


Redistribution of Intrinsic Soil Properties and Aggregate Stability: Management Implications on Beach Ridge Sands in Akwa Ibom State, Nigeria



ABSTRACT
A research was conducted to assess specific soil characteristics and aggregates of the beach ridge sand parent material in Akwa Ibom State, Nigeria. Soil samples were gathered and examined for physical, chemical characteristics and aggregate stability. The statistical method employed was analysis of variance, and the means were differentiated using the Least Significant Difference (LSD). Correlation analysis was employed to assess the relationships among soil characteristics. The results revealed that Sand, bulk density, total porosity and pH showed low variation (CV 15 %), saturated hydraulic conductivity shows strong variance (36 %). Organic matter Av. P and silt had moderate coefficient of variation (CV = 15 – 35%), while Exchangeable acidity ranged from 2.8 – 9.10 cmolkg-1, with mean value of 10.01 ± 1.92 Cmolkg-1 (CV = 2.01 %), Skewness 1.71, while kurtosis was 2.96. Effective cation exchange capacity (ECEC) ranged from 6.18 to 14.89 cmolkg-1 with the mean value of 4.57 ± 3.24 Cmolkg-1 (CV = 32.37 %), skewness 0.34, while kurtosis was -1.57. ECEC was moderate. Mean-Weight Diameter Wet ranged from 7.55 to 16.78 with mean value of 10.90 ± 2.63 mm (CV = 2.13 %). The result of soil chemical properties showed high mean value for base saturation (53.77 %).        Aggregate stability result showed that potential structural deformation index (30.22) have dominated other aggregates indices. The locations studied required conservative practices and more efficient management to ensure greater aggregate stability.
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INTRODUCTION
“The soil physical and chemical properties contents of individual aggregate size fractions differ from one another. The clay, organic matter and exchangeable acidity for example, often differ from one aggregate size fraction to those in another” (Amezketa, 1999).  “Physical and biochemical processes influences aggregate stability, the stability of macro aggregates varies with the changes in organic matter content or in management practices” (Essien et al., 2025a; Etukudoh and Wemedo, 2017). “This is because macro aggregates are stabilized by such transient or temporary binding agents as roots hyphae and microbes as well as plant- dried polysaccharides. Consequently, the stability of the soil aggregate is very reliant on the type of minerals that are present in the soil” (Amezketa, 1999).
[bookmark: _GoBack]             “Parent materials have a greater influence on soil formation, through their mineralogical composition, texture and their stratification as well as other properties” (Brady and Weil, 1999). “Each parent material has property that reflects on the relative soil, thus certain clay minerals form very stable aggregates, while others form weak aggregates that fall apart very easily” (Amezketa, 1999).  
       “The inherent nature of soils which is an empirical assessment of the competency of a soil aggregate to maintain cohesion and do not break apart by the action of water” (Essien et al., 2019; Essien et al., 2023) and “the most significant structural stability exhibitors are water dispersible clay” (Ogban and Essien, 2016), air capacity, the slope retention curve at the inflection point, and mean weight diameter of aggregates (Enwezor et al., 1989; Ibanga et al., 2025a; Ibanga et al., 2025b). Also, “many factors that significantly affecting aggregate stability are climate, organic matter content, adsorbed cations, tillage, type of vegetation, plant roots, soil organisms, manurial practices and crop rotation, alternate wetting and drying. It also depends on a number of biological factors, including microbial extracellular polysaccharides, fungal hyphae, soil microbial biomass, plant roots, carbon and nitrogen inputs from fresh organic matter, aromatic humic substances and glomalin-related soil proteins derived from arbuscular mycorrhizae” (Gochin and Asgan, 2008; Etukudoh et al., 2017; Fortune and Etukudoh, 2015).
        “Soil structural stability is one of the most prominent criteria for conservation of soil and protection of soil environmental operations by which soil capacity to stabilize and store organic C is influenced” (Essien et al., 2025b; Etukudoh et al., 2014), as well as distribution in the landscape and soil water storage capacity (Udoh et al., 2025; Wenibo and Etukudoh, 2014). “The best environment for seed germination and sensitivity of soil, rooting of crops, the soil ability to sequester organic carbon, crusting and erosion, soil aggregate stability is used as an indicator” (Essien et al,, 2024a; Essien et al., 2024b).
            “Soil aggregate, with the presence of well aggregate stability, is the most important of all soil qualities for sustaining agricultural productivity and for maintaining the quality of the environment. Previous research works on aggregate stability and management implication that enhancing water stability of tropical soils in Akwa Ibom State are insufficient” (Ogban, 2021; Charles et al., 2025). Also, tropical soils are highly weathered, erodible and instable. Most of the soils are poorly structured and no clear information on aggregate stability enhancing water erosion of tropical soils on. Therefore, there is need to investigate redistribution of selected soil properties, aggregate stability and management implication on beach ridge sands in Akwa Ibom State.

MATERIALS AND METHODS 
Study Area
The study was conducted on beach ridge sand parent materials (Oron, Eket, Ibeno, Onna and Ikot Abasi) in Akwa Ibom State, Nigeria. Akwa Ibom State (Figure 1) covers a total land area of 841.
“The area is located within latitudes 4o35′ and 4o40′ N and between longitudes 7o30′ and 8o15′E. The state is bordered on the east by Cross River State, on the west by Rivers State and Abia State, and on the south by the Atlantic Ocean. Although the coastline in the present study is endowed with less geomorphic features. The geological information of the study area, indicates that it is part of the sediment in Nigeria belonging to the Tertiary Benin Formation. The study area which extends horizontally along the landward/seaward boundary with the Atlantic Ocean is characterized by semi-diurnal tide with a meso-tidal range of 2.4m and a low gradient (< 5°). The coastal terrain of Oron, Eket, Ibeno, Onna and Ikot Abasi is characterized by two distinct seasons, the wet and the dry seasons. The wet or rainy season lasts between eight to nine months starting from mid–march till the end of November. Depending on the area, The mean annual rainfall ranges from 2,300mm to 3,500 mm and the wet season is usually interrupted by a short dry period in August. The dry season has a short duration of between the last week of November or early December and lasts till early March.  The climate in the study area is uniformed due to influence of the adjoining ocean and rainfall is expected every month of the year due to the hot maritime air mass along the Atlantic Ocean coastline. Mean annual maximum and minimum temperatures are about 27 oC and 25 oC, respectively” (Petters et al., 1989). [image: ]
Figure 1 Map of Akwa Ibom State showing different parent materials
Relative humidity ranges from 75 to 85%. The natural rainforest vegetation has lost its original nature due to anthropogenic activities arising from population increase. The soils are better drained, crops grown are mainly cocoyam (Ibanga et al., 2023), carrot (Akpan et al., 2021), pepper (Akpan et al., 2023), cassava (Akata et al., 2024), okro (Akpan et al., 2024; Ekwere et al., 2022), pumpkin (Akata et al., 2025a), groundnut (Akata., et al 2025b), garlic (Akpan, et al., 2025). Poor management and improper land use causes soil degradation and low productivity (Etukudo, 1990; Simeon and Essien, 2023).
                                                                                                                                Field Sampling
Three random soil samples were collected in two points in each of the five locations, using soil auger, giving a total of ten (10) samples. The soil samples were used for physical and chemical analyses. Core samples were also collected for the determinations of bulk density (𝑃b) and saturated hydraulic conductivity

Determination of Soil Physical Properties 
Aggregate separation was determined using dry and wet-sieving methods according to Elliot (1986), with the following equation;

[image: ].........equation 1 

Particle size distribution was conducted with the use of Bouyoucous hydrometer method as described by Udo et al. (2009).

   The saturated hydraulic conductivity (Ksat) was determined using the constant head permeameter method, as described by Dane and Topp (2002) and was calculated as follows;
              Ksat   = QL/ΔhAt  ..............................................equation 2
   Where
Ksat = Saturated hydraulic conductivity (cmhr-1), Q   = discharged rate (cm3 min-1), L    = length of soil column (cm), Δh = Change in hydraulic head (cm), A    = cross sectional area through which the flow takes place (cm2), t     = time (minutes).

Bulk Density 
The bulk density of the soil was determined with the used of core samples, following the method outlined by Dane and Topp (2002). Bulk density was calculated using the corresponding equation. 
             lb = Ms/Vt...........................................................equation 3
Where
lb = bulk density (Mgm-3), Ms = mass of oven dry soil (mg) 
Vt = Total volume of soil (m-3), The total volume of soil was calculated from the internal dimension of the cylinder.

Total Porosity
Total porosity was calculated from particle and bulk density relationship as follows
      f = (1 – lb / ls) × 100................................................equation 4
Where:
f = Total Porosity (%), lb = Bulk Density (g/cm3), ls = Particle Density (g/cm3), Particle density is typically assumed to be 2.65 g/cm3 for most soils. 

Determinations of Chemical Parameters 
Soil pH was determined in water, using a ratio of 1:2.5 (Rhoades, 1982).
Organic carbon was determined by the dichromate oxidation method of Walkley and Black as modified by Nelson and Sommers (1996) and the organic matter content in the soil was computed as follows: 
% OM = % OC x 1.724………………………………………equation (5)	
Where 
% OM = percentage organic matter, % OC = percentage organic carbon 
Available phosphorus was determined by Bray P-1 extractant and P in the extract and was determined using the Murphy and Riley method as described by Udo et al. (2009).
Exchangeable Bases (Ca, Mg, K and Na): Exchangeable Ca, Mg, K and Na were extracted in ammonium acetate (1N NH4 OAC) solution using 1:10 soil to solution ratio according to Agbenin (1995). Calcium (Ca) and Magnesium (Mg) were determined by EDTA titration method (Agbenin, 1995). Potassium (K) and Sodium (Na) were determined using flame photometry (Anderson and Ingram, 1993). 
Exchangeable bases were determined by the methods described by Sparks (1996).
[bookmark: _Hlk183159015]Effective cation exchange capacity (ECEC) was obtained by summation of exchangeable bases and exchangeable acidity while base saturation was obtained by dividing total exchangeable bases (TEB) by ECEC and the result expressed in percentage basic
Percentage base saturation was calculated as follows: -

% BS = 	TEB		X	 100
                  ECEC                            ..........………equation (6)	 
Where  
Bsat = Base Saturation. Base Saturation was calculated by summing together the levels of calcium, magnesium, potassium, and sodium found in the soil.

Computation of Aggregates Stability Indices 
Aggregate stability indices was calculated as follows:-
Mean Weight Diameter (MWD)                                     

	    .................................................equation (7)                                                                                                   where                                                                                                                                                  [image: ] is the Mean Weight Diameter, [image: ] is the number of sieves of aggregate fractions, [image: ] is the mean diameter of the ith fraction, [image: ] is the weight of soil in the fraction, [image: ] expressed as a percentage of the dry soil mass. 
[bookmark: _Hlk183846937]GMDD:- Geometry Means Weight Diameter  (Campbell,1993).                                                    		   ................equation (8)                                                                                             where                                                                                                                                                            GMD:- Geometry Means Weight Diameter, Dg= exp[0.01*SUM (wi*Log(mi))], Dg=Geometric mean diameter, Mi= average diameter for each particle size class Wi= corresponding mass fraction for each particle class
D(jg-1) :-Specific Energy of Water Drop

Mw = Mass of a drop of water (g), n = number of water drops applied
Wi = initial mass of soil used (g), Wr = mass of soil remaining on the sieve (g)
“The Potential Structural Deformation Index (PSDI) which estimates the susceptibility of the dry aggregates to disintegrate upon impact with water drops was Assessment of Structural Stability. Computed according to the method” of Mbagwu and Bazzoffi (1998).    
..............................................equation (10)
Where,
01 = mean diameter of the ith fraction (mm), wi = proportion of the total mass retained in the ith size fraction (from wet-sieving) gg-1, di = proportion of the total mass retained in the ith size fraction (from dry-sieving) gg-1, n = number of sieve-size fractions used.
Statistical Analyses
Descriptive statistics of minimum, maximum, mean, Median, standard deviation, coefficient of variation, skewness, and kurtosis were employed in studying the spread and variations of soil properties. Analysis of variance (ANOVA) was used to determine the effect of parent material on soil properties of studied soils and significantly different means were compared using the Least Significant Difference (LSD) at 5% level of probability. Correlation analysis was used to determine the relationship between Aggregate stability formed on beach ridge parent material with physical and chemical properties of the soil. 	

RESULTS AND DISCUSSION
Soil Physical Properties of the studied soils 						Particle Size  Distribution 								Results of the physical properties of the soils (Table 1), revealed that total sand ranged from 876 – 922 gkg-1, with mean value of 905 ± 15.80 (1.74 %), Skewness was – 1.09, while kurtosis was -0.12. Particle – size fractions were dominated by total sand in the year 2023, in line with the work of Ogban (2021); Ogban and Essien (2016). According to Wilding (1985), “the soil coefficient of variation was classified into three categories: low variance (CV < 15 %), moderate variance (CV < 35 %), and highly variable (CV > 35 %)”. The total sand had low variance. The absence of a perfect normality leads to the existence of Skewness in a set of data. Sand fraction data was negatively skewed, because, the data has a longer tail to the left than to the right of the distribution. 
      Silt fractions ranged from 30 – 50 gkg-1, with mean value of 37. 8 ± 6.21 (CV = 16.43 %). Skewness was 0.92, while kurtosis was 0.05. Silt had moderate variance. Silt positivity skewed due to distribution that has a longer tail to the right during the departure of a set of values from a normal distribution. 
    Clay ranged fractions ranged from 40 – 80 gkg-1, with mean value of 56 ± 12.11 (CV = 21.40 %). Skewness was 0.86, while kurtosis was 0.05. Clay coefficient of variation was classified as moderate variance. Kurtosis measures the degree of peak ness of a distribution taken relative to a normal distribution. According Udofia (2010), value for normal distribution measure of kurtosis is 0.263. Clay had very low/flat. The kurtosis is Platy kurtic. Thus, “the increased content of total sand decreased contents of clay in the surface layer (30 cm), indicated severe erosion in this layer, this lead to losses of colloidal materials in a soil negates aggregation because it disrupts the electrostatic bonding of the primary particles in the early stages of formation and stabilization of microstructure” (Ogban, 2021; Essien and Ogban, 2018). 
Bulk density values ranged from .116 – 1.81 Mgm-3, with mean value of 1.40 ± 0.18 (CV = 12. 86 %), the variability was low, positively Skewed (1.24) and was leptokurtic (2.93), relatively high peak distribution. Bulk density showed minimal variation, indicating the near structured uniformity of these soils and therefore, can support root grow and development, soil and plant respiration (Lal and Shukla, 2004; Essien et al., 2024a; Mark et al., 2024). “The observed soil density values are attributed to the dominance of quartz in the soils. Bulk density are indicator of soil quality” (Ogban et al., 2022), influencing soil hydraulic and water transmission properties (Essien et al., 2022) or hinder root penetration. Total porosity ranged from 0.37 – 0.55 m3m3, with mean value of 0.46 ± 0.06 m3m3 (CV = 13.04 %), skewed positively with 0.31 and was negatively leptokurtic. The coefficient of variation was lower than 15 %, indicates low variability (Ogban et al 2022; Essien, et al. 2023). Saturated hydraulic conductivity ranged from 1.84 – 5. 41 cmhr-1, with mean value of 3.07 ± 1.3 cmm-1 (CV = 36. 81 %), positively skewed (1.21) and negatively leptokurtic (-1.01).  



 According to Wilding (1985) a coefficient of variation over 36 % shows strong variance. High to very high variation in soil properties, may be due to the nature of the soil and the climatic conditions. The dominance of sand fraction over silt and clay is characteristic of Akwa Ibom Soils and is in agreement with other research works conducted in the area (Essien et al., 2024b; Ogban, 2021; Sam et al., 2025; Ibanga et al., 2025). Also dominance of sand fraction and loss of colloidal materials in a soil negate aggregation because it disrupts the electrostatic bonding of the primary particles in the early stage of formation and stabilization of microstructure.                  


1

Table 1: Soil Physical Properties of the Studied Soils
	[bookmark: _Hlk161132519]
	Ts


	Si
[bookmark: _Hlk183181614]gkg-1

	Cl


	Bd
Mgm-3

	Ksat
cmhr-1

	Tp
m3m-3


	
	905.60
	37.80
	[bookmark: _Hlk183182526]56.60
	1.40
	3.07
	0.46

	Min
	876.00
	30.00
	[bookmark: _Hlk183182409]40.00
	1.16
	1.84
	[bookmark: _Hlk183179519]0.37

	Max
	922.00
	50.00
	80.00
	1.81
	5.41
	0.55

	Median
	913.00
	35.00
	52.00
	1.40
	2.84
	0.45

	Std ±
	15.80
	6.21
	12.11
	0.18
	[bookmark: _Hlk183933773]1.13
	[bookmark: _Hlk183934126]0.06

	CV (%)
	[bookmark: _Hlk183930988]1.74
	[bookmark: _Hlk183931562]16.43
	21.40
	[bookmark: _Hlk183933604]12.86
	36.81
	13.04

	[bookmark: _Hlk183931640]Skewness
	[bookmark: _Hlk183931049]-1.09
	0.92
	0.86
	1.24
	1.21
	0.31

	Kurtosis 
	-0.12
	0.00
	0.05
	[bookmark: _Hlk183933697]2.93
	[bookmark: _Hlk183933929]1.01
	[bookmark: _Hlk183934307]-1.20



Bd – bulk density, Tp – total porosity, Ksat – saturated hydraulic conductivity, SD – standard deviation, CV – coefficient of variation.

 Chemical Properties of the Studied Soils

[bookmark: _Hlk183935183][bookmark: _Hlk183935003]The results of soil chemical properties showed in Table 2, indicated that Soil pH ranged from 4.8 to 6.02 with mean value of 5.30 ± 0.13 (5.85 %), Skewness 1.02, while kurtosis was 3.14. The variations of soil pH were very minimal (CV < 15%) in   the studied soils, indicating a near similarity of these soils in terms of soil reaction. Mean soil pH was significantly (p < 0.05). Soils of the studied parent materials were generally moderate acid in reaction and they fell within the 5.0 – 6.5 range reported by Udo et al. (2009) as being ideal for upland crop production. Therefore, the pH values of the studied soils were favorable for crop production.
[bookmark: _Hlk183206768][bookmark: _Hlk183209005][bookmark: _Hlk183935291]       Organic matter content ranged from 0.86 to 1.33 (%) with mean value of 1.06 ± 0.15 (CV = 14.15 %), Skewness 0.43, while kurtosis was -0.78. Organic matter showed moderate variation. There were no significant (p ≥ 0.05) differences in organic matter among the soils, but apparently. Soils of do not have clearly high organic matter content because of the high temperature that cause constant decomposition of any added manure (easily decompose/ transient in nature) (Baird, 2013; Essien et al., 2025a; Sam et al., 2025b; Essien et al., 2025b; Simeon et al., 2025).
[bookmark: _Hlk183935464][bookmark: _Hlk183935707][bookmark: _Hlk183936267][bookmark: _Hlk183936284]Available P ranged from 2.79 to 8.87 mgkg-1 with mean value of 5.61 ± 2.41 (CV = 14.15%), Skewness -0.00, while kurtosis was -1.54. Available P in the parent material moderate (Table 2). Available P in soils of the parent material were not significantly different (p ≥ 0.05). In terms of soil fertility, available P obtained in these soils fell within the moderate class (2.79 – 8.87 mgkg-1) (Bassey et al., 2025).  Ca, Mg, Na and K Ca ranged from 1.60 to 7.20 cmolkg-1.with mean value of 3.82 ± 1.77 (CV = 46.34 %) Skewness 0.84, while kurtosis was -0.14. Mg, ranged from 53 to 2.40 cmolkg-1-, with mean value of 1.24Std 0.62 ± 50.00 %, Skewness 0.82, while kurtosis was -0.36., Na ranged from 0.06 to 0.80 cmolkg-1, with mean value of 0.16 ± 0.23 (143.75 %), Skewness 3.07, while kurtosis was 9.58,  K ranged from 0.09 to 0.65 cmolkg-1 with means of 0.29 ± 0.16 (55.17 %), Skewness 0.88, while kurtosis was 0.59.,  
Exchange acidity (EA) ranged from 2.8 to 9.10 cmolkg-1 with means value of 4.57 ± 1.92 cmolkg-1 (42.01 %), Skewness 1.71, while kurtosis was 2.96. Exchange acidity was moderate in soils of the area (Table 2). The acid nature of these soils can be attributed to the high amounts of rainfall in the study area, which may have caused the leaching of basic cations from the exchange sites and their replacement with H+ and Al3+ ions (Plaster, 1992). Effective cation exchange capacity (ECEC) ranged from 6.18 to 14.89 cmolkg-1 with means      value of 4.57 ± 3.24 cmolkg-1 (32.37 %), Skewness 0.34, while kurtosis was -1.57 (Table 2). There was no significant (p ≥ 0.05) difference among ECEC of the studied soils. ECEC was low based on the fertility ratings by Udo et al. (2009). This low ECEC reflected the Kaolinitic   and oxide clay mineralogy that characterize Ultisols (Chude et al., 2011). 
[bookmark: _Hlk183209847]             Base saturation ranged from 28.40 to 67.24 % with mean value of 53.77 ± 12.27 % (22.82 %), Skewness was -1.19, while kurtosis was 0.95. Base saturation showed moderate variation (Table 2) and there was no significant difference (p ≥ 0.05). Values obtained were higher than the 50% reported by Udo et al. (2009) to be adequate for crop production. According to Wilding, (1985), a coefficient of variation (CV) of lower than 15% indicates low Variability. The variation of pH was low (CV < 15%) while those of other chemical properties were moderate (15% < CV ≤ 35%), (Table 2). In base saturation, the positive skewed value indicates that the tail on the right side of the distribution was longer than the left side and the bulk of the values lie to the left of the mean. In contrast, a negative skewed value indicates that the tail on the left side of the distribution was longer than the right side and the bulk of the values lie to the right of the mean. 
Aggregate Stability Indices of the Studied Soil
Aggregate stability indices results are showed in Table 3. Mean-Weight Diameter Dry ranged from 8.35 to 18.88 with mean value of 14.44 ± 3.54 (24.52 %), Skewness -0.48, while kurtosis was -0.85. Mean-Weight Diameter Dry showed low variation in soils of the area.
Mean-Weight Diameter Wet ranged from 7.55 to 16.78 with mean value of 10.90 ± 2.63 (24.13 %), Skewness 1.14, while kurtosis was 2.09. Mean-Weight Diameter Wet showed low variation and there was no significant difference (p ≥ 0.05). 
Geometric- Mean Weight Diameter Dry ranged from 0.17 to 0.55 with mean value of 0.38 ± 0.14 (36.84 %), Skewness -0.18, while kurtosis was -1.70. GMWDD. There was no significant (p ≥ 0.05) difference among GMWDD of the studied soils. This low GMWDD reflected the Kaolinitic and oxide clay mineralogy that characterize Ultisols.
Geometric- Mean Weight Diameter Wet ranged from 0.13 to 2.15, with mean value of 0.74 ± 0.54 (72.97 %), Skewness 2.19, while kurtosis was 6.04. Geometric- Mean Weight Diameter Wet of these soils were moderate, due to the acid nature of the soil.

Specific Energy of Water Drops ranged from 0.06 to 0.50, with mean value of 0.22 ± 0.15 (68.18 %), Skewness 0.96, while kurtosis was -0.05. Specific Energy of Water Drop was moderate and there was no significant difference (p ≥ 0.05). 
Potential Structural Deformation Index in soil of Beach Ridge Sand ranged from 8.00 to 65.00 with mean value of 30.20, Std 22.79 ± 75.46%), Skewness 0.81, while kurtosis was -1.18. Potential Structural Deformation Index showed moderate variation.

Table 2: Soil Chemical Properties on the Study Area

	
	pH
(H2O)
	OM
(%)
	Av.P
(mgkg-1)
	Ca

	Mg
	Na
	K

cmolkg-1
	EA
	ECEC
	Bsat
(%)
	

	
	5.30
	1.06
	5.61
	3.82
	1.24
	0.16
	0.29
	4.57
	[bookmark: _Hlk183959400]10.01
	[bookmark: _Hlk183959837]53.77
	

	Min
	4.82
	0.86
	2.79
	1.60
	0.53
	0.06
	0.09
	2.80
	[bookmark: _Hlk183959446]6.18
	28.40
	

	Max
	6.02
	1.33
	8.87
	7.20
	2.40
	0.80
	0.63
	9.10
	14.89
	67.24
	

	Median
	5.29
	1.02
	6.53
	3.40
	1.14
	0.10
	0.27
	4.00
	9.13
	54.67
	

	[bookmark: _Hlk183936438]SD ±
	0.31
	0.15
	2.41
	[bookmark: _Hlk183935570]1.77
	[bookmark: _Hlk183936033]0.62
	0.23
	0.16
	1.92
	[bookmark: _Hlk183959352]3.24
	[bookmark: _Hlk183959798]12.27
	

	[bookmark: _Hlk183959716]CV (%)
	[bookmark: _Hlk183934736]5.85
	[bookmark: _Hlk183934950]14.15
	42.96
	46.34
	50.00
	[bookmark: _Hlk183936520]143.75
	[bookmark: _Hlk183936778]55.17
	42.01
	[bookmark: _Hlk183959310]32.37
	22.82
	

	Skewness
	1.02
	0.43
	-0.00
	0.84
	0.82
	3.07
	[bookmark: _Hlk183936871]0.88
	[bookmark: _Hlk183958864]1.71
	0.34
	-1.19
	

	Kurtosis
	3.14
	-0.78
	[bookmark: _Hlk183935271]-1.54
	-0.14
	-0.36
	9.58
	[bookmark: _Hlk183936895]0.59
	2.96
	-1.57
	0.95
	


OM – organic matter, AP – available phosphorus, EA –  exchangeable acidity, ECEC – effective cation exchange capacity, BS – base saturation, EA–  exchangeable acidity, ECEC – effective cation exchange capacity, BS – base saturation

Table 3	Aggregate Stability of Soil Formed on the Study Area
	                             MWDD         MWDW           GMDD          GMDW              D              PSDI
                                                                 (mm)                                                 (Jg-1)

	
	14.44
	10.90
	0.38
	0.74
	0.22
	30.20

	Min
	8.35
	7.55
	0.17
	0.13
	0.06
	8.00

	Max
	18.88
	16.78
	0.55
	2.15
	0.50
	65.00

	Median
	14.70
	10.45
	0.40
	0.64
	0.19
	21.50

	Std ±
	3.54
	2.63
	0.14
	0.54
	0.15
	22.79

	CV (%)
	24.52
	24.13
	36.84
	72.97
	68.18
	75.46

	Skewness
	-0.48
	1.14
	-0.18
	2.19
	0.96
	0.81

	Kurtosis
	-0.85
	2.09
	-1.70
	6.04
	-0.05
	-1.18



MWDD = Mean-Weight Diameter Dry, MWDW = Mean-Weight Diameter Wet 
GMDD = Geometric- Mean Weight Diameter Dry, GMDW = Geometric- Mean Weight Diameter Wet, D(Jg−1) =Specific Energy of Water Drops, PSDI = Potential Structural Deformation Index
















Table 4:  Correlation Matrix of Soil Physical Properties with Aggregate Stability Indices
	
	Ts
	Si
	Cl
	Bd 
	Ksat
	Tp
	MWDD
	MWDW
	GMDD
	GMDW 
	D
	PSDI
	
	D
	PSDI 

	Ts
	1.000 
	 
	 
 
	
	
	
	
	
	
	
	
	
	  
	
	

	Si
	0.721*
	1.000 
	
	
	
	
	
	
	
	
	
	
	
	

	CI 
	-0.935**
	0.427
	1.000 
	
	
	
	
	
	
	
	
	
	
	

	Bd 
	0.041
	-0.341
	0.121
	1.000 
	
	
	
	
	
	
	
	
	
	

	Ksat
	0.319
	0.123
	-0.353
	0.330
	1.000 
	
	
	
	
	
	
	
	
	

	Tp
	-0.181
	0.140
	0.307
	0.117
	0.421
	1.000 
	
	
	
	
	 
	
	
	
	

	MWDD
	-0.269
	0.214
	0.242
	-0.171
	0.026
	0.521** 
	1.000 
	
	
	
	
	
	
	
	

	MWDW
	0.245
	0.127
	0.254
	0.061
	0.048
	0.041
	-0.298
	1.000 
	
	
	 
	
	
	
	

	GMDD 
	-0.205
	-0.073
	0.305
	0.281
	-0.531
	0.154
	0.248* 
	-0.213
	1.000 
	
	
	
	
	
	

	GMDW 
	     0.076
	0.435
	0.125
	0.752*
	0.576
	0.563** 
	-0.149** 
	-0.063
	-0.383
	1.000 
	
	
	
	
	

	D
	0.154
	0.280** 
	0.344
	0.478** 
	0.234
	0.482
	-0.196
	0.643*
	0.280
	0.592** 
	1.000
	
	
	1.000 
	

	PSDI
	0.095
	-0.202
	-0.020
	0.503
	0.675*
	0.570
	0.493
	0.023
	0.193
	0.490
	0.241
	1.000
	
	0.241
	1.000 
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*. Correlation is significant at the 0.05 level (2-tailed)
**. Correlation is significant at the 0.01 level (2-tailed)
Table 5: Correlation matrix of Soil Chemical Properties with Aggregate Stability Indices
	
	PH
	OM
	Av.P
	Ca
	Mg
	Na
	K
	EA
	ECEC
	Bsat
	MWDD
	MWDW 
	GMDD 
	GMDW
	D  
	PSDI

	PH
	1.000 
	 
	 
 
	
	
	
	
	
	
	
	
	
	
	
	
	

	OM
	0.289
	1.000 
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Av.P
	0.450
	-0.329
	1.000 
	
	
	
	
	
	
	
	
	
	
	
	
	

	Ca
	0.147
	-0.093
	0.551
	1.000 
	
	
	
	
	
	
	
	
	
	
	
	

	Mg
	0.245
	-0.074
	0.603
	0.978**
	1.000 
	
	
	
	
	
	
	
	
	
	
	

	Na
	0.108
	-0.108
	0.201
	-0.243
	-0.207
	1.000 
	
	
	
	
	
	
	
	
	
	

	K
	0.254
	-0.212
	0.569
	-0.074
	-0.009
	0.189
	1.000 
	
	
	
	
	
	
	
	
	

	EA 
	0.222
	-0.193
	0.439
	0.085
	0.119
	0.866**
	0.300
	1.000 
	
	
	
	
	
	
	
	

	ECEC 
	0.274
	-0.190
	0.711*
	0.785**
	0.801**
	0.350
	0.193
	0.679*
	1.000 
	
	
	
	
	
	
	

	Bsat
	0.007
	-0.001
	0.237
	0.698*
	0.668*
	-0.706*
	0.088
	-0.600
	0.153
	1.000 
	
	
	
	
	
	

	MWDD 
	-0.004
	-0.285
	-0.099
	-0.183
	-0.202
	0.445
	0.170
	0.554
	0.198
	-0.563
	1.000 
	
	
	
	
	

	MWDW 
	0.122
	-0.191
	0.492
	-0.281
	-0.265
	0.023
	0.677*
	-0.022
	-0.181
	-0.063
	-0.298
	1.000 
	
	
	
	

	GMDD
	-0.276
	-0.584
	0.450
	0.681*
	0.599
	0.155
	-0.117
	0.411
	0.726*
	0.208
	0.248
	0.448* 
	1.000 
	
	
	

	GMDW
	0.884**
	0.411
	0.148
	0.103
	0.178
	-0.085
	0.000
	0.042
	0.117
	0.031
	-0.149
	-0.063
	-0.383
	1.000
	
	

	D
	0.762*
	-0.006
	0.603
	0.055
	0.126
	-0.197
	0.574
	-0.069
	0.046
	0.189
	-0.196
	0.643*
	-0.280
	0.592
	1.000
	

	PSID
	0.528
	0.134
	-0.030
	-0.427
	-0.410
	0.506
	-0.029
	0.507
	-0.016
	-0.744*
	0.493
	0.023
	-0.193
	0.490
	0.241
	1.000


*. Correlation is significant at the 0.05 level (2-tailed).                                                                                                                                                                                                                       **. Correlation is significant at the 0.01 level (2-tailed).
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Conclusion
In the beach ridge sands of Akwa Ibom State, sand, bulk density, total porosity, and pH displayed slight changes, whereas Ksat, organic matter, and available P showed moderate variations, and silt levels were elevated. The parent materials of the soils were generally alike regarding their physical and chemical characteristics and were reasonably suitable for farming. Soil testing before planting, liming to lower soil acidity, combined use of organic and inorganic fertilizers, bush fallowing, and enhanced agronomic practices are recommended for improved crop yields on soils from the examined parent materials in the State.

Recommendations 
It is recommended that integrated land management should be practiced such as practical soil conservation policies and measures to ensure sustainable use of soil as a resource to combat the ongoing soil changes and improve soil fertility to overcome land degradation and achieve sustainable agricultural production in the study area. 
Further studies involving longer term research and evaluation of land uses for carbon sequestration in soil aggregate fraction potentials, as well as socio-economics of the system is suggested. This would allow for better discernment of soil quality changes and cost benefits of the system. 
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Figure 1: Map of Akwa Ibom State Showing Different Parent Materials
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