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ABSTRACT: This study was carried out to assess the effect of charring 

on chemical and structural properties of raw agricultural wastes at two 

different temperatures. The agricultural wastes (feather from the poultry 

unit, maize cob, maize stalk, bamboo, rice straw, cocoa pods, maize husk 

and used paper from offices) were collected from Teaching and Research 

Farm, Obafemi Awolowo University (OAU), Ile-Ife, Osun State, Ife 

excluding the used paper, which was collected from the Academic areas, 

OAU. The collected waste materials were air-dried, pulverized, ground, 

and sieved with 2 mm sieve separately. Biochars were produced from raw 

agricultural wastes at pyrolysis temperatures 400℃ and 450℃. The raw 

and selected charred agricultural wastes were subjected to chemical and 

structural analyses. Pyrolysis of the raw materials at the two temperatures 

led to a significant increase in pH. A significant decrease in organic 

carbon of all the agricultural waste materials was observed after 

pyrolysis, a lower C:N was recorded; however,  nitrogen content did not 

change significantly with pyrolysis temperature compared with the raw 

waste materials. The concentrations of cations like Ca and Mg were 

unaffected by the pyrolysis temperatures, but significant increase was 

observed with potassium. The results of FTIR analysis indicated the 

presence of many surface functional groups in both the raw and charred 

materials, such as OH, COOH and NH, that could be involved in 

adsorption and release of plant nutrients in soils, including heavy metals 

adsorption from soil. However, the intensities of the functional groups 

were lower in raw agricultural wastes compared with charred agricultural 

waste. The effect of temperature differences was not significant on the 

elemental and structural properties; thus, any could be taken as the 

optimum temperature for effective biochar production. It was concluded 

that biochar produced from agricultural wastes could be used as liming 

materials and soil amendments. Also, the presence of carboxylic and 

phenolic groups in the charred materials will increase the soil cation 

exchange capacity and improve the nutrient holding capacity of the soil. 

KEYWORDS: Pyrolysis, biochar, agricultural wastes, functional groups, 

nutrients, pH. 
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INTRODUCTION 

A huge quantity of agricultural waste otherwise called agro-waste, consists of animal wastes 

(manure, animal carcasses), food processing waste, waste from cropping activities (corn 

stalks, sugarcane bagasse, drops, and culls from fruits and vegetables), are generated on a 

daily basis and poor management technique is a great threat to the well-being of the people 

and the environment in Nigeria.  Most farmers embark on open burning of agricultural 

wastes. Although it helps in quick removal and destruction of pathogens, the negative effect 

is enormous. Many toxic gases such as carbon monoxide (CO), dioxins and furans, volatile 

organic compounds (VOC), carcinogenic polycyclic aromatic hydrocarbons (PAH), as well 

as fine inhalable particles are released into the atmosphere (Kim Oanh et al., 2011; Jenkins et 

al., 2003) as a result of open burning waste. There is likelihood of a significant increase in 

agricultural wastes globally due to intensification of farming activities for food production 

(Ashamo et al., 2021).  

Globally, it is estimated that about 998 million tonnes of agricultural wastes are produced 

yearly (Ratna et al., 2022). Organic wastes can amount to as high as 80 percent of the total 

solid wastes generated in any farm of which manure production can amount up to 5.27 

kg/day/1000 kg live weight, on a wet weight basis. The spiral increase in waste generation 

rate will lead to a rise in environmental challenges if not adequately managed (Johari et al., 

2012).  These agricultural wastes are very rich in plant nutrients; therefore, a judicious 

method that will return them to the soil is highly desirable. 

Production of biochar is gaining attention globally as a low cost and viable recycling method 

for solid wastes. Biochar is produced by thermochemical conversions, such as pyrolysis, 

gasification, hydrothermal process, and carbonization of carbonaceous biomass, such as 

agricultural residues, algal biomass, forest residues, manures, activated sludge, energy crops, 

etc. at high temperature (300℃- 900℃) under oxygen limiting conditions (Lehmann et al., 

2011). Its application can be used as a filter for tar reduction in pyrolysis and gasification, as 

fuel when pelletized, and used as a substrate to produce hydrogen (Paethanom et al., 2012). 

Reports on the positive effects of biochar as a form of soil amendment, remediating organic 

or inorganic contaminants and mitigating greenhouse gas emission are well established and 

documented (Jeffery et al., 2011; Novak et al., 2016; Olubisi et al., 2016; Yuan et al., 2019). 

Although, the plant nutrient contents in biochar may be lower than the raw material, its effect 

on the nutrient holding capacity of the soil, climate change mitigation through carbon 

sequestration and chelation of organic pollutants make biochar a treasurable material for 

sustainable crop production and a good alternative to the open burning for soild waste 

management (Beesley et al., 2011). Scanty information is available on the percentage nutrient 

reduction in biochar produced, compared with raw agricultural waste in Nigeria.  

Pyrolysis temperature affects the chemical and structural properties of biochar, such as pH, 

percent organic carbon and nitrogen, C:N ratio, basic cations, surface area, and functional 

groups (Tag et al., 2016), and this can be related to the release of volatiles at high 

temperature (Sun et al., 2014; Chatterjee et al., 2020). Previous studies reported that high 

pyrolysis temperature led to increased biochar pH, percent carbon content but lower N 

content (Hossain et al., 2011; Zhang et al., 2017).  
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Therefore, the aim of this study was to assess the chemical and structural properties of raw 

agricultural wastes and the resultant biochar with a view to evaluate the effectiveness of 

biochar as a form of soil amendment. 

 

MATERIAL AND METHODS 

Sample Collection and Preparation 

The agricultural wastes (feather, Myaize cob, maize stalk, bamboo, rice straw, cocoa pod, 

maize husk and paper) were collected from Teaching and Research Farm, OAU, Ile-Ife 

excluding the used paper, which was collected from the Academic areas, OAU. The wastes 

were air-dried, pulverized, and sieved with 2 mm sieve separately. Composite samples were 

taken from the bulk samples for chemical and structural analyses. The agricultural wastes 

were pyrolysed under two temperatures (4000C and 4500C) at Agronomy laboratory, 

University of Ibadan, Oyo State. 

Laboratory Analysis 

The pH of the raw and charred agricultural wastes was determined with a standardized digital 

pH meter in a 1:2 w/v suspension of the wastes and 0.01 M CaCl2 after a 1-hour equilibration 

period, using the procedure outlined by Peech et al. (1965) with a review by Jindo et al. 

(2014). To determine the basic cations, 1 g of the raw and charred agricultural wastes was 

digested with 20 ml of concentrated H2SO4 for 2 hours and left overnight to cool completely. 

The digest was transferred into 50 ml volumetric flask, made up to mark with distilled water. 

The concentrations of Na and K were determined by a flame photometer while Ca, Mg were 

determined using atomic absorption spectrophotometer (AAS) (Zhang et al., 2002). Organic 

carbon was determined on 0.2 g sample using Walkley and Black (1934) method, while the 

total N was determined on 0.5 g sample using micro-Kjeldahl digestion and distillation 

procedure (Bremner & Mulvaney, 1982).  

Structural Analysis 

The raw and charred agricultural wastes were analyzed using Fourier Transform Infrared 

Spectroscopy (FTIR) in the range of 400 to 4000 cm-1 with Attenuated Total Reflectance 

(ATR) technique. A small amount of the sample was added to the mountain plate using a 

spatula to cover the exposed surface of the crystal, the pressure arm was placed on the top of 

the sample and then the nob was rotated until it touched the sample. The sample was scanned 

four times with the force gauge indicating a pressure of 100 and 130 pascal. The scanned 

result was printed and the mountain plate was cleaned with methanol to avoid contamination. 

The procedure was repeated for all the samples. 

Statistical Analysis 

The data obtained were analysed using R – statistical software version 3.6.0. (R core Team, 

2019). The data were fitted by a generalized linear model with fixed effects representing 

different treatments. Post-hoc multiple pairwise comparisons were analysed by Tukey’s 

significant differences using the CLD function implemented in the R package emmeans. For 

all analysis, the criterion used for statistical significance was P < 0.05. 



African Journal of Agriculture and Food Science 

ISSN: 2689-5331 

Volume 6, Issue 1, 2023 (pp. 69-85) 

72 Article DOI: 10.52589/AJAFS-YY75RSRK 

  DOI URL: https://doi.org/10.52589/AJAFS-YY75RSRK 

www.abjournals.org 

RESULTS AND DISCUSSION 

Chemical Composition of Raw Materials and Biochar 

The results of pH, organic carbon (OC), total nitrogen and C:N ratios of the agricultural raw 

materials before and after pyrolysis at two temperatures (4000C and 4500C) are shown in 

Table 1. Generally, pyrolysis of the raw materials at the two temperatures led to significant 

increase in pH of all the agricultural raw materials used in this study. The biochar derived 

from cocoa pods at 4000C and 4500C had the highest pH (10.9 and 10.8 respectively) while 

the raw feather from poultry unit had the lowest pH value. This indicates that biochar from 

different waste materials could potentially serve as liming materials to remediate soil acidity 

similar to the previous study (Berek, 2014). The result of this study also indicated a direct 

positive effect of increasing pyrolysis temperature on pH; this was attributed to higher ash 

content and the presence of organic functional groups that contain oxygen  (Zhao et 

al., 2017). Mechanisms controlling the increase in biochar pH involve the formation of 

carbonate and content of inorganic alkalis during pyrolysis resulting in alkaline condition. 

The organic carbon of different wastes decreases significantly after the pyrolysis process 

compared with raw waste materials, except feather, where steady increase in OC was 

observed at the two temperatures (Table 1). However, a previous study by Chun et al. (2004) 

also reported an increase in carbon content with increasing pyrolysis temperature, which was 

ascribed to the presence of certain amount of original organic plant residues, such as 

cellulose, in the produced biochar (Chun et al., 2004). The decrease in OC in the present 

study could be attributed to the conversion of organic carbon to inorganic carbon during the 

pyrolysis process. A gradual but not significant reduction was observed in the N content as 

the pyrolysis temperature increased; this is similar to a previous study (Chatterjee et al., 

2020). Chatterjee et al. (2020) reported that percent total N content of the plant materials 

used in their study reduced by half after pyrolysis due to the volatilization of certain nutrients 

at a high temperature. The C:N ratios of most agricultural wastes decrease, except feather, 

which increases with pyrolysis temperature due to high organic carbon present in the raw 

materials. The lower C:N ratios of biochar is an indication of fast release of nutrients for 

plant uptake.  
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Table 1: Results of pH, organic carbon, total nitrogen, and C:N ratios of agricultural raw materials and resultant biochars at two 

different temperatures 

Treatment pH (0.01 M CaCl2 ) % Organic carbon % Total nitrogen C:N 

 Raw 400℃ 450℃ Raw 400℃ 450℃ Raw 400℃ 450℃ Raw 400℃ 450℃ 

Feather 3.7a 7.5de 9.1g 13.66gh 20.65i 17.97hj 0.29b 0.05a 0.04a 47 413 449 

Maize cob 7.8ef 10.1h 10.2hi 6.99f 2.13a 2.13a 0.05a 0.08a 0.06a 139 27 36 

Maize stalk 8.2f 10.1h 10.6ij 16.95h 3.13cd 3.13cd 0.31b 0.04a 0.03a 55 78 104 

Bamboo 5.4b 10.2h 10.1hi 11.79g 4.68e 7.03f 0.27b 0.92b 0.04a 44 5 176 

Rice straw 5.9c 8.1f 7.9ef 23.01j 2.93bc 3.32cd 0.04a 0.05a 0.04a 575 59 83 

Cocoa pod 8.9g 10.9j 10.8j 16.97h 2.34a 3.12cd 0.08a 0.04a 0.05a 212 59 62 

Maize husk 5.4b 10.4i 9.8h 30.62k 2.73a 4.10de 0.14a 0.09a 0.09a 219 30 46 

Paper 7.3d 9.1g 9.7h 31.2k 3.12cd 2.15a 0.42b 0.24b 0.14a 74 13 15 

 

The comparison was done for raw biochar at 400℃ and 450℃ for each chemical parameter; different letters in the same column indicate a 

statistically significant difference among the treatments at a 5% significance level. 

Table 2: Results of basic cations in raw agricultural wastes and resultant biochars at two different temperatures 

Treatment Calcium (cmolkg-1) Magnessium (cmolkg-1) Potassium (cmolkg-1)  

 Raw 400℃ 450℃ Raw 400℃ 450℃ Raw 400℃ 450℃  

Feather 0.01a 0.03a 0.03a 0.02a 0.04a 0.04a 0.33b 0.67b 8.0ef  

Maize cob 0.02a 0.02a 0.01a 0.08a 0.03a 0.06a 1.55c 2.59d 2.51d  

Maize stalk 0.02a 0.01a 0.01a 0.05a 0.01a 0.02a 3.62d 13.36f 8.7ef  

Bamboo 0.09a 0.02a 0.08a 0.07a 0.06a 0.06a 1.76c 3.7d 4.62d  

Rice straw 0.01a 0.01a 0.02a 0.07a 0.05a 0.06a 0.94b 1.61c 1.67c  

Cocoa pod 0.08a 0.05a 0.04a 0.08a 0.06a 0.08a 5.82e 11.05f 10.70k  

Maize husk 0.01a 0.02a 0.02a 0.05a 0.04a 0.06a 1.4c 6.21e 6.76e  

Paper 0.04a 0.23b 0.05a 0.02a 0.07a 0.21b 0.05a 0.34b 0.20ab  
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The comparison was done for raw biochar at 400℃ and 450℃ for each chemical parameter; 

different letters in the same column indicate a statistically significant difference among the 

treatments at a 5% significance level. 

The results of basic cations in the raw materials and resultant biochar (4000C and 4500C) are 

presented in Table 2. The effect of pyrolysis temperature was not significant on calcium and 

magnesium contents of the produced biochar. However, the pyrolysis temperature of 4000C 

and 4500C significantly increased the potassium contents of the biochar. The increase could 

be ascribed to the increase in the ash contents of biochar samples (Zhou et al., 2013). 

Results of FTIR Analysis  

Raw and pyrolyzed agricultural wastes at 4000C (cocoa pod, maize husk, paper, rice straw, 

feather, maize stalk, maize cob and bamboo) were subjected to Fourier Transformed Infra-red 

Spectroscopic (FTIR) analysis to identify the functional groups that dominate the exchange 

sites (Figures 1-8a and 1-8b). The biochars produced at 4000C were selected because no 

significant effect of the varying temperatures was oberserved on the elemental composition of 

both biochar materials. The figures revealed FTIR spectrum of the typical functional group at 

wavenumber of 2000-4000 cm-1 and fingerprint from 500-1500cm-1. The most common 

important features are broad band at 3000-3902 cm-1 associated with OH stretch of OH 

groups, peak at 2900-2955 cm-1 due to aliphatic C-H stretching, peak at 2500 cm-1 due to OH 

stretch from strongly H-bonded –COOH, strong peak at 1640-1700 cm-1 associated to 

structural vibrations of aromatic C=C, anti symmetric stretching of COO groups and 900-

1100 cm-1 C-O stretching and OH bending of alcoholic and phenolic OH and COO 

asymmetric stretch. In addition, other functional groups detected in biochar samples include 

N-H bend, C-O-O stretch, methyl group, aromatic phosphates and cyclo-alkanes 

(Manikandan & Subramanian, 2015; Janu et al. 2021).  There is the presence of Si-O-Si bond 

in rice straw biochar because Si is the main structure and it continues to be present at high 

temperature during pyrolysis. The presence of higher functional groups in biochar, 

particularly in maize cob, than raw samples, suggest that if biochar produced from different 

agricultural wastes are applied as soil amendments, it will increase soil cation exchange 

capacity with consequent higher nutrient release for plant uptake. 
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(a) 

 

(b) 

 

Figure 1: The structural properties of cocoa pod before (a) and after (b) pyrolysis at 4000C 
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(a) 

 

(b) 

 

Figure 2: The structural properties of maize husk before (a) and after (b) pyrolysis at 

4000C 
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(a) 

 

(b) 

 

 

Figure 3: The structural properties of paper before (a) and after (b) pyrolysis at 4000C 
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(a) 

 

(b) 

 

Figure 4: The structural properties of rice straw before (a) and after (b) pyrolysis at 4000C 
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(a) 

 

(b) 

 

Figure 5: Structural composition of feather before (a) and after (b) pyrolyses 
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(b) 

 

Figure 6: Structural composition of maize stalk before (a) and after (b) pyrolysis 
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(b) 

 

Figure 7: Structural composition of maize cob before (a) and after (b) pyrolyses 
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(a)      

 

(b) 

 

Figure 8: Structural composition of bamboo before (a) and after (b) pyrolysis 
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CONCLUSION 

This study was conducted to assess the effect of charring on chemical and structural 

properties of raw agricultural wastes under two different temperatures (4000C and 4500C). 

Despite the increase in pH and potassium contents of the produced biochar, the percent 

organic carbon was significantly lower when compared with raw agricultural wastes and this 

was attributed to the conversion of organic carbon to inorganic carbon during pyrolysis 

process, whereas other chemical properties did not significantly change during pyrolysis, 

suggesting that biomass composition and temperature are key factors in biochar production. 

The pyrolysis temperatures used in this study influenced the measured parameters of the 

produced biochar in a similar way, indicating that both temperatures were optimum for 

effective biochar production. The produced biochars can be used to ameliorate soil acidity. 

The FTIR results indicated the capacity of the biochars to enhance the nutrient holding 

capacity of the soil. Further study on the field is highly recommended to demonstrate the 

performance of biochar under different temperatures on nutrient uptake by plants.   
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