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Biochar For Soil Amendment In Agriculture And Crop Productivity
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 Biochar is a charcoal produced during pyrolysis, of organic material when heated under low oxygen conditions. The 
biochar produced under optimized conditions could be useful in agriculture. The objectives of this paper are to summarize the 
characteristics of biochar produced from different feedstocks, their nutrient as well as surface properties and to identify the 
potential of biochar for maintaining soil quality and crop production. For agriculture purpose, biochar has various advantages. 
Thus, biochar may be added to soil to improve the soil quality, and crop productivity that is a stable soil amendment. It has an 
enormous potential to sequester carbon in soils.
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 “Biochar” is a new term; however, it is not a new 
material. All over the world, soil contains biochar deposited 
through forest and grassland fires (Krull et al., 2008 and 
Skjemstad et al., 2002). Biochar is a stable, recalcitrant organic 
carbon (C) compound produced by thermochemical 
conversion of biomass (feedstock) for the purpose of soil 
quality improvement and carbon sequestration (Jeffery et al., 
2011). Most of the knowledge comes from studies of Terra 
Preta soils in the Amazonian basin about biochar (Lehmann et 
al., 2003), where biochar-like substance appear to have 
considerably changed physical and chemical properties of soil 
for long-lasting carbon storage and enhanced crop production. 
Biochars are produced by heating biomass or wastes containing 
C through pyrolysis. Pyrolysis is a process of thermal and 
chemical decomposition of biomass under limited or minimal 
supply of oxygen. Biochar was produced by Glaser at 

0temperature ranged from 300°C–1000 C (Glaser et al., 2001 
and Lehmann and  Joseph, 2009). Deliberately produced char 
for agricultural or environmental use is called biochar.
Conversion of biomass to biochar is a tremendous process for 
reducing waste and utilising these by-products. Biochar can be 
produced by specific physical and chemical ways by suitable 
feedstock and pyrolysis conditions. Produced biochar having 
specific properties act as a soil amendment (B. Chen et al., 2011 
and J.M. Novak et al., 2009). Biochar has the potential 
applications. In agronomy, biochar appears to increase soil 
fertility and reduce nutrient leaching, thereby improving crop 
production in coarse-textured soils (Verheijen,et al., 2010 and 
K.Uzoma, 2011). Thus, using biochars in production 
agriculture should improve yields and reduce negative impacts 
on the environment. When used for soil improvement, biochar 
applied to the soil to boost soil fertility and improve soil quality 
resulting with an increased crop yields. Soil benefits include 
raising soil pH, increasing moisture holding capacity, attracting 
more beneficial fungi and microbes, improving cation 

exchange capacity (CEC), and retaining nutrients (J.Lehmann 
et al.,2006 and J. Lehmann, 2007 ). These benefits have been 
shown to increase yield in biomass and crops under variable 
conditions (C. Steiner et al., 2007 and M. A. Rondon, et al., 
2007).

Materials and Methods  
 Biochar was produced from feedstock named 
mustard stalk through slow pyrolysis. This waste biomass was 
collected from crop field. The collected samples were air dried 
in green house and later on oven-dried for overnight. Then the 
dry waste was cut into small pieces and grounded in hammer 
mill ranging from 0.7-1.4 mm prior to use (Singh et al., 2015).

 Mustard straw derived biochar has higher carbon 
0  content, pH, EC and calorific value at 500 C. With the 

oincrease in retention time 1 to 3 hrs at 250 C, the yield of 
obiochar changed from 65.8% to 60.4% but at 500 C, the 

biochar yield showed no more than 3.9% change ( Singh et al., 
2015) Biochar is typically low in available nutrients, though 
contains some ash content, this adds some nutrients to soil, and 
has an alkaline pH ( Downie et al., 2009). Biochar has specific 
elemental compositions based on feedstock. Higher 
concentrations of N and P in wastewater sludge biochar have 
more agricultural utilization (Hossain et al., 2010). Manure-
derived biochar is rich in soil nutrients such as N, P, Ca, Mg, 
and K (Tsai et al., 2012; Cao  and  Harris, 2010; Dias, et al., 
2010 )  Compared to ligno-cellulosic biomass sources, biochar .
from algae was comparatively low in C (20.5–32.1%), high in 
N (1.9–4.0%) with H contents ranging from 2.5 to 4.1%. These 
are also high in some inorganic elements such as Na and K 
( Bird et al., 2011). 
 In the process of slow pyrolysis, the peak temperature 
appears to be the most important parameter that affects the 
characteristics of biochar, especially the surface area among 
the operating conditions (Manya, 2012) In general, with 
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from crop field. The collected samples were air dried in green 
house and later on oven-dried for overnight. Then the dry waste 
was cut into small pieces and grounded in hammer mill ranging 
from 0.7-1.4 mm prior to use (Singh et al., 2015).
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0  content, pH, EC and calorific value at 500 C. With the increase 

oin retention time 1 to 3 hrs at 250 C, the yield of biochar 
ochanged from 65.8% to 60.4% but at 500 C, the biochar yield 

showed no more than 3.9% change ( Singh et al., 2015) Biochar 
is typically low in available nutrients, though contains some 
ash content, this adds some nutrients to soil, and has an alkaline 
pH ( Downie et al., 2009). Biochar has specific elemental 
compositions based on feedstock. Higher concentrations of N 
and P in wastewater sludge biochar have more agricultural 
utilization (Hossain et al., 2010). Manure-derived biochar is 
rich in soil nutrients such as N, P, Ca, Mg, and K (Tsai et al., 
2012; Cao  and  Harris, 2010; Dias, et al., 2010 )  Compared to .

ligno-cellulosic biomass sources, biochar from algae was 
comparatively low in C (20.5–32.1%), high in N (1.9–4.0%) 
with H contents ranging from 2.5 to 4.1%. These are also high 
in some inorganic elements such as Na and K 
( Bird et al., 2011). 
 In the process of slow pyrolysis, the peak temperature 
appears to be the most important parameter that affects the 
characteristics of biochar, especially the surface area among 
the operating conditions (Manya, 2012) In general, with 
increase in temperature, both porosity and surface area 
increased (Keiluweit et al.,2010; Bird et al., 2011). In studies, 
the experimental results of the basic structure of biochar of 
thermogravimetric analysis (TGA), Fourier transform infrared 
spectroscopy (FTIR), nuclear magnetic resonance (NMR) and 
X-ray diffraction (XRD) showed that the formation of highly 

oordered aromatic structures of biochar began at 400 C (Kim et 
al., 2012). Adsorption intensified at the bands 3,400 and 2,900 
cm−1 and decreased with increasing charring temperature and 
duration time, which indicated a reduction of O–H and 
aliphatic C–H bonds. The adsorption at the band 1,400 
cm−1intensified, which demonstrate that the increase in 
pyrolysis temperature led to the formation of biochar with an 
aromatic carbon structure (Peng et al., 2011).

Results and Discussion 
 When biochar used in soil amendments, it improves 
physical and chemical properties of soil, such as productivity 
and fertility. Different feed-stocks used for the production of 
biochar like agricultural residues, wood, and manure, had 
positive impact on soil fertility and crop production (Steiner et 
al., 2007) However, due to higher amount of nutrients, biochar 
may be used in soil fertility. The greatest (positive) effects 
observed by soil analyses were usually seen in coarse soils 
with biochar from feedstocks containing sufficient nutrients 
itself. Cow manure biochar applied at a rate of between 10 and 

-120 tha  (Uzoma et al.,2011) and poultry litter biochar (Dias et 
al.,2010) showed the significant  positive effects. 

Conclusion
 Biochar production from slow pyrolysis of biomass 
at high temperature could be of good quality and suitable for 
specific agronomic and crop productivity. However, responses 
to biochars may depend on the type of biochar used. Its specific 
characteristics determine its appropriateness for 
environmental purposes that should be modified to deal with 
specific needs.
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