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ABSTRACT 
 

In many countries, after harvesting, farmers choose to burn crop residues in their fields as waste 
material.  As a result, burning of crop residues like cotton stalks, maize stalks, rice husk, etc., 
releases a lot of carbon dioxide (CO2) into the atmosphere, contributing to climate change, which 
causes air pollution. The primary objective of this research was to practically demonstrate the 
conversion of biomass into biochar and to explore its application as a valuable substance with an 
aim to discuss the impact of biochar application on soil properties and SOC stock at harvest of 
maize grown on Vertisols. The field trial was carried out in 2020-21 (Kharif) at Research Farm, 
Department of Agronomy, Dr. PDKV, Akola, Maharashtra, India. The experiment was conducted by 
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using a Randomised Block Design (RBD) with eight treatments comprised of control, different rates 
of nitrogen and their combinations with 2.5 and 5.0 t ha-1 biochar and three replications. The data 
were subjected to statistical analysis. Based on the results obtained from analysis, the physical and 
chemical properties of soil such as water holding capacity (55.35%), organic carbon (6.48 g kg-1), 
available nitrogen (249.33 kg ha-1), phosphorus (21.63 kg ha-1) and potassium (358 kg ha-1) after 
harvest of maize were found to be significantly higher by applying 125 % RDN + 5 t ha-1 of  Biochar, 
while, the bulk density, electrical conductivity and soil pH were found to be non-significant by 
various treatments. Increasing the doses of biochar resulted in a slight increase in the availability of   
Zn, Cu, Fe & Mn, but the differences among the treatments were found to be statistically non-
significant. The higher the quantity of biochar applied, the greater the soil organic carbon (SOC) 
stock was recorded. Based on the current study, it can be concluded that, application of 100% RDN 
+ 5 t ha-1 Biochar improves the available nutrient status and physical-chemical properties of soil 
after the harvest of maize. Additionally, a favourable impact on the soil organic carbon (SOC) stock 
is also noted. 
 

 
Keywords: Biochar; soil properties; soil organic carbon stock; nitrogen; carbon. 

 

1. INTRODUCTION  
 
The management and disposal of crop residues 
left in the field after harvesting is a major 
challenge across various agricultural sectors. In 
many countries, after harvesting, farmers choose 
to burn crop residues in their fields as waste 
material.  As a result, burning of crop residues 
like cotton stalks, maize stalks, rice husk, etc., 
releases a lot of carbon dioxide (CO2) into the 
atmosphere, contributing to climate change, 
which causes air pollution (Kranthi and Kranthi 
2023).  Instead of burning these residues, 
farmers can utilise them as raw materials for the 
production of biochar, biogas, ethanol, or other 
biofuels. The Conversion of organic waste into 
biochar via pyrolysis significantly enhances 
natural carbon sequestration capacity in the soil, 
promoting soil health and fertility essential for 
sustainable agriculture and acting as a potential 
tool in reducing the impact of greenhouse gases 
on global climate change (FAO, 2023). 
 

Biochar is a solid, black, porous, fine-grained and 
carbon-rich material that is highly resistant to 
microbial decomposition. It is produced through 
the thermo-chemical conversion of plant biomass 
via Pyrolysis at low temperature (350-600°C) 
under limited or no oxygen supply (Amonette and 
Joseph, 2009). As per the analysis report by 
Yeboah (2009), chemically biochar contains 
38.8% organic carbon, 1 g kg-1 Total P2O5, 3.3 g 
kg-1 K2O, 5.7 g kg-1 CaCO3 and a C: N ratio of 
68.2. Biochar is not pure carbon; rather, it is a 
heterogeneous mixture of carbon (C), hydrogen 
(H), oxygen (O), nitrogen (N), sulphur (S) and 
ash in varying proportions (Masek, 2009). Similar 
to traditional manures and fertilisers, biochar 
plays a key role in maintaining valuable nutrient 

sources by creating a favourable soil 
environment for plant growth. Typically, it 
contains over 60% carbon, and because of its 
multifunctional properties, biochar is often 
referred to as "Black Gold" of agriculture. Biochar 
is known for its exceptional features, such as a 
high composition of stable carbon. This aids 
long-term carbon immobilisation in soil and 
improves fertility due to its controlled release of 
locked-up carbon and nutrients for several 
decades. This also helps to ameliorate climate 
change due to reduced atmospheric carbon and 
gases from recurring fertiliser applications (Ighalo 
et al., 2025).   
 
Application of biochar mixed with mineral 
fertilisers increased soil pH, organic carbon and 
improved the availability of nutrients. This 
combined application also improves plant growth, 
crop yield and quality by enhancing soil biological 
activity (Saha et al., 2019). Additionally, it also 
enhances the water holding and cation exchange 
capacity of soil, which helps to retain a higher 
amount of nutrients and reduces losses of 
applied mineral fertilisers through leaching (Sohi 
et al., 2010). Biochar is considered the most 
important soil amendment, which improves 
nutrient and water retention capacity of soil, 
fighting against global climate change by 
capturing carbon dioxide (CO2) from the air and 
storing it in the soil for a long time (Lorenz and 
Lal, 2014; Han et al., 2022). Biochar as a soil 
amendment provides solutions to the most recent 
threats to soil health and the mitigation of climate 
change. However, as biochar technologies are 
relatively new, there is a lack of data regarding 
short and especially long-term stabilisation of 
SOC stocks and their fate after biochar 
amendment (Gross et al., 2021; Shyam et al., 
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2025). Therefore, it is essential to raise 
awareness among farmers about the benefits of 
organic sources, including biochar, to promote 
environmentally sustainable and economically 
viable farming practices.   
 

2. MATERIALS AND METHODS 
 
The field trial was conducted during 2020-21 
(Kharif) at Research Farm, Department of 
Agronomy, Dr. PDKV, Akola, by using a 
Randomised Block Design (RBD) with eight 
treatments and three replications. The treatments 
composed of T1: Control, T2: 100 % RDN, T3: 75% 
RDN + 2.5 t ha-1 Biochar, T4: 100% RDN +2.5 t 
ha-1 Biochar, T5: 125% RDN +2.5 t ha-1 Biochar, 
T6: 75% RDN + 5.0 t ha-1 Biochar, T7: 100% RDN 
+ 5.0 t ha-1 Biochar & T8: 125% RDN + 5.0 t ha-1 
Biochar.  Biochar was produced from hardwood 
forest biomass using the drum method via 
pyrolysis, a process that involves thermal 
decomposition of organic material in the absence 
of or a low-oxygen environment. Biochar @ 2.5 & 
5.0 t ha-1 was incorporated into the soil one week 
prior to sowing, according to the respective 
treatments. Nitrogen in the form of urea (46%N) 
was applied in two splits doses i.e., basal dose 
and at 30 DAS while, full doses of P2O5 and K2O 
in the form of SSP (16% P2O5) and MOP (60 % 
K2O) were applied to all the treatments as per 
recommended dose of fertilizers (120-60-30 N, 
P, K kg ha-1) except in the treatment control.  
 

Various physicochemical properties of biochar 
were analysed using the following standard 
methods. pH & EC (1:2.5 solution) were 
determined by pH meter & conductivity meter 
respectively (Jackson, 1973), total carbon 
content by Dry combustion method (Batjes, 

2005), total nitrogen by Micro-Kjeldahl’s 
distillation method (Keeny & Nelson, 1982), total 
phosphorus by Modified procedure of Change 
and Jackson (Peterson & Corey, 1966), total 
potassium by H2SO4, HCIO4 and HF digestion 
(Jackson, 1973) & C:N ratio by Dry Combustion: 
Micro Kjeldahl’s method. 
 
Soil samples collected before sowing and after 
the harvest of maize were subjected to analysis 
for various physical and chemical properties 
using standard methodologies. Physical 
properties, i.e. Bulk density, were determined 
using the clod coating method (Blake & Hartge, 
1986) and maximum water holding capacity by 
Keen-Raczkowski boxes (Gupta & 
Dakshinamoorthi, 1980). Soil pH & Electrical 
conductivity (EC) (1:2.5 soil to water suspension) 
were measured by using a pH meter & 
conductivity meter respectively (Jackson, 1973). 
Organic carbon content was analysed using the 
wet oxidation method (Nelson & Sommers, 
1982), available nitrogen by the alkaline 
potassium permanganate distillation method 
(Subbiah & Asija, 1956), available phosphorus by 
0.5 M NaHCO3 and measured 
spectrophotometrically (Watanabe and Olsen, 
1965), available potassium by flame photometry 
(Jackson, 1973) and available micronutrients 
(Zn, Cu, Fe & Mn) by DTPA extraction using 
atomic absorption spectrophotometry (Lindsay & 
Norvell, 1978).  
 
The soil organic carbon (SOC) stock at each 
depth was calculated using the formula (Table 1).  
 
The data were subjected to statistical analysis as 
per the method described by Gomez & Gomez 
(1984). 

 
Table 1. Initial properties of soil at the start of the experiment 

 

Sr. No Biochar properties Nutrient content 

1 Bulk density (Mg m-3) 1.58 
2 Water holding capacity (%) 47.50 
3 pH 1:2.5) 7.72 
4 EC (dSm-1) 0.27 
5 OC (g kg-1) 5.70 
6 Available N (kg ha-1) 221.12 
7 Available P (kg ha-1) 15.46 
8 Available K (kg ha-1) 339 
9 Zinc (mg kg-1) 0.53 
10 Copper (mg kg-1) 2.16 
11 Iron (mg kg-1) 4.23 
12 Maganese (mg kg-1) 9.20 
13 SOC stock (mg ha-1) 13.51 
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3. RESULTS AND DISCUSSION 
 

3.1 Production and Chemical 
Composition of Biochar 

 

Biochar was prepared from hardwood forest 
biomass by using the drum method through a 
pyrolysis process with the aim of maximising 
carbon content and minimising ash content. 
Based on the analysis by standard methods, the 
biochar was found to be alkaline in nature with a 
pH of 8.70 and EC 0.60 (dSm-1). This result 
might be due to the formation of carbonates and 
the contents of the inorganic alkali group (Ding et 
al., 2014), which resulted in a more alkaline pH 
of biochar. The biochar prepared from hardwood 
biomass contains 0.47% nitrogen, 0.23% 
phosphorus, 1.26% potassium, 74.14% total 
carbon and a C: N ratio of 157.40 (Table 1). This 
composition can vary based on the feedstock 
material and the pyrolysis temperature used for 
biochar production. 
 

3.2 Impact of Biochar on Soil Properties  
 

Due to its high content of stable carbon                    
and porous structure, biochar offers multiple 

benefits (Lehmann, 2007; Oni et al., 2019)               
that enhance the physical, chemical and 
biological properties of soil (Joseph et al., 2010; 
Burrell et al., 2016) than other organic 
amendments. Biochar releases base cations             
like K+, Ca+ and Mg2+, thereby increasing             
nutrient availability in the soil (Bandara et al., 
2017). 
 

3.3 Physical Properties of Soil  
 
3.3.1 Bulk Density (BD) 
 
The findings revealed that the bulk density of     
soil at harvest of crop was non-significantly 
affected by various treatments, and a             
numerical reduction in bulk density was observed 
in all biochar-treated plots compared to the 
treatments without biochar, i.e.T1 and T2 (Fig. 1). 
This result is likely due to lower bulk density                
and greater compression resistance of biochar 
(Ulyett et al., 2014) than the mineral soils.        
Similar findings were reported by Pandian et al 
(2016), who reported that application of              
biochar can increase the specific volume of              
soil per unit weight, thereby reducing its bulk 
density. 

 
Table 2. Chemical composition of biochar 

 

Sr. No Biochar Properties Nutrient content 

1 pH 1:2.5) 8.70 
2 EC (dSm-1) 0.60 
3 Total Carbon (%) 74.14 
4 Total Nitrogen (%) 0.47 
5 Total Phosphorus (%) 0.23 
6 Total Potassium (%) 1.26 
7 C:N ratio 157.40 

 

 
 

Fig. 1. Impact of biochar application on the physical properties of soil 
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3.3.2 Water Holding Capacity (WHC) 
 
The results indicated a significant increase in the 
soil water holding capacity across the various 
treatments. The Highest water holding capacity 
(55.35%) was recorded with the application of 
125 % RDN + 5 t ha-1 Biochar (T8), which was 
statistically at par with the treatments T7 & T6 

(Fig. 1). Conversely, the treatment control 

recorded the lowest water holding capacity 
(47.21%). Increase in water holding capacity of 
soil due to biochar might be due to improvement 
in soil structure, its high specific surface area, an 
extensive pore structure (Sun et al., 2019) and 
the strong water-adsorptive nature of biochar 
(Herath et al., 2013). 
 

3.4 Chemical Properties of Soil    
 
3.4.1 Soil pH 
 
Based on the analysis by standard methods,            
the soil pH was non-significantly affected by 
various treatments, ranging from 7.66 to 7.71, 
which is moderately alkaline in nature. The 
highest pH (7.71) was observed in treatment 
control (T1), while the lowest pH (7.66) was 
recorded in treatments T8 & T7 (Table 3).          
Biochar surface contains active oxygen-
containing functional groups such as hydroxyl 
(OH-) and carboxyl (COOH-), which can react 
with metal cations in the soil, leading to changes 
in soil pH (Gan et al., 2015). Addition of biochar 
to alkaline soil has been reported to decrease 
soil pH (Liu et al., 2012) due to the formation of 
the acidic functional groups on the biochar 
surface, which neutralise soil alkalinity by 
releasing H+ ions, eventually lowering the soil pH. 
Similar findings were reported by Lee et al. 
(2021). 
 

3.4.2 Electrical Conductivity (EC) 
 

The results of the study showed an increase in 
the EC from 0.26 to 0.30 dSm-1 (Fig. 1) by 
biochar application, but the effect was non-
significant across the various treatments. The 
highest EC (0.30 dSm-1) was observed in 

treatments T8
 & T7, while the lowest EC (0.26 

dSm-1) was recorded in treatment control (T1). 

The application of biochar generally increases 
Electrical conductivity (EC) of the soil due to its 
non-saline nature, which is dominated by 
carbonates of alkali and alkaline earth metals, 
variable amounts of silica, sesquioxide and small 
amounts of organic and inorganic nitrogen 
(Nigussie et al., 2012). This increase is also 
attributed to the desorption of weakly bound 
nutrients into the soil solution and the soluble salt 
concentration in wood-derived biochar (Sara et 
al., 2018). 
 

3.4.3 Soil organic carbon  
 
An increase in application rates of biochar 
significantly increases the soil organic carbon 
(SOC) from 5.91 to 6.48 g kg-1, indicating a 
medium to moderately high SOC status. 
Significantly, the highest soil organic carbon 
(6.48 g kg-1) was recorded with the application of 
125 % RDN + 5 t ha-1 Biochar (T8), while the 

lowest value (5.91) was recorded in treatment 
control (T1) (Fig. 2). This enhancement is 
attributed to high organic carbon content in the 
applied biochar (Nigussie et al., 2012) and the 

mineralisation of organic matter adsorbed by 

biochar, which provides microspores that serve 
as a habitat for beneficial micro-organisms, 
thereby increasing the organic carbon content in 
soil at harvest. Comparable results have also 
been observed by Laharia et al. (2020). 

Table 3. Impact of biochar application on chemical properties of soil 
 

Treatment details pH EC (dS m-1) 

T1 Control 7.71 0.26 
T2 100% RDN 7.70 0.28 
T3 75% RDN + 2.5 t ha-1 Biochar 7.69 0.28 
T4 100% RDN + 2.5 t ha-1 Biochar 7.68 0.29 
T5 125% RDN + 2.5 t ha-1 Biochar 7.68 0.29 
T6 75% RDN + 5.0 t ha-1 Biochar 7.67 0.28 
T7 100% RDN + 5.0 t ha-1 Biochar 7.66 0.30 
T8 125% RDN + 5.0 t ha-1 Biochar 7.66 0.30 

 S.E. (m) ± 0.01 0.006 

 C.D. at 5% - - 
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Fig. 2. Impact of biochar on the organic status of soil after harvest of maize (0-15 cm) 
 

3.5 Available Nutrient (NPK) Status of Soil 
 
3.5.1 Available nitrogen 
 
The results of the study showed a significant 
increase in the available nitrogen in soil, from 
219.67 to 249.33 kg ha-1, indicating a low 
nitrogen status despite the various nitrogen and 
biochar applied treatments. Significantly, the 
highest available nitrogen (249.33 kg ha-1) in soil 
was recorded under application of 125 % RDN + 
5 t ha-1 Biochar (T8) and it was statistically at par 
with other treatments (Fig. 3). Similar findings 
were reported by Gao et al. (2018) who noticed 
that different levels of biochar addition increases 
the availability of nitrogen in the soil than that of 
the control treatment, which plays an essential 
role in the nutrient cycle in such a way that it 
affects nitrogen retention in soil (Batjes, 1996). 
 
3.5.2 Available phosphorus  
 
The results of the study showed a significant 
increase in the available nitrogen in soil, from 
15.46 to 21.63 kg ha-1, indicating a medium 
availability of phosphorus by the various biochar 
treatments. Significantly, the highest available 
phosphorus (21.63 kg ha-1) in soil was recorded 
under application of 125 % RDN + 5 t ha-1 
Biochar (T8) and it was statistically at par with 
other treatments (Fig. 3). Addition of biochar 
increases phosphorus availability in soils by 
enhancing the mobility of phosphate ions in the 
soil solution (Husien et al., 2017) and by 
increasing the microbial population, which 

solubilizes insoluble phosphorus thereby, 
improving its availability (Liu et al., 2017). 
 
3.5.3 Available potassium  
 
The results of the study showed a significant 
increase in the available potassium in soil, from 
328 to 358 kg ha-1, indicating a high availability of 
potassium by the various biochar treatments. 
Significantly, the highest available potassium 
(358 kg ha-1) in soil was recorded under 
application of 125 % RDN + 5 t ha-1 Biochar (T8), 
and it was statistically at par with other 
treatments (Fig. 3). Similar findings were 
reported by Islami et al. (2011), who observed 
that application of biochar to soils significantly 
increases the availability of potassium as 
compared to the soil without biochar. This effect 
might be due to the high concentration of 
potassium in the biochar (Chan et al., 2007) and 
the increase in soil surface charge, which holds 
positively charged ions, which minimise the 
nutrient leaching losses (Sukartono et al., 2011). 
 

3.6 DTPA Extractable Micronutrients in 
Soil 

 

The highest availability of Zn (0.62 mg kg-1), Cu 
(2.34 mg kg-1), Fe (4.42 mg kg-1) & Mn (9.47 mg 
kg-1) was observed under the application of 125 
% RDN + 5 t ha-1 Biochar (T8), compared to other 

treatments (Table 3). The lowest micronutrient 
content was observed in treatment control (T1). 
The results indicated that increasing the doses of 
biochar resulted in a slight increase in the 
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availability of Zn, Cu, Fe & Mn, but the 
differences among the treatments were found to 

be statistically non-significant.  Salmani et al. 

(2014) reported that Cu content was significantly 
higher in the biochar-amended soil compared to 
the soil, even in the absence of external copper 
application. Similarly, Lentz & Ippoliti (2011) 
observed an increase in the availability of 
manganese due to biochar addition, suggesting 
that biochar may act as a source of manganese. 
Hass et al. (2012) also reported a similar result 
that biochar application enhances the availability 
of extractable micronutrients (Zn, Cu, Fe & Mn) 
in soil. 
 

3.7 Soil Organic Carbon (SOC) Stock  
 

The results indicated a significant increase in the 
soil organic carbon (SOC) stock across the 
various treatments. Significantly, the highest soil 
organic carbon (SOC) stock (14.87 Mg ha-1) was 

recorded with the application of 125 % RDN + 5 t 

ha-1 Biochar (T8) which was statistically at par with 

treatments T7 & T6 (Fig. 4). Higher the quantity of 
biochar applied, greater the soil organic carbon 
(SOC) stock recorded, which might be attributed 
to biochar amendment, which can influence 
microbial activity and organic matter dynamics in 
soil, contributes in increasing SOC stock (Wardle 
et al., 2008). Dahal et al. (2018) also observed 
that biochar application enhances the 
accumulation of carbon both in above-ground 
biomass and in soil organic carbon, thereby 
increasing the incremental rates of SOC stocks in 
all biochar-applied treatments compared to the 
control. Biochar can potentially play a significant 
role in long-term storage of carbon and in 
reducing the emissions of harmful gases into the 
atmosphere. Because of its potential 
applications, it minimises nutrient losses from 
soil, making it a valuable tool for carbon 
sequestration in soils, which contributes to 
enhancing microbial activity and promotes overall 
soil health (Yadav et al., 2023). 

 

 
 

Fig. 3. Effect of biochar application on the available NPK content in soil 
 

Table 4. Effect of biochar application on micronutrient status in soil 
 

Treatment details 
 

Available micronutrients (mg kg-1) 

Zn Cu Fe Mn 

T1 Control 0.54 2.18 4.24 9.22 
T2 100% RDN 0.55 2.19 4.26 9.25 
T3 75% RDN + 2.5 t ha-1 Biochar 0.57 2.23 4.28 9.27 
T4 100% RDN + 2.5 t ha-1 Biochar 0.58 2.26 4.31 9.32 
T5 125% RDN + 2.5 t ha-1 Biochar 0.59 2.28 4.33 9.36 
T6 75% RDN + 5.0 t ha-1 Biochar 0.61 2.30 4.35 9.41 
T7 100% RDN + 5.0 t ha-1 Biochar 0.61 2.33 4.41 9.45 
T8 125% RDN + 5.0 t ha-1 Biochar 0.62 2.34 4.42 9.47 

 S.E. (m) ± 0.005 0.03 0.09 0.13 

 C.D. at 5% - - - - 
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Fig. 4. Impact of biochar application on soil organic carbon stock 
 

4. CONCLUSION 
 

Based on the analysis result, the application of 
125 % RDN + 5 t ha-1 Biochar significantly 
improved several physical and chemical 

properties of soil. However, bulk density, 

electrical conductivity and soil pH were non-

significantly affected by the various treatments. 
Increasing the doses of biochar resulted in a 
slight increase in the availability of   Zn, Cu, Fe & 
Mn, but the differences among the treatments 
were statistically non-significant. Notably, soil 
organic carbon (SOC) stock was also 
significantly higher with the application of 125% 

RDN + 5.0 t ha-1, which suggests that a higher 

quantity of biochar application leads to greater 
SOC stock accumulation in the soil. 
 

Based on the current study, we can conclude 
that, application of 100% RDN +5 t ha-1 Biochar 
improves the available nutrient status and 
physical-chemical properties of soil after the 
harvest of maize. Additionally, a favourable 
impact on the soil organic carbon (SOC) stock is 
noted. 
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