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Abstract 
Biochar is the carbon-rich solid  product resulting from the heating of biomass in  an oxygen-
limited environment. Due to  its highly aromatic structure, it is chemically and biologically more 
stable compared with the organic material from which it is made. This paper reviews selected 
pioneering research work s done outside Nigeria  on the properties and effects of biochars on soil, 
plant and environment. The review indicates that when biochar is incorporated into the soil, it 
can, among other things, increase available nutrients and prevent their leaching, stimulate 
activity of agriculturally important soil micro-organisms, act as effective carbon sink  for several 
hundred years, displace or greatly reduce requirement for mineral fertilizers, sequester 
atmospheric CO2 in  the soil, suppress emissions of other greenhouse gases (GHGs), eliminate 
the inefficient slash-and-burn fallow form of agriculture and mitigate off-set effects from 
agrochemicals. The paper notes that the manifold  benefits of biochar technology are anecdotal 
in Nigeria . It therefore emphasizes the need to  initiate systematic biochar research work  in  the 
country. The paper concludes by reporting on the research effort being made at Bowen 
University at producing biochars from different feedstocks and at characterizing them with  a 
view to assessing them for their agronomic effects. 
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Introduction  
Biochar is the carbon-rich product obtained when biomass such as wood, manure or leaves, is 
heated in a closed container with little or no available air (oxygen) (Lehmann and Joseph 2009a). 
It has been proposed as a technology which plays a useful role in building soil health and 
mitigating climate change. Lehmann and Joseph (2009a) and Flannery (2009) describe biochar 
as the most potent “engine” of atmospheric cleaning, the most single important initiative for 
humanity’s environmental future and an opportunity for sustainable development of agriculture. 
According to Rosillo-Calle et al (2009), it is a technique that could prove particularly relevant in 
parts of sub-Saharan Africa where increased soil productivity could provide an important 
dimension of sustainable rural development.  

When added to soil, biochar has been reported to increase available nutrients and prevent their 
leaching, stimulate activity of agriculturally important soil micro-organisms, act as effective 
carbon sink for several hundred years, displace or greatly reduce requirement for mineral 
fertilizers, sequester atmospheric CO2 in soil, suppress emissions of other GHGs,eliminate  the 

 
 



 

91 

 

The Potential and Promise of Biochar for Sustainable Soil Productivity and Crop Production. Fagbenro et al 

 

inefficient slash-and-burn fallow form of agriculture and mitigate off-sets from agrochemicals 
(Lehmann 2007b; Yanai et al 2007; Chan and Zu 2009; Thies and Rillig 2009; Gaunt and Cowie 
2009). 

Extensive research results therefore exist in the literature on the multiple positive effects of 
biochar. But with many potential raw materials (feedstocks) and varying possible conditions of 
production, properties of biochar vary w idely (Lehmann and Joseph 2009a). Consequently, 
variability is high on the manifold effects of biochar on soil, plant and environment (Lehmann et 
al 2003b; McLaughlin et al 2009; Read 2009; Zwieten et al 2009). 

Because of such non-uniformity, a universal answer to biochar effects on soil, plant and 
environment has not been, and probably will not be found. Besides, the picture is not so clear, 
and there are still many knowledge gaps and misconceptions, as to the specific properties of 
biochar and the mechanisms which are responsible for its many beneficial effects in agriculture 
and climate change mitigation. 

The questions that have been and are still being asked include: What exactly is biochar? What is 
the precise nature of biochar and extent of its effect? Is biochar a consumable raw material or 
just a “catalyst” in the soil system? How stable in soil is biochar? What are the long-term effects 
on soil? How does biochar behave in different soil types? Are the effects of biochar due to its 
organic carbon, its nutrients, the charring, its ash or to a combination of these? What role does 
the parent feedstock (biomass) play on the quality of biochar as a sustainable soil organic 
conditioner? Is the application of biochar to soil economically viable? 

There is no pretence in this review to answer definitely all of the questions raised above. But our 
aim is rather to state our present knowledge in biochar technology in such a way as to stimulate 
future research work on the potential of biochar as an effective organic soil amendment. The goal 
of this paper is therefore to review existing key attributes and behaviour of biochar in the soil 
system and to point to some aspects of the technology that require future research work. We also 
briefly review the characteristics and production potential constraints of tropical soils using 
Nigerian soils as an example. This is because the reported manifold benefits of biochar are most 
evident on the highly weathered tropical soils such as we have in Nigeria. We conclude by 
mentioning that a modest research effort is being initiated at Bowen University and making a 
few remarks. The challenge of the work is to promote biochar technology as a viable alternative 
to the existing farming systems in the country, practicable at farmer’s level and adoptable by the 
resource-poor peasant farmers that constitute the bulk of food producers in the country. 

 
The Nigerian Soils 
The Nigerian soils are highly variable and are capable of supporting a w ide range of crops at 
least in the short run (Babalola 2002). The seven major types of soil are: (i) Entisols – loose 
sandy soils on the coast and in Chad basin, (ii) Inceptisols – brown and reddish brown soils 
found commonly under sparsely vegetated northern parts of the Sudan Savannah, 
(iii)Hydromorphic and alluvial soils (Fadama soils) – soils found in the river valleys and flood 
plains and the wastal and deltaic swamps, (vi) Ferrallitic soils – these are ultisols which are 
intensely weathered, highly leached soils with high content of low-activity clay mineral 
(Kaolinite) (v) Ferrisols – these are mainly Alfisols, (vi) Highly Ferruginous soils – these are 
mainly Alfisols and patches of Ultisols which cover areas extending from the forest zone to the 
Sudan savannah, (vii) Vertisols – these are highly clayey soils which have swelling shrinking 
characteristics, dark coloured, commonly associated with depressions in the Chad Basin area. 
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Their production potential constraints 
Most of the above listed soils have basic physical and chemical limitations which are not always 
realized by the layman. The soils, like any tropical soils, are inherently infertile. This is largely 
because they are highly weathered. Consequently, they have high acidity, low cation exchange 
capacity (CEC) due to dominance of low activity clay minerals and very low organic matter 
content, especially after the vegetative cover has been removed under cultivation. Low organic 
matter content makes the soils behave like “sieves”, retaining little water during rainfall and 
irrigation and little nutrients. Also, the very low organic matter content, especially after the 
vegetative cover has been removed under cultivation. Low organic matter content makes the 
soils behave like “sieves”, retaining little water during rainfall and irrigation and little nutrients. 
Also, the very low organic matter content confers a weak structure on the soils. Thus, the soils 
are fragile and their aggregates collapse readily under the impact of raindrops, making them 
highly susceptible to soil erosion. In the semi-arid parts of the country, many of the soils have a 
strong liability to surface crusting or sealing which reduces rainfall intake, encourage runoff and 
soil erosion (Fagbenro 1990, Babalola 2002). 
 

Efforts to re move or minimize the constraints 
(i) Chemical fe rtilization 

The inherent capacity of the soils to provide plant nutrients is usually supplemented 
through the application of chemical fertilizer. But the fertilizers have not had desired 
impact on food production in Nigerian agriculture. Firstly, it has been reported that less 
chemical fertilizers are being applied per unit land area in Africa than in other regions of 
the world (FAO 1989; Brady 1993). Secondly, the poorly buffered tropical soils cannot 
tolerate a high dose of chemical fertilizers unlike their temperate counterparts. Thirdly, 
although chemical fertilizers can initially raise crop yields, they have been found not 
sustainable in the long run as their continous application had been know n to deplete soil 
organic matter, without a corresponding application of organic materials (Madeley 1990), 
leading to reduction in crop yield and serious soil degradation and decline in soil 
productivity (Parr et al 1984; Zake 1993). Figure 1 is a diagrammatical representation of 
the soil constraints on crop production. 

OUR SOIL  

   INHERENTLY INFERTILE, LOW YIELDING 

     Mined Through Cropping 

    LOW YIELD 

      

Degraded 

    MUCH LOWER YIELD 

 Chemical Fertilization (Inadequate), Wrong 
Timing, Continuous Application, etc. 

    STILL LOW YIELD 

 
Fig.1. A diagrammatical representation of the soil constraints on crop production 
Source: Babalola (2002) 
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(ii) Use of Organic input 
Another important mechanism being used in im proving the fe rtil ity of the tropica l soil is  
through the use of applied organic inputs such as animal manure , green manure and crop 
res idue. B ut their sole use has also not been found sustainable. F irstly, most of the 
organic mate ria ls are becoming inc reasingly scarce for use by peasant farmers. F or 
instance , the availability of animal manure can be guaranteed only on farms which are 
involved in mixed farming (Fagbenro and O lunnga  1989). Secondly, in many tropical 
cropping systems, enough crop residues are not produced or reta ined to ma intain the 
fertil ity of the soil on a sustained bas is (Lal 1986; Bouwman 1990b; Aduayi 1991).  
Thirdly, most organic materials a re low  in plant nutr ients and therefore cannot be used as 
the sole source of nutr ients for optmum c rop production (D jokoto and Stephens 1961), 
except a la rge quantity is added to soil which may not be feas ible in practica l s ituations.  
Fourthly, these organic materials when added to soil decompose very fast in the humid 
tropics (Jenkinson and Ayanaba  1977; Tiessen et al 1994; Bol et al 2000), so that the ir  
benefits are often short-lived. 

We believe that incorporating biochar into these soils can improve , restore and sustain the ir  
productivity in view of the beneficia l effects of biochar reported in this review. 

What B iochar is 

Biochar is a term used to designa te a carbon-r ich product obtained when a biomass is heated in a 
c losed containe r w ith litt le or no available oxygen (Lehmann and Joseph 2009a). I t can therefore 
be character ized as “therma lly-modif ied biomass” (McLaughlin et a l 2009). I t is a charcoal or 
biocarbon destined for addition to soils. According to Wikipedia encyclopedia (2009), biochar is  
charcoa l crea ted by pyrolys is of biomass. There fore, both charcoal and biochar a re ca rbonaceous 
res idues of pyrolysis. As such, the process of produc ing biochar is often s imilar to the produc tion 
of charcoa l (Harr is 1999). But biochar is produced specif ically for applica tion to soil as part of 
agronomic or environmental management (Brown 2009). The term biochar also emphasizes 
biological or igin, distinguishing it from charred plastics or other non-biological material 
(Lehmann and Joseph 2009a). 

Biochar production 
Biochar is produced from a va riety of biomass commonly referred to feedstock. Potential 
feedstocks include a ll mate ria ls of biologica l (organic ) origin, such as wood, wood chips, saw 
dust, municipal waste, paper mill wastes, c rop res idues, forest res idues, lignocellulos ic dedicated 
tree crops and anima l manures (Am onette & Joseph 2009). These organic materia ls are plentiful 
locally in most countr ies in the humid tropics. But of a ll these organic materials, lignoce llu los ic 
feedstock is an obvious choice as the primary feedstock because it is the most abundant 
biologica lly produced material. 

A viable and sustainable  biochar production is however cr it ica lly dependent on the qua lity of 
feedstock and its susta inable supply (Venuto and Daniel 2010).  According to Glover (2009), if  
biocharand its biofue ls  and gas are made from intens ive ly farmed foodor wood grade  feedstocks, 
like in the first generation liquid biofuels sector, their overa ll benefit to susta inabil ity is like ly to 
be limited. Besides, there is currently a controversy on us ing the limited fe rtile land resources to 
produce biomass for bioenergy and for food needs of a grow ing global human popula tion 
(Buchmann 2010). Glaser et al (2002a) also cautioned that biochar (called charcoal) produc tion 
for fertil ization purposes w ill only be economica lly feas ible if only organic waste products are 
charred and applied as fertilizer. T his is why Fagbenro et al (2011) advocated the  
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use of biomass of shrub and tree legumes and other organic wastes such as municipa l waste  
materials tha t do not appear to have any higher net resource va lue in N igeria than to be converted 
to biochar and bio-fuels. It is the belief of the authors tha t the conversion of municipa l waste to 
biochar w ill afford N igeria an opportunity to reduce the cost of, or develop income from, 
management of the wastes that have become environmenta l pollution and eyesore in he r c ities 
and sub-urbans.  

Biochar is produced by hea ting feedstock under limited supply of oxygen, and at re lative ly low  
tem peratures of be low 7000C (Anta l and Gronli 2003; Lehmann and Joseph 2009a). The result is  
a highly a romatic organic material w ith ca rbon concentrations of about 70 to 80% (Lehmann et 
al 2002). Therma l degradation processes tha t are commonly used to convert biomass to biochar 
inc lude hydrotherma l convers ion, torre faction, fast pyrolys is , s low pyrolys is, gasif ication and 
various permuta tions (Amonette and Joseph 2009). These processes are distinguished chief ly by 
the presence or absence of free water, feedstock res idence time, availabil ity of atmospheric O2, 
hea ting rate, gas environment (e.g. the presence of nitrogen or steam), and the tempera tures and 
pressures used. 

The process of produc ing biochar often mirrors the production of charcoal (Harris 1999).  No 
standard currently prescribes the composition or produc tion of biochar to distinguish it from 
charcoa l produced as fue l (Lehmann and Joseph 2009a) which is the most anc ient industr ial 
technology developed by mankind (Harr is 1999). According to Brown (2009), the earliest 
charcoa l K ilns consisted of temporary pits or mounds, which have the vir tue of simplic ity and 
low  cost. These a re what we refer to as traditiona l earthen mound kilns, w ithout energy capture, 
being used by local charcoal producers. However, convers ion of biomass to biochar using this  
method w ill more  like ly range a round 30 to 40% as against the use of modern techniques of 
pyrolys is having tem pera ture, pressure and residence time controls built into the  pyrolyser that is  
like ly to give an average recovery of 54%  of the initial carbon in the biomass (Lehmann et al 
2002). According to the authors, im provements in the wood-to-biochar convers ion effic iency are 
feasible w ith changes in the geometry of the  pits or piles and in management of the a ir  supply 
during the charring process. 

 
Propertie s of biochar 

Structure 
According to Lehmann and Joseph (2009a), the question as to what biochar actually is from a 
chemica l point of view rather than from a production point of view is m uch more diff icult to 
answer due to the w ide variety of feedstock and charr ing conductions used. One of the 
cha llenges in characte r izing biochar as a class of materials is that it is new and unique in the 
world of material testing (McLaughlin et al 2009). 
 

Nevertheless, the defining property is that the organic portion of biochar has a high C content 
which ma inly comprises so-called aromatic compounds character ized by rings of s ix C a toms 
linked together w ithout oxygen (O) or hydrogen (H). Until now , biochar-type materia ls have 
largely escaped full characterization due to their complexity and variabil ity (Schmidst and Noack 
2000). The struc ture of biochar-type organic matter was only successfully investiga ted by 
Rosalind Franklin in the late 1940s. While efforts to character ize thechemistry ofbiocharare on-
going, McLaughlin et al (2009) ale rted us to the fact that fundam enta l differences exist between 
biochars because of the pyrolys is methods, even when the starting feedstock is exactly the same. 
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Nutrient conte nt 

Two factors, feedstock and process conditions, control the amount and distribution of mineral 
matter in biochars (Amonette and Joseph, 2009). The minera l ash content of feedstocks varies 
signif icantly (Table 1).  
 

Table  1. Ash content and e le mental composition of repre sentative feedstock 

 

Fe edstock Ash conte nt Al Ca Fe  Mg Na k  P S 

  (wt%)               (Mgkg-1)  

 

Coconut shell      0.7 70        1500   120 390 1200 200 90 260 

Maize cob      2.8  -a 180     20 1700    140   9400           50 9900 

Maize stalks      6.8          1900        4700   520 5900 6500  30 2100 13,000 

Cotton gin waste  5.4  -           3700   750 4900 1300     7100 740 13,000 

Ground nut shell  5.9         3600      13,000 1100 3500   470 18,000 280 11,000 

Millet husk    18.1 -6,300  100011,000 1400 3900       1300    150,000 

Rice husk    23.5 -1800 530 1600 130     9100         340     220,000 

Rice straw    19.8  - 4800 200 6300 5100 5400 750      170,000 

Forest residue     1.2 4900    130,000   10,000  19,000 4200 -  -       -   

Saw dust    0.44 9,800    170,000   29,00027,00010,000 -  -       - 

Willow wood    1.1 20    3,900 30 360 150 1400 340  - 

Meat and  
Bone meal 10.4  7600    260,000    4,900   13,000    5,800 23,000 1000,000      -  

 
Note: a = No data reported 
Source: Amonette and Joseph (2009). 

 

Woody feedstocks genera lly have low  (<1 percent by weight) ash contents , whereas grass, straw 
and grain husks, which have  high s ilica contents , may have as much as 24 percent by weight ash 
(Raveendran et al, 1995).  Much of the mineral content in the feedstock is carr ied over into the 
biochar where it is concentrated due to loss of C, H and O during pyrolys is. 
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Biochars from manures and other high quality organic materia ls ( in terms of their N  content) 
typica lly have very high ash contents (Table 2).  

Table  2. Ele mental composition of some biochars 

Biochar        Production Re fe rences  
Fe edstocks pH C N P K C/N conditions 
    gkg-1 
 
Poultry litter 9.9b 380 20 25.2 22.1 19 4500C  Chan et al (2007) 
Sewage sludge   a 470 64 56 - 7 4500C  Bridle and  

Pritchard (2004) 
Broiler litter - 258 7.5 48 30 34 7000C and Lima and 
        activated Marshall (2005) 
Bark of Acacia          
Mangium 7.4C 398 10.4 - - 38 2600C-3600C Yamato et al (2006) 
Rice straw - 490 13.2 - - 37 5000C  Tsai et al (2006) 
Coconut shell - 690 9.4 - - 74 5000C  Tsai et al (2006) 
Soybean cake - 590 78.2 - - 7.5 5500C  Uzun et al (2006) 
Eucalyptus 
deglupta 7.0d 824 5.74 0.6 - 144 3500C  Rondon et al (2007) 
Unknown  9.6c 905 56.4 2.7 51 16 Unknown Topoliantz et al 

        (2005)  
 
Note: a = Data not available  
 b = pH measured in 0.01M cacl2 
 c = pH measured in 1MKCl 
 d = pH measured in de-ionized water  

Chicken-litter biochars, for exam ple, can have up to 45 percent mineral matter (Koutcheiko et al 
2007), and bone biochars may have as m uch as 84 percent minera l matter (Purevsuren et al 
2004). But the question is : does biochar serve as a s ignif icant source of nutr ients irrespec tive of 
other inputs? 

It is important to note that biochar is somewhat deple ted in a  number of essential nutr ients  
occasioned by the nature of the pyrolys is or oxidation process tha t generates it (DeLuca et al 
2009). Hea ting causes some nutr ients to vola tize, especia lly at the surface of the mate ria l while 
other nutr ients become concentrated in the rema ining biochar. Individual elem ents are potentially 
lost to the atmosphere , f ixed into reca lcitrant forms or liberated as soluble oxides during the 
hea ting process. In the case of w ood-based biochar formed under natura l conditions, carbon (C) 
begins to volatize around 1000C, N  above  2000C, S above 375oC, and K and P  between 700oC 
and 800oC. The vola tization of magnesium (Mg), calc ium (Ca) and manganese (Mn) occurs at 
tem perature above 1000oC (Neary et al 1999; Knoepp et al 2005). B iochar produced from 
sewage sludge pyrolysed at 450oC conta ined over 50 percent of the or igina l N (although not in a 
readily bioavailable form) and all of the or igina l P  (Bridle and P ritchard 2004). As noted above, 
N is the m ost sensitive of a ll macronutr ients to heating, thus the N  content of high-tempera ture 
biochar is extremely low  (Tyron 1948). Nevertheless, biochar additions to soil do provide a 
modest contr ibution of nutrients depending, in part, upon the na ture of the feedstock (wood 
versus manure) and upon the tempera ture under which the material is formed (Bridle and 
Pritchard 2004; Gundale and DeLuca 2006). 
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As a measure of the direct nutr ient value of biochars, it is not the tota l content but, rather, the 
ava ilabil ity of the nutr ient tha t is an important considera tion (Chan and Zu 2009). But 
considering the long res idence time of a typica l biochar in the soil system , because of its  
aromatic structure that makes the com pound res istant to microbia l degrada tion (Goldberg 1985), 
biochar is probably more important as an organic soil conditioner and dr iver of nutr ient 
transformations and less so as a pr imary source of nutrients (Glaser et al 2002; Lehmann et al 
2003b). 

Biochars can be produced at a lmost any pH between 4 and 12 (Lehmann 2007b) and can 
decrease  to a pH va lue of 2.5 after short- term incubation of four months at 70oC (Cheng et al, 
2006). The higher the pyrolysis temperature of biochar produc tion, the higher the pH of the 
biochar. Carbon contents in biochars range between 17.2 and 90.5% (coe ff icient of variation, CV 
= 106.5percent). The ranges are even larger in the case of total N (0.18 to 5.64%), total P (0.27 to 
48.0% ) and total K (0.1 to 5.8%), all with CV≥100 percent (Chan and Xu, 2009). 

 

Change s and stability of biochar in soil 
Much of the current understanding of the properties of biochar is derived from studies centred on 
the phenomenon known as “Terra Preta”. Terra preta ( litera lly black earth in P ortuguese) re fers  
to expanses of very dark, fe rtile anthropogenic soils mostly found in the Amazon Basin in Brazil.  
It is charac terized by the presence of low-temperature charcoa l (biochar) in high concentra tions 
(Wikipedia encyc lopedia 2009). The ma jor ity of the biochar applied and incorpora ted within the 
soil in this region of the Amazon over centur ies underwent various changes and became 
macroscopica lly unrecognizable , while enriching the soil w ith nutrients and changing soil 
properties (Hammes and Schmidst 2009). This implies that biochar, when added to soil,  
undergoes changes slow ly but surely, over the years. Changes in soil properties have been 
recorded for different soils to which biochar was added and include increas ing the ca tion 
exchange capacity and pH  of the soil (Liang et al 2006; Cheng et al 2008). 

The macro-m olecular s tructure of biochar is dominated by aromatic C, thus making biochar more 
recalc itrant to mic robia l decomposition than the parent organic materials (Ba ldock and Smernik 
2002). But when a fresh biochar is added to soil, the labile fraction of C in the biochar (ca 25%) 
is mineralized abiotica lly or biotica lly to CO2 within a short period of time (Joseph et al 2009).  
The mineraliza tion of biochar typica lly shows a two-phased dynam ic : a rapid mineraliza tion 
followed by a s low mineralization. This initia l rapid mineraliza tion occurs w ithin a few weeks to 
a few months for incubations at 20oC to 30oC. The mineraliza tion (oxidation) produces 
carboxylic groups on the edges of the aromatic backbone , which increases the nutrient retention 
capac ity of the biochar (Glaser et al 2002a).  The abiotic and biotic mineralization of the 
remaining 75% portion is extremely s low in natural environments hence the long res idence time 
of biochar in the soil (Shneour 1966). However, an increasing number of studies confirm that 
s ignif icant microbia l-induced changes take place in biochar in the long term and that the initial 
abiotic oxidation could actua lly facil ita te furthe r mic robia l oxida tion (Hammes and Schmidt 
2009). Therefore, biochar is minera lized in soil and there is no doubt tha t biochar is not a 
permanent s ink of atmospheric CO2. Otherw ise the earth’s surface w ould be converted into 
charcoal w ithin a period of time of <100,000 years.  

Manifold Be nefits of Biochar 
Biochar has the potentia l to deliver a variety of sustainability outcomes, inc luding carbon 
sequestration, improved soil fertility, mitigation of off-s ite  effects  from agrochemica ls and 
renewable energy (Lehmann 2007b). However, the benefits of biochar need to be viewed from a 
systems perspective in order to fully capture the economic benefits and costs, environmental 
complexity and energy of the technology. 
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Biochar systems can be dif ferent from each other. Choices are guided by the availability of 
biomass, the need for soil improvement or the demand for energy. For example , if biochar is  
added to soil, there are at least four possible outcomes, namely improvements of soils  and crop 
production, mitiga tion of climate change, reduction of off-s ite pollution and waste management 
on an economically viable bas is. When a choice of outcome is made , tha t outcome w ill be the 
ma in objec tive while others become secondary and biochar production is mainly optimized for 
that outcome. 

In this review, the focus is on using biochar to improve soil productivity and crop produc tion.  
Therefore, what follows is based on this outcome. 

 

On soil physical property 
Our understanding of the inf luence of biochar on soil phys ica l properties is s till incomplete 
(Gaunt and Cow ie 2009). However, recent evidence  shows tha t biochar can inf luence soil 
structura l properties affecting soil strength, increase soil spec ific surface area, improve soil 
surface dra inage, soil moisture -holding capac ity and infiltra tion. Chan et al (2007) reported that 
the incorporation of biochar at 50 t ha-1 improved soil moisture-holding capacity and reduced 
tensile s trength of soil.  However, the extent of changes recorded w ill depend upon the porosity 
characte ris tics of different biochars and application rates (Zweiten et a l 2009). Besides, an 
important disadvantage  of using organic  residues is tha t la rge amounts, between 50 and 200 t ha-

1, were required to obtain substantia l improvements in both soil water retention capac ity and 
structura l stability. For practica l f ield applications, these rates are not realistic (Piccolo et a l, 
1996). S oil water retention increased by 18% over the control upon addition of 45% (by volume) 
charcoa l to a sandy soil (Tryon 1948). Only in sandy soil did the addition of charcoa l increase 
the available moisture (Table 3). 

 

Table  3. Effe ct of charcoal on perce ntage of available moisture in soils on volume basis 

Soil 0% 
Charcoal 

15% 
Charcoal 

30% 
Charcoal 

45% 
Charcoal 

Sand 
Loam 
Clay 

6.7 
10.6 
17.8 

7.1 
10.6 
16.6 

7.5 
10.6 
15.4 

7.9 
10.6 
14.2 

Source: Tryon (1948) 

 

In loamy soil, no changes were observed, and in c layey soil, the available soil moisture even 
decreased w ith increasing coal additions, probably due to hydrophobicity of the charcoa l.  
There fore, improvements of soil water retention by charcoa l additions may only be expected in 
coarse-textured soils or soils w ith large amounts of macropores (Glaser et al 2002a). 

However, Lehmann et al (2003b) reported that biochar can indirec tly reduce water mobility in 
c lay soils through increased plant biomass and evapora tive surfaces. B iochar addition to soil has 
been reported to reduce soil bulk density in line with application rates (Watts et al 2005) and 
favour soil aggregation (Warnock et al 2007; Cheng et al 2006). 
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Influences of biochar on soil chemical prope rties and nutrie nt availability and 
transformation 
 
 
Direct influe nce 
Additions of biochar to soil have shown definite increases in the ava ilability of ma jor cations and 
phosphorus as we ll as in total nitrogen concentrations (Glaser et al 2002; Lehmann et al, 2003a).  
Both CEC and pH  are a lso frequently increased through such applications by up to 40% of init ial 
CEC and by one pH unit respective ly (Tryon 1948; Topoliantz et al 2005). H igher nutr ient 
ava ilabil ity for plants is the result of both the direct nutrient additions by the biochar and greater 
nutrient retention (Lehmann et al 2003a). 

Application of biochar may, indeed, lead to N immobiliza tion (Lehmann et al 2003b; Rondon et 
al 2007) due to the presence of a sma ll portion of the freshly produced biochar that is relative ly 
eas ily m inera lizable because of its high C/N ratio. However, the bulk of the remaining organic  C 
(with even higher C/N) does not cause  m inera lization-immobiliza tion reactions because  of its  
high degree of biological reca lcitrance. The application of biochar can decrease the  A l satura tion 
of acid soils which often is a ma jor constraint for productive cropping in highly wea thered soils  
of the hum id tropics (Cochrane and Sanchez 1980). Based on severa l studies, biochar is effec tive 
in reduc ing the leaching of a ll essential nutrients, at least in the short term (Lehmann et al 
2003b). 

 
Indirect influe nce 
Review of literature has show n that biochar has the potential to m odify N, P and S in mineral 
soils. Its addition to soil has been reported to increase net nitrif ication in acid forest soils that 
otherw ise demonstrate little or no nitr ification (Berglund et al 2004). Gundale and DeLuca 
(2006) reported that biochar addition to soil caused reduced amm onif ication compared to the 
control. This is poss ibly due to NH4+ adsorption to biochar (Berglund et al 2004). There have 
been no studies that have directly evaluated the influence of biochar on NH3 volatization.  
 
But biochar has the potential to cata lyze the denitr if ication process in the soil (DeLuca et al 
2009). T his is because  an increase in net nitr if ication in acid forest soils when biochar is added 
would be expected to increase its potentia l for denitrif ica tion under anaerobic conditions where 
ava ilable C is high. Biochar addition to soil a lso s ignif icantly inc reased N2 f ixa tion compared to 
a control (Rondon et al, 2007). T he study furthe r indicates that biochar may stim ulate  N2 f ixa tion 
as the result of increased ava ilabil ity of trace metals such as nickel (N i), iron (Fe), boron (B), 
t itanium (Ti) and molybdenum (Mo). Phosphorus is as we ll transformed in the soil in the 
presence of biochar.  Gundale and DeLuca (2006) demonstra ted this w ith an increased extrac table 
PO4

3- from soil amended w ith biochar made from bark and bole samples of Douglas-fir and 
ponderosa pine trees. In addition to direc tly re leas ing soluble P, biochar can have a high ion 
exchange capac ity (L iang et al 2006), and may alter P availability by providing anion exchange 
capac ity or by influencing the activity of cations that interact w ith P. Furthermore , biochar 
additions to mineral soils  m ay directly or indirec tly affect S sorption reac tions and S reduc tion 
(Stevenson and Cole  1999).  O rganic matter additions to soil are known to reduce the extent of 
SO4

2- sorption in ac id forest soils (Johnson 1984). Therefore , biochar amendments may act to 
increase solution concentrations of P and S in acid iron-r ich soils common in the humid tropics. 
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Effects on soil micro-organisms 
Decades of research have  shown that biochar stimulates the  activity of a va rie ty of agriculturally 
important soil mic ro-organisms (Ogawa et al 1983). The presence and s ize distribution of pores 
in biochar provides a suitable habitat for many microorganism s by protec ting them from  
predation and des iccation and by providing m any of the ir diverse ca rbon (C), energy and mineral 
nutrient needs (Warnock et al 2007). However, the biochar partic les themselves do not appear to 
act as s ignif icant substra tes for microbial metabolism as a result of the ir stability in the soil 
which ranges from hundreds to thousands of years. Instead, the res idua l bio-oils on the biochar 
surface appear to be the only substrates available - in the short term- to support microbial growth 
and metabolism (Steiner et al 2008). 

 

In the Amazonian Dark Earths, w hich are r ich in biochar, microbial community activity, biomass 
and com position are significantly different from those in adjacent unamended soils (L iang 2008).  
J in et al (2008), in fie ld studies where minera l soil was amended w ith varying rates of maize 
stover derived biochar (0, 1, 3, 12 and 30t ha-1) , reported that total microbial respira tion and the 
respiratory rate  decreased w ith increasing biochar added. According to Thies and Rillig (2009), 
the observed decreased respiratory ac tivity in response to adding biochar to soil could indicate 
that the biochar is inhibiting the activity of biochar– coloniz ing microorganisms, changing 
bac ter ia l to funga l ratio (or popula tion structure), inc reasing C-use eff ic iency, and decreasing 
population abundance or some combina tion of these responses. Changes may also result from 
chemisorption of respired CO2 to the biochar surface. Which of these scenarios is the primary 
driving mechanism for reduced CO2 re lease from biochar amended soils is yet to be resolved.  
Nevertheless, ava ilable research evidence suggests that microbial abundance increases in soils  
r ich in biochar; thus, decreased abundance is not am ong the driving mechanisms (Zackrisson et 
al 1996). Besides, biochar additions to mineral soil enhance N2 fixation by rhizobia -nodula ting 
Phaseolus Vulgaris and colonization of arbuscular mycorrhizal fungi (Rondon et al 2007). 

 
 
Effects on plant growth and de velopment 
Positive and, to a lesser extent, negative  plant responses as a result of biochar applica tion to soils 
have been reported for a w ide range of crops and plants in different pa rts  of the world (Chan and 
Xu 2009) (Table 4). 
 

 
Positive yield responses  
Positive responses by plant to biochar addition to mineral soil can be very signif icant and can be 
in terms of increase in seed germ ination, plant grow th and crop yields (Glaser et al 2002).  
Chidumayo (1994) reported genera lly be tte r seed germination (30% enhancement), shoot he ights  
(24%) and biomass produc tion (13% ) am ong seven indigenous woody plants on soils under 
charcoa l kilns compared to the undisturbed soils. Crop yield responses as re lated to relevant 
biochar properties are indicated in Table 4.  
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Table 4. Crop yield responses as related to relevant biochar properties  
  
Feedstock  for  Crops/  Reponses   Reasons for  References 
Biochar and  Plants     responses  
Rate of application      given by the 
        authors 
 
Unknown wood  Soybean  Biomass increased Water-holding  Iswaran et al,1980 
(0.5t ha-1)    by 51%   capacity and 
        black colour on 
        temperature 
 
Unknown wood    Yield reduced  pH-induced   Kishimoto and 
(5t ha-1 and 15 t ha-1) Soybean by 37 and 71%  micronutrient   Sugiura, 1985 
     Respectively   deficiency  
 
Wood for charcoal Vegetation in  Tree density and  Negative responses Mikan and 
Production (unknown  charcoal hearth basal area was  due to changes in Abrams, 1995 
rates)   and non-hearth reduced by 40%  soil properties  
   areas compared 
   after 110 years 
 
Secondary Forest Rice, Cowpea Biomass of rice  Improved P,k and Lehmann et al,  
Wood (68t C ha-1) and oats  increased by 17% possibly Cu  2003b;  
13t C ha-1)    cowpea by 43%     Glaser et al,  

2002 
 
Bark of Acacia   Maize, Cowpea Response only at Increase in P and N Yamato et al, 
mangium (37t ha-1) and peanut at one site (less fertile) and reduction of  2006 
   two sites with200% increase  exchangeable Al3+, 
     (fertilized)  arbuscular mycorrhizal 
        (AM) fungal 
        Colonization 
 
Secondary forest  Rice and Little response with Not stated  Steiner et al, 
Wood (11 t ha-1)  Sorghum biochar alone, but with     2007  
     a combination of biochar  
     and inorganic fertilizer 
     yielded as much 
     as 880% more than  
     plots with fertilizer 
     alone. 
 
Rice husk  Maize,  10 – 40% yield  Not clearly  FFTC, 
(10t ha-1)  Soybean increases   understood,  2007  
        dependent upon 
        soil, crop and 
        other nutrients 
 

It should be noted that the e ffect of biochar on plant productivity depends on a number of fac tors  
which include the properties and quantity of biochar added, soil properties, concurrent nutr ient 
and organic matter additions, and plant species (Lehmann and Rondon 2006). Legumes appear to 
thr ive under grea ter biochar additions more than do gram ineae species. Amongst the studies 
presented in Table 4, Lehmann et al (2003b) reported tha t using wood biochar at rates of 68t C 
ha-1 to 135t C ha-1 increased rice biomass by 17 per cent and cowpea by 43 per cent in a pot  
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experiment ( in the  absence of leaching).  As to which attribute of biochar is responsible for the 
observed plant positive  response is yet to be  fully resolved. F or example, out of the authors of 
studies reported in Table 3, only one group of authors (Lehmann et al 2003b) attr ibuted some of 
the positive crop response to nutr ients supplied direc tly by the biochar. T he authors a ttr ibuted the 
pos itive growth responses to im proved P  and K and, possibly. Cu nutr ition provided by the 
biochar applied. A  few  studies a ttr ibuted the positive plant responses to other e ffects of biochar 
on nutr ient ava ilabil ity rather than simply as a direc t supplier of nutr ients ( Iswaran et al 1980; 
Lehmann et al 2003b; Chan et al 2007c; Van Zw ie ten et al 2007) or to increasing or ma intaining 
the soil pH  (Hoshi, 2001; Yamato et al, 2006; Rondon et al 2007; Van Zw ieten et al 2007 or to 
improved soil phys ica l properties (Iswaran et al 1980) or to reduction in leaching of applied 
fertil izer N by biochar  addition (Lehmann et al 2008).  Addition of nutr ients from using 
inorganic or organic fertil izers  is usua lly essential for high productivity and increase  the pos itive 
response of the biochar amendment (Glaser et al 2002a; Lehmann et al 2002). Chan et al 
(2007C) reported a dry matte r increase of up to 266 per cent in radish when 100t ha-1 biochar 
was applied w ith 100kg N ha-1 com pared to a  control that rece ived the  same amount of N but no 
biochar.    
 
Ne gativ e yie ld re sponses 
Kishimoto and Sugiura (1985) reported yie ld reductions of soybean by 37 and 71 per cent when 
biochar was applied at 5t ha-1 and 15t ha-1, respectively, and they attr ibuted this to m ic ronutr ient 
def iciency induced by the resulting pH increases.  Such pH  –  induced adverse effect was also 
reported by Mikan and Abrams (1995), who observed significant retardation of calcifuge plant 
species in charcoa l hearth a reas even after 110 years and attr ibuted this to the eleva ted pH and 
Ca leve ls remaining from past charcoa l production ac tivit ies. T herefore, while the alkaline na ture 
and liming value of the biochar might be benefic ial for the ame lioration of ac id soils, w ith 
resulting increases in crop production, the same properties might be de leterious to certain plant 
species (Chan and Xu 2009). These  observations highlight the spec ific nature  of some of the soil 
amendment values of biochars, the limitation of the value of some biochars under certa in soil 
conditions, and importance of a better understanding of the properties of different biochars.  

 
Po tential of B iochar in Eradicating Slash-and –  Burn Form o f Agriculture  
The centur ies-old slash-and-burn fa llow system of agriculture which returns soil organic matter 
natura lly is no longer eff icient in mainta ining soil fertility in the humid tropics due to increase in 
human population which a llows litt le, if at a ll, any potential for br inging new land under 
cultivation (Lal et al 2005). Both from an ecologica l and econom ic point of view, it seems most 
promising to replace s lash-and-burn systems by s lash-and-char techniques (G laser et al, 2002a).  
Slash-and-char is an improvement over slash-and-burn system as the former has a reduced 
negative e ffect on the environment. It is the  practice of charr ing the biomass (e.g. s lash materia ls, 
crop res idues, etc ) resulting from the  slashing or cropping instead of burning it as in the s lash-
and-burn practice.  
 
According to Wikipedia Encyclopedia (2009), s lash-and-char offers considerable benefits to the 
environment, w hen compared to slash-and-burn: I t results in the creation of biochar, which can 
then be mixzed w ith other biomass such as crop res idues, food wastes, manure and/or other 
materials, and buried in the soil to br ing about the formation of Terra pre ta which is one of the 
r ichest soils on planet earth (G laser et al 2000; 2001a). Fa llow periods on Oxisols  usua lly last 8-
10 years, whereas fallow  periods, if a t a ll, on Terra P reta soils which lead to the effec tive 
restoration of their fertility can be as short as 6 months. 
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Biochar (charcoal) can be eas ily produced by local farmers under s lash-and-char system. The 
procedures of charcoal production are well known and the required tools and resources (organic  
materials) are readily ava ilable. However, charcoa l is a valuable cash produc t in most countr ies 
in the hum id tropics (Coomes and Burt 2001). There fore , it should be emphasized that charcoal 
(biochar) production for soil fertiliza tion purposes will only be economica lly feas ible if only 
organic waste products or slash materia ls/crop res idues obtained from the site are charred.  
Charcoa l amendments under s lash-and-char systems may not be feasible for large scale farming 
but is ce rta inly suitable for high-va lue c rops, subsis tence fa rm ing comm on in the humid tropics 
and for horticultura l and tree crop nurseries (Jaenick 1999). 
 
 
Ne ed fo r Furthe r B io char Research 
Extensive research results on biochar technology exist as reviewed in this paper, but be ing a  new 
technology, variability is high on the beneficia l properties and effects of biochar on soil, plant 
and environment (Lehmann et al 2003b; McLaughlin et al 2009; Read 2009; Zw ie ten et al 
2009). Besides, much of the know ledge on the manifold benefits of biochar technology is  
anecdotal in A fr ica and truer for N igeria where systematic research is yet to commence.  
There fore, there is an urgent need to extend the  frontier of sc ientific know ledge on biochar 
technology in the humid tropics where there is a compe lling need to increase food production per 
unit area of land in view of increasing human population.  
 
The follow ing are some of the identified areas where further studies are required: 

• Effect of biomass feedstock types, pyrolysis conditions, feedstock pre-treatment and 
particle size on biochar quality and yield. 

• The agronomic eff iciency of raw and nutrient-enhanced biochar and the ir long term 
effects on SOM, plant growth and nutrient-uptake as related to biochar applica tion 
method, soil type and climatic condition. 

• Effect of abiotic and biotic  aging on properties of biochar, nutrient leaching and 
agronomic effectiveness.  

• Effect of different types of binder and pelletization on the handling, transporta tion, 
storability, application and effectiveness of biochar as a soil conditioner. 

• Effect of type and particle  s ize  of biochar on soil biota population, type and 
succession. 

• Investigation of effect of moisture, tempera ture , N fertilization and biochar partic le 
size on the mineralization of applied biochar. 

• Demonstration of the economic viability of s lash-and-char form of agriculture over 
slash-and-burn form in dif ferent agro-ecological zones and the deve lopment of 
logis tics for the adoption of the former by rural farming communities. 

• Identif ica tion of conditions for co-pyrolys ing different feedstock with high quality 
organic materials and inorganic fertilizers for the produc tion of nutr ient-r ich biochars 
having high bioavailabil ity to suit different crops and soils.   

• Determ ination of e ffect of biochar on mycorrhizal symbioses, mycorrhizal response 
variables and explanation for mechanism involved. 

• Interac tion of high minera l contents with C structures in biochar and the implica tions 
on biochar stability. 

• The mechanisms by which biochar affects N m inera lization and immobiliza tion in 
different ecosystems. 

• Biochar effects on nutrient leaching in soil-biocahr and soil-biochar-plant systems in 
the laboratory and field. 
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• Determ ination of biochar optimal application rate for different soils, plant spec ies and 

biochar types. 
• Eva lua tion of the agronom ic effectiveness and the economic viability of biochar as a 

soil amendment under field conditions. 
 
 
B iochar Research at Bo wen University, Nige ria 
 
Back ground and Primary obje ctive    
The biochar research project was begun in January 2010. T he on-going projec t is being funded 
by Bowen University. The ma in focus of the project is on the provis ion of a c leaner environment 
and enhancement of soil productivity and food security hence the tit le of the project, “U tiliza tion 
of saw dust, municipal organic wastes and selec ted wooden biomass materials as soil 
conditioners and fertilizers for plant growth”. The stimulus for the projec t emanates from the fact 
that saw  dust and munic ipal wastes are two ma jor sources of environmental pollution in our 
c ities and sub-urbans. In addition, our environment is blessed w ith a variety of other biomass 
materials such as wood, wood chips, paper mill wastes, forest res idues, crop residues, 
lignocellulos ic tree crops and so on. So, the pr imary objective of the project is to explore 
different ways of produc ing biochar from these se lected organic  materials  to overcome soil 
constraint of SOM depletion which is militating against susta inable soil productivity and crop 
production in the country. The challenge of the project is to make the production of biochar 
sustainable w ith respect to biomass supply and practicability a t farmer’s leve l and to accomplish 
the w idest poss ible adoption of the slash-and-char form of agriculture by peasant farmers, first in 
Iwo land and later throughout the country, with a view to improving their livelihood. 
 
 
The  journey so  far 
So urcing for fe edstocks 
Assessment of pa ttern of re fuse disposa l and type of wastes generated had been com pleted in 
four urban centres, name ly Iwo, Ile-O gbo, Ede and Ilesha and two sub-urban centres of Ikonif in 
and Telemu in Osun State. In each sampling centre, four re fuse dumping s ites were purposive ly 
selected (SW, SE, NW, NE), assessed, sampled and sorted. Saw dust sam ples were also collected 
in each of the  centres. Da ta emanating from the survey are being ana lyzed chemica lly and 
statistica lly. 
 
 
Biochar pro duction and characte rization   
We have succeeded in producing and charac ter izing ten biochar types us ing the traditional 
earthen mound kiln m ethod w ithout energy capture. The temperature of production is about 
3500C.  
 
The feedstocks used are as follows:  

( i) Saw dust  
( ii)  Sorted municipal organic wastes 
( iii)  Swine dung 
(iv) Leucaena leucocephala  
(v) Gliricidia  sepium 
(vi) Moringa oleifera 
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The choice of the  feedstocks is based on the ir abundance in the  landscape so as to ensure the ir  
sustainability of supply. According to Nationa l Academ y of Sciencess (NAS 1979), nitrogen 
f ixing trees a re lignocellulosic plants that grow  abundantly in the w ild over the entire tropical 
and subtropica l land mass. They have also been reported to have strategic sustainability 
advantages of biomass supply since they can be grown in a fa llow as a short-rotation dedicated 
crop (Cruc ible Carbon 2008), produce N-r ich biomass, a re perennial rathe r than seasonal crops, 
do not require prime agricultural land, and do not appear to have any higher net resource value in 
Nigeria than to be converted to biochar and bio-fuels (Fagbenro et al 2011). Moringa is selected 
in view of its multi-purpose nature and its reported high nutr ient concentration in the biomass 
(Fahey 2005). This feedstock was either used singly or in combination (1:1, w/w) to give the 
follow ing ten biochar types: 

( i)  Saw dust biochar 
( ii)  Leucaena biochar 
( iii)  Gliric idia biochar 
( iv)  Moringa biochar  
(v)  Municipal waste biochar 
(vi)  Municipal waste/Leucaena biochar 
(vii)  Saw dust/Glir icidia biochar 
(vii i)  Municipal waste/Moringa biochar 
( ix)  Saw dust / Leucaena biochar 
(x)  Saw dust/Swine durng biochar 
 
Plates 1 and 2 show two of the biochars in picture. 
 

   
 Plate 1        Plate 2 

 
Establishme nt of slash-and-burn/s lash-and-char research farm 
The projec t has a lso established a research farm which we choose  to call slash-and-burn/s lash-
and-char research farm. T he farm  was established at the beginning of year 2010 planting season.  
It was planted to ma ize. The farm, as shown in P lates 3 and 4 in pic ture, has twe lve treatments 
and five replications, making a total of 4 by 4m 60 plots.  
    

    
 

         Plate 3      Plate 4 
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The main purpose is to assess effects of twe lve different forms of farming systems comm on in the 
humid tropics on the growth and yie ld of crops and to investigate how applications of biochar 
can be integrated into working farm’s cultivation practices to improve crop output and growth, 
espec ially by incorporating the material as an effective soil amendment in Iwo’s margina l sandy 
soils. As its name implies, the treatments inc lude burning and not burning, charr ing and not 
charr ing, biochar addition, inorganic fertiliza tion and so on.  More information on the farm w ill 
emerge later as the s tudies progress. T he fa rm is established to be a permanent one , s imilar to the 
Rothamsted International Research Farm in the United Kingdom.      

 
      

Re co mmendation and Conclus ion 
Using biochar as a tool for improving soil fertility while at the same time increas ing C 
sequestration in soil is fa r from be ing a well-recognized technology in N igeria. Both the w ide 
variations in feedstock properties and production conditions have s ignif icant effects  on biochar 
properties. T he high num ber of poss ible combina tions of both feedstock and production types 
make it ve ry dif ficult to predic t and compare biochar properties and its effec ts. Because of such 
non-uniformity, a universa l answer to biochar effects on soil, plant and environment has not 
been, and probably will not be, found. 
 
Nevertheless, this review has indicated pos itive and nega tive effects of biochar additions on soil 
properties and crop productivity and has demonstrated its potential in eradicating the now 
inefficient centur ies-old s lash-and-burn form of agriculture. However, there is an urgent need to 
conduct furthe r site-specc ific systematic research to annex the full potential of biochar 
technology particularly in N igeria where very litt le, if at a ll, biochar research has been carried 
out.  I t is our utmost hope and desire to put biochar research on a sound footing in N igeria  as it is  
being done in dif ferent parts of the world. We m ust a lways remember that tropica l farming is  
organic farming; biochar farming?  
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