Assessment of Iron and Zinc distribution in selected soils formed from five parent materials in Akwa Ibom State, Nigeria. 
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ABSTRACT
Studies on the total and available forms of iron and zinc in some selected soils of Akwa Ibom State were conducted between 2014 and 2015. Twenty-five surface (0-20 cm) composite soil samples formed from alluvia deposits, beach ridge sands, coastal plain sands, sandstones and mangrove swamp parent materials were used. Total contents of Fe and Zn were assessed by combined acids digestion method while, the available forms were determined using four chemical extractants (Coca-cola, 0.01M HCl, 0.05M EDTA and 1N NH4OAc). The results of the studies show that, parent materials did influence the contents of total and available Fe and Zn in the soils. Total Fe and Zn in the soils were high with values which varied widely between 237.20 and 452.87 mgkg-1 and, 280.21 and 472.63 mgkg-1, respectively. The extractable Fe and Zn values were low and varied from 9.00 to 12.66 mg kg-1 and 2.46 to 3.81 mgkg-1, respectively. HCl method extracted the highest content of Fe (8.70 mgkg-1) followed by Coca-cola method (6.18 mgkg-1). On the other hand, Coca-cola method extracted the highest content of the Zn (4.41 mgkg-1) followed by HCl method (3.64 mgkg-1). One normal NH4OAC extracted the least amount of Fe (4.77mgkg-1) and Zn (2.16 mgkg-1) relative to the other extractants. The study further shows that, the comparative extraction capacity of these extractants followed the order: O.1N HCl> Coca-cola> 0.05M EDTA>1N NH4OAC. The extractants yielded significant relations between concentrations of Fe and Zn and the soil properties. Higher correlations (r) values of HCl-extractable Fe and Coca- cola-extractable Zn with soil properties on one hand and among the extractants on the other hand, were established respectively. This suggests that, the 0.01M HCl and Coca-Cola extraction methods (both acid) are recommended as the most suitable soil testing methods for the determination of available Fe and Zn in the soil. 



















INTRODUCTION
Soil formation and development are significantly influenced by parent material, which dictates the mineralogical, physical, and chemical properties of soils (Brady & Weil, 2017). Among essential micronutrients, iron (Fe) and zinc (Zn) play crucial roles in plant nutrition, influencing metabolic processes, enzymatic functions, and overall crop productivity (Alloway, 2013). Their distribution in soils is controlled by various pedogenic factors, including parent material, climate, topography, biological activity, and time (Sparks, 2020).  Despite this knowledge, micronutrients such as Fe and Zn deficiency still remain a common phenomenon and are responsible for the most widespread crop micronutrient’s disorders in soils of the tropical rain forest of Southeastern Nigeria (Enwezor et al, 1989; Udo et al., 2008; Chude et al., 2011). This may be attributed to increase in micronutrient’s demand for intensive cropping practices and high request of high yield cultivars which probably have higher nutrient request. The availability of micronutrients in soils, especially Fe and Zn, is important for the optimum growth of crops. This is because the total content of these nutrient elements in the soil does not actually give a reliable indication of the available status. Chude et al. (2011) described the active forms of these nutrient elements as the satisfactory source of nutrient for plant use. Akwa Ibom State, located in the Niger Delta region of Nigeria, is characterized by diverse geological formations that give rise to distinct soil types. The primary parent materials influencing soil formation in the region include alluvial deposits, beach ridge sands, coastal plain sands, sandstones, and mangrove swamp deposits (Esu, 2010). These parent materials differ in mineral composition, weathering rates, and drainage conditions, thereby affecting the availability and distribution of iron and zinc in soils. While iron is predominantly associated with oxides and hydroxides, zinc is often adsorbed onto clay minerals and organic matter, making their bioavailability dynamic and dependent on soil properties (Kabata-Pendias, 2011).
Iron deficiency in soils is often linked to high pH, poor drainage, and excessive phosphorus applications, leading to reduced availability for plant uptake (Lindsay, 2018). Conversely, zinc deficiency is a widespread issue in tropical soils due to leaching, low organic matter content, and strong adsorption to soil colloids, affecting crop yield and nutritional quality (Alloway, 2008). Understanding the distribution of these micronutrients across different parent materials is essential for developing soil management strategies that enhance fertility and agricultural productivity in the region. Previous studies have examined micronutrient dynamics in various soil types, but limited research has focused on the specific influence of different parent materials on iron and zinc distribution in Akwa Ibom State. This study aims to assess the distribution of iron and zinc in soils formed from alluvial deposits, beach ridge sands, coastal plain sands, sandstones, and mangrove swamp deposits. The objective of this study were  to Determine the physical and chemical properties of soils of five parent materials in Akwa Ibom State, Assess total and available Fe and Zn contents in soils from the five parent materials in Akwa Ibom State, Examine the influence of selected soil properties on the available Fe and Zn in the soils and evaluate the effectiveness of four extraction methods for predicting available Fe and Zn in soils of Akwa Ibom State.  The findings will provide insights into nutrient availability and inform soil fertility management practices tailored to specific soil types. 






MATERIALS AND METHODS
DESCRIPTION OF THE STUDY AREA 
The soil samples for the studies were collected from Ikot Abasi, Eastern Obolo, Esit Eket, Eket, Mkpat Enin, Onna, Ibeno, Mbo and Itu Local Government Areas of Akwa Ibom State, Nigeria. The area is located within latitudes 4o35’ and 4o40’ N and between longitudes 7o30’ and 8o15’ E. (Fig. 1) in the rainforest zone, covering a total land area of 8,421sq.km. The State is underlain mainly by the coastal plain sands, the beach ridge sands, sandstones, alluvial deposits and mangroves soil (Petters et al., 1989). Physiographically, the landscape comprises a low-lying plain and riverine area with almost no portion of the State exceeding 175m above sea level. 
Soil sampling and Sample collection
The sampling sites selected covered a wide range of soil types formed over alluvia deposits (AD), beach ridge sands (BRS), coastal plain sands (CPS), sandstone (SS) and mangrove soils (MGS) parent materials in Akwa Ibom State (Figure 1). In each soil type, five sampling locations were selected and the soils samples were collected in soils which comprised of cultivated and fallow lands. In all a total of Twenty-five (25) surface (0-20 cm) composite soil samples were collected. At each sampling point, the area was cleared with the aid of a machete while, the auger was used to dig out the soil to a depth of 0-20cm, a total of 400 kg of soils were collected for laboratory analysis.  
Sample preparation 
In order to achieve the set objectives, a laboratory procedure was carried out on these soils to determine some physical and chemical properties and the status of available forms of Fe and Zn by different extraction methods. The twenty-five (25) surface (0-20 cm) composite soils samples collected were air-dried and screened through a 2 mm sieve for physical and chemical analyses. 20g of each sample was crushed with Agate mortar and pestle and later sieved to pass through a 0.5 mm sieve for the determination of organic carbon, total nitrogen, Fe and Zn. 








[image: GLORIA ONE] Fig. 1: Soil map of Akwa Ibom showing sampling points.


Laboratory analysis 
The soil analytical procedures include; 
Physical analysis: 
The 2 mm sieved soils were used to analyse for Particle size analysis by the Bouyoucous hydrometer method (Gee and Or, 2002) using calgon as a dispersing agent as described by Day (1965). 
Chemical analyses: 
 Soil pH in 1:2.5 soil – 0.1 CaCl2 suspensions was determined using a digital pH meter with glass electrode as described by Thomas (1996). 
Electrical conductivity was measured in the extract obtained from 1:2.5 soils: distilled water suspension using a conductivity bridge (Udo and Ogunwale, 1986). 
 Soil organic carbon was determined by Walkley-Black method of wet combustion involving oxidation of organic matter with potassium dichromate (K2Cr2O7) and sulphuric acid (H2SO4) method described by Nelson and Sommers (1996) and the content of the organic carbon (OC) was converted to organic matter by multiplying the OC values by Van Bremelen factor of 1.724 based on the assumption that SOM contains 58% carbon. 
Total nitrogen was determined using micro kjeidahl digestion and distillation methods by Bremner (1996). 
Available phosphorus was determined by Bray P-II (Kuo, 1996). 
Exchangeable cations were extracted with 1N neutral ammonium acetate (NH4OAc) solution and amounts of K and Na in solution was measured using a Flame Photometer while Ca and Mg were determined by EDTA titration method. 
Exchangeable Acidity was extracted with 1N KCL solution and titrated with 0.05N NaOH as described by Udo et al. (2009). 
Effective cation exchange capacity (ECEC) was calculated as the summation of exchangeable bases and exchangeable acidity as described by Sumner and Miller (1996). 
Percent base saturation was by calculation, dividing the sum of exchangeable bases by the ECEC then multiplied by 100. 










RESULTS AND DISCUSSIONS
Soil physical characteristics. 
The physical characteristics of the soils used in this study are presented in Table 1. The soils have high percentage of sand ranging from 486 g kg-1 in mangrove to 850 g kg-1 in beach ridge soil with an average of 660 g kg-1. The predominance of sand in the surface soil is attributed to preferential removal of clay and silt by soil erosion (Ogban et al., 1999) and the influence of the parent materials. Silt and clay in the soils ranges from 51 to 238 g kg-1and 182 to 158 g kg-1 in beach ridge and mangrove swamp soils respectively with averages of 99 and 276 g kg-1 respectively. The texture of the soils ranged from loamy sands, sandy loams, sandy clay loam, and clayey loam to loamy soil among the locations. These soils are coarse in texture with a high content of sand in the surface soils. However, the coarse textures of the soils conferred on the soil’s poor nutrient and low structural stability, with appreciably low water retention capacity, moderate infiltration and percolation due to the low clay content, this aids high erodibility and makes the study area vulnerable to degradation (Ogban et al., 1999). This pattern is characteristic of the soils developed on acid sands largely of the Southeastern Nigeria (Enwezor et al., 1990a). The soils are coarse textured and lack adsorption capacity for basic plant nutrients.



Table 1: Some soils physical properties of the study area

	
	
		Particle Size Distribution	
	

	Parent materials
	Location
	  Sand	
	Silt	
	Clay	
	Texture

	
	
	gkg-1
	

	Alluvia Deposits
	
	
	
	
	

	
	Uruan Nwaniba
	738
	145
	117
	

	
	Itu Bridge Head
	694
	184
	122
	

	
	Use Ikot Oku
	536
	283
	181
	

	
	Ini Itie Ekpe
	504
	278
	218
	

	
	Ini Ekoi Mbat
	631
	225
	144
	

	
	Mean
	621
	223
	156
	Sandy loam

	Beach Ridge Soil
	
	
	
	
	

	
	Oron Ebughu
	833
	87
	80
	

	
	Eket Okon
	832
	60
	108
	

	
	Onna Onna Town
	893
	25
	82
	

	
	Ikot Abasi Ete
	853
	59
	88
	

	
	Esid Eket
	838
	25
	137
	

	
	Mean
	850
	51
	99
	Loamy sand

	Coastal Plain Sand

	
	Uyo Nduetong Oku
	613
	371
	16
	

	
	Abak Midim
	753
	25
	222
	

	
	Essien Udim Ikot Ntuen
	522
	284
	194
	

	
	Nsit Atai Odot
	531
	297
	172
	

	
	Nsit Ubium Ndiya
	752
	143
	105
	

	
	Mean
	634
	224
	142
	Sandy loam

	Mangrove Soil
	
	
	
	
	

	
	Mbo Ewang
	302
	215
	483
	

	
	Ibeno Upenekang
	648
	135
	217
	

	
	Eastern Obolo okoroete
	512
	273
	215
	

	
	Ikot Abasi Utaewa
	393
	281
	326
	

	
	Ikot Abasi Ete
	577
	285
	138
	

	
	Mean
	486
	238
	276
	Loamy soil

	Sandstone
	
	
	
	
	

	
	Ikono Ibiaku Nto Okpo
	736
	115
	149
	

	
	Ini Odono
	744
	159
	97
	

	
	Ini Nkari Ikpe
	697
	222
	81
	

	
	Ibiono Okoita
	618
	208
	174
	

	
	Ikono Ibakachi
	758
	164
	78
	

	
	Mean
	711
	174
	115
	Sandy loam

	General mean
	
	660
	182
	158
	Sandy loam

	LSD (0.05)
	
	10.5
	920
	107
	

	CV (%)
	
	11.8
	37.9
	50.9
	






Soil chemical characteristics. 
Data on soil chemical properties are presented in Table 2. The soil pH (in CaCl2) ranged from 3.42 to 5.48, for soils in mangrove and sandstones respectively, with an average pH of 4.38. The pH of all the soils was strongly acidic irrespective of the soil type, a condition which encouraged the availability of micronutrients to plants. The acidic conditions might be due to the acidic nature of the parent materials from which the soils were derived, high rainfall that exceeds 2000 mm/annum, sandy nature of the soils, erosion, high leaching of bases down the profile and losses of organic matter (Enwezor et al., 1990b) a condition which depletes micronutrients in soils because the soil organic matter were low due to the dominance of kaolinite in the clay fraction (Silanpaa, 1990). (Eshiett, 1992; Akpan-idiok, 2012; Ogban et al., 1999). According to Onwuka et al. (2009) the use of liming materials to reduce soil acidity can affect maize (Zea mays L) and its growth parameters. The electrical conductivity (EC) values varied from 2.7 dSm−1 - 14.5 dSm−1 for soils of the coastal plain sand and mangrove, respectively with a mean of 9.6 dSm−1. This indicates that the soils have low to high saline values (Onyekwere et al., 2001). In the highly saline soils, Na and Cl are usually the most dominant ions as well as gypsum. The highly saline soils contain sodium and chlorine as the most dominant ions as well as gypsum. 

























2

Table 2: Some chemical properties of soils of the study area
	pH
Locations	(1:2.5) CaCl2
	

EC
	
Avail.
P
mgkg-1
	
Total N

%
	Org C	Org M	Exc
 	
Ca
gkg-1
	hangeable Cations	TEB	TEA	ECEC	BS Mg	K	Na
Cmol kg-1	%

	Alluvia Deposits

	Uruan Nwaniba
	3.8
	14.31
	10.01
	0.23
	2.18
	3.76
	4.0
	5.38
	0.08
	0.10
	9.56
	4.17
	13.73
	69.63

	Itu Bridge Head
	4.7
	16.45
	16.32
	0.26
	2.08
	3.59
	3.6
	3.56
	0.16
	0.07
	7.39
	4.55
	11.94
	61.89

	Use Ikot Oku
	2.5
	13.32
	11.81
	0.32
	2.27
	3.91
	4.8
	4.28
	0.08
	0.06
	9.22
	3.63
	12.85
	71.75

	Ini Itie Ekpe
	3.7
	15.41
	14.08
	0.34
	2.01
	3.47
	6.0
	6.12
	0.26
	0.05
	12.43
	6.27
	18.7
	66.47

	Ini Ekoi Mbat
	4.4
	7.66
	16.93
	0.28
	1.68
	2.89
	2.8
	2.48
	0.12
	0.06
	5.46
	9.03
	14.49
	37.68

	Mean
	3.8
	13.40
	13.80
	0.29
	2.04
	3.52
	4.2
	4.36
	0.14
	0.07
	8.81
	5.53
	14.34
	61.50

	Beach Ridge Soil

	Oron Ebughu
	4.3
	5.87
	14.02
	0.16
	1.30
	2.24
	5.6
	5.66
	0.13
	0.07
	11.46
	5.24
	16.7
	68.62

	Eket Okon
	3.2
	9.14
	12.42
	0.24
	1.36
	2.34
	2.0
	6.12
	0.06
	0.03
	8.21
	3.65
	11.86
	69.22

	Onna Onna Town
	4.5
	5.17
	17.36
	0.22
	1.34
	2.31
	2.8
	12.08
	0.02
	0.05
	14.95
	5.24
	20.19
	74.05

	Ikot Abasi Ete
	3.9
	13.32
	14.59
	0.32
	1.46
	2.52
	1.6
	11.06
	0.07
	0.04
	12.77
	4.55
	17.32
	73.73

	Esid Eket
	4.7
	10.31
	12.16
	0.38
	1.11
	1.91
	4.0
	10.14
	0.03
	0.03
	14.20
	2.89
	17.09
	83.09

	Mean
	4.1
	8.80
	14.1
	0.26
	1.31
	2.26
	3.2
	9.01
	0.06
	0.04
	12.32
	4.31
	16.63
	73.70

	Coastal Plain Sand

	Uyo Nduetong Oku
	5.8
	2.03
	10.27
	0.16
	1.24
	2.14
	2.4
	2.4
	0.11
	0.05
	4.96
	3.31
	8.27
	59.98

	Abak Midim
	4.9
	3.05
	7.08
	0.11
	1.02
	1.76
	3.6
	3.6
	0.12
	0.06
	7.38
	7.30
	14.68
	50.27

	Essien Udim Ikot Ntuen
	4.6
	3.12
	8.14
	0.14
	1.21
	2.09
	2.4
	2.4
	0.01
	0.1
	4.91
	5.79
	10.7
	45.89

	Nsit Atai Odot
	4.5
	2.15
	6.83
	0.12
	1.02
	1.76
	2.8
	2.8
	0.08
	0.07
	5.75
	3.68
	9.43
	60.98

	Nsit Ubium Ndiya
	5.6
	2.91
	7.37
	0.07
	0.67
	1.16
	3.6
	3.6
	0.10
	0.06
	7.36
	7.51
	14.87
	49.49

	Mean
	5.08
	2.70
	7.90
	0.12
	1.03
	1.78
	3.00
	2.9
	0.08
	0.06
	6.07
	5.52
	11.59
	53.30

	Mean
	4.38
	9.6
	14.7
	0.21
	1.71
	2.95
	4.24
	5.41
	0.11
	0.09
	9.85
	6.43
	16.28
	59.8

	LSD (0.05)
	0.87
	8.10
	11.7
	0.07
	0.29
	0.50
	2.19
	3.51
	0.07
	NS
	3.63
	2.69
	4.49
	13.67

	CV (%)
	14.7
	63.0
	59.3
	27.5
	12.8
	12.8
	38.6
	48.4
	46.9
	85.1
	27.5
	31.1
	20.6
	17.0



Table 2: Some chemical properties of soils of the study area continued.

	pH
Locations	(1:2.5)
 CaCl2
	

EC
	
Avail.
P
mgkg-1
	
Total N

%
	Org C	Org M	Exchangeable Cations	TEB	TEA	ECEC	BS
 	
Ca	Mg	K	Na
gkg-1	Cmol kg-1	%

	Mangrove soil

	Mbo Enwang
	2.48
	10.49
	23.81
	0.19
	2.20
	3.80
	4.35
	5.97
	0.14
	0.08
	10.84
	7.85
	18.69
	42.05

	Ibeno Upenekang
	4.04
	17.11
	38.82
	0.31
	3.59
	6.20
	7.09
	9.74
	0.22
	0.13
	17.67
	12.80
	30.47
	68.56

	Eastern Obolo Okoroete
	2.92
	12.38
	28.09
	0.22
	2.60
	4.48
	5.13
	7.05
	0.16
	0.09
	12.78
	9.27
	22.05
	49.61

	Ikot Abasi Uta Ewa
	3.48
	14.76
	33.49
	0.26
	3.09
	5.34
	6.12
	8.40
	0.19
	0.11
	15.24
	11.05
	26.29
	59.15

	Ikot Abasi Ete
	4.19
	17.75
	40.27
	0.32
	3.72
	6.43
	7.36
	10.10
	0.23
	0.13
	18.33
	13.28
	31.61
	71.12

	Mean
	3.42
	14.50
	32.90
	0.26
	3.04
	5.25
	6.01
	8.25
	0.19
	0.11
	14.97
	10.85
	25.82
	58.10

	Sandstone

	Ikono Ibiaku Ntok Okpo
	5.9
	30.75
	4.25
	0.11
	1.37
	2.36
	6.4
	6.4
	0.06
	0.17
	13.03
	5.89
	18.92
	68.87

	Ini Odono
	5.4
	3.11
	4.09
	0.09
	1.22
	2.1
	3.6
	3.6
	0.01
	0.06
	7.27
	6.37
	13.64
	53.29

	Ini Nkari Ikpe
	5.5
	1.36
	3.67
	0.07
	0.96
	1.66
	4.4
	1.6
	0.07
	0.4
	6.47
	5.99
	12.46
	51.93

	Ibiono Okoita
	5.4
	6.02
	6.65
	0.08
	1.21
	2.09
	3.4
	0.4
	0.15
	0.06
	4.01
	7.62
	11.63
	34.48

	Ikono Ibakachi
	5.2
	2.16
	5.18
	0.04
	0.86
	1.48
	4.1
	0.4
	0.13
	0.01
	4.64
	3.93
	8.57
	54.14

	Mean
	5.48
	8.7
	4.8
	0.08
	1.12
	1.94
	4.38
	2.48
	0.08
	0.14
	7.08
	5.96
	13.04
	52.50

	Mean
	4.38
	9.6
	14.7
	0.21
	1.71
	2.95
	4.24
	5.41
	0.11
	0.09
	9.85
	6.43
	16.28
	59.80

	LSD (0.05)
	0.87
	8.10
	11.7
	0.07
	0.29
	0.50
	2.19
	3.51
	0.07
	NS
	3.63
	2.69
	4.49
	13.67

	CV (%)
	14.7
	63.0
	59.3
	27.5
	12.8
	12.8
	38.6
	48.4
	46.9
	85.1
	27.5
	31.1
	20.60
	17.00




Available P fluctuated irregularly within the locations. This result is at par with those of Osodeke and Ubah (2006a; 2006b); Osodeke et al (1993). In this study, the contents of available P ranged from 4.8 to 32.9 mgkg-1 and these were obtained from soils developed from sandstones and beach ridge soils, respectively with an average of 14.7 mg kg-1. Most of the soils in the study area under review had available P contents greater than 20 mg kg-1. According to FAO (2006) soils with P values below 10 mg kg-1 are generally considered marginal while soils with P values greater than 20 mg kg-1 are considered high. Also, most of the available P content estimated in this study is below 20 mg kg-1. These values are in close association with organic matter also the coefficient of variation varied widely across the parent materials. According to Asawalam and Okonkwo (2006); Osodeke (2005), P and N are organic matter dependent and are released into the soils as organic matter mineralizes. The ranges, P and N in the study were moderately high, exceeding 15mgkg-1 (FPDD, 1990; Osodeke and Ubah, 2006a) regarded as optimum for productive soils in the ecological zone. Generally, available P status is usually due to either high p-sorption capacity of the soil or low absolute content of P (Osodeke and Ubah, 2006b; Osodeke et al., 1993), on the whole, P availability increase under water logging conditions (Ponnamperuma, 1985). 
Total nitrogen varied from 0.08 % for soils of sandstones to 0.29% in alluvial deposits. Generally, the nitrogen content of the soils is critically low, with most of the soils having values below 0.10%, indicating serious deficiency problem. This may be attributed to the low organic carbon content in the soils. However, the values can also be considered low to high when compared to the critical value of plant nutrient for nitrogen (0.20%). These values are in agreement with values recorded for other Nigerian soils (Ogunwale et al., 1975). However, higher concentrations were in the soils where the organic matter content is high. The probable reasons for low values in most of the soils are rapid decomposition of organic matter, high rate of leaching of cations and to a lesser extent, soil erosion. The low nitrogen content of the soil as a major plant building block is an indicator of chlorosis, stunted growth and yellowing of leaves hence if available at suboptimal level poses a threat to luxuriant growth (Angus and Peoples, 2013). 
The values of organic carbon contents of the study area were generally very low in most of the soils being below 5 gkg-1 in all the soils, and these ranged from 1.03 gkg-1 in Coastal Plain sands to 3.043.03 gkg-1 in mangrove soils with an average of 1.71 gkg-1. The low organic carbon value may be as a result of faster rate of mineralization due to intense cultivation (Aruleba and Ogunkunle, 2006). Intensive cultivation is known to favour rapid mineralization of organic matter (Ayuba et al., 2007). Soil organic matter enhances the cation exchange and nutrient retention capacity of the soils and also modifies some physical properties of the soil. Contrastingly this low soil organic matter content probably led to the increased acidity (Eshiett, 1989) while at the same time could not enhance cation exchange and nutrient retention capacity and modify some soil physical properties in a way favourable to the availability of micronutrients for good crop production (Asawalam and Johnson, 2007). Soils with low levels of organic carbon cannot sustain intensive cropping (Oguike and Mbagwu, 2009). 
The level of exchangeable Ca in the soils studied ranged from 2.96 cmolkg-1 for soils of coastal plain sand to 6.01 cmolkg-1 in mangrove soils, with a mean of 4.24 cmolkg-1. Most of the soil’s samples have calcium values within the range of 4.0 cmolkg-1 regarded as the lower limit for fertile soils (Kyuma et al., 1986; Oladoye and Adewuyi, 2014; Chude et al., 2004). 
The values of exchangeable Mg ranged from 2.48 - 9.01cmolkg-1 for sandstones and beach ridge soils. These values were above 0.5 cmolkg-1 regarded as the critical level (Landon, 1984; Chude et al., 2004). These values are moderate when compared with the acceptable limits of individual basic cations for crop production in the ecological zone (Eteng et al, 2014). 
Potassium is noted to be a key element in the fertilization of agricultural crops. However, the values of K in the study area ranged from 0.06 cmol kg-1 in beach ridge soils to 0.19 cmol kg-1 in mangrove soils, with a mean of 0.11 cmolkg-1 which are less than 0.2 Cmolkg-1 given as the critical levels of exchangeable K (Chude et al., 2004). Nevertheless, based on fertility rating, these values are low to medium (Vanlauwe, 2002). 
Total exchangeable bases content of the study area ranged from 6.07 cmol kg-1 in coastal plain sand soils to 14.97 cmol kg-1 in mangrove soil with an average of 9.85 cmol kg-1. The low values of exchangeable bases of these soils may be attributed to the nature of underlying rocks (parent materials), high rainfall intensity, intensity of weathering, leaching and lateral translocation of bases (Solarin and Ayolagba, 2006). Exchangeable acidity was highest in mangrove soils (10.85 cmol kg-1) and lowest in beach ridge soils (4.31 cmol kg-1). The impact of Al3+ in the soil solution could be significant in terms of the biochemical behaviour of soils. The ECEC ranged between 11.59 at coastal plain sand and 25.82 cmol kg-1 in the mangrove swamp soils, with an average of 16.28 cmol kg-1. Aluko et al. (2001) noted that ECEC values between 10 and 20 cmol kg-1 are considered marginally adequate and high respectively for crop production. Based on this assessment, and in comparison, with the values reported for Nigeria soils (Fasina, 2005), the soils of the study area, on the average have low ECEC values. The low values of ECEC indicate that the soils are prone to leaching, poor potential for retaining plant nutrients and have low activity clay characteristic of Kaolinite (Enwezor et al., 1981; Lal and Stewart, 1990; FDALR, 1995). The base saturation (BS) had values which ranged from 52.5% in sandstones to 73.7% in Beach ridge soils respectively. Generally, with a mean of 59.8% and a CV of 17.0%. This shows the fraction of exchangeable cations that are base ions present in the soil with the ability to acidify a given soil or experience a drop in pH (Mengel et al., 1987), hence basic nutrients must have occurred in available forms in soil solution in this study (Mengel et al., 1987). 
Effective cation exchange capacity (ECEC) values were high in some soil types, while others were very low (11.59 – 25.82 cmol∙kg−1) for soils of coastal plain sand and mangrove swamp soils, respectively as established by FPDD (1990) for productive soils. With mean percentage base saturation of 59.8, the basic nutrients are likely to occur in available forms for plant uptake.
DETERMINATION OF TOTAL AND EXTRACTABLE IRON AND ZINC CONTENTS IN SOILS FORMED FROM DIFFERENT SOIL TYPES 
The total and extractable Fe and Zn as influenced by parent materials are shown in Tables 3 and 4 respectively. The variation in the quantity of soil available Fe and Zn by the extractants may be due to the concentration of the extractants, pH and the soils’ parent materials (Kabata-Pendias, 2010). 
The effect of parent materials on total and extractable iron in soils of Akwa Ibom 
Total iron in the soil 
Total Fe in the soils according to the parent materials is indicated in Table 3. Total Fe in the soils varied widely with a CV of 25% and this ranged from 237.2 mg kg-1 for soils of alluvia deposits to 452.8 mg kg-1 for sandstones derived soil, with an average of 328.2 mg kg-1. Soils derived from alluvia deposits and sandstones had significantly (P<0.05) lower and higher content of total Fe respectively, relative to the soils of the other parent materials. The contents of total Fe determined in the soils were considered high when compared to values reported for other Nigerian soils (Udo and Fagbami, 1979), probably due to the influence of the parent materials (Silanpaa, 1990; Kabata-Pendias, 2010). 

Extractable iron in the soil 
The quantity of extractable Fe in soils varied depending on the extraction method used and the parent material of the soils sampled. The quantity of Fe extracted in the soils was similar in beach ridge sand, coastal plain sand and Mangrove soils and these were significantly (P<0.05) lower than alluvia derived and sandstones derived soils. The concentration of Fe ranged from 9.00 to 12.66 mgkg-1 for beach ridge sand and in sandstone derived soils with a mean of 10.40 respectively. In the same vein, available Fe in the soils are above the ranges of 5.7 and 7.9 mgkg-1 reported by Schnug et al. (2001) and rated as medium. The results are in line with the observation that Fe deficiency in acid soils of warm humid regions is rare (Chen and Barak, 1982). However, Marschner (2012) observed that any deficiency of available Fe in the soils is due to the variability in the concentration in the different parent materials and this assertion was further corroborated by Abdu et al. (2007). 
Available Fe in the soils is relatively below the range of available Fe of 14.6-63.4 mgkg-1 reported by Amalu (1991) in soils of Southeastern Nigeria. Also, Akinrinde et al. (2005) and Schnug et al. (2001) reported ranges as high as 6.0-62.32 mgkg-1 and 43.7-708.5 mgkg-1 for available Fe, respectively. Kparmwang and Malgwi (1997) as well as Kparmwang et al. (2000) reported higher values of extractable Fe in soils of highly ferruginized Nupe sandstones and shale in Benue Valley, Nigeria. On the contrary, Adeleye (1998) obtained lower content of available Fe in some soils of southern part of Ondo State due to the thermodynamic instability of iron containing minerals. However, the result obtained in this investigation agreed with various studies reported by Chen and Barak (1982) and Sakal et al. (1984) which indicates that the deficiency of Fe in acid soils of warm humid regions is rare. The soil used in this study could therefore be rated sufficient in available Fe. Chude et al. (2004) noted that due to excessive rainfall and leaching, and when intensively cultivated soils of this region will sooner or later become deficient in available Fe.
Table 3: Total and extractable iron in the soils formed from different parent materials

	Parent materials
	Total Fe
	Extractable Fe

	
	 	
mgkg-1

	Alluvia Deposits
	237.2
	11.60

	Beach Ridge Soil
	306.4
	9.00

	Coastal Plain Sands
	290.1
	9.32

	Mangrove Soil
	354.6
	9.44

	Sandstones
	452.8
	12.66

	Mean
	328.22
	10.40

	LSD (0.05)
	109.8
	1.42

	CV (%)
	25.0
	23.3



The effect of parent materials on total and extractable zinc in soils of Akwa Ibom 
Total zinc in the soils 
The concentration of total and available Zn in the various soils is indicated in Table 4. Total Zn ranged from 280.21 to 472.63 mg kg-1 mangrove and coastal plain sand derived soils respectively. Soils of coastal plain sand derived soils have significantly (P<0.05) higher content of total Zn while, soils formed over mangrove have significantly (P<0.05) lower value of total Zn which is relative to the soils of the other parent materials. The contents of total Zn determined in the soils were considered high when compared to values reported for other Nigerian soils (Udo and Fagbami, 1979; Amalu, 1991), probably due to the influence of the parent materials (Obata et al., 1999). 
Extractable zinc in the soils 
The concentration of extractable Zn was generally low across the soils. Available Zn content ranged between 2.46 and 3.81 mgkg-1 among the soil type and, these are extracted from beach ridge sand and sandstones derived soils, respectively. These values are within the range of critical levels of 2.00-5.00 mgkg-1 rated high and higher than the range of 0.35 to 2.66 mgkg-1 reported in other Nigerian soils (Osiname et al., 1973). The values of extractable Zn obtained from the soils are lower compared with those reported by Adeleye (1998) from soils of the southern part of Ondo state and values of critical soil Zn of 3.3 mgkg-1 reported by Pam (1990) who worked on Nigerian savanna soil, Osiname et al. (1973) who obtained values ranging from 1.37 to 7.36 mgkg-1 0.1 N HCl extractable Zn in soils of Western Nigeria but these are within the critical range of 1.0 to 5.0 mgkg-1 (Deb et al., 2002) and Lombin (1983) who reported values of 0.69 to 4.41 mgkg-1 by 0.1 N HCl extractable Zn from 30 representative cultivated soils in Northern Nigerian soils. The mean Zn contents of the soils considered in this study are well above the critical value of 0.8 mg kg-1 reported by Lindsay and Norvell (1978), Angelova et al. (2003) and Akinrinde et al. (2005). Kparmwang et al. (2000) indicated that Zn deficiency in Africa is rare, nevertheless, the results obtained in this study suggests that, most of the southeastern Nigerian soils are rated low, thus deficient in available Zinc only very few can be rated moderate in Zn. A previous study of Udo and Fagbami (1979) on soils of coastal plain sands indicated that Zn deficiency appears to be developing fast in some Nigerian soils.

Table 4: Total and extractable zinc in the soils formed from different parent materials

	Parent materials
	Total Zn
	Extractable Zn

	
	 	
mgkg-1

	Alluvia Deposits
	302.52
	2.57

	Beach Ridge Soil
	415.74
	2.46

	Coastal Plain Sands
	472.63
	2.92

	Mangrove Soil
	280.21
	3.53

	Sandstones
	371.40
	3.81

	Mean
	368.50
	3.06

	LSD (0.05)
	59.54
	0.59

	CV (%)
	44.41
	31.3



CORRELATION STUDY BETWEEN THE EXTRACTABLE IRON AND SOIL CHARACTERISTICS 
The correlation coefficient between available Fe and some soil characteristics are presented in Table 5. HCl extractable Fe had highly and positive but significant correlation with silt (r = 0.507**) and organic matter (r = 0.662**) but negative significant correlation with pH (r = -0.564*) and ECEC (r = 0. - 469*). This indicates that, the higher the percent silt and organic matter contents, and the lower the pH (high acidity) in the soils the higher the availability of Fe in soil for plant use. EDTA extractable Fe had highly negative significant correlation with silt (r = -0.628**) and sand (-0.534*) but positive and highly significant correlation with pH (r = 0.677**), organic matter (r = 0.662**) and ECEC (r = 0.703**). 
Coca-cola extractable Fe had highly positive significant correlation with sand (r = 607**), silt (r = 0.484*) and ECEC (r = 0.409*) but negative significant correlation with pH (r = -0.451*). Also, NH4OAc extractable Fe had negative significant correlation with sand (-0.414*) and silt (r = -0.417*), pH (r = -0.513*) and ECEC (r = -0.565*). Previous studies work by Osiname et al. (1973) reported negative but significant correlation between Fe and the clay and silt contents in soil. Kparmwang et al. (2000) reported a negative but significant correlation of extractable Fe with sand (r= 0.398). The finding in this study is in agreement with other previous reports by Zimmermann and Hurrell (2007) and Nestor et al. (2006) who noted that the availability of Fe depends largely on soil pH and redox potential, and Aydemic (1981) further conceived that their availability decreases slowly with increasing pH. 

Table 5: Relationship (r) between extractable Fe and some soil properties of the study areas

	Extractable
Fe
	
	
	Soil properties
	
	

	
	Sand
	Silt
	Clay
	pH (CaCl2)
	Org matter
	ECEC

	HCl
	0.125
	0.507**
	-0.363
	-0.564*
	0.662**
	-0.469*

	EDTA
	-0.534*
	-0.628**
	0.164
	0.677**
	0.612**
	0.703**

	Coca-cola
	0.607**
	0.484*
	-0.016
	-0.451*
	0.161
	0.409*

	NH4OAc
	-0.414*
	-0.417*
	0.334
	-0.513*
	-0.132
	-0.565*



	* Correlation is significant at the 0.05 level.

	** Correlation is significant at the 0.01 level.



Correlation study between the extractable zinc and soil characteristics 
The amount of sand present in the soils was correlated with HCl extractable Zn (0.517*), EDTA extractable Zn (r= 0.470*), Coca-cola extractable Zn (r= 0.508*) and NH4OAc extractable Zn (r= 0.501*). Silt correlated negatively with HCl extractable Zn r= (-0.408*) and NH4OAc extractable Zn (r= -0.485*) but, correlated positively with EDTA extractable Zn (r= 0.507*). Clay correlated negatively with HCl extractable Zn (r= -0.611**) and EDTA extractable Zn (r= -0.655**) but, correlated positively with Coca-cola extractable Zn (0.468*) and NH4OAc extractable Zn (r= 0.532*). Soil pH (CaCl2) correlated negatively with EDTA extractable Zn (r= -0.434*) and NH4OAc extractable Zn (r= -0.512*) but, had positive significant correlation with HCl extractable Zn (r= 0.683**) and Coca-cola extractable Zn (r= 0.642**). Soil organic matter correlated negatively with EDTA extractable Zn (-0.659**) and NH4OAc extractable Zn (r= -0.448*). ECEC correlated negatively with Coca-cola extractable Zn (r= -0.434*). 
The result presented in Table 6 suggests that the availability of Zn in the soils may be influenced by the redox reaction (Reddy and Patrick, 1998; Pezeshki and Delaume, 2012) and the presence of clay fractions, organic matter, and exchangeable cations in the soils (Chukwuma et al., 2010). This result is in line with previous studies by Mortvedt (1994) and Bassirani et al. (2015) who indicated that Zn availability is closely related to the organically bound soil reserves. It was also shown that, the relative availability of Zn has been found to be much higher in organic than in mineral soils. Prasad and Sinha (1981) and Rahman et al. (2007) noted that Zn is generally more readily available in acid than alkaline soils, the range of least availability being about pH 6.0 – 7.0.

Table 6: Relationship (r) between extractable Zn and some soil properties of the study areas
	Extractable
Zn
	
	
	Soil properties
	
	

	
	Sand
	Silt
	Clay
	pH (CaCl2)
	Org matter
	ECEC

	HCl
	0.517*
	-0.408*
	-0.611**
	0.683**
	0.139
	-0.244

	EDTA
	0.470*
	0.507*
	-0.655**
	-0.434*
	-0.659**
	-0.312

	Coca-cola
	0.508*
	-0.142
	0.468*
	0.642**
	-0.312
	-0.693**

	NH4OAc
	0.501*
	-0.485*
	0.532*
	-0.512*
	-0.448*
	-0.151



	* Correlation is significant at the 0.05 level.

	** Correlation is significant at the 0.01 level.




Relationships among the extractable iron by different extraction methods
The correlation among the extractable Fe by the different extraction methods are shown in Table 7. From the table, HCl extractable Fe correlated positive with EDTA (r=0.484*) but correlated negatively with Coca-cola (r= -0.641**) and NH4OAc (r= -0.504**). EDTA extractable Fe correlated with Coca-cola (r= 0.457*) while, Coca-cola extractable Fe correlated negatively with NH4OAc (r= -0.527**). These findings suggest that the four extractants may have removed Fe in the different forms from the soil (Eteng and Asawalam, 2015).

Table 7: The relationship among the extractable Fe by different extraction methods

	
	
	Extractable Fe (mgkg-1)

	Extractants
	HCl
	EDTA
	Coca-Cola
	NH4OAc

	HCl
	1.000
	
	
	

	EDTA
	0.484*
	1.000
	
	

	Coca-Cola
	-0.641**
	0.457*
	1.000
	

	NH4OAc
	-0.504**
	-0.222ns
	-0.527**
	1.000


ns	= not significant at P < 0.05
*	= significant at P ≤ 0.05
**	= significant at P < 0.01

Relationships among the extractable zinc by different extraction methods

Table 8 shows the relationship among extractable Zn by different extractants. The best correlation (r= 0.747**) was obtained between HCl extractable Zn and Coca-cola. Others included HCl extractable Zn and EDTA (r= 0.471*) and NH4OAc (0.422*). EDTA extractable Zn also correlated negatively with NH4OAc (r= -0577*). Similarly, these findings suggest that the extractants that have good relationship may have removed Zn of similar forms from the soil (Zhu and Alva, 2003b). The result of soils showing a good relationship between any pair of extractants indicates that although the ability of Zn extraction for this pair of extractants was not the same, the trends of Zn displacement from soils into solution by them were not the same (Rahman et al., 2007). This may be due the differences in the soil reaction and the concentration of the extractants (Pezeshki and Delaume, 2012; Prasad and Sinha, 1981 and Rahman et al., 2007).

Table 8: The relationship among the extractable Zn by different extraction methods

	Extractants		
	
	Extractable Zn (mgkg-1)
	

	
	HCl
	EDTA
	Coca-Cola
	NH4OAc

	HCl
	1.000
	
	
	

	EDTA
	0.471*
	1.000
	
	

	Coca-Cola
	0.747**
	-0.218ns
	1.000
	

	NH4OAc
	0.422*
	-0.577*
	-0.441*
	1.000


ns	= not significant at P < 0.05
*	= significant at P ≤ 0.05
**	= significant at P < 0.01


[bookmark: _Hlk191605566]Relationships among the extractable iron by different extraction methods
The correlation among the extractable Fe by the different extraction methods are shown in Table 9. From the table, HCl extractable Fe correlated positive with EDTA (r=0.484*) but correlated negatively with Coca-cola (r= -0.641**) and NH4OAc (r= -0.504**). EDTA extractable Fe correlated with Coca-cola (r= 0.457*) while, Coca-cola extractable Fe correlated negatively with NH4OAc (r= -0.527**). These findings suggest that the four extractants may have removed Fe in the different forms from the soil (Eteng and Asawalam, 2015).

Table 9: The relationship among the extractable Fe by different extraction methods

	
	
	Extractable Fe (mgkg-1)

	Extractants
	HCl
	EDTA
	Coca-Cola
	NH4OAc

	HCl
	1.000
	
	
	

	EDTA
	0.484*
	1.000
	
	

	Coca-Cola
	-0.641**
	0.457*
	1.000
	

	NH4OAc
	-0.504**
	-0.222ns
	-0.527**
	1.000


ns	= not significant at P < 0.05
*	= significant at P ≤ 0.05
**	= significant at P < 0.01

Relationships among the extractable zinc by different extraction methods
Table 10 shows the relationship among extractable Zn by different extractants. The best correlation (r= 0.747**) was obtained between HCl extractable Zn and Coca-cola. Others included HCl extractable Zn and EDTA (r= 0.471*) and NH4OAc (0.422*). EDTA extractable Zn also correlated negatively with NH4OAc (r= -0577. *). Similarly, these findings suggest that the extractants that have good relationship may have removed Zn of similar forms from the soil (Zhu and Alva, 2003b). The result of soils showing a good relationship between any pair of extractants indicates that although the ability of Zn extraction for this pair of extractants was not the same, the trends of Zn displacement from soils into solution by them were not the same (Rahman et al., 2007). This may be due the differences in the soil reaction and the concentration of the extractants (Pezeshki and Delaume, 2012; Prasad and Sinha, 1981 and Rahman et al., 2007).

Table 10: The relationship among the extractable Zn by different extraction methods

	Extractants		
	
	Extractable Zn (mgkg-1)
	

	
	HCl
	EDTA
	Coca-Cola
	NH4OAc

	HCl
	1.000
	
	
	

	EDTA
	0.471*
	1.000
	
	

	Coca-Cola
	0.747**
	-0.218ns
	1.000
	

	NH4OAc
	0.422*
	-0.577*
	-0.441*
	1.000


ns	= not significant at P < 0.05
*	= significant at P ≤ 0.05
**	= significant at P < 0.01

Conclusions
This study demonstrates that parent material strongly influences Fe and Zn distribution in soils of Akwa Ibom State. Despite high total Fe and Zn contents, their extractable forms were relatively low, indicating potential micronutrient limitations for plant uptake. The use of different extractants revealed significant variability in Fe and Zn availability, with 0.01M HCl and Coca-Cola emerging as the most effective methods for assessing bioavailable micronutrients. The results obtained in the study show that, the soils are characterized by a dominant textural class of sandy loam, loamy sand, and loamy soils among the soil types, very strongly acidic in reaction with low contents of organic carbon, available P and percentage base saturation as well as moderate contents of effective cation exchange capacity. Total Fe and Zn in the soils were high while, the extractable Fe and Zn were low. HCl extracted the highest content of Fe while Coca-Cola extractant extracted the highest content of Zn. 1N NH4OAC extracted the least amount of Fe and Zn relative to the other extractants. Soil acidity, organic matter, and ECEC played critical roles in determining Fe and Zn availability. The findings underscore the need for tailored soil management strategies, including organic matter enhancement and appropriate soil amendments, to optimize Fe and Zn bioavailability for sustainable agricultural productivity.
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