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Soil Organic Carbon, Cation Exchange Capacity, and Maize (Zea mays) Response to Biochar and Nitrogen Fertilizer Amendments.

ABSTRACT
Biochar, a rich carbon source, has a significant effect in increasing soil fertility and soil chemical properties. The experiment was carried out to study the effects of biochar and nitrogen fertilizer on soil organic carbon (OC), cation exchange capacity (CEC), and maize performance. The trial was a 3 × 4 factorial experiment arranged in a Randomized Complete Block Design (RCBD) with three levels of biochar (0, 2.5, and 5 t/ha) and four levels of urea fertilizer (0, 40, 80, 120 kg N / ha) replicated three times. Data collected were analyzed using the General Linear Model SAS software at p≤0.05. Means were separated using the Duncan Multiple Range Test (DMRT). Study results showed that the application of biochar significantly increased CEC but did not alter OC significantly. Biochar application had no effect on plant height, stover, and grain yield of maize. Nitrogen fertilizer application however had a significant effect on plant height, stover, and grain yield of maize. 5 tons of biochar with 120 kg of N fertilizer are therefore recommended for farmers in Minna to have an appreciable grain yield of maize. However, more long-term and higher rates of biochar application should be investigated to better understand the potential effect of biochar on soil properties and plant characteristics.
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1. INTRODUCTION

In sub-Saharan Africa, the decline in food production has become a major challenge as a result of increasing human population and poor fertility of available land for agricultural production among other socio-economic and political factors (Partey et al., 2013). Increased soil acidity and cost of fertilizer, soil fertility depletion, yield reduction, and threat to human health amongst other factors are some of the resultant effects of nutrient leaching (Özacar, 2003; Laird et al., 2010). Developing effective ways of retaining soil nutrients is therefore a necessity for successful agriculture to be ensured. Soils of the southern guinea savanna where Minna is located are classified as being coarse textured and also characterized by low cation exchange capacity, organic carbon, total nitrogen, low to medium available phosphorus (Lawal et al., 2013; Afolabi et al., 2014). This implies that these soils have low clay content in addition to their low organic matter. These two components are however, necessary for efficient retention of nutrients in soils. In addition to the clay content being low, the dominant clay type in these soils are the kaolinites which are known for their low activity. In these soils, the organic matter is mostly lost through rapid mineralization, this makes their effect to be short-lived even with the addition of manure (in addition to inorganic fertilizers).   
Application of biochar is now considered as a potential valuable input and remedy to restore soil fertility (Liman et al., 2024a; Wardle et al., 2008) and biochar is a carbon containing substance produced from the pyrolysis of plant and animal material under anaerobic conditions (Jeong et al., 2016). According to Bohara et al. (2019), and Abbruzzini et al. (2019), biochar can be use to improve soil properties, thereby improving crop growth. Cho et al. (2023) also reported that biochar can improve crop and yield performance, as a form of organic matter it is stable in soil and therefore compensates for the limitations associated with clay and organic matter in tropical soils. Another study by Faloye et al. (2019), stated that biochar is added to soil to improve soil quality and productivity. Wang et al. (2012), reported that soil chemical properties including CEC, pH, and electrical conductivity were improved following the application of biochar. 
Therefore, studying the potential impact of biochar and N fertilizer on soil chemical properties and maize performance will give us an understanding of their effects on soil and crop performance, and an appropriate soil management strategy in sub-Saharan Africa. Thus, the objectives of the study were: 1) To determine the effect of biochar and N fertilizer on OC and CEC 2) To evaluate the potential influence of biochar and N fertilizer on maize growth and yield performance. 

2. MATERIALS AND METHODS

A field experiment was conducted at the Teaching and Research Farm of School of Agriculture and Agricultural Technology, FUTMinna. It is located between latitudes 90 30′ 30.10″ and 90 31′ 2.92″ and longitudes 60 25′ 57.61″ of the equator with an elevation of 190 – 216 m AMSL, characterized by a sub-humid tropical climate, a temperature up to 33 0C and an average annual rainfall of 1338 mm. The biochar used in this study was produced in March 2016 (during the dry season) using shrubs (Piliostigma reticulatum and Nauclea spp) from adjoining fallow lands. The trial was a 3 x 4 factorial experiment arranged in a Randomized Complete Block Design (RCBD) with three levels of biochar (0, 2.5 and 5 t/ha) and four levels of urea fertilizer (0, 40, 80, 120 kg N/ha) replicated three times. A total of thirty-six plots, each measuring 4 x 4 m were used for the experiment. Two maize seeds of Oba super II variety were planted in 3 cm deep hole with a spacing of 75 x 25 cm. After 2 weeks, thinning was done, leaving one plant per stand. Manual weeding was done at 2 and 6 weeks after planting. Prior to planting, soil samples were collected from each plots, analyzed and presented in Table 1. Properties of the biochar used are presented in Table 2.  After harvest, soil samples were also collected from each plot, air-dried, crushed gently using a porcelain mortar and pestle, and passed through 2 mm sieve and 0.5 mm sieve (for organic carbon determination). Soil parameters measured included Organic Carbon (using the Walkley- Black wet oxidation method) (Nelson & Sommers, 1996), Cation Exchange Capacity (determined by summation method which entails the addition of the exchangeable bases with the exchangeable acidity). Crop parameters measured are Seedling Emergence, Plant Height, Grain Yield and Stover Yield. Statistical analysis of the data was carried out using the General Linear Model on SAS software at 5% level of probability, while differences between treatments means was separated using Duncan Multiple Range Test (DMRT).


	Table 1. Initial soil characteristics 


	Soil Properties
	Values

	Particle Size Distribution (g/kg)
	

	Sand
	792

	Silt
	33

	Clay
	175

	Texture
	Sandy Loam

	
	

	pH (H2O)
	5.40

	OC (g/kg)
	3.80

	N (g/kg)
	0.11

	Available P (mg/kg)
	6.89

	
	

	Exchange Bases (cmol/kg)
	

	Ca
	6.00

	Mg
	2.53

	K
	0.35

	Na
	0.26

	Exchangeable Acidity (H and Al) (cmol/kg) 
	1.02

	CEC (cmol/kg)
	10.16




	Table 2: Chemical properties of biochar used

	Parameter
	Values 

	pH (H2O) 
	8.3

	OC (%)
	63.5

	N (%)
	0.9

	P (%)
	1.7

	Ca 
	3.54

	Mg 
	3.08

	K
	2.74

	CEC (cmol/kg)
	96.09




3. RESULTS AND DISCUSSION

The initial soil characteristics of the study presented in Table 1 indicates that the soil was low in fertility and due to this low fertility, application of N fertilizer and/or biochar to improve the soil properties and enhance crops growth is necessary. The interaction effect between biochar and fertilizer on OC, CEC, plant height, Stover yield, and grain yield was not statistically significant at p ≤ 0.05, indicating that the effect of biochar was consistent across all the levels of fertilizer and the effect of fertilizer was also consistent across all levels of biochar. Thus, the treatment effect is associated to the independent main effects of biochar and fertilizer. Both biochar and fertilizer did not exert statistical significant on the OC, suggesting that changes in either factors may not lead to measureable differences in the OC (Table 3). Although there was no statistical differences recorded, but OC increases with an increasing level of biochar, suggesting the positive impact of biochar application compared to the control treatment. A study by Liman et al. (2024a) reported that when biochar of different rates were applied to clay loam soil, no significant differences existed between the treatments, but the biochar containing treatments had more soil organic matter compared to the control treatment, which is in alignment with the results of this current study. They (Liman et al. 2024a) attributed the improvement on the soil organic matter to the direct application of biochar. Another Study by Liman (2024b) discovered that when biochar was added to soil in a field experiment, the soil organic matter was enhanced, which was associated to carbon mineralization and dissolved organic carbon when biochar was added. 
The main effect of biochar on the CEC showed significant differences between the treatments (Table 3). As the biochar application rates increases, so do the CEC increases, suggesting that higher application rates of biochar enhance the CEC more, compared to lower application rates, therefore resulting to more nutrient availability. The improvement seen in the CEC as a result of biochar application may be attributed to the surface area of the soil, porosity, aggregate and ion exchange (Lehmann and Joseph, 2015). Other studies also reported an improvement in the soil CEC following the application of biochar (Liman et al., 2024a; Liman 2024b; Yamato et al., 2006; Zheng, 2010). Therefore, our findings are in agreement with those reported by Liman (2024b), Yamato et al. (2006), and Zheng (2010).
Biochar application had no significant effect on the growth and yield parameters, whereas significant effect of the fertilizer applications were recorded for the plant height, stover yield, and grain yield. As a result, a consistent linear trend of the positive impact of fertilizer were evident with increasing level of fertilizer application (Table 3). The non-significant effect of biochar on the plant height, stover yield, and grain yield may be attributed to the CEC of the initial soil sample, which serve as basis for nutrient availability (Table 1).  A study by Kareem et al., (2023) reported no significant impact of biochar on cucumber yield, which is consistent with the findings of the current study. Thus, our results authenticates those reported by Kareem et al (2023).

	Table 3. Effect of Biochar and Nitrogen Fertilizer on Organic Carbon (OC), Cation Exchange Capacity (CEC), Plant Height, Stover Yield and Grain Yield of Maize

	

	Biochar (t/ha)
	   OC (g/kg)
	CEC 
(cmol/kg)
	Plant height (cm)
	Stover yield (t/ha)
	Grain yield (t/ha)

	
	
	
	
	
	

	
	
	
	
	
	

	0.0
	9.05a
	12.24c
	184.03a
	3.75a
	1.28a

	2.5
	9.49a
	17.15b
	173.79a
	4.10a
	1.27a

	5.0
	9.59a
	19.54a
	177.22a
	4.31a
	1.36a

	SE ±
	0.05
	0.01
	4.46
	0.32
	0.12

	
	
	
	
	
	

	Fertilizer (kg N/h)
	
	
	
	
	

	0
	9.36a
	16.48a
	134.09c
	2.08c
	0.12d

	40
	9.16a
	15.48a
	178.82b
	3.95b
	1.13c

	80
	9.34a
	16.59a
	198.98a
	4.90ab
	1.70b

	120
	9.35a
	16.46a
	201.45a
	5.28a
	2.26a

	SE ±
	0.06
	0.01
	5.15
	0.37
	0.14

	
	
	
	
	
	

	Interaction Effect
	
	
	
	
	

	Biochar × Fertilizer
	NS
	NS
	NS
	NS
	NS

	Means with similar letters down the column are not significantly different at p ≤ 0.05; SE: standard error



4. CONCLUSION 

Application of biochar produced from Piliostigma reticulatum and Nauclea spp (common shrubs found on fallow lands in Minna) significantly increased CEC but did not alter organic carbon significantly. Furthermore, biochar application had no effect on plant height, stover and grain yield of maize. Nitrogen fertilizer application however had significant effect on plant height, stover and grain yield of maize. 5 t/ha of biochar in combination with 120 kg N/ha should be recommended to farmers in Minna to have appreciable grain yield of maize. Higher rates of biochar application should be investigated since 5 t/ha of biochar was the maximum rate of application in this study.
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