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Abstract 

Biochar applied to recover land scope and impound carbon, is attracting a great deal of attention. Its 

characteristics as like of chemical, physical and biological properties, having large surface area, CEC 

(Cation Exchange Capacity), high water-holding capacity, size of pore, volume, distribution, and element 

composition, affect its recognized influences, particularly on microbial communities. However, 

incomplete information existed about biochar for several farmers or peasants in agriculture scope. 

Therefore, farmers or peasants and gardeners are facing new opportunities and defiance each day, from 

feeding global extending and expanding population, whilst meeting severe new emissions requirements, 

to create more food on fewer land area while reducing their environmental emissions. Widespread 

application and utilization of biochar in agricultural scope, forestry production, energy, environmental 

protection and additional areas, has interested awareness by scientists and investigators inside and/or 

outside the country. The objective of this paper is to provide a guide for the farmers with an essential 

information about biochar and what the ability of biochar can be achieved in the soil, and which can 

provide the scientific reference for the biochar application, and to get high yield and good quality of 

crops in all of different soils. 
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Introduction 

Land degradation due to salinity and sodicity is putting a threat to crop production across the 

globe which affects more than 7 per cent of the world ‘s land area with an estimated cost of US 

$ 12 billion annualy to the agricultural productivity. Agriculture has to address at the same 

time three interweaved challenges: ensuring food safety through increased income and 

productivity, adapting to climate change and contributing to climate change mitigation. This 

challenge which worsens global pressure on normal resources, mainly on water, will need 

essential changes in our food classifications. To treat these challenges, feeding systems have to 

be simultaneously, additional effective and flexible, at each level from the farm to the 

worldwide level. They have to develop more effectively in reserve employment and become 

more capably to adapt to variations and impacts at each level from the farm to the worldwide 

level. Salt affected are generally characterised by high concentration of dissolved salts, 

primarily composed of chlorides, sulphates, carbonates and bicarbonates of Sodium, Calcium 

and Magnesium. On the other hand sodicity modifies the soil physical properties, leads to 

decline in the soil structure with a decrease in infiltration, permeability and hydraulic 

conductivity. For example in 1990s, livestock and cultivation increasing were the most 

important sources to make living in the Sudan for nearly 61% of the working inhabitants. 

Agriculture (1991) and Sudan Agriculture (2008) [1, 11]. Therefore, it is necessary to inform the 

farmers of the importance of biochar to improve soil and increase productivity by improving 

water and nutrient retention. The motivation to study biochar came from the soil possibility 

which forms a remedy waste administration, renewable energy, soil declination, and climate 

change. Different several other stages for the extraction renewable energy from feedstocks, 

biochar build up soil fertility and food availability rather than act as a challenging benefit. If 

suitably understood and applied, biochar has the possibility for generating several dissimilar 

win conditions with a few disadvantages Duer (2004) [5]. The concept to use biochar as a soil 

amendment may seem recent but it really comes from the study of very ancient soils in the 

Basin of Amazon. It is known that “Terra preta de Indio”, or “black soil of the Indians” was 

designed by indigenous peoples since thousands of years ago when they amassed charcoal and 

a different wastes, nutrient trash like animal bones and fish bones Taylor (2010), Bates (2010) 

and Bruges (2010) [12, 2, 3]. Until today, black soil or ‘‘Terra preta’’ soils remain more fertile 

than neigh- bouring or surrounding, unmodified soil. Researchers see that the biochar in these 

soils, is the one that keeps them so fertile over such extensive stages in an environment that  
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rapidly filters nutrients out of soil and where organic 

materials decomposes so quickly Schmidt-Rohr et al. (1994) 

[10]. 

 

Biochar 

“Biochar” is a relatively new term, yet it is not a new 

substance. Soils throughout the world contain biochar 

deposited through natural events, such as forest and grassland 

fires. Biochar it is the carbon products, gained while the raw 

materials, like forest, animal compost, and plant residues, is 

heated in a closed storage place without air. 

 

Structural and chemical composition of biochar 

Structural composition 

Thermal degradation of cellulose between 250ºC and 350ºC 

results in considerable mass loss in the form of volatiles, 

leaving behind a rigid amorphous C matrix. As the pyrolysis 

temperature increases, so thus the proportion of aromatic 

carbon in the biochar, due to the relative increase in the loss 

of volatile matter (initially water, followed by hydrocarbons, 

tarry vapors, H2, CO and CO2), and the conversion of alkyl 

and O-alkyl C to aryl C. 

 

Chemical composition and surface chemistry 

Biochar composition is highly heterogeneous, containing both 

stable and labile components. Carbon, volatile matter, mineral 

matter (ash) and moisture are generally regarded as its major 

constituents. Despite the feasibility of biochar being produced 

from a wide range of feedstocks under different pyrolysis 

conditions, its high carbon content and strongly aromatic 

structure are constant features. Similarly, pH shows little 

variability between biochars, and is typically >7. Total carbon 

content in biochar was found to range between 172 to 905 g 

kg-1, although OC often accounts for < 500 g kg-1, for a 

variety of source materials. Total N varied between 1.8 and 

56.4 g kg-1, depending on the feedstock.  

 

Production of biochar 

Biochar is produced by heating organic material under 

conditions of limited or no oxygen. The type of organic 

matter (or feedstock) that is used and the conditions under 

which a biochar is produced affects. Its relative quality as a 

soil amendment. Heat, oil, and gas that are released can be 

recovered for other uses, including the production of 

electricity. A sustainable model of biochar production 

primarily uses waste biomass, such as greenwaste from 

municipal landscaping, forestry, or agriculture (for example, 

bagasse). 

 

Agricultural Advantages 

Biochar has caused in very high yield enhancements on very 

meagre or poor soils such as acidic humid and tropical soils, 

in some instance increasing yields by factors of two or more. 

In more fertile soils, more modest developments in the range 

of 10% are common. Biochar does not comprise any 

appreciable quantities of existing nitrogen, but does comprise 

some decomposable carbon (Taylor and Bates 2010) [12]. So, if 

biochar is applied and deficient nitrogen is supplied, nitrogen 

immobilization can happen and decrease crop yields. This 

also occurs with compost, for example: if the ratio of carbon 

to nitrogen (C:N) is too high. Biochar is a soil improvement 

that is to be used along with applicable sources of nutrients, 

like animal composts, green manures, composts and 

fertilizers. It is not a replace for these inputs. Though the ash 

in biochar fixes improves nutrients to plants, several biochars 

comprise only small quantities of ash. Also, any nutrients in 

ash not used by plants in the year after application are finally 

lost from the soil, sometimes quickly, for example by 

leaching. Then how does biochar enhance crop yields? Yield 

improvements with biochar have been qualified to the 

following effects: 1) Increase in pH, the pH of biochar is often 

high (e.g. >9). This is beneficial in soil were the pH is lesser 

than optimal for the intended use, but not if the pH is higher 

than best; 2) Immediate or direct addition of nutrients. Ash in 

biochar contributes some nutrients to soil, but this is a short-

term effect; 3) Retention of nutrients substances. With the 

passing of time, biochar surfaces advance an ability to retain 

nutrients in soil. This is a lengthy -period advantage of 

biochar and sets it apart from other forms of biological 

materials in soil, which also help retain nutrients but 

decompose relatively quickly; 4) Potential improvement of 

soil physical properties. Biochar has an extremely low density 

& highly porous; 5) Biochar may provide suitable situations 

for advantageous microbes soil, for example N-fixing 

Rhizobia and Mycorrhizal fungi (Taylor and Bates 2010) [12].  

 

Environmental impact 

Biochar can be a powerful tool to fight climate change. When 

organic materials decay, greenhouse gases, such as carbon 

dioxide and methane (which is 21 times more potent as a 

greenhouse gas than CO2), are released into the atmosphere. 

By burning the organic material, much of the carbon becomes 

“fixed” into a more stable form, and when the resulting 

biochar is applied to soils, the carbon is effectively 

sequestered. Global carbon emissions is reduced by 10 per 

cent. 

 

Biochar physico-chemical properties 

Anaerobic thermal conversion of feedstock can be done in 

three processes: gasification; liquefaction and pyrolysis or 

carbonization. Altogether there are 3 stages of outputs: a) 

solid; b) liquid; c) gas, with the product composition 

dependent on procedure situations. Therefore, pyrolysis is 

notable by long residence times and temperate temperatures, 

liquefaction happens beneath high heating rates, however 

gasification is defined by great temperatures, regularly with 

additional, though sub-stoichiometric, oxygen. Pyrolysis 

typically creates a solid, organized or structured, 

carbonaceous sub-stance which, compared to the biomass, 

displays a great surface area, decreased oxygen & hydrogen 

content, and a concentration of nutrients. Some of the 

important properties of biochar, like (SA) surface area, pH, 

ash, (BD) bulk density, volatiles, (WHC) water holding 

capacity and (PV) pore-volume. The fixed carbon can be 

examined by C13 nuclear magnetic resonance techniques. 

Biochar chemistry can be evaluated by different techniques 

including as like of vibrational techniques such as infrared, 

electron energy loss spectroscopies and titrimetrically. Such 

examinations establish that biochar properties are a difficult 

purpose of biomass nature and pyrolytic situations. 

Comparable or similar temperature- induced yield reductions 

have been stated for pyrolysis of animal wastes, sunflower 

cake, rapeseed, cottonseed cake, pinewood bark, and 

sugarcane bagasse. Aromaticity is a important factor of 

biochar quality in specific situations. Little aromaticity and 

minor aromatic cluster size infers great surface functionality 

compared to substance characterized by greater aromatic 

areas, and leads to greater cation exchange capacity in soil. A 

considerable rise in biochar aromaticity leads to greater 

resistance or recalcitrance in soil with concomitantly extended 
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sequestration potential. Also, great temperature biochar 

exhibits high surface area and porosity, both of which can be 

exploited in adsorption-based remediation technologies. 

Pyrolysis of sewage sludge has been examined to create a best 

quality of biochar whereas casein gives an extremely porous 

product (content of porosity = 20%) using a high nitrogen 

content (9.02% w/w).  

 

Frequently asked questions 

What is present in Biochar? 

Biochar comprises stable matter, unstable matter, ashes & 

moisture. Biochars made from animal manures contain large 

sizes or proportions of ash, compared to biochars made from 

plant parts. Care must be taken when working with high ash 

biochars. It is possible to induce salt stress in the crop if too 

much is applied at once. Stable substance in biochar remains 

in soil over the long period of time and offers nutrient 

retention and other benefits as like it improves soil quality. 

Unstable substance decomposes in the months and years after 

biochar is added to soil. 

 

Can barbeque charcoals be used as biochar? 

Charcoal briquettes are mostly made from de-volatilized coal 

and contain chemicals that can be toxic to plant growth and 

should not be used in soils. Analysis of several such charcoals 

revealed variation in quantities of undesirable tars, resins, and 

polycyclic aromatic hydrocarbons (PAH) and, typically, lower 

adsorption capacities, thus lessening their ability to improve 

soil quality. 
 

Studies Showing Improved Plant Growth with 

Applications of Biochar  

In Colombian Oxisol many studies are completed (type of soil 

also found widely in Hawai). The total below ground plant 

feed stocks improved via 189% when biochar was applied at 

an amount of 23.2 ton/ha (Major et al. 2005) [7]. In Brazil, 

occurrence of local plant kinds augmented with 63% in areas 

where biochar was applied by (Major et al. 2005) [7]. On the 

other hand, many studies indicating undesirable effects of 

biochar on plant growing, negative or neutral effects on yields 

were also gained. It is very important to know that biochar is 

not an actual fertilizer. Biochar constantly contains some ash 

and ash can provide nutrients to plants, for example (Ca) 

calcium, (K) potassium, and (Mg) magnesium. These 

nutrients are frequently limiting in very poor soils. Majority 

cases of reduced plant growing due to biochar utilization can 

be imputed to provisional levels of pH, (MM) mobile matter 

and imbalances associated of nutrient with new biochar 

(McClellan et al. 2007) [8]. Biochar frequently can have a 

firstly high (alkaline) pH, which is attractive when employed 

with acidic, degraded soils; however, if pH value becomes too 

alkaline, plants might undergo nutrient insufficiencies. 

“Volatile” indicates to resins, types of tar, and other short 

period materials that stay on the biochar surface forth with 

after production and can stop plant growing (McClellan et al. 

2007 and McLaughlin et al. 2009) [8, 9]. High- quality 

production practices can reduce the quantity of MM in the 

biochar. Microbial action can decompose and convert the 

carbon rich (MM) into nutrients for plants; however, in the 

procedure, the microorganisms need (N) nitrogen &additional 

soil elements, making them provisionally unavailable for 

uptake by plants.  
 

How much biochar should be applied?  

The optimum application rate for biochar depends on the 

specific soil type and crop management. Informal 

observations of crop growth after biochar applications of 

between 5 and 20 percent by volume of soil have consistently 

yielded positive and noticeable results. Some research 

indicates that much lower application rates yielded positive 

results. Biochar can also be applied incrementally and 

incorporated with fertilizer regimens or compost applications. 
 

How is biochar applied to soil? 

Biochar is most commonly incorporated into the soil. In fruit 

orchards and other perennial crops where tilling is not an 

option, biochar can be (1) applied to the soil surface and, 

preferably, covered with other organic materials, (2) applied 

mixed with compost or mulch, or (3) applied as a liquid slurry 

if finely ground (on a large scale, this could be done with a 

hydromulcher). When planting trees or other potted plants, 

biochar can be mixed with the backfill material. Biochar as a 

component of compost can have synergistic benefits. Biochar 

can increase microbial activity and reduce nutrient losses 

during composting. In the process, the biochar becomes 

“charged” with nutrients, covered with microbes, and pH-

balanced, and its mobile matter content is decomposed into 

plant nutrients. This can be easily remedied by wetting the 

biochar before application. Biochar can rise microbial action 

and decrease nutrient damages through fertilizing or 

composting (Chan et al. 2009) [4]. 
 

What kind of biochar is the best?  

The most important measures of biochar quality include 

adsorption, cation exchange capacity, and type of organic 

matter material used. The absorption capacity of biochar 

decreases, whereas its cation exchange capacity increases. 

Biochar might also provide some quantity of nutrients 

(Gaskin et al. 2010) [6] and supply a liming influences to soil 

(Van Zwieten et al. 2010). The physical structure of the 

organic matter material, mainly its pore size, which greatly 

determines surface area and water retention. Greater 

proportion of micro-pores may yield a higher surface area, 

and thus greater nutrient retention capability. In terms of 

increasing plant growth, biochar with various pore sizes may 

be best suited to enhance the physical, chemical, and 

biological characteristics of soils. The process by which a 

biochar is produced is an important factor influencing its 

quality. While some methods have consistently produced low-

quality biochar, other processes, when done properly can 

yield higher quality biochar. 
 

Does biochar lead to an overall increase in soil carbon?  

There are different reasons why biochar might fail to lead to 

an overall increase in soil carbon, which do not relate to the 

stability of the black carbon in the biochar: One possible 

reason can be erosion, either by water or wind. If biochar 

erodes then its carbon will not automatically turn into CO2 but 

might still remain stable, albeit somewhere else. One study, 

which looked at the fate of black carbon from swidden 

agriculture on steep slopes in Northern Laos, found that it was 

significantly more prone to water erosion than other soil 

carbon, due partly to its low density and weight. The same 

properties also make black carbon, especially smaller 

particles, prone to wind erosion. Wind erosion of black 

carbon raises particularly concerns with regards to global 

warming impact. Another reason why biochar might not lead 

to an overall increase in soil carbon is called 'priming', i.e. 

biochar additions causing the loss of other, per-existing soil 

carbon. When carbon containing matter – whether biochar or 

any type of organic carbon – is added to soil, it can stimulate 

microbes to degrade newly added carbon. 
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How long does biochar last?  

Laboratory studies using the latest technology estimate that 

biochar has a mean residence time in soils on the order of 

1300–4000 years. 

 

Conclusion  

Biochar defined by its useful application to soil, is expected to 

enhance an advantage from enduring chemical and physical 

properties. Studies of charcoal tend to suggest stability in the 

order of many years in the normal environment, and various 

analytical methods inform quantification and an 

understanding of turn over processes. For large surface area 

and porosity of biochar, they can raise the capacity of water 

holding of soil and the absorption of nutrients with a view to 

decrease loss and an augment soil structure, so biochar might 

progress fertility of soil and raise crop yields in future if it is 

applied to soil with a suitable application rates. 
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