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Abstract
The fertility status, selected micronutrient content and their potential hazard in soils of diverse parent materials were investigated (Falsebedded sandstone, Imo Clay Shale and Coastal Plain Sands). Samples of soils were collected at the depth of 0–15 and 15–30cm. Results showed that  mean sand content ranged from 742.9 g/kg – 902.9 g/kg. The average silt and clay content varied from 12.3 g/kg – 65.6 g/kg and 71.5 g/kg – 218.1 g/kg respectively. The mean value of pH ranged from 6.91 – 7.21. The mean value of organic matter ranged from 4.3 – 12.6 g/kg. The mean value of ECEC ranged from 3.55 – 7.58 Cmol/kg. The mean value of the micronutrients determined  ranged from 98.53–207.17 mgkg-1 for Iron (Fe), 1.15–19.16 mgkg-1 for Zinc (Zn) and 31.03–123.63 mgkg-1 for Manganese (Mn).The nutrient ratio; Ca/Mg, K/Mg, P/Zn and Fe/ Mn ratios ranged between 1.8:1-3.2:1 , 0.01:1-0.04:1, 0.1:1-1.3:1 and 1.2:1- 3.2:1 respectively. This showed that the nutrients were not balanced in the soils except Ca;Mg in false bedded sandstone at 0 -15 cm, Ca;Mg in  Imo clay shale at 15 – 30 cm and  Fe :Mn in coastal plain sand. The hazard quotient values of Fe, Zn and Mn were more than 1 for the different soils; except for Coastal Plain Sands (0–15cm) which was <1 for Zinc which imply that harmful effects of the elements are likely. It is therefore recommended that fertilizers containing the studied micronutrients (Fe, Zn and Mn) should not be applied to the studied locations. Fertilizer containing macronutrients (Ca, P, K,) should be applied to improve the nutrient ratio balance and fertility status of the soils. 
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Introduction
Soil fertility is regarded as one of the important and essential components of a sustainable agricultural system in the tropical climates. Therefore, knowing the influence of soil nutrient ratio on soil fertility status is essential in soil fertility evaluation.  Many processes affect soil fertility such as nutrient imbalance, cation antagonism, soil erosion and nutrient leaching. Nutrient antagonism is an important factor in soil nutrient studies since various nutrients have various  protective and harmful effect level (Ahukaemere et al., 2018) The fertility status of the soil is a subject of soil characteristics especially physical and chemical property of the soil (Badalikova  and Hruby, 2016). Declining soil fertility with its consequent decline in crop yields has been a major constraint in crop production in different agro-ecologies over the years (Ayamba et al 2021; Ayamba et al 2023). The tropics is faced with a two dimensional problems of declining per capital production and progressive deterioration of the environment. Importantly also, is the high spatial variability in the physicochemical and morphological characteristics of soils implying that different soils respond differently to land-use types and management options.  Continuous  cultivation  and  indiscriminate deforestation  through  the  use  of  fuel  wood  as  source  of  alternative  energy  are  attributed  to  the main  source  of  declining  per  capita  productivity  of  soils  and  fertility  status  especially  in  the  rain forest  zone  (Chude et  al .,  2011, Osuji et  al., 2011, Hassan et  al ., 2016).
The fertility status of soils can be evaluated using nutrient index methods and fertility indicators like nutrient ratio. Ravikumar and Somashekar (2013) evaluated the nutrient index of soil using organic carbon, available P and available K concentrations as a measure of soil fertility in Varahi River basin, India. Nkwopara et al. (2019) evaluated the fertility status of eroded and non- eroded soils in Orsu, Imo state, Nigeria using the elemental ratio. In order for crops to attain optimum growth and yield, there is need for soil to supply adequate nutrient in the proper amounts and balance to the crops (Ayamba et al 2023). High Nitrogen level reduces the availability of potassium, boron and copper, and increases the demand for magnesium. High phosphorus levels can decrease iron, potassium zinc  and calcium, uptakes. High potassium levels in soils can decrease the availability of magnesium, and positively stimulating manganese uptake.  As a result of the interactive effects of nutrient elements, balanced ratios of nutrients are more critical than the actual concentration of single nutrient elements (Ayamba et al., 2023). Malvi, (2011) stated that there are stipulated ratio of nutrients require by plants depending on its environment, life cycle, and genotypic characteristics to attain the crops maximum genetic potential. Following this, many nutrient ratios have been identified. These are Ca:Mg (3:1), K:Mg (1:1), P:S (1:1), P:Zn (10:1) and Fe: Mn (2:1) ratio.
Micronutrients are chemical elements that are required for plant growth in extremely small amounts (Mustapha  et al.,  2011). They include elements such as Zinc (Zn), Iron (Fe), Manganese (Mn), Nickel (Ni) and copper (Cu), etc and they perform complex roles in plant  nutrition  (Havlin et  al.,  2012).  Though their specific  roles  in  plant nutrition vary but they are usually important in the activation  of various enzymatic  processes in plants (Food and Fertilizer  Technology Center, 2001). For instance,  while  Zinc  and Copper activate  peptidase  and oxidase enzymes respectively (Brady and  Weil, 2010), iron on the other hand is a structural component of porphyrin molecules  that  involve  in oxidation-reduction reactions  that  take  place  in  plants  during  respiration  and  photosynthesis  (Das,  2011);  whereas Nickel is a constituent of seven enzymes, among which  urease  is  extremely  important  for nitrogen metabolism in plants (Liu, 2001). 
Distributions of micronutrient forms vary with parent materials and profile depths (Verma et al.,  2005). Brady and Weil  (2010) reported that the  deficiency  and  toxicity  of  trace  elements are  often  related  to  level  of these  elements  in  the parent  material  from which the  soils are form of. It has been reported that most soils derived from marine sediments are reported to be rich in boron. Also, soils derived from shale are richer in zinc than soils derived from Sandstone (Havlin et al., 2012). The concentration of micronutrients varies with soil depths. Mustapha et al.  (2011) found higher concentrations  of zinc and copper  in the topsoil than in subsoil whereas the concentrations of iron and manganese  were higher in subsoil than in topsoil, while it has been found that the concentration  of nickel decreases with soil depth (Ideriah  et al.,  2013). 
Total micronutrient content of soils is useful for  many  geochemical  applications  but  often  the bioavailability  of these  micronutrients  is more of an interest agriculturally  in terms of what is biologically extractable (Ashraf  et al.,  2012). Several soil properties are  known  to  affect  the concentration  of  bio-available  micronutrients  in soils.  According to Brady  and  Weil  (2010),  soil pH especially  in well aerated  soils, has a decided influence  on  the  availability  of  all  the  micronutrients except  chlorine.  Under acid conditions, molybdenum is rendered  unavailable,  while most trace  element  cations  are freely  available, sometimes  at  toxic  level.  Except  iron,  increasing organic  matter  (OM) content  in  soils, decreases availability  of metallic  micronutrients  (Havlin et  al.,  2012). In a study conducted by Oyinlola and Chude (2010), available copper, zinc, manganese and iron had significant positive correlation with clay. Understanding the fertility of soil is essential  in creating effective soil management plans that support crop cultivation design (Ramadan et al 2023; Kashiwar et al., 2022; Schröder et al., 2018; Upadhyay et al., 2020). Limited  information exists on the fertility and available  micronutrients distribution  in  soils  of  various  parent  materials in Nigeria  and  indeed  Imo  State, Southeastern Nigeria,.It is hypothesized that fertility status using nutrient ratio and  available micronutrients distribution  will vary in the various  parent  materials. Having the knowledge of the vertical distribution of micronutrients cation in the soil will be helpful in understanding the inherent capacity of a soil to supply these nutrients to plants as well as their downwards movement in the soil (Oparaugo, 2024) The balance between micro and macronutrients is critical in plant nutrition.  A field having marginal or low zinc levels, heavy application of phosphorus (P) may induce zinc deficiencies in the soil. Excessive iron may lead to manganese deficiency, so proper ratio of manganese and iron must be maintained (Oparaugo, 2024).
The main objective of this study was to determine the fertility status and selected micronutrient content and their hazard potential in soils of different parent material in Imo state, Nigeria.
 Materials and Methods
[bookmark: _Toc119213663] Study Location
The study was carried out in Imo State, Nigeria which lies between latitude 5°57¹20¹¹N and longitude 7°05¹88¹¹E. Imo State lies within the humid tropics. Temperatures are high and alters slightly  during  the  year  (mean daily  temperature about  27°C).  The  mean  annual rainfall  is about 2400mm and there is a distinct  dry season of about 3 months dryness. Imo State has rainforest vegetation characterized by multiple tree species (Onweremadu  et al.,  2007).
The sites selected for the study were three parent materials located at; Ihube, Amuro and Ihiagwa. (Table 1).


TABLE 1: SAMPLE LOCATIONS, CO-ORDINATES AND PARENT MATERIAL.
	Study location                                                                                       
	Co-ordinates
	Parent material
	Topography
	Vegetation

	IHUBE (OKIGWE)
AMURO (OKIGWE)
IHIAGWA (OWERRI)
	5°51¹20¹¹N  7°20¹49¹¹E

5°47¹43¹¹N  7°17¹30¹¹E

5°22¹55¹¹N  6°59¹37¹¹E
	False bedded sandstones
Imo clay shale

Coastal plain sand
	Undulating with Steep slope.
Gentle slope

Smooth slope

	Shrub with cassava
 
Tall grasses with oil palm.
Shrub and grasses with cassava.



 Samples of soil were collected at the depths of 0-15cm and 15-30 cm  From each location, six samples were collected  making  a total of eighteen samples. Samples collected were air dried, crushed  and sieved with 2mm mesh for laboratory analysis. The following routine analyses were carried out using standard procedures:
Particle size analysis was done using Gee and Or method (2002). Bulk density was done using core sampling method, (Blake, 1965). Moisture content was done using gravimetric method. Total porosity (TP) was calculated  from bulk density using the equation;
 TP= 1– (bulk density ÷ particle density) × 100. ………..equation 1
pH in 1: 2.5 solute/suspension ratio using glass  electrode  of  a  pH meter  (Thomas,  1996). Exchangeable  cations  (Ca2+, Mg2+, K+, Na+) was extracted with NH4OAc  buffered  at  pH 7.0  (Thomas,  1982). Exchangeable  acidity  (Al3+  and H+) was extracted  with 1 N KCl (Thomas,1982) and determined  by titrating  with 0.5N NaOH  using phenolphthalein  indicator. Exchangeable base was determined by neutral ammonium acetate procedure buffered at pH 7.0 (Thomas, 1982). Effective Cation Exchange Capacity was detrmined by summation of basic and acidic  cations. Organic Matter was obtained using wet oxidation method  (Nelson and  Sommers, 1982). Base Saturation (BS) was calculated  by the formula;
  BS (%) = (total exchangeable bases ÷ effective cation exchange capacity) × 100……equation 2
Total Nitrogen was determined as described by Bremner (1996).Available Phosphorus was determined according to Olson and Sommers, (1982).Ca:Mg ratio was determined by calculation. K:Mg ratio was obtained by calculation. Available micronutrients (Fe, Mn and Zn) was determined by double acid extraction method as described by Udo  et al.  (2009).
 Hazard quotient (HQ) which expressed the possibility of the micronutrients in the soils to be of ecological risk or to be a contaminant of potential ecological concern was calculated as follows: 
HQ= measured concentration/toxicity reference value (Lindsay and Novell, 1978)……equation 3  HQ>1; Harmful effect of the element is likely,  HQ=1; Element alone is not likely to cause ecological risk,  HQ<1; Harmful effects of the element is not likely
Toxicity reference values are 1.27, 2.00, 5.00, and 10.00mg/kg for boron, zinc, manganese and iron respectively (Lindsay and Novell 1978; Ukabiala et al., 2021).
Data obtained was presented in tables. Experiment was repeated three times. The mean values  only were reported.  Means were separated using Analysis of variance (ANOVA) 
Results and Discussions
Physical properties of the soils
Results of the physical properties of soil in the study locations are presented in Table 2.
Results showed that texturally, the False bedded sandstone soils ranged from sandy loam to loamy sand with sand fraction dominating the particle size distribution. The results showed that the highest mean sand content of the soil at Ihube was 842.9g/kg at 15 – 30 cm, the highest mean silt content of the soil was 65.6 g/kg  at 0 – 15 cm while the highest  mean clay content was 131.4g/kg at 0 -15 cm. The Imo clay shale soils were dominated by loamy sand and sandy clay loam. The results showed that the highest mean sand content in Amuro was 869.6g/kg at 0 -15 cm, the highest mean silt content was 58.9g/kg at 0 -15 cm  and the highest mean clay content was 218.1g/kg at 15- 30 cm. This result is contrary to Nkwopara (2021a) who observed higher clay content than sand and silt in  clay shale parent material. The Coastal Plain Sands were dominated by loamy sand and sand, the highest mean  sand content  was 902.9g/kg at 0 – 15 cm, the  mean  silt content was 12.3g/kg and the  highest mean   clay content was 91.5g/kg at 15 - 30 cm. From the results, the highest mean sand content (902.9g/kg) was observed under Ihiagwa which attributed to the parent material dominant in the area which is Coastal Plain Sands since the texture of the soil is highly influenced by the parent material over time (Oguike and Mbagwu, 2009). This result agreed with Onweremadu et al. (2007) who observed similar textural characteristics on Coastal Plain sand Soils in Owerri, Southeastern Nigeria.  The lowest mean sand (742.9g/kg) was recorded in Amuro (Imo Clay Shale). The highest mean clay content (218.1g/kg) was recorded under Amuro ( Imo clay shale) and the lowest (84.8g/kg) was recorded under Ihiagwa (Coastal Plain Sands) the clay content increased with increase in soil depth in Amuro and Ihiagwa while it decreased in Ihube. This result agreed with Nkwopara. (2021a) who observed higher clay content in clay shale parent material than alluvium and coastal plain sands in the humid tropical environment 

Table 2: Physical properties of the studied soils
	Location
	Depth
	sand
	silt
	clay
	TC
	BD
	TP
	MC

	
	(cm)
	(g/kg)
	(g/kg)
	(g/kg)
	
	M/gm3
	(%)
	(%)

	Ihube
	
	
	False bedded  
	sandstone
	
	
	
	

	
	0 - 15
	802.9
	  65.6          
	131.5
	SL
	1.55
	41.51
	17.05

	
	15 - 30
	842.9
	  32.3
	124.8
	LS
	1.48
	44.02
	17.30

	Amuro
	
	
	    Imo  clay
	shale
	
	
	
	

	
	0 - 15
	869.6
	  58.9
	71.5
	LS
	1.44
	45.66
	22.63

	
	15 - 30
	742.9
	  38.9
	218.1
	SCL
	1.37
	48.17
	22.60

	Ihiagwa
	
	
	Coastal plain 
	sand
	
	
	
	

	
	0 - 15
	902.9
	  12.3
	84.8
	S
	1.33
	49.81
	24.80

	
	15 - 30
	896.3
	   12.3
	91.5
	LS
	1.30
	50.95
	25.43

	LSD
	
	5.27
	   2.95
	5.13
	
	0.07
	2.49
	4.22



BD = bulk density, TP = Total porosity, MC=moisture content, TC=textural class, SL=sandy loam, LS=loamy sand, S= sand, SCL = sandy clay loam

The highest mean silt content (65.6 g/kg) was recorded under Ihube (Falsebedded sandstone) and the lowest (12.3g/kg) was recorded under Ihiagwa (Coastal Plain Sands) the silt content decreased with increase in soil depth.
The highest mean bulk density of the soils ranged from 1.37–1.44 M/gm³, 1.48–1.55 M/gm³ and 1.30 – 133 M/gm³ for Imo clay shale, falsebedded sandstone and coastal plain sand, respectively. Coastal plain sand recording the lowest bulk density of 1.30 g/cm³ and the highest bulk density (1.55g/cm³ ) was recorded in  falsebedded sandstone. The high bulk density could be attributed to tillage activities. Continuous cultivation could reduce organic matter accumulation which reduces soil bulk density. Generally, it was observed that bulk density decreased with soil depth. From the result, the soils underlain by coastal  plain sands are well aggregated having bulk density less than 1.40 M/gm³ . This is in line with the findings of White (1997) who stated that the values of bulk density that ranged from 1.0–1.40 M/gm3 indicate aggregate soil. The values of bulk density were higher than values reported by Nkwopara (2021a) on soils of Ihiagwa ( coastal plain sands), Egbema (alluvium) Amuro (Imo clay shale).Bulk density decreased with depth. This result is contrary to Nkwopara et al. (2021b) on soils under selected land use types in Orlu, Imo state, southeastern, Nigeria. Soil total porosity showed that the mean ranged from 41.51–44.02 %, 45.66–48.17 % and 49.81–50.95 % for false-bedded sandstone, Imo clay shale and coastal plain sand, respectively. The highest 50.95 % occurred in Coastal plain sand soils while  the lowest of 41.51% in false-bedded sandstone soils. Increase in soil bulk density resulted to a decrease in soil total porosity which could be attributed to compaction of soil macro and micro pore spaces (Onweremadu, 2007). 
The highest mean average moisture content was recorded in Coastal plain sand soils with range of 24.80–25.43 % of moisture retention; this was followed by Imo clay shale soils with range of 22.60–22.63% and least by false-bedded sandstone soils with the range of 17.05–17.3%. The low moisture retention in false bedded sandstone could be attributed to the high sand fraction and low porosity which hinders moisture retention. Soils with this property lack absorption capacity for basic plant nutrient and water retention (Oguike and Mbagwu, 2009). Result of bulk density influenced moisture content. The  values of moisture content were generally low ranging from 17.05 – 25. 43 %.
[bookmark: _Toc119213676]   Chemical properties of the soils
The soil chemical properties of the study locations are presented in Table 3. Result showed that the soils mean pH ranged from 6.91–7.21.  Soil pH were neutral according to the rating of Federal Department of Agriculture and Land resources (FDALR 1985). Soil organic matter showed that the mean ranged from 4.3 g/kg– 12.6 g/kg. The highest soil organic matter was recorded in the coastal plain sand 12.6 g/kg  while the lowest was recorded in false-bedded sandstone 4.3 g/kg. The highest organic matter in the coastal plain sand could be due to litter fall and expected increase in soil biodiversity (Miller and Gardiner, 2001). Woldeamlak and Stroosnijder (2003) have observed that conversion of forest vegetation to agricultural land results in a decline of  soil organic matter content. This could be the reason for the low organic matter recorded in false-bedded sandstone. The same trend above was observed in soil total nitrogen with the highest value of 1.3 g/kg in coastal plain sand, and the least of 0.5 g/kg in false-bedded sandstone. Total nitrogen values were medium to high according to the rating by (Landon 1991). For the available phosphorus, false-bedded sandstone recorded the highest value (2.15 mg/kg )at 0- 15 cm and the least value (0.91mg/kg) at 15 -30 cm  High total nitrogen recorded in coastal plain sand could be due to litter fall and higher soil organisms that help in organic matter decomposition since there is a positive correlation between organic matter and total nitrogen (Onwudike, 2010). Higher available phosphorus in the false-bedded sandstone could be due to high soil pH values that reduce 
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Table 3: chemical properties of the studied soils
	Location
	Depth
	pH
	OM
	TN
	AV. P
	Na
	K
	Ca
	Mg
	TEB
	TEA
	ECEC
	BS

	
	(cm)
	(H20)
	(g/kg)
	(g/kg)
	(mg/kg)
	Cmol/kg
	Cmol/kg
	Cmol/kg
	Cmol/kg
	Cmol/kg
	Cmol/kg
	Cmol/kg
	(%)

	Ihube
	
	
	
	False 
	bedded
	sandstone
	
	
	
	
	
	
	

	
	0 - 15
	7.21
	8.4
	0.8
	2.15
	0.05
	0.06
	5.37
	1.67
	7.14
	0.18
	7.25
	98.50

	
	15 -30
	7.16
	4.3
	0.5
	0.91
	0.12
	0.02
	4.13
	1.57
	5.84
	0.17
	5.94
	98.30

	Amuro
	
	
	
	Imo
	clay
	shale
	
	
	
	
	
	
	

	
	0 - 15
	7.10
	7.9
	0.9
	1.98
	0.04
	0.02
	5.27
	2.10
	7.43
	0.26
	7.58
	97.89

	
	15 -30
	7.09
	8.2
	0.8
	1.33
	0.02
	0.02
	5.30
	1.67
	7.01
	0.24
	7.15
	97.92

	Ihiagwa
	
	
	
	coastal
	plain
	sand
	
	
	
	
	
	
	

	
	0 - 15
	6.91
	12.6
	1.3
	1.52
	0.02
	0.01
	2.20
	0.97
	3.19
	0.59
	3.55
	90.14

	
	15 -30
	7.13
	7.4
	1.2
	1.28
	0.12
	0.01
	2.20
	1.20
	3.53
	0.56
	3.86
	90.87

	LSD
	
	0.30
	0.72
	0.04
	1.43
	0.16
	0.01
	1.90
	1.21
	1.79
	0.13
	1.79
	2.75


 OC = organic carbon, OM = organic matter, N = total nitrogen Avail. P = available phosphorus, Ca = Calcium, Mg = Magnesium, K = potassium, Na = sodium, TEB = total exchangeable bases, TEA = total exchangeable acidity, ECEC = effective cation exchange capacity, BS = base saturation
phosphorus fixation in the soil (Mbah, 2006).. The mean exchangeable Ca, Mg, K and Na in falsebedded sandstone  ranged from 4.13–5.37, 1.57–1.67, 0.02–0.06 and 0.05–0.12 Cmol/kg respectively. In Imo clay shale the values ranged from 5.27–5.30, 1.67–2.10, 0.02 and 0.02–0.04 Cmol/kg respectively while in coastal plain sand the values ranged  from 2.20, 0.97–1.20, 0.01 and 0.02–0.12 Cmol/kg respectively. Exchangeable Ca values were moderate, Exchangeable Mg values were moderate to high and Exchangeable K were low (Esu 1991). This result agrees with Okoli et al. (2023) who stated that tropical sandy soils are often deficient in K due to loss of K via leaching. The low exchangeable bases using fertility indices in these locations could be due to high rainfall which accelerates runoff and leaching down the subsoil. Higher total exchangeable bases in the Imo clay shale scould be due to the macro and micro climate that hinders the impact of rain drops on soil (Brady and Weil, 2002). On the exchangeable Al and H, falsebedded sandstone soils recorded the lowest values of total exchangeable Al and H with average values 0.17–0.18 Cmol/kg. This was followed by Imo clay shale with average values 0.24–0.26 Cmol/kg and the highest values were on coastal plain sand with average values 0.56–0.59 Cmol/kg. Lower values of total exchangeable Al and H in falsebedded sandstone could be attributed to high soil pH, high organic carbon and vegetation cover that reduces run off of plant nutrients thereby reducing accumulation of Al and H ions on exchange complex (Brady and Weil, 2002). The above trend was not observed on ECEC and percentage base saturation. Falsebedded sandstone recorded the second highest ECEC and the highest in base saturation of 5.94–7.25 Cmol/kg and 98.30–98.50 % respectively. Imo clay shale recorded the highest average ECEC and second highest in base saturation with values 7.15–7.58 Cmol/kg and 97.89–97.92 % respectively and the lowest for both ECEC and base saturation was on coastal plain sands with values 3.55–3.86 Cmol/kg and 90.14–90.87 % respectively. Low ECEC could be attributed to the parent material which the soil was formed and low organic matter content of the soil. Highest mean  ECEC and base saturation in false bedded sandstone and Imo clay shale respectively could be attributed to higher exchangeable bases..


Micronutrients of the soils

[bookmark: _Toc119213678]Manganese (Mn)
The result in Table 4 indicated that the manganese contents of the parent materials of both pedons were above the critical level (1–4mg/kg) reported by (Sims and Johnson, 1991; Esu, 1991). Available Mn ranged from 86.64–108.30mg/kg in falsebedded sandstone (Ihube), 83.43–123.63 mg/kg in Imo clay shale (Amuro) and 31.03–33.35mg/kg in coastal plain sand (Ihiagwa). The values obtained were higher than the range 3.12 – 5.88 mg/kg reported by Verma et al. (2005) of Mn in alluvial plain and the range 5.96 - 13.74 mg/kg reported by Mulima et al. (2015) for soils of Geidan northeast, Nigeria. However, Rengel, (2007) reported that organic residue affects the immediate and potential availability of manganese in soil. Available Mn contents of the pedons followed the specific trend of decrease down the profile. This is contrary to findings of Sangwan and Singh (1993) that reported irregular pattern of increase in available Mn content with soil depth. 
[bookmark: _Toc119213679]Zinc (Zn)
The available zinc (Zn) varied from 1.15–19.16 mg/kg with mean values of 5.47–6.71mg/kg in false bedded sandstone, 8.36–19.16 mg/kg in Imo clay shale and 1.15–4.14 mg/kg in coastal plain sand (Table 4). The result also indicated that the zinc content in those parent materials were 
Table 4:  micronutrient concentration of the soils studied
	Location
	Depth
	Fe
	Zn
	Mn

	
	(cm)
	(mg/kg)
	(mg/kg)
	(mg/kg)

	Ihube
	False bedded
	sandstone
	
	

	
	0 - 15
	133.09
	5.47
	108.30

	
	15 - 30
	122.67
	6.71
	86.64

	Amuro
	Imo clay shale
	
	
	

	
	0 - 15
	207.17
	19.16
	123.63

	
	15 - 30
	130.97
	8.36
	83.43

	Ihiagwa
	Coastal  plain
	sand
	
	

	
	0 - `15
	98.53
	1.15
	33.35

	
	15 - 30
	100.02
	4.14
	31.03

	LSD
	
	124.77
	12.69
	57.11



high putting in  consideration the value of 0.6 mg/kg as the critical limit of zinc suggested by Lindsay and Norvel (1978), they were above the critical limit. Available Zn had the specific trend of increase and decrease with soil depth. False-bedded sandstone (Ihube) and coastal plain sand (Ihiagwa) increased with soil depth while the Imo clay shale (Amuro) decreased with soil depth. However, as Zn decreases with depths, its implication here is that plants may not have a Zn ‟store “in the lower surface. This is in line with the findings of Mustapha et al. (2011) in soils of Gombe, Nigeria. The studied soils show that Imo clay shale (Amuro) had more level of available Zn over falsebedded sandstone (Ihube) and coastal plain sand (Ihiagwa)  which could be as a result of texture. Hence, coarse textured soils are more likely to be Zn deficient than fine textured soils.  
[bookmark: _Toc119213680]Iron (Fe)
Available Fe ranged from 122.67–133.09, 130.97–207.17 and 98.53–100.02 mg/kg in falsebedded sandstone (Ihube), Imo clay shale (Amuro) and Coastal plain sand (Ihiagwa), respectively. The Iron content of the studied parent materials as shown in Table 4 were above the critical levels of 2.5–5.8 mg/kg (Deb and Sakal, 2002) and > 4.5 mg/kg (Kparmwang et al., 2000). None of the horizons were found deficient considering these critical limits. Fe decreased with soil depth except for coastal plain sand which increased in soil depth. The highest level of available Fe content (207.17 mg/kg) was recorded at the Imo clay shale followed by falsebedded sandstone (1.33.09 mg/kg) and the least mean value was recorded in coastal plain sand (98.53 mg/kg). The amount of available Fe in these soils could be due to the acid conditions of the soils resulting from leaching of most basic cation due to intense rainfall. Available Fe poses no fertility problem in the soils studied. However, Biwe, (2012) reported that the presence of Fe in high concentration in soils could lead to its precipitation and accumulation and upon complex chemical reactions lead to the formation of laterite. This could further lead to restriction of root penetration due to indurations formed as a result of alternate drying and wetting of the soils. 
[bookmark: _Toc119213681]Fertility status of soils of the studied locations
The results of the fertility status of the studied parent materials using nutrient ratio are shown in Table 5. For fertile soils, the Ca:Mg ratio is usually in the range of 3:1 – 7:1 (Johnstone, 2011). Ca: Mg values less than 3:1 are typical of unfertile soils (Landon, 1991). Higher Ca: Mg value indicates high fertility.  The highest mean value of Ca:Mg ratio (3.2:1) occurred under Imo clay shale (Amuro) and false bedded sand stone(Ihube) while the lowest (1.8:1) occurred under coastal plain sand (Ihiagwa). The mean Ca:Mg ratio ranged from 1.8:1–2.3:1, 2.5:1–3.2:1 and 2.6:1–3.2:! for coastal plain sand, Imo clay shale and falsebedded sandstone, respectively. The results also indicate that Ca: Mg ratio distributed irregularly with depth. This is in line with finding of Nkwopara et al. (2019) who stated that Ca:Mg showed irregular pattern of distribution in eroded and non- eroded soils in Orsu area of Imo state. Ca:Mg ratio was adequate in false-bedded sand stone and Imo clay shale but inadequate in coastal plain sand. This could be attributed to loss of basic cations as a result of high rainfall. The mean K:Mg ratio ranged from 0.01, 0.01 and 0.01–0.04 for coastal plain sand, Imo clay shale and falsebedded sandstone, respectively. The highest mean value of K:Mg ratio (0.04:1) occurred under falsebedded sandstone (Ihube). The ideal K: Mg ratio is 0.2–0.3 (Udo et al., 2009).The K/Mg ratio were below the threshold of 0.7 as recommended by Loiide (2001), indicating that magnesium dominates in relation to potassium in the soils. Similarly, Hannan (2011) suggested K:Mg ratio between 0.40 and 0.50 regardless of soil textue, to avoid Mg-induced K  deficiency. Considering the mean values recorded in the studied parent materials, the soils of the different parent materials are of low fertility status except falsebedded sandstone at 0 -15 cm and Imo clay shale at 15 – 30 cm. These findings are in agreement with Mbah (2006), Onweremadu, (2007), and Onwudike et al (2016) who concluded that Southeastern Nigeria soils are low in fertility level. This poor fertility status is because of high rainfall in the area which increases soil erosion and leaching of plant nutrient elements. The dominant of sand fraction as the result of the different parent materials contributes to soil acidity and low nutrient element in the soil. The highest mean value of P:Zn ratio (1.3:1) occurred under coastal plain sand (Ihiagwa) The mean P:Zn ratio ranged from 0.3:1–1.3:1, 0.1:1–0.2:1 and 0.1:1–0.4:1 for coastal plain sand, Imo clay shale and false’bedded sandstone, respectively. The results also indicate that P: Zn ratio distributed irregularly with depth. The nutrient ratio is lower considering the ideal P:Zn ratio of 10:1 (Ayamba et al 2023). Phosphorus and Potassium in all the studied soils are in short supply to meet the adequate and balanced nutrient ratio for optimum crop growth and yield. The highest mean value of Fe:Mn ratio (3.2:1) occurred under coastal plain sand (Ihiagwa) The mean Fe:Mn ratio ranged from 3:1–1.3.2:1, 1.6:1–1.7:1 and 1.2:1–1.4:1 for coastal plain sand, Imo clay shale and false-bedded sandstone, respectively. The results also indicate that Fe;Mn ratio distributed irregularly with depth. Except soils of coastal plain sand (Ihiagwa), other soils have low nutrient ratio  considering the ideal Fe:Mn ratio of 2:1 (Ayamba et al 2023). Iron is in short supply in false-bedded sand stone and higher in coastal plain sands. High iron in coastal plain sand is as a result of intense weathering in the tropical region that produces iron oxide and hydroxides. This is in  line with Nkwopara et al (2016) and Nkwopara (2021b) on clay mineralogy of different lithologies in southeastern Nigeria and acid soils of southern China. The poor imbalance nutrient ratio and fertility status is due to high rainfall in the area which increases soil erosion and leaching of plant nutrient elements. The dominant nature of sand fraction due to the inherent parent materials contribute to low nutrient element in the soils.

Table 5: Fertility indices of the soils studied 
	Location
	Depth
	Ca: Mg
	K:Mg
	P: Zn
	Fe: Mn

	Ihube
	False bedded
	sandstone
	
	
	

	
	0 - 15
	3.2:1
	0.04:1
	0.4:1
	1.2:1

	
	15 - 30
	2.6:1
	0.01:1
	0.1: 1
	1.4:1

	Amuro
	Imo clay shale
	
	
	
	

	
	0 - 15
	2.5: 1
	0.01:1
	0.1:1
	1.7:1

	
	15 - 30
	3.2:1
	0.01:1
	
	1.6:1

	Ihiagwa
	Coastal plain
	sand
	
	
	

	
	0 - 15
	2.3:1
	0.01:1
	1.3:1
	3:1

	
	15 - 30
	1.8:1
	0.01:1
	0.3:1
	3.2:1



[bookmark: _Toc119213682]4.5 Hazard Quotient Values of Each Micronutrient in the Studied Area;
Hazard quotient (HQ) values of the micro-nutrient elements in the soils of different parent materials in Imo state are shown in Table 6, thereby revealing their ecological risk status. The HQ values obtained for the studied parent materials were more than 1 except for Zn content in  coastal plain sand (Ihiagwa, 0–15) (0.6) which was less than 1 . There are likely harmful effect of the elements as their calculated HQ values exceeded 1 except Zinc in coastal plain sand (Ihiagwa) at 0 -15cm depth. This finding is contrary to Ukabiala et al., (2021) who stated that HQ values obtained for manganese in soils of Kogi state were less than 1 in all the pedons showing that its harmful effects are not likely. This findings agrees with Ukabiala et al., (2021) who stated that HQ values obtained for zinc in soils of Kogi state were less than 1 in some pedons showing that its harmful effects are not likely and greater than 1 in some pedons showing that its harmful effects are likely.

Table 6: Ecological risk index of the micronutrient elements in studied soils  

	Location
	Depth
	Fe
	Zn
	Mn

	
	(cm)
	
	
	

	Ihube
	False bedded
	sandstone
	
	

	
	0 - 15
	13.3
	2.7
	21.7

	
	15 - 30
	12.3
	3.4
	17.3

	Amuro
	Imo clay shale
	
	
	

	
	0 - 15
	20.7
	9.6
	24.7

	
	15 - 30
	13.1
	4.2
	16.7

	Ihiagwa
	Coastal  plain
	sand
	
	

	
	0 - `15
	9.9
	0.6
	6.7

	
	15 - 30
	10.0
	2.1
	11.4

	LSD
	
	
	
	



HQ > 1; Harmful effects of the element is likely, HQ = 1; Element alone is not likely to cause ecological risk,HQ < 1; Harmful effects of the elements is not likely
[bookmark: _Toc119213688]Conclusions
The soils of the studied parent materials were well aggregated. The soils studied were neutral and have low values of ECEC and base saturation. The studied micronutrient contents were very high. The imbalance nutrient ratios of the soils show that the soils are infertile. All studied soils were high in available iron, zinc and manganese. The ecological risk status of the studied micronutrients showed that their harmful effects are likely except for zinc at coastal plain sand (Ihiagwa, 0-15  cm). I recommend that agronomic practice such as organic farming that will help in improving the soil fertility of the soils should be employed. Organic matter should be increased by the addition of plant and animal waste products (including bacteria and fungi). The use of compost or organic manure is also recommended. For the high studied micronutrients, application of fertilizers containing iron, zinc chelates and manganese to all the soils of different parent materials studied should be reduced or stopped totally in the mean time and application of fertilizers that can regulate these high micronutrients is recommended. The use of high-analysis NPK fertilizers containing lower quantities of micronutrient and advances in fertilizer technology that reduces the residual addition of micronutrients can be applied.
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