, Xmin and Xmax are the minimum and maximum value of each indicator respectively. 
(2). Glover scoring function
𝑆𝐿=𝑋−𝐿𝑈−𝐿 𝑀𝑜𝑟𝑒 𝑖𝑠 𝑏𝑒𝑡𝑡𝑒𝑟 𝑐𝑢𝑟𝑣𝑒 (Glover et al., 2000) -----------------------------------(3) 
𝑆𝐿=1−(𝑋−𝐿𝑈−𝐿) 𝐿𝑒𝑠𝑠 𝑖𝑠 𝑏𝑒𝑡𝑡𝑒𝑟 𝑐𝑢𝑟𝑣𝑒 (Glover et al., 2002) ---------------------------------(4) 
Where SL= linear score, x= measured soil indicator, L= lower threshold value, u= upper threshold value. Equation 3 was used for the “more is better” function while equation 4 was used for the “less is better” function. For the “optimum is better” function, more is better was used for the increasing part and less is better for the decreasing part (values less than the upper threshold limit are the increasing part while values above the upper threshold limit are the decreasing part). 
2.6 Rating of Soil Quality Index 
Marzaioli et al., (2010) divided the soil quality index into three grades: 0-0.55 = low quality; 0.55 – 0.75 = moderate or intermediate quality and >0.70 = high quality. 
3. Results and Discussion
3.1 Physicochemical characteristics of soils from contrasting parent materials
The physicochemical properties of soils formed on different parent materials within the solum (A and B horizons sharing similar soil-forming conditions) are summarized in Tables 2–4, with mean comparisons shown in Table 5.
3.2 Soil texture
Soils developed on coastal plain sands exhibited very high sand contents, ranging from 86.78% to 95.44% and averaging 93.48% in the Ap and B horizons. Silt ranged from 0.00% to 2.18% (mean 0.78%) and clay from 4.58% to 11.04% (mean 5.74%). Textures in these horizons varied between sand and loamy sand. Soils derived from alluvial deposits had sand contents between 59.00% and 89.00% (mean 71.44%), silt from 5.00% to 17.00% (mean 10.78%), and clay from 6.00% to 26.00% (mean 17.78%). Texture classes ranged from sand to sandy clay loam.
For soils formed on shale stone, sand content varied from 91.20% to 94.94% with a mean of 88.81%, silt from 0.18% to 5.00% (mean 2.49%), and clay from 3.54% to 14.89% (mean 8.71%). These horizons were textured between sand and loamy sand. The observed textural differences among soils from coastal plain sand, river alluvium, and shale stone within the Ap and B horizons likely reflect contrasts in the parent materials, differing weathering rates, and variations in pedogenic processes. Similar high sand percentages in coastal plain sand-derived soils have been reported and attributed to the geology of the area (Esu et al., 2014; Ufot et al., 2016).
3.3 Soil pH
Soils on coastal plain sands had pH values ranging from 4.0 to 5.3, with a mean of 4.3 across the Ap and B horizons. Alluvial soils recorded pH values from 5.6 to 6.1 (mean 5.8), while shale-derived soils ranged from 4.0 to 5.3 (mean 4.5). The mean pH in alluvial soils was significantly higher (p < 0.05) than that of coastal plain sand and shale soils. Accordingly, coastal plain sand and shale soils were strongly to extremely acidic, whereas soils from alluvial deposits were moderately acidic. The higher pH of alluvial soils may be due to the regular addition of basic cations by floodwaters, a pattern similar to that reported for river floodplain soils at Ishiagu (Ukaegbu & Akamigbo, 2004).


3.4 Organic Matter
In soils derived from coastal plain sands, organic matter content ranged between 1.4 and 3.8%, averaging 2.3% within the Ap and B horizons. For soils formed from alluvial parent materials, the values ranged from 0.2 to 5.3%, with a mean of 3.0%, while those developed from shale exhibited values between 1.5 and 3.2%, with an average of 2.3%. Generally, the mean organic matter content was moderate in both shale and coastal plain sand soils but relatively higher in alluvial-derived soils (Enwezor et al., 1989). Although the differences among the soils were not statistically significant (p < 0.05), the higher organic matter observed in alluvial soils may be linked to seasonal deposition of organic residues by floodwaters. This trend aligns with the observations of Ojanuga et al. (2003), who noted that the Cross River floodplains typically contain moderate organic matter levels (≥2%).
3.5 Total Nitrogen
In coastal plain sand soils, total nitrogen (N) ranged from 0.03 to 0.10% with a mean of 0.06%, while in alluvial-derived soils, it varied between 0.01 and 0.13%, averaging 0.08%. Shale-based soils recorded total N values ranging from 0.04 to 0.08% with a mean of 0.06%. Although no significant variation (p < 0.05) existed among the three soil types, total N content was slightly higher in alluvial soils, paralleling the organic matter pattern.
This could be attributed to organic matter mineralization following seasonal flood deposition, which enriches the soils with nitrogen compounds (Ojanuga et al., 2003).
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Table 2. Physicochemical characteristics of soils developed from coastal plain sand parent material

	Horizon designa
tion
	Depth (cm)
	Sand (%)
	Silt (%)
	Clay (%)
	pH
	Org. M (%)
	Total N (%)
	Av.P
(mg/kg)
	Exch. Ca
	Exh. Mg
	Exch. K
	Exch. Na
	Exh. Acidity
	ECEC
	BS (%)

	Pedon 1
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Ap
	0-20
	95.32
	0.00
	4.68
	5.3
	3.8
	0.1
	15.2
	10.8
	3.6
	0.07
	0.06
	5.9
	20.5
	71.1

	AB
	20-40
	95.32
	0.00
	4.68
	4.6
	3.4
	0.08
	12.9
	13.6
	4.5
	0.05
	0.07
	3.8
	22.1
	82.6

	Bt1
	40-95
	88.50
	2.00
	9.50
	4.4
	1.7
	0.04
	11.3
	10.0
	3.3
	0.04
	0.01
	1.9
	15.3
	87.5

	Bt2
	95-150
	86.78
	2.18
	11.04
	4.3
	1.6
	0.04
	10.7
	6.8
	2.3
	0.03
	0.06
	2.4
	11.6
	79.2

	C
	150-200
	88.78
	2.18
	9.04
	4.2
	1.4
	0.04
	36.7
	10.0
	3.3
	0.03
	0.05
	3.0
	16.5
	81.5

	Pedon 2
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Ap
	0-16
	10.1
	0.71
	4.56
	4.0
	3.2
	0.08
	1.8
	8.4
	2.8
	0.04
	0.05
	2.1
	13.4
	84.0

	AB
	16-30
	9.18
	0.69
	4.56
	4.1
	2.7
	0.07
	0.6
	6.8
	2.3
	0.05
	0.06
	0.6
	9.8
	93.0

	B
	30-64
	3.70
	0.77
	4.56
	4.2
	1.7
	0.04
	0.7
	12.4
	4.1
	0.03
	0.05
	0.5
	17.1
	97.0

	BC
	64 – 124
	0.72
	1.44
	5.04
	4.2
	1.4
	0.03
	3.3
	6.0
	2.0
	0.05
	0.05
	0.5
	8.6
	94.0

	C
	124 -200
	2.28
	1.42
	5.04
	4.2
	1.2
	0.03
	2.3
	10.8
	3.6
	0.05
	0.05
	0.6
	15.1
	95.0

	Pedon 3
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Ap
	0-10
	95.44
	0.00
	4.56
	4.3
	2.1
	0.05
	8.7
	5.2
	1.7
	0.09
	0.05
	1.1
	8.2
	86.0

	AB
	10-20
	95.44
	0.00
	4.56
	4.1
	2.5
	0.06
	9.3
	5.2
	1.7
	0.04
	0.05
	1.6
	8.6
	81.0

	B
	20-41
	93.44
	2.00
	4.56
	4.2
	2.1
	0.05
	8.0
	10.0
	3.3
	0.03
	0.05
	1.1
	14.5
	92.0

	BC
	41-87
	92.44
	0.94
	6.62
	4.1
	1.8
	0.04
	9.3
	9.2
	3.1
	0.02
	0.04
	0.6
	13.0
	95.0

	C1
	87-140
	92.78
	2.18
	5.04
	4.1
	1.4
	0.03
	5.3
	7.2
	2.4
	0.03
	0.05
	0.5
	10.2
	95.0

	C2
	140-200
	92.78
	2.18
	5.04
	4.2
	1.6
	0.04
	11.3
	10.2
	3.5
	0.03
	0.05
	0.5
	14.4
	96.0




Table 3. Physicochemical properties of soils developed from alluvial deposits parent material

	Horizon designatio n
	Depth (cm)
	Sand (%)
	Silt (%)
	Clay (%)
	pH
	Org. M (%)
	Total N (%)
	Av.P
(mg/kg)
	Exch. Ca
	Exh. Mg
	Exch. K
	Exch. Na
	Exh. Acidity
	ECEC
	BS (%)

	Pedon 1
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Ap
	0-14
	89.00
	5.00
	6.00
	5.7
	5.3
	0.13
	8.8
	8.0
	2.7
	0.21
	0.07
	1.8
	20.6
	11.0

	Bt1
	14-30
	71.00
	11.00
	18.00
	5.6
	3.2
	0.08
	26.7
	6.0
	2.0
	0.09
	0.05
	6.4
	16.2
	8.0

	Bt2
	30-110
	67.00
	11.00
	22.00
	5.7
	2.7
	0.07
	0.3
	4.8
	1.6
	0.11
	0.06
	2.4
	15.7
	7.0

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Pedon 2
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Ap
	0-13
	87.00
	7.00
	6.00
	6.1
	5.3
	0.13
	30.7
	9.2
	3.1
	0.24
	0.07
	1.1
	15.5
	13.0




	Horizon designatio
n
	Depth (cm)
	Sand (%)
	Silt (%)
	Clay (%)
	pH
	Org. M (%)
	Total N (%)
	Av.P
(mg/kg)
	Exch. Ca
	Exh. Mg
	Exch. K
	Exch. Na
	Exh. Acidity
	ECEC
	BS (%)

	Bt1
	14- 30
	69.00
	11.00
	20.00
	6.1
	2.3
	0.06
	12.3
	11.6
	3.9
	0.14
	0.06
	1.1
	17.3
	16.0

	Bt2
	30-120
	61.00
	13.00
	26.000
	6.0
	0.2
	0.01
	9.8
	11.6
	3.9
	0.19
	0.07
	1.3
	18.8
	16.0

	Pedon 3
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Ap
	0-20
	73.00
	17.00
	10.00
	5.8
	3.4
	0.09
	37.9
	15.2
	5.1
	0.27
	0.07
	4.2
	27.8
	21.0

	Bt1
	20-60
	59.00
	15.00
	26.00
	5.8
	1.8
	0.05
	25.1
	8.4
	2.8
	0.22
	0.06
	2.2
	14.7
	12.0

	Bt2
	60-90
	67.00
	7.00
	26.00
	5.7
	3.0
	0.08
	18.7
	7.6
	2.5
	0.18
	0.05
	2.9
	16.3
	11.0


C	90-140	51.00	17.000	32.00	5.5	3.0	0.08	6.4	15.2	5.1	0.17	0.05	3.0	25.8	21.0

Table 4. Physicochemical properties of soils developed from shale stone parent material

	Horizon designatio
n
	Depth (cm)
	Sand (%)
	Silt (%)
	Clay (%)
	pH
	Org. M (%)
	Total N (%)
	Av.P
(mg/kg)
	Exch. Ca
	Exh. Mg
	Exch. K
	Exch. Na
	Exh. Acidity
	ECEC
	BS (%)

	Pedon 1
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Ap
	0-20
	91.30
	4.00
	4.70
	4.2
	2.3
	0.06
	0.88
	8.8
	2.9
	0.04
	0.05
	1.4
	13.3
	89.1

	Bt1
	20-83
	89.24
	2.05
	8.70
	4.2
	2.7
	0.07
	0.29
	10.0
	3.4
	0.04
	0.05
	0.8
	14.2
	94.4

	Bt2
	83-160
	83.20
	5.00
	11.80
	4.2
	1.9
	0.05
	0.88
	5.2
	1.7
	0.04
	0.05
	2.2
	9.3
	75.8

	C
	160-200
	83.20
	4.00
	12.80
	4.2
	1.3
	0.03
	0.58
	9.2
	3.1
	0.03
	0.05
	0.6
	14.0
	95.1

	Pedon 2
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Ap
	0-16
	94.94
	1.52
	3.54
	5.3
	2.8
	0.07
	0.88
	7.2
	2.4
	0.24
	0.09
	0.5
	10.4
	95.4

	Bt1
	16-42
	90.94
	1.52
	7.54
	5.3
	1.7
	0.04
	8.0
	5.6
	1.9
	0.05
	0.04
	1.0
	8.5
	88.7

	Bt2
	42-62
	83.20
	2.00
	14.89
	5.0
	1.8
	0.04
	0.29
	6.4
	2.1
	0.05
	0.05
	0.6
	9.3
	93.1

	C
	62-150
	81.20
	0.00
	18.89
	4.8
	1.7
	0.04
	0.58
	7.2
	2.4
	0.02
	0.04
	1.0
	10.6
	91.0

	Pedon `3
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Ap
	0-20
	93.12
	2.18
	4.70
	4.0
	3.2
	0.08
	0.29
	6.0
	2.0
	0.05
	0.05
	3.2
	11.3
	71.7

	Bt1
	20-40
	92.12
	0.18
	7.70
	4.1
	2.4
	0.06
	1.46
	10.0
	3.3
	0.04
	0.05
	1.6
	15.0
	89.4

	Bt2
	40-120
	81.20
	4.00
	14.80
	4.1
	1.5
	0.04
	0.88
	6.0
	2.0
	0.04
	0.05
	3.0
	11.1
	72.7

	C
	120-200
	81.20
	4.00
	14.80
	4.3
	1.4
	0.03
	0.88
	8.8
	2.9
	0.05
	0.05
	1.3
	13.1
	90.2



Table 5. Mean comparison of physicochemical characteristics of soils of contrasting parent materials in the study area

	Sand (%)
	Silt (%)
	Clay (%)
	Textural class
	pH
	Org. M
(%)
	Total N
(%)
	Av.P
(mg/kg)
	Exch. Ca (cmol/kg)
	Exh. Mg (cmol/kg)
	Exch. K (cmol/kg)
	Exch. Na (cmol/kg)
	Exh. Acidity
(cmol/kg)
	ECEC
(cmol/kg)
	BS (%)

	Soils developed from coastal plain sand parent material

	Mini
	86.78
	0.00
	4.58
	Sand
	4.0
	1.4
	0.03
	0.60
	5.2
	0.00
	0.02
	0.01
	0.50
	8.20
	71.10

	Max
	95.44
	2.18
	11.04
	Loamy sand
	5.3
	3.8
	1.0
	15.2
	13.6
	4.50
	0.09
	0.07
	5.90
	22.10
	97.010

	Mean
	93.48
	0.76
	5.74
	
	4.3a
	2.3a
	0.057a
	7.65a
	8.7a
	2.55a
	0.045a
	0.05a
	1.84a
	13.56a
	86.87a

	Soils developed from alluvial deposits parent material

	Mini
	59.00
	5.00
	6.00	Sand
	5.6	0.20
	0.01
	0.30
	4.8
	1.6
	0.09
	0.05
	1.10
	14.70
	7.00

	Max
	89.00
	17.00
	26.00	Sandy
	6.1	5.30
	0.13
	37.90
	15.2
	5.1
	0.27
	0.07
	6.40
	27.80
	21.00


Mean	71.44	10.78	17.78S	5.8b	3.02a	0.078a	18.92b	9.16a	3.1a	0.18b	0.062a	2.60a	18.10b	12.78b
Soils developed from shale stone parent material
	Mini
	91.20
	0.18
	3.54
	Sand
	4.0	1.5
	0.04
	0.29
	5.2
	1.7
	0.04
	0.04
	0.50
	8.50
	71.70

	Max
	94.94
	5.00
	14.89
	Loamy sand
	5.3	3.2
	0.08
	8.0
	10.0
	3.40
	0.24
	0.09
	3.20
	15.0
	95.40

	Mean
	88.81
	2.47
	8.71
	
	4.5a	2.26a
	0.57a
	1.54a
	7.24a
	2.41a
	0.066a
	0.053a
	1.59a
	11.38a
	85.59a








3.6 Available Phosphorus
Available phosphorus (P) levels in coastal plain sand soils ranged from 0.6 to 15.2 mg/kg (mean: 7.7 mg/kg), while in alluvial soils, the range was 0.3 to 37.9 mg/kg (mean: 18.9 mg/kg). Shale-derived soils, however, had considerably lower values ranging from 0.29 to 8.0 mg/kg, with a mean of 1.5 mg/kg. According to Enwezor et al. (1989), available P was moderate in both coastal plain sand and alluvial soils but low in shale-derived soils. The mean available P in alluvial soils was significantly higher (p < 0.05) than in the other two soil groups. The low P content in shale soils may result from the abundance of free iron oxides, which promote phosphorus fixation into insoluble iron phosphates. Conversely, the higher P content in alluvial soils may be due to the release of adsorbed P from clay and hydrous oxides of Fe (III) and Al during submergence, along with phosphorus contributions from decomposing organic matter (Ojanuga et al., 2003).
3.7 Exchangeable Bases
3.7.1 Exchangeable Calcium (Ca)
Exchangeable Ca values in coastal plain sand soils ranged from 5.2 to 13.6 cmol/kg (mean: 8.7 cmol/kg). In soils formed from alluvial materials, Ca ranged from 4.8 to 15.2 cmol/kg, averaging 9.2 cmol/kg, while in shale-derived soils, the range was 5.2 to 10.0 cmol/kg with a mean of 7.2 cmol/kg. The mean Ca content was moderate across all parent materials (Enwezor et al., 1989).
Although the differences were not statistically significant (p < 0.05), alluvial soils exhibited slightly higher Ca levels. This may be due to seasonal flooding, which elevates soil pH and causes cation displacement from exchange sites into the soil solution, thereby enhancing calcium availability (Ojanuga et al., 2003).
3.7.2 Exchangeable Magnesium (Mg)
In coastal plain sand soils, exchangeable Mg ranged from 0.0 to 4.5 cmol/kg (mean: 2.6 cmol/kg). Soils derived from alluvial deposits exhibited Mg values between 1.6 and 5.1 cmol/kg (mean: 3.1 cmol/kg), while shale-based soils ranged from 1.7 to 3.4 cmol/kg, with a mean of 2.4 cmol/kg. Overall, Mg content was moderate in coastal plain sand and shale soils and relatively high in alluvial soils (Enwezor et al., 1989). Although the variation among the soils was not statistically significant (p < 0.05), Mg levels were slightly higher in alluvial soils. This trend could be linked to seasonal inundation, which increases Fe²⁺ concentrations, cation displacement into the soil solution, and pH elevation, ultimately resulting in enhanced Mg retention (Ojanuga et al., 2003).
3.7.3 Exchangeable Potassium (K)
In soils derived from coastal plain sands, exchangeable potassium (K) ranged from 0.02 to 0.09 cmol/kg, with an average of 0.05 cmol/kg across the Ap and B horizons. Soils formed from alluvial deposits recorded values between 0.09 and 0.27 cmol/kg, averaging 0.18 cmol/kg, while those from shale parent material ranged from 0.04 to 0.24 cmol/kg, with a mean of 0.07 cmol/kg. Overall, the mean exchangeable K content was very low in soils across all parent materials (Enwezor et al., 1989). Despite the general low levels, alluvial soils exhibited significantly higher (p < 0.05) exchangeable K compared to those derived from coastal plain sands and shale. This elevated K content may be attributed to periodic flooding in alluvial environments, which enhances Fe²⁺ concentrations, displaces cations from exchange sites into the soil solution, and raises soil pH, collectively increasing exchangeable K availability (Ojanuga et al., 2003).
3.7.4 Exchangeable Sodium (Na)
In coastal plain sand soils, exchangeable sodium (Na) ranged from 0.01 to 0.07 cmol/kg, with a mean of 0.05 cmol/kg. For soils formed from alluvial materials, Na varied between 0.05 and 0.07 cmol/kg, averaging 0.06 cmol/kg, while shale-derived soils recorded values of 0.04 to 0.09 cmol/kg with a mean of 0.05 cmol/kg. Exchangeable Na was very low across all parent materials (Enwezor et al., 1989), and no significant difference (p < 0.05) was observed among them. The low Na content may be associated with the mineralogical composition of the parent rocks, which are generally low in sodium-bearing minerals (Asio, 1996).
3.7.5 Exchangeable Acidity (EA)
Exchangeable acidity in coastal plain sand soils ranged from 0.5 to 5.9 cmol/kg, with a mean of 1.8 cmol/kg, while alluvial soils ranged between 1.1 and 6.4 cmol/kg, averaging 2.6 cmol/kg. Shale-derived soils recorded values between 0.5 and 3.2 cmol/kg, with a mean of 1.6 cmol/kg. Although the mean EA values did not differ significantly (p < 0.05) among the parent materials, alluvial soils had slightly higher acidity levels than coastal plain sand and shale soils.
The relatively high EA in alluvial soils could result from seasonal flooding, during which insoluble Fe (III) is reduced to soluble Fe (II). The Fe²⁺ ions replace exchangeable base cations (Ca²⁺, Mg²⁺, K⁺, and Na⁺), which may then be leached from the soil profile due to their mobility. Upon aeration, Fe²⁺ is oxidized back to Fe³⁺, increasing the soil’s potential acidity (Ojanuga et al., 2003).
3.8 Effective Cation Exchange Capacity (ECEC)
In coastal plain sand soils, the effective cation exchange capacity (ECEC) ranged from 8.2 to 22.1 cmol/kg, averaging 13.6 cmol/kg within the Ap and B horizons. Soils derived from alluvial materials had ECEC values ranging from 14.7 to 27.8 cmol/kg (mean: 18.1 cmol/kg), while shale-based soils ranged from 8.5 to 15.0 cmol/kg (mean: 11.4 cmol/kg). According to Enwezor et al. (1989), ECEC was moderate in soils formed from coastal plain sands and alluvial deposits but low in those derived from shale. The ECEC of alluvial soils was significantly higher (p < 0.05) than those of coastal plain sand and shale soils. This could be attributed to flood-induced deposition of organic matter and colloidal clay particles, which contribute to the soil’s cation-holding capacity (Ojanuga et al., 2003).
3.9 Base Saturation
Base saturation in coastal plain sand soils ranged from 71.1 to 97.1%, with an average of 86.9%, while alluvial soils had values between 7.0 and 21.0%, averaging 12.8%. Shale-derived soils recorded base saturation levels ranging from 71.7 to 95.4%, with a mean of 85.6%. Overall, base saturation was very high in coastal plain sand and shale soils but very low in alluvial soils (Enwezor et al., 1989). The mean base saturation of alluvial soils was significantly lower (p < 0.05) than that of the other parent materials. This low value may result from seasonal flooding, which promotes the reduction of Fe (III) to Fe (II). The resulting Fe²⁺ ions displace base cations such as Ca²⁺, Mg²⁺, K⁺, and Na⁺ into the soil solution, where they are readily leached out, thereby reducing the soil’s base saturation (Ojanuga et al., 2003).
4. Classification of Soils of Contrasting Parent Materials in the Study Area
4.1 Soils Developed from Coastal Plain Sand Parent Material
Pedon 1 exhibited an argillic B horizon and was classified as an Ultisol (Acrisol). It had a udic moisture regime, indicating a freely or well-drained condition, and was specifically categorized as a Udult. The clay content decreased by more than 20% from its maximum within 150 cm of the mineral soil surface, fitting the classification of a Hapludult (Soil Survey Staff, 2014). This pedon was thus identified as a Typic Hapludult (Haplic Acrisol), being freely drained and moderately deep (Soil Survey Staff, 2006).
Pedons 2 and 3 possessed cambic B horizons and ochric epipedons, indicating minimal profile development. These were classified as Inceptisols (Cambisols) with udic moisture regimes, placing them in the Udept subgroup. Given their derivation from acid sedimentary rock (coastal plain sand), they were more specifically identified as Dystrudepts, characterized by deep, acidic, and freely drained profiles without an argillic horizon, hence classified as Typic Dystrudepts (Dystric Cambisols) (Soil Survey Staff, 2014).
4.2 Soils Developed from Alluvial Deposits Parent Material
All three pedons from alluvial parent materials possessed argillic horizons with low base saturation, thus classified as Ultisols (Acrisols). These soils exhibited a udic moisture regime, remaining moist for most of the year and well-drained, fitting the Udult classification.
The pedons also exhibited seasonal groundwater fluctuations near the soil surface, qualifying them as Aquults. Specifically, they showed endoaquic saturation, where groundwater fluctuated from near-surface levels to below the argillic horizon and occasionally beyond 200 cm depth. Based on these features, they were classified as Endoaquults. Moreover, because more than 50% of horizons between the Ap horizon and 75 cm depth exhibited chroma values ≥3, these pedons were further categorized as Aeric Endoaquults.
4.3 Soils Developed from Shale Parent Material
The three pedons derived from shale parent materials all contained argillic horizons with low base saturation, qualifying as Ultisols (Acrisols). These soils displayed a udic moisture regime, indicating that the control section remains moist for at least 90 cumulative days annually, hence classified as Udults.
The clay distribution pattern showed that clay content did not decrease by more than 20% from its maximum within 150 cm of the soil surface, placing them in the Paleudult subgroup. Additionally, these soils had a sandy to sandy-skeletal particle-size class extending from the surface to the top of the argillic horizon (50–100 cm or more), leading to their classification as Arenic Paleudults (Haplic Acrisols) (Soil Survey Staff, 2014).
4.4 Soil Quality Index of Soils Derived from Contrasting Parent Materials in the Study Area
The soil quality assessment employed principal component analysis (PCA) to identify key indicators influencing soil fertility across the contrasting parent materials. The selected indicators included sand, silt, clay, organic matter, total nitrogen (N), calcium (Ca), magnesium (Mg), potassium (K), exchangeable acidity, effective cation exchange capacity (ECEC), and base saturation (Table 6). Although available phosphorus (P) was not selected by PCA, it was incorporated based on expert judgment due to its critical agronomic relevance.
The mean selected soil indicators (MDS), corresponding scores, and the overall soil quality indices are presented in Table 7. Findings revealed that soils formed from alluvial deposits exhibited the highest soil quality index, followed by those developed from shale, while soils derived from coastal plain sands recorded the lowest index. Using the Liebig and Glover scoring functions, the soil quality indices for alluvial soils were 0.80 and 0.51, respectively. Shale-derived soils followed with 0.69 and 0.50, while coastal plain sand soils had the lowest scores of 0.62 and 0.34, respectively.
According to the soil quality classification proposed by Marzaioli et al. (2010), soils developed from alluvial deposits were rated as having high soil quality, whereas those formed on shale and coastal plain sand parent materials exhibited intermediate soil quality. These results corroborate earlier findings by Ibia (2005), Akpan et al. (2009) and Tejasvini et al., 2025, who observed greater fertility and reactivity in soils originating from alluvial parent materials compared with those formed on other lithologies.
5. Conclusion
This study demonstrated clear variations in the physicochemical and fertility attributes of soils developed from contrasting parent materials within Akwa Ibom State. Texturally, soils formed from alluvial deposits exhibited sand overlying sandy clay loam profiles within the solum, while those derived from coastal plain sands and shale parent materials were characterized by sand overlying loamy sand textures.
The mean soil pH indicated extreme acidity in soils developed from coastal plain sands and shale, but moderate acidity in soils derived from alluvial deposits. Although differences were not statistically significant (p < 0.05), soils from alluvial parent materials contained higher organic matter content than those from the other two parent materials. Available phosphorus was moderate in both alluvial and coastal plain sand soils but relatively low in shale-derived soils. Similarly, mean values of exchangeable Ca, Mg, K, and ECEC were higher in alluvial soils than in shale or coastal plain sand soils, though the differences were statistically insignificant (p < 0.05).
In terms of classification, soils developed from coastal plain sands were identified as Typic Hapludults or Haplic Acrisols in some areas and Typic Dystrudepts or Dystric Cambisols in others. Soils derived from shale parent materials were classified as Arenic Paleudults or Haplic Acrisols, while those formed from alluvial deposits were classified as Aeric Endoaquults or Gleyic Acrisols.
Based on the soil quality evaluation, soils developed from shale and coastal plain sand parent materials exhibited intermediate soil quality, whereas those derived from alluvial deposits demonstrated superior soil quality and fertility potential.
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