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EFFECTS OF SEASONS AND Vigna unguiculata CULTIVATION ON SOIL PHYSICAL AND CHEMICAL PROPERTIES IN PORT HARCOURT, NIGERIA



ABSTRACT
This research was conducted to evaluate and compare seasonal variations and Vigna unguiculata cultivation on soils physiochemical properties. Samples of topsoil (0-15cm) and subsoil (15-30cm) were collected from the mangrove and rainforest vegetation in Port Harcourt, Nigeria during the dry and rainy seasons, and soil analysis was done using standard methods. Results on soil physical properties showed that soils in the rainforest vegetation had higher bulk densities (1.42-1.53gcm-3) and saturated hydraulic conductivity (15.88-22.30cmh-1), during the seasons than the mangrove vegetation (0.56-0.94gcm-3) and (10.51-18.37cmh-1), while total porosity values were higher for the mangrove vegetation (46.7-58.2%) than in the rainforest (28.3-45.7%). Soil chemical properties were generally higher in top soils than in the sub soils except for available phosphorus which had higher levels in the sub soil than at the top soil. Soils in the mangrove vegetation were strongly acidic (pH = 3.1), while soils in the rainforest vegetation were slightly acidic (pH = 5.0). The mangrove soils had higher organic carbon (5.0-7.5%), total nitrogen (0.3-0.6%), available phosphorus (47.1-80.2mg/kg), calcium (11.3-21.1cmol/kg) and magnesium (4.0-8.6cmol/kg), than the soils in the rainforest vegetation with ranges of (0.40.9%), (0.1-0.3%), (15.5-51.6mg/kg), (2.4-4.2cmol/kg), (1.0-2.0cmol/kg) respectively. Mean organic carbon value increased from 0.8% before cultivation of cowpea, to 1.0% after cultivation of cowpea; and levels were higher in rainy season (1.1%) than in dry season (0.8), total nitrogen mean value was the same (0.3%) before and after cultivation of cowpea, Ca+ and Mg+ values reduced from 4.1cmol/kg and 2.6cmol/kg before planting to 2.3cmol/kg and 1.1cmol/kg after planting, while Na+ increased from 0.2cmol/kg, to 0.5cmol/kg after planting. K+ had same value of 0.4cmol/kg before and after planting. Available Phosphorus increased slightly from 37.0mg/kg before planting to 37.5mg/kg after planting, among others. Seasonal variations and cowpea cultivation had a significant effect on soil physiochemical properties. 
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INTRODUCTION
Soil is a dynamic, complex matrix that is an integral part of the terrestrial ecosystem; a vital resource for agricultural production and food security as well as the maintenance of the majority of life processes (Shahane and Shivay, 2021). It is indispensable for cultivation of plants for food for both humans and animals (Odelade and Babalola, 2019; Silver et al., 2021), since it serves as a store for plant nutrients. When properly managed can enhance optimal growth and yield of plants (Furey and Tillman, 2021). 
It is on record that changes in the climatic variables have an impact on soil properties and plants (Nengi-Benwari et al., 2021).  Other than the temperature and other climatic variables, the unpredictable spacio-temporal precipitation patterns according to to Meghana et al. (2015), are responsible for alterations in soil properties.  As posited by Umeri et al. (2017), food security depends on soils, and climate change may jeopardize food security by altering the biological and physiochemical properties of soils.  In order to minimize excessive losses in agricultural productivity due to seasonal variations in rainfall duration and intensity, prolonged dry spell or even drought; there is need to monitor physical and chemical qualities of the soil because it has a direct impact on soil health and subsequent crop yields (Meghana et al., 2015).
In addition, geological history and climate have a significant impact on soil qualities at both the regional and continental levels (Nengi-Benwari et al., 2021).  Furthermore, Olujugba and Fatubarin (2015) and Akinde et al., 2020) reported that seasonal variations in soil temperature, moisture content, plant growth and root activity, and the buildup of organic matter significantly impact the chemical characteristics of the soil, such phosphorus mineralization and the immobilization of organic phosphorus.  
Bush burning prior to land preparation tends to decimate soil organic matter content. Nengi-Benwari et al. (2021) posited the practice raises soil temperatures, enhanced the decomposition of organic matter, and reduced its content.  It was accompanied by a decrease in the cation exchange capacity which affected the particle size distribution. In a similar study, Olujugba and Fatubarin (2015) found that the rise in phosphorus mobility in the soil, which is regulated by diffusion, caused water-soluble phosphorus to increase with soil temperature from 500 to 2,5000C, and low temperature inhibits the release of phosphorus from organic components, which is why low temperature soils have poor phosphorus availability.
The main climatic determinants of the microbiological and physicochemical characteristics of soil are rainfall and temperature regimes, and every wet and dry season of the tropical ecosystem's seasonal climate is distinguished by a variety of ecological phenomena that initiate a chain of events that affect the ecosystem's biotic and edaphic elements (Umeri et al., 2017). There are several researches on the effects of season on crop production and soil properties in different parts of the world, but they mostly concentrate on statistics, prediction, and verification in a small number of study locations (Nengi-Benwari et al., 2021).  Hence, this study was carried out to find out how the physical and chemical properties of soils from lowland rainforest and mangrove swamp vegetation are impacted by rainfall, temperature regimes, and cultivation of cowpea.  

MATERIALS AND METHODS
Study Area
The study area was Port Harcourt metropolis which is situated in the humid rainforest region of Southern Nigeria, lies between latitude 4.50N and longitude 7.00E and represents soils of coastal plain sands which are sandy loam and have brown to dark brown color.

Collection of Soil Samples 
Soil samples were collected in two seasons: rainy season and dry season, and at two depths: 0-15cm and 15-30cm using a soil auger at three randomly selected sampling points, each within an area of 1m x 1m, at a distance of 30m apart in each location. Soil core samplers were used to collect undisturbed soil from the mapped out areas, collected soil samples were composited and carefully placed into well labeled fresh polythene bags, and transported to the laboratory for analysis. 
Soil Sample Preparation 
Soil samples were air-dried at room temperature sieved through a 2mm sieve and were analyzed for physicochemical properties using the following standard procedures.
Particle Size Analysis
This was determined as follows: fifty-one grams of air dried soil samples were placed in a baffle cup. The cup was half filled with sodium hexametaphosphate reagent and thoroughly stirred till all sample aggregates were completely broken down. The suspension was transferred into a cylinder and filled with water, while the hydrometer was still in suspension. The amount of sand in the sample was determined by removing the hydrometer, mixing the contents of the cylinder and inverting the cylinder several times. The cylinder was replaced on the work table and the time recorded. The hydrometer was carefully inserted at the end of 20 seconds, and the reading was taken after 40 seconds. The hydrometer was removed and the temperature of the suspension was recorded. The hydrometer reading was corrected by adding 0.3 units for every degree above 20oC and subtracting 0.3 units for every degree below 20oC. Two units were also subtracted for all hydrometer readings to compensate for the volume of sodium hexametaphosphate added. The weight of sand in the sample was obtained by subtracting the corrected hydrometer reading from the total weight of the sample. Percentage sand content was calculated by dividing the weight of sand by the weight of the sample and multiplying by 100. The clay content was determined by insertion of the hydrometer into the sample suspension after covering and inverting the cylinder for a thorough mix, and the temperature was taken. The hydrometer reading was taken after 2 hours, the corrected hydrometer reading represented the amount of clay in the sample. Percentage clay content in the sample was obtained by dividing the weight of clay by the weight of the sample and multiplying by 100. Percent silt was thereafter determined by subtracting the sum of the percentage of sand and clay from 100.
Bulk Density 
Bulk density was determined with core samples using the formulae:    
Bulk density = 



Soil Water Retention Characteristics 
 Soil water-retention characteristics (SWRC) were measured on undisturbed core samples 5 cm in diameter and 6 cm in height, using the pressure chamber apparatus with ceramic plates. The water content at -10 and -1500 kPa represent the field capacity (FC) and permanent wilting point (PWP), respectively. 
Saturation of the soil samples was achieved by adding water slowly until water was about half way to the top of the soil core and allowed to soak for 24 hours. After saturation, samples were subjected to pressures 0 to -10 kPa using the hanging water column method, and -1500 kPa using the pressure plate apparatus. Excess water drained through the ceramic plate until balance was established between pressure force and water retention force in the samples after 2 days. The gravimetric water contents in the samples were measured after oven-drying the soil at 105oC and was converted to volumetric by multiplying the values by the bulk density of each core sample.
Saturated Hydraulic Conductivity (Ksat) 
Saturated hydraulic conductivity (Ksat) was determined by the constant head core technique. 
Total Porosity 
Total porosity was calculated with core samples using the core method 
			 			
Water holding capacity at saturation (0 kpa) tension after 24hours was calculated using the formula: 
	   	 	 	 	 	 	 	 	 	 
Where W.H.C is the water holding capacity, Md is the mass of oven-dried soil and Mw the mass of wet soil.
Water Holding Capacity:  
Water holding capacity at saturation (0 kpa) tension after 24 hours was calculated using the formula: 
   
Where WHC – Water holding capacity (g g-1), Mw = mass of wet soil 0 kpa (g), and Md = mass of oven dry soil (g). 
Soil pH 
The pH of the soil samples was determined with a glass electrode in a 1:2:5 soil water suspension. Soil pH was determined by mixing eight grams of well homogenized soil in a beaker with 20 mls of distilled water, and stirring thoroughly, the mixture was kept to stand for one minute, after which the pH probe was dipped into the mixture in the beaker, and the readings recorded. Prior to measuring the pH of the soil in the mixture, the pH meter was first standardized by dipping its probe into a buffer solution. 
The probe was rinsed with distilled water before and after taking each reading.
Organic Carbon  
Organic carbon was determined by the Walkley and Black Wet oxidation method. 
Total Nitrogen 
The total nitrogen content of the soil was determined by the Microkjedahl method.
Available Phosphorus  
Available Phosphorus was determined by the Bray No. 1 method.
Exchangeable Cations (Ca, Mg, Na, and K) 
Exchangeable K of the soil sample was extracted with neutral normal ammonium acetate buffered at pH 7 after shaking for 2 hours. Exchangeable Ca and Mg was determined by EDTA complexometric titration while Na was determined by flame photometry.
Experimental Design for Cowpea Cultivation
Four kilograms of soil was collected from individual sampling points in the rainforest and mangrove vegetation in both rainy and dry seasons which were transferred to the Rivers state University school farm, and placed into experimental pots for the cultivation of Cowpea. Soil samples were collected from the experimental pots, just before the cultivation of cowpea seeds, and transferred to the laboratory, for analysis of physical, chemical and microbial properties before cultivation of cowpea. The experimental pots containing soils from the two vegetation types were laid out in a complete randomized complete block design on the school farm. 
Cowpea Cultivation
Seeds of cowpea local variety (Iron beans) was obtained from the market and used for this experiment four seeds were planted per pot, after germination, the seedlings were thinned to two seedlings per pot to allow for vigorous growth. Cultivation of cowpea seeds was carried in the months of January and April, for dry and rainy season respectively.  Daily irrigation was carried out in the dry season to prevent death of the crop.   Cowpea seeds that were cultivated, germinated after two days in the experimental pots with soils from the rainforest vegetation type, but seeds planted in soils from the mangrove vegetation showed no signs of germination at all. Plant growth parameters such as plant height, number of leaves, and number of branches were taken at 4, 8 and 12weeks after planting.  On the 12th week, destructive sampling was carried out on the cowpea plants, in order to count the nitrogen fixing nodules at the roots, and also to measure the root length of cowpea at 12 weeks in soils during the rainy and dry season.


Statistical Analysis  
Data collected from the various parameters was subjected to analysis of variance (ANOVA) at P ≤ 0.05, and means were separated using Tukey’s Pair Wise Comparison at 95% confidence intervals.

RESULTS
Soil Physical Properties 
Results of the tested soil physical properties in the rainforest and mangrove vegetation at 0-15cm and 15-30cm depths during the four seasons are presented in Table 1. Sand particles ranged from 67.3%- 72.3% and 63.4% - 66.6% at the 0-15cm and 15-30cm depths in the rainforest vegetation, while values for the mangrove vegetation ranged from 52.8% - 58.9% and 52.0-64.9% at 0-15cm and 15-30cm depths respectively. Highest sand content (72.3%) was recorded at 0-15cm depth in the Peak of dry season in the rainforest vegetation, while the least value (52.0%) was recorded at 15-30cm depth in rainy season at the mangrove vegetation (Table 1). Clay particles ranged from 21.7% - 29.4% and 29.4% 33.4% at 0-15cm-15-30cm depths in the rainforest vegetation; while values in the mangrove vegetation ranged from 28.2% - 29.9% and 24.1%- 28.7% for 0-15cm and 15-30cm depths respectively. Clay contents were highest at 15-30cm depths in both peak of rainy season and rainy season (33.4% and 33.3%), while the least value was observed at 0-15cm depth in peak of dry season (21.7%), all in the rainforest vegetation. Silt particles ranged from 2.0%-4.7% in the rainforest vegetation and 11.0%-19.3% in the mangrove vegetation. Highest silt content was observed at 15-30cm depth in the mangrove vegetation (19.3%), while the least value was recorded at the 15-30cm depth in the peak of rainy season in the rainforest vegetation (2.0%) (Table 1).  
Sand and silt particles were higher at the 0-15cm depth with values of 62.9% and 10.1%, than at the 15-30cm depth, with values of 61.6% and 9.7%, while mean value for clay particles was 27.0% at 0-15cm depth and 28.7 at 15-30cm depth (Table 1). Soil bulk density values for 0-15cm and 15-30cm depths were significantly different (P > 0.05) during the seasons and in the vegetation. The values ranged from 1.42gcm-3 - 1.53gcm-3 at both depths in the rainforest vegetation while values in the mangrove vegetation ranged between 0.56gcm-3 and 0.94gcm-3 (Table 1). Highest value for bulk density (1.53gcm-3) was recorded at 15-30cm depth in the peak of dry season, followed by 1.51gcm-3 in the rainy season, for both 0-15cm and 15-30cm depths respectively, all in the rainforest vegetation. Lowest value (0.56gcm-3) was observed at the 0-15cm depth in the peak of dry season at the mangrove swamp vegetation. The mean value of 1.18gcm-3 was higher at 15-30cm depth than the value of 1.08gcm-3 at 0-15cm depth, though not significantly different (P < 0.05).  Total porosity values at 0-15cm and 15-30cm depth was significantly different (P > 0.05) during the seasons and in the vegetation types. The values ranged from 28.3%- 45.7% at both depths in the rainforest vegetation, while values in the mangrove vegetation ranged from 46.7%- 58.2% (Table 1). Highest value of 58.2% was recorded at 0-15cm depth in the peak of dry season , followed by the peak of rainy season (53.7%) and rainy season (53.3% and 53.4%) for depths 0-15cm and 15-30cm respectively, all in the mangrove vegetation (Table 1). Lowest value (28.3%) was recorded at 15-30cm depth in the peak of dry season in the rainforest vegetation.    
Hydraulic conductivity (Ksat) values ranged from 15.88cm h-1- 22.3 cm h-1 at both depths in the rainforest vegetation while values in the mangrove vegetation ranged from 10.51cm h-1 – 18.37cm h-1 (Table 1). Highest value of 22.30cm h-1was observed at peak of rainy season, followed by 21.80cm h-1, in the rainy season both at 0-15cm depth in the rainforest vegetation; while least values (10.51cm h -1  and 11.73cm h-1) were observed at  peak of rainy season and peak of dry season at 15-30cm depth in the mangrove vegetation (Table 1). Ksat value of 21.82cm h-1 at the 0-15cm depth was significantly higher (P < 0.05) than the value of 14.68cm h-1 at the 15-30cm depth. Water holding capacity of soil values ranged from 22.5%- 40.7% in the rainforest vegetation, while values in the mangrove vegetation ranged from 26.0%- 41.4% (Table 1). Highest mean water holding capacity value of 41.4% was recorded at 0-15cm depth in the peak of dry season in the mangrove vegetation, followed by the value of 40.7% at 15-30cm depth in the rainy season in the rainforest vegetation (Table 1). The least value of 22.5% was recorded at 0-15cm depth during the peak of rainy season in the rainforest vegetation (Table 1). The mean value of 33.88% at 015cm depth was significantly higher (P < 0.05) than the value of 30.99% at the 15-30cm depth. The mean water holding capacity value of 33.1% in the mangrove vegetation was higher than the value of 31.0% in the rainforest vegetation.
Table 1: Mean Seasonal Values of Physical properties of Rainforest and Mangrove Vegetation soils at Two Depths
	Vegetation Season 
	
	Depth Sand (cm) (%) 
	Silt 
(%) 
	Clay (%) 
	Textural Class 
	BD 
(g cm-3) 
	TP (%) 
	Ksat  
(cm h-1) 
	WHC 
(%) 
	Permeability class 

	Rainforest 
 
	Rainy  Season 
	0-15 
15-30 
	70.0abc 
63.4d 
	3.7ef 3.3ef 
	26.3bcd 
33.3a 
	SCL 
	1.51a 
1.51a 
	42.6ab 
37.5c 
	21.80a 
19.55a 
	24.4c 
40.7a 
	Moderately rapid Moderately slow 

	 
	Peak of rain 
	0-15 
15-30 
	67.3bcd 
64.7d 
	3.3ef 
2.0f 
	29.4b 
33.4a 
	SCL 
	1.42a 
1.50a 
	45.7ab 
39.7c 
	22.30a 
15.88b 
	22.5c 
36.1b 
	Moderately rapid Slow 

	 
	Dry season 
	0-15 
15-30 
	71.0ab 
66.6cd 
	6.0e 
4.0ef 
	23.1de 
29.4b 
	SCL 
	1.44a 
1.50a 
	42.4ab 
33.5c 
	21.00a 
18.6a 
	32.7ab 
30.9ab 
	Moderately rapid Moderately slow 

	 
	Peak of dry 
	0-15 
15-30 
	72.3a 
65.9d 
	6.0e 
4.7ef 
	21.7b 
29.5b 
	SCL 
	1.47a 
1.53a 
	35.9c 
28.3c 
	19.39a 
16.18b 
	30.1ab 
30.4ab 
	Moderately slow 
Moderately slow 

	Mangrove 
 
	Rainy season 
	0-15 
15-30 
	55.4efg 
52.0g 
	16.0abc 
19.3a 
	28.6b 
28.7b 
	CL 
	0.83b 
0.81b 
	53.3b 
53.4b 
	17.08a 
12.20ab 
	26.0c 
32.7ab 
	Moderately slow Slow 

	 
	Peak of rain 
	0-15 
15-30 
	58.9e 
64.9d 
	12.9cd 
11.0d 
	28.2b 
24.1cde 
	CL 
	0.73ab 
0-94b 
	53.7b 
46.7ab 
	13.22ab 
10.51ab 
	32.4ab 
36.8b 
	Slow 
Slow 

	 
	Dry season 
	0-15 
15-30 
	52.8fg 
56.9ef 
	17.3ab 
16.0abc 
	29.9ab 
27.1bc 
	CL 
	0.66ab 
0.89b 
	52.8a 
50.3a 
	18.37a 
12.81ab 
	33.1b 
32.3ab 
	Moderately slow Slow 

	 
	Peak of dry 
	0-15 
15-30 
	55.4efg 
58.6e 
	15.3bc 17.3ab 
	29.2b 
24.1cde 
	CL 
	0.56ab 
0.71ab 
	58.2b 
50.7a 
	17.58a 
11.73ab
	41.4a 
36.8b
	Moderately slow Slow 


Means followed by the same letters were not significantly different at p > 0.05. BD- bulk density, TP- total porosity, Ksat, saturated hydraulic conductivity, WHC- water holding capacity

Soil Chemical Properties 
Results of the tested soil chemical properties are presented in Table 2. Soil pH values ranged from 4.5- 5.4 at both depths in the rainforest vegetation, while values in the mangrove vegetation ranged from 2.5-3.9 (Table 2). Highest mean soil pH value of 5.4 was recorded at 0-15cm and 15-30cm depths during the dry season. This was followed by the peak of dry season, with a pH value of 5.2 and 5.1, all in the rainforest vegetation. Lowest mean soil pH values of 2.5 and 2.7 were recorded during the peak of rainy season in the mangrove vegetation (Table 2).       
Organic carbon values ranged from 0.4%-0.9% at both depths in the rainforest vegetation while values in the mangrove vegetation ranged from 5.0%- 7.5% (Table 2). A highest mean organic carbon value of 7.5% and 7.1% was recorded at 0-15cm and 15-30cm depths during the rainy season. This was followed by 6.3% and 6.1% in the peak of dry season, for both depths, all in the mangrove vegetation. Lowest mean organic carbon value of 0.4% was recorded at 15-30cm depth during the rainy season in the mangrove vegetation (Table 2). Total nitrogen values ranged from 0.1%-0.3% at both depths in the rainforest vegetation, while values in the mangrove vegetation ranged from 0.3%-0.6% (Table 2). Highest mean total nitrogen values (0.6%) was recorded at both depths during the dry season and at 0-15cm depth in the peak of dry season all in the mangrove vegetation. A lowest value of 0.1% was recorded in all the seasons except during the dry season in the rainforest vegetation, where 0.3% and 0.2% was recorded for 0-15cm and 15-30cm depths respectively (Table 2).
Values for exchangeable bases (Ca+, Mg+, K+, and Na+) ranged from 2.4cmol/kg-3.4cmol/kg, 1.0cmol/kg - 2.0cmol/kg, 0.3cmol/kg - 0.5cmol/kg, and 0.2cmol/kg - 0.3cmol/kg for Calcium, Magnesium, Potassium and Sodium at 0-15cm and 15-30cm depths in the rainforest vegetation; while values in the mangrove vegetation ranged from 11.3cmol/kg- 21.1cmol/kg, 4.0cmol/kg- 8.6cmol/kg, 0.2cmol/kg-0.3cmol/kg and 0.2cmol/kg- 0.3cmol/kg at both depths, for calcium, magnesium, potassium, and sodium respectively (Table 2). Highest mean exchangeable Ca+ value of 21.1cmol/kg was recorded at 0-15cm depth in the peak of dry season, followed by 20.3cmol/kg, recorded at 15-30cm depth in rainy season, both in the mangrove vegetation. Lowest value for Ca+ (2.4cmol/kg) was recorded at 15-30cm depth during the peak of rainy season in the rainforest vegetation. Values for Mg+ were highest at 15-30cm depth during the rainy season in the mangrove vegetation, while the lowest mean Mg+ value (1.0cmol/kg) was recorded at 15-30cm depth in the peak of rainy season in the rainforest vegetation (Table 2). Highest mean exchangeable K+ value of 0.5cmol/kg was recorded at 0-15cm depth during the peak of rainy season and in dry season in the rainforest vegetation, while the lowest K+ value (0.2cmol/kg) was recorded at 15-30cm in the various seasons at the mangrove vegetation type.   Highest mean value for Na+ was 0.3cmol/kg, while the lowest value was 0.2cmol/kg, at the two depths and during the seasons in the two vegetation types (Table 2).  
Available phosphorus values ranged from 15.5mg/kg - 51.6mg/kg at both depths in the rainforest vegetation, while values in the mangrove vegetation ranged from 47.1mg/kg- 80.2mg/kg (Table 2). Highest mean phosphorus value of 80.2mg/kg was recorded at 1530cm depth during the dry season. This was followed by 75.1mg/kg in peak of dry season, all in the mangrove vegetation. Lowest mean value for phosphorus was recorded at 15-30cm depth during the rainy season in the rainforest vegetation (Table 2). Effective cation exchange capacity values of soils in the rainforest vegetation ranged from 5.8cmol/kg-10.6cmol/kg in the rainforest vegetation, while values in the mangrove vegetation ranged from 23.9cmol/kg-56.8cmol/kg (Table 3). Highest ECEC value of 56.8cmol/kg was recorded at 15-30cm depth in the mangrove vegetation, during the rainy season, while the least ECEC value of 5.8cmol/kg was recorded at 15-30cm depth during the peak of rainy season and dry season in the rainforest vegetation (Table 2).  
Values for exchangeable acidity ranged from 0.6cmol/kg- 5.5cmol/kg at both depths in the rainforest vegetation, while values in the mangrove vegetation ranged from 3.8cmol/kg- 29.8cmol/kg (Table 2). Highest exchangeable acidity value of 29.8cmol/kg was recorded at 15-30cm depth in the peak of rainy season, followed by 28.5cmol/kg, in peak of dry season, all in the mangrove vegetation. Lowest mean value of 0.6cmol/kg was recorded at 0-15cm depth during the dry season, in the rainforest vegetation (Table 2).  Base saturation values ranged from 61.9%- 89.7% at both depths in the rainforest vegetation, while values at the mangrove vegetation ranged from 37.3%- 88.8% (Table 3). Highest values for base saturation (89.7%) were observed at 0-15cm depth in the rainforest vegetation and at 15-30cm depth (88.8%) in the mangrove vegetation, both during dry season. Lowest value (37.3%) was recorded at 15-30cm depth during the Peak of rainy season in the mangrove vegetation (Table 2).
	Vegetation Season 
 
	Depth (cm) 
	pH 
	OC 
(%) 
	OM 
(%) 
	Avail P (mg/kg) 
	N (%) 
	Ca 	Mg 	K 	Na 	EA 	ECEC 	BS 
-----------------------cmol/kg-------------------------       % 

	Rainforest 
 
	Rainy season  
	0-15 
15-30 
	4.7cde 
4.9bcd 
	0.8e 
0.4f 
	1.8e 
0.7f 
	18.7fg 
15.5g 
	0.1ef 
0.1f 
	3.4f 3.1f 
	1.7ef 1.3ef 
	0.4bc 
0.3efg 
	0.2cde 
0.2de 
	1.4ef 
5.5de 
	10.6f 
5.9f 
 
	61.9fg 
77.4cd 

	 
	Peak 
of rain  
	0-15 
15-30 
	4.5e 
4.7de 
	0.7f 
0.7f 
	0.9f 1.1f 
	18.9fg 
31.8def 
	0.1ef 0.1ef 
	3.1f 2.4f 
	1.4ef 
1.0f 
	0.5a 
0.3cd 
	0.3a 
0.3ab 
	1.9ef 2.1ef 
	7.1f 5.8f 
 
	73.6de 
66.5ef 

	 
 
	Dry season 
	0-15 
15-30 
	5.4a 5.4a 
	0.9e 
0.7f 
	1.6f 1.2f 
	36.5cde 
51.6b 
	0.2de 0.3cd 
	3.4f 3.3f 
	2.0e 
1.4ef 
	0.5a 
0.3cd 
	0.3a 
0.3ab 
	0.6f 0.9f 
	6.4f 5.8f 
 
	89.7a 
86.6abc 

	 
 
	 Peak of dry 
	0-15 
15-30 
	5.2ab 
5.1abc 
	0.8e 
0.7f 
	1.4f 1.2f 
	28.3efg 
17.5fg 
	0.1ef 
0.1f 
	4.2f 3.5f 
	1.9ef 1.2ef 
	0.4b 
0.3def 
	0.3ab 
0.2bcde 
	1.9ef 2.1ef 
	7.9f 6.9f 
 
	81.1abcd 
77.5cd 

	Mangrove 
	 Rainy season 
	0-15 
15-30 
	3.1gh 
2.9ghi 
	7.5a 
7.1ab 
	13.0a 
12.2ab 
	47.1bc 
51.5b 
	0.4c 0.4c 
	13.8cd 
20.3a 
	4.4d 
8.6a 
	0.3def 0.2def 
	0.2de 0.3ab 
	5.7de 
28.1ab 
	23.9e 56.8a 
 
	82.1abcd 
53.7gh 

	 
 
	 Peak 
of rain 
	0-15 
15-30 
	2.7hi 2.5i 
	5.7cd 
5.0d 
 
	9.8cd 
8.7d 
 
	47.7bc 
46.0bcd 
	0.3cd 0.3cd 
	11.3e 
13.0de 
	5.7bc 
4.0d 
	0.3fgh 
0.2gh 
	0.2cde 0.2cde 
	24.3b 
29.8a 
	41.3c 
46.8bc 
 
	42.1i 37.3i 

	 
 
	 Dry season 
	0-15 
15-30 
	3.9f 3.8f 
	5.9cd 5.7cd 
	10.2cd 
9.9cd 
	54.9b 
80.2a 
	0.6a 0.6a 
	15.9bc 13.2de 
	6.2b 
7.7a 
	0.2fgh 
0.2h 
	0.2e 
0.2bcd 
	3.8ef 
8.2d 
	24.9de 
30.0d 
 
	78.2bcd 
88.8ab 

	 
 
 
	 Peak 
of dry 
	0-15 
15-30 
	3.3g 
2.8hi 
	6.3bc 
6.1c 
	10.9bc 
10.5c 
	58.8b 
75.1a 
	0.6ab 0.4bc 
	21.1a 
17.6b 
	5.7bc 4.9cd 
	0.3cde 
0.3cd 
	0.3bc 0.3ab 
	18.2c 
28.5ab 
	44.8c 
50.9b 
	61.7fg 
46.2hi 


Table 2: Mean Seasonal Values of Chemical Properties of Rainforest and Mangrove Vegetation Soils at the Two Depths
*Means with same letters are not significantly different P > 0.05 by Tukey’s Pair wise comparisons at 95% confidence interval

Physiochemical Parameters in Uncultivated and Cowpea-Cultivated Soils 
The mean values of physical and chemical parameters of soil in uncultivated and cowpea cultivated soils during the rainy and dry season are presented in Table 3. Sand and clay particles were higher before planting with mean values of 70.4% and 24.8%, than the values of 68.8% and 23.3% after planting while silt particles were higher with a value of 8.0% after planting, than the value of 4.8% before planting during the rainy season. During the dry season, sand particles were higher after the cultivation of cowpea with a value 70.4% than the value of 66.4% before planting. Clay and silt particles were higher before cultivation during the dry season with mean values of 27.2% and 6.4% than the values of 23.6% and 6.0% after cultivation (Table 3). Soil pH value ranged from 5.0-5.6 before and after cultivation in the rainy and dry season. Organic Carbon and Total Nitrogen values ranged from 0.6% - 1.1% and 0.1- 0.4% before and after cultivation of cowpea in the rainy and dry season; mean organic carbon value increased from 0.8% before cultivation, to 1.0% after cultivation of cowpea; and levels were higher in rainy season (1.1%) than in dry season (0.8). Total nitrogen had mean value of 0.3% before and after cultivation, and also in rainy and dry season. Ca+ and Mg+ values reduced from 4.1cmol/kg and 2.6cmol/kg before planting to 2.3cmol/kg and 1.1cmol/kg after planting, while Na+ increased from 0.2cmol/kg, to 0.5cmol/kg after planting. The potassium content had same value of 0.4cmol/kg before and after planting. Available Phosphorus increased slightly from 37.0mg/kg before planting to 37.5mg/kg after planting. Exchangeable acidity and Effective cation exchange capacity values reduced from 1.9cmol/kg and 9.2cmol/kg before planting to 1.2cmol/kg and 5.1cmol/kg; while base saturation recorded higher value of 79.3% after planting than 77% before planting (Table 3).
Table 3: Mean Values of Physiochemical Parameters in Soils Cultivated with Cowpea during the Rainy and Dry Season
	Season 
	Time of 
Planting  
	Sand (%) 
	Silt 
(%) 
	Clay (%) 
	pH 
	Organic 
Carbon   
(%) 
	Organic 
Matter   
(%) 
	Total 
Nitrogen   
(%) 
	Available 
Phosphorus   
(mg/kg) 
	Cl
	Mg
	 K
	Na 
	EA
	ECEC
	Base 
Saturation 

	Rainy 
	Before 
	70.4a 
	4.8b 
	24.8a 
	5.5a 
	1.0ab 
	1.7ab 
	0.4a 
	56.4a 
	4.4a 
	2.8a 
	0.4a 
	0.3a 
	0.6b 
	8.4b 
	94.0a 

	 
	After 
	68.8ab 
	8.0a 
	23.2a 
	5.4a 
	1.1a 
	2.0a 
	0.2b 
	38.6b 
	2.0b 
	1.0c 
	0.4a 
	0.6a 
	1.1b 
	4.7c 
	79.4b 

	Dry 
	Before 
	66.4b 
	6.4ab 
	27.2a 
	5.0b 
	0.6c 
	0.8c 
	0.1b 
	19.0c 
	3.8a 
	2.4ab 
	0.3a 
	0.2a 
	3.2a 
	9.8a 
	60.0c 

	 
	After 
	70.4a 
	6.ab 
	23.6a 
	5.6a 
	0.9b 
	1.4b 
	0.4a 
	36.4b 
	2.5b 
	1.2bc 
	0.4a 
	0.3a 
	1.2b 
	5.5c 
	79.2b 


*Means with same letters are not significantly different P>0.05 by Tukey’s Pair wise comparisons at 95% confidence interval

DISCUSSION
Variations in soil physical and chemical properties have been extensively discussed and linked to differences in ecological zones (Chodak et al., 2015), types of forest (Adugna and Abegaz, 2016; Zhou et al., 2019; Azeez et al., 2020; Nengi-Benwari et al., 2021)), parklands (Abdulrashid et al., 2024), seasons (Nengi-Benwari et al., 2021; Ogundele, 2021), agricultural land use (Akinde et al., 2020), among others. Findings in this study showed that the particle sizes of the soils at two depths (0-15cm and 15-30cm) during the seasons and in the vegetation were significantly different, and mean values for sand particles in the rainforest vegetation was significantly higher than the values in the mangrove vegetation. Inversely, mean value for silt particles in the mangrove vegetation was significantly higher than the value in the rainforest vegetation, and mean seasonal sand content followed the order PRS> PDS> DS>RS.  Silt content was higher during the peak of dry season and in dry season than at rainy season, and clay contents followed the order, RS>PRS>DS>PRS (Table 1). These findings are consistent with those of Adugna and Abegaz (2016) and Azeez et al. (2020), who found significant amounts of sand in their varied studies of forest soils, and Zhou et al. (2019) who reported that soil in mountain forest are sandy-like-loamy.  
In this study, Mean soil pH value at 0-15cm depth was slightly higher than 4.0, which was recorded at 15-30cm depth. Soil pH in the rainforest vegetation was significantly higher than the value recorded in the mangrove vegetation, and mean seasonal variation showed that soil pH value was highest during the dry season, followed by the peak of dry season, then the rainy season and the peak of rainy season (Table 1). Similarly, Nengi-Benwari et al. (2021) reported that mangrove vegetation had highly acidic soils (pH 3.1), whereas rainforest vegetation had lower acidity soils (pH 5.0). These findings are consistent with those reported in the study conducted by Abdulrashid et al. (2024) in which variations in the physical and chemical characteristics were reported in parklands in northern Nigeria. Variations in soil pH have been linked to the accumulation of litter from leaf droplets and variations in ecological zones (Chodak et al., 2015), topography, and constant farming (Zhou et al., 2019).
Furthermore, bulk density was significantly higher in the rainforest vegetation than in the mangrove vegetation, and bulk density values were higher during the peak of rainy season, then the dry season. Also, total porosity values were significantly higher at 0-15cm depths than 15-30cm depths, mangrove vegetation had significantly higher total porosity than the rainforest vegetation, and total porosity was highest during the rainy season. It was observed that the peak of rainy season and dry seasons respectively had lower values (Table 1), indicating the impact of extreme weather effects. These variations have earlier been reported by Azeez et al. (2020) who also claimed that porosity and bulk density are influenced by the number and size of soil particles. It should be noted that high precipitation and severe dryness do not favor particle size distribution.    
Soil organic carbon content is known to be a repository for exchangeable cations (K, Ca, and Mg), CEC, total nitrogen, P, and clay content, hence, Azeez et al. (2020) had indicated that organic carbon might serve as an indicator that soil nutrients in tropical soils rely on soil organic matter content, as reflected by the organic carbon content. Organic carbon values in this study were higher at 0-15cm depth than at 15-30cm depth (Table 2). More organic matter are found at the topsoil and at 0-15cm depth than at 15-30cm depth. This clearly indicates the influence of organic matter on total organic carbon and aligns with the position of Azeez et al. (2020). Also, in this study, organic carbon was significantly higher in the mangrove vegetation than in the rainforest vegetation, and was highest in rainy season, followed by Peak of dry season, then dry season and peak of rainy season (Table 2). The influence of seasons and vegetation types show that organic carbon content in each vegetation zone is higher in low rainforest soils than mangrove during the rainy season due to ample soil moisture and organic matter decomposition. Soil temperatures are usually higher during moderate precipitation, thereby encouraging microbial activities. During the peak period, soil temperature is lower. Soil moisture regulates the process during the dry season, extreme dryness, it becomes worse. However, Abiala and Blackwood (2024) posited that Savannah areas have more soil nutrient reserves than marshy areas obviously due to high decomposition of organic materials in the former relative to the later.
Additionally, total nitrogen contents of the mangrove vegetation were significantly higher compared to the rainforest vegetation, and was highest in the dry season, followed by the peak of dry season, then rainy season and peak of rainy season, due to leaching, considering the porosity of the soils. Mean Ca+ and Mg+ values were slightly higher at 15-30cm than at 0-15cm depth; while K+ and Na+ values were the same at both depths.  Ca+ and Mg+ values were significantly higher in the mangrove vegetation than in the rainforest vegetation. Inversely, K+ and Na+ values were slightly higher in the rainforest vegetation than in the mangrove vegetation. Mean seasonal variation of exchangeable bases revealed that Ca+ values were highest in the peak of dry season, followed by rainy season, then dry season and peak of rainy season. Mg+ values were highest in dry season, followed by rainy season, then the peak of dry season, and peak of rainy season. Values for K+ and Na+ was constant for all seasons, except during the rainy season (Table 2). These variations have been reported by Azeez et al. (2020).
Also, in this study, variations were reported in Ksat value, water holding capacity, saturation (0kpa), available phosphorus, effective cation exchange capacity, exchangeable acidity, and base saturation in the two vegetation types and during the different seasons (Table 2). Similarly, Nengi-Benwari et al. (2021) reported that with the exception of available phosphorus, which had larger concentrations in the subsoil than in the topsoil, chemical characteristics of the soil were generally higer in the topsoil than in the subsoil. However, higher subsurface phosphorus concentrations were reported by Umeri et al. (2017) for Delta state mangrove swamp zones. In agreement with findings in this study, Akinde et al. (2020), Nengi-Benwari et al. (2021), and Ogundele (2021) reported that all seasons had comparable sodium and potassium values, and the drier seasons had higher concentrations of soil chemical characteristics than the wet ones obviously due to no leaching. 

CONCLUSION
[bookmark: _GoBack]Numerous factors affect soil physiochemical properties. This study demonstrated that vegetation, season and soil depth had significant effects on the selected soil physiochemical properties, and in general, the drier seasons had higher concentrations of soil chemical characteristics than the wet ones.  Seasonal variations in the study area which affected the physiochemical characteristics of the soils, may have an impact on agricultural output, as well as input. This calls for a conscientious effort to monitor soil nutrients contents and the adoption of adequate management for optimal crop production.
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