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Abstract  
This study assessed the impacts of charcoal production on some soil physical and chemical properties in Toro 
area of Bauchi, Nigeria. Ten soil samples were randomly collected from charcoal production (burnt) and 
adjacent (unburned which served as the control) sites at 0-30cm depth for comparison. Soil parameters (organic 
carbon, organic matter, Nitrogen, Phosphorus and pH) were analyzed using standard laboratory analytical 
procedures. Parametric statistical test and mean were used to draw conclusion and recommendation from the 
results. The T-test results showed that the mean values of soil properties in charcoal production (burnt) sites 
were significantly different from those of the adjacent site. The pH in water ranged from 6.24 to 6.56 for the 
burnt site and 6.11 to 6.20 for the unburned site; while soil pH tested in chemical ranged from 5.66 to 5.94 
(burnt site) and 5.45 to 5.57 (unburned site). There was significant difference (p < 0.01) in soil content from the 
burnt and unburned sites with significant decrease in the soil organic carbon, organic matter, nitrogen and 
phosphorus at the burnt site by 91.5%, 81.6%, 81.55% and 46.7%. There was decrease in the soil nutrient 
contents (calcium, magnesium, potassium, sodium) and cation exchange capacity from the charcoal production 
sites in the studied area compared with the adjacent sites. Therefore, charcoal material cannot be used for soil 
fertility management in the study area.  
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Introduction 
Charcoal is the dark grey residue consisting of 
Carbon and any remaining ash, produced by the slow 
process of heating wood and other substances in the 
absence of oxygen, called Pyrolysis (Wikipedia, 
2011). It is an impure form of Carbon, which 
contains ash. Charcoal is an excellent domestic fuel, 
and can be made from virtually any organic material 
like wood, coconut shells, rice husks and bones. 
Usually, hardwood species like Acacia, Mangroves 
and Prosopis are preferred for Charcoal production 
(Wikipedia, 2011; Bhattarai, 1998). Charcoal is an 
old source of energy used for Cooking in both rural 
and urban centers. Kammen and Lew (2005), which 
reported that half of the world’s population were 
using biomass fuels for cooking and that in 1992, 24 
million of charcoal must have consumed worldwide, 

with developing countries accounting for nearly all 
consumption. While Africa alone accounted for 50%. 

In Nigeria, Charcoal is a major source of 
energy. It is predominantly used among the average 
income earners in urban and for small-scale 
processing. Studies have shown the uses of Charcoal 
to domestic and industrial cooking, Roasting of Suya, 
Barbecue, Maize, Plantain, cocoyam and yam, 
blacksmithing and Bronze casting (Janet, 2011). 
Charcoal is now an export commodity in Nigeria 
(Janet, 2011; Ogundele et. al., 2011). The production 
of charcoal is a major driver of land-cover change. 
This is as a result of its adverse effects on the 
environment and biodiversity conservation, including 
the soil. Charcoal business is rapidly spreading in 
Nigeria without adequate knowledge of the effect on 
soils. Increasing populations resulting in increase in 
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the prices of other energy sources; especially 
kerosene and fire woods, have given prominence to 
the charcoal production which is now spreading 
rapidly in different parts of Nigeria and Africa at 
large (Adelakun and Jerome, 2006;Chimaet al., 
2013). 

Charcoals constitute the most important 
source of household fuel, meeting the energy need of 
rural and urban households in most developing 
nations. Besides its use to meet the domestic energy 
needs; charcoal is an important and simple means of 
earning cash income in different countries in Africa 
(Trossero, 2003). In charcoal production areas, this 
income is more important than income from other 
alternatives such as fuel wood and some agriculture 
produce. As there is very demanding market in many 
parts of the country, income from charcoal has 
become a form of insurance against crop failures, and 
emergency cash needs. In addition, the charcoal trade 
provides income opportunities for many people in the 
urban areas, through small scale retail businesses 
(Trossero, 2003). 

Charcoal production and utilization have 
their ecological consequences. Much concern has 
been expressed towards the consequences that follow 
its production on soils of the production sites. Soil is 
a highly complex and dynamic habitat for organisms, 
containing many different niches due to its incredibly 
high level of heterogeneity at all scales. On the micro 
scale, soil is often an aquatic habitat, as micro pores 
in soil are full of water at all times, apart from the 
very extreme drought due to the high water tension 
which exist there (Emmanuel and Olayiwola, 2013).  

Little attempt has been made to evaluate the 
impact of charcoal production on soil properties in 
Bauchi, Nigeria. Charcoal production not only affects 
microbial population and activities in the soil, it also 
affects plant- microbe interaction through their 
effects on nutrient availability and modification of 
habitat (Giller, 2001). Kokou and Nuto, (2009), 
reported that charcoal production has also been seen 
to damage more of the natural ecosystem and 
contribute more to the loss of the biodiversity. Soil is 
considered naturally fertile because of the climate 
and presence of trees (Emmanuel and Olayiwola, 
2013). Intensive cultivation and past use of fire to 
clear vegetation have led to the degradation of lands 

in general. Also, the degradation process is being 
accelerated by charcoal production. This has in turn 
led to a negative impact in the natural arrangement of 
the soil, the development and the environmental 
conditions under which the soil is formed. The 
impact of charcoal production on the chemical and 
physical properties of soil in Nigeria can be traced to 
the heat generation during production and ash that 
always accompany the charcoal in the production 
sites(Emmanuel and Olayiwola, 2013).The aim of 
this research is to study the impact of charcoal 
production on the physical properties and effective 
cation exchange capacity of soils at production sites 
and suggest profane solutions.  
 
Material and method 
Study Area 
The experiment was carried out in Toro Local 
Government Area of Bauchi South Senatorial 
Districts in Bauchi State, Nigeria. Bauchi State 
occupies a total land area of 49,119 km² representing 
about5.3% of Nigeria’s total land mass and is located 
between latitudes 9° 3' and12° 3' N and longitudes 8° 
50' and 11° E(Dau and Elisha, 2014).The state is 
bordered by seven states, Kano and Jigawa to the 
north, Taraba and Plateau to the south, Gombe and 
Yobe to the east and Kaduna to the west. Bauchi state 
is one of the states in the northern part of Nigeria that 
span distinctive vegetation zones namely, the Sudan 
savannah and Sahel savannah.  

The Sudan savanna type of vegetation 
covers the southern part of the state. The vegetation 
gets richer and richer towards the south, especially 
along water sources and rivers, but generally the 
vegetation is less uniform and grasses are shorter 
than what grows even farther south, that is, in the 
forest zone of the middle belt. The predominant tribes 
are Jarawa, Fulani and Ribina. Human activities 
include:-farming, hunting, civil service and trading 
(Dau and Elisha, 2014). 
 
Soil sample collection 
Five charcoal production sites were randomly 
selected in the study area, Toro Local Government 
Area, Southern Sudan savanna ecological zone, 
Bauchi-Nigeria. Soils samples were collected from 

five areas at the center of the selected production sites 
and from the adjacent sites (which served as control) 
at depth of 0-30cm. Site selection was based on 
evidence of charcoal production within the last six 

years. Soils from the adjacent fields were taken from a 
distance of 20 to 30 meters away from the edge of the 
burnt site Wahabu et al.,(2015. The soil samples were 
stored in properly labeled polythene bags to prevent 



The Impacts of Charcoal Productions on Physico-Chemical Properties of Soils ---- Amo,um, Dau, Dagba 
 

Nigerian Journal of Forestry Vol. 45  Nos  1 & 2  (www.njf-ng.org)  89 
 

mixture and possible contamination during 
transportation to the soil science laboratory, 
University of Agriculture, Makurdi-Nigeria, for 
analyses. 
 
Soil Analyses 
Soil analyses were carried out using standard 
laboratory procedures. The soil physical properties 
analyzed were soil particle size and the chemical 
properties were pH, Organic carbon, nitrogen, 
exchangeable cation which includes: calcium (Ca), 
magnesium (Mg), potassium (K), sodium (Na) and 
cation exchange capacity, Organic carbon. The soil 
samples were air-dried and sieved through a 2mm 
mesh. Nitrogen and phosphorus were determined with 
a flame photometer while Organic carbon was 
determined by the “EDTA titration method” (Black, 
1965). Soil pH was determined using a glass electrode 
pH electrode meter (Black, 1965). 
 
Data Analysis 
T-test was used to determine the significant difference 
in soil parameters between soils at charcoal 
production and adjacent sites (control) using statistical 
packages for social Sciences (SPSS version 21.00). 
Correlation analysis was used to determine the 
relationship between the selected soil parameters. 
 
Method to Determine Cation Exchange Capacity    
The method used to determine Catio Exchange 
Capacity was at pH 7 with Ammonium Acetate” 
(Black, 1965; Wahabuet al.,(2015).  
 
Results and discussion 
The results of T-test from the study area showed no 
significant difference (p=0.16) on the silt soil between 
the charcoal production and the unburned sites 
(adjacent sites) (Table 1) with significant difference 
on sand (p = 0.01) and clay soil (p= 0.02). The soil 
was predominantly loam sand with a higher 
proportion of sand and silt at the adjacent sites than at 
the production sites. This result is not in accord with 
Wahabuet al., (2015), who reported that there was 
significant higher content of clay at the charcoal 
production site when compared to unburned site. The 
soils differed in the examined soil samples from the 
charcoal production sites. The soils were formed from 
the same geological formation, with similar climatic 
and weather conditions and in the same environment. 

The difference obtained therefore may be attributed to 
the charcoal productions on the site. 
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Table 1: Soil Particle Size Distribution of charcoal production and adjacent sites in the study area 

 
There was increased in the contents of soil pH as 
compared with the unburned sites (Table 2). From the 
T-test, there were significant differences in the soil 
pHin water (p=0.03) and in Potassium chloride (Kcl.) 
(p= 0.001) between the charcoal production and 
unburned (adjacent) sites (Table 2). The soil pH in 
water was tested higher than the soil pH tested in 
Potassium-chloride at both sites. The pH in water from 
burnt site ranged from 6.24 to 6.56 while that of the 
unburned site ranged from 6.16 to 6.20. Soil pH tested 
in chemical at the production site (burnt) was high than 
unburned site which ranged from 5.66 to 5.94 (burnt 
site) and 5.45 to 5.57 (adjacent site). Thus, pH in 
charcoal production site were slightly alkaline than 
unburned site. This result disagreed with the finding of 
Oguntunde et. al., (2008), which reported that there was 
no significant difference in soil pH under charcoal 
production site and unburned site. The T-test results 
showed significant differences (p=0.01)on soil organic 
carbon, organic matter, nitrogen and 
phosphorus(p=0.00) in the five sampled areas are 

presented on Table 3. It shows significant differences in 
the soil content at the burnt and unburned sites with 
significant decrease in the soil organic carbon, organic 
matter, nitrogen and phosphorus at the burnt sites. This 
could be as a result of high intensive fire used during 
charcoal production in the site which had great negative 
impact on the soil organic carbon, organic matter, 
nitrogen and phosphorus.  

The result is not in agreement with the report 
of Oguntunde et al, (2008) and Fontodji et. al., (2009), 
which reported that “there are appreciable increased in 
the contents of soil organic matter and phosphorous in 
the charcoal production sites”. In their study, the 
authors reported increased in the contents of the soil 
organic content which is contrast to this study; but in 
accord to Parker et al.,(2010), they reported that the 
production of charcoal has been associated with 
environmental degradation through the loss in soil 
organic carbon (C), macro- organisms and oxidation of 
carbon into carbon dioxide. 

 

Sampled Areas Site Sand (%) Silt (%) Clay (%) 
Toro adjacent 86.52 9.78 7.25 
Tama adjacent 84.32 10.24 12.24 
Palama adjacent 85.52 9.29 9.24 
Zalan adjacent 89.42 9.28 10.24 
Zaranda adjacent 94.54 11.28 12.24 
Toro Burnt 83.42 9.18 6.10 
Tama Burnt 75.40 10.20 9.23 
Palama Burnt 80.52 8.27 6.23 
Zalan Burnt 82.52 9.26 6.23 
Zaranda Burnt 81.52 9.27 7.23 
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Table 2: Mean pH of soil samples from the charcoal production and adjacent sites 
Sampled Areas Site pH in Water pH in Kcl 
Toro Adjacent 6.16 5.57 
Tama Adjacent 6.15 5.46 
Palama Adjacent 6.11 5.46 
Zalan Adjacent 6.16 5.45 
Zaranda Adjacent 6.20 5.56 
Toro Burnt 6.56 5.94 
Tama Burnt 6.36 5.76 
Palama Burnt 6.30 5.66 
Zalan Burnt 6.85 5.80 
Zaranda Burnt 6.24 5.78 

 
Table 3: Chemical properties of the soil samples from charcoal production sites and the adjacent sites 

Sampled Areas Site Organic 
Carbon (%) 

Organic 
Matter (%) 

Nitrogen 
(%) 

Phosphorus 
(%) 

Toro adjacent 0.68 1.18 0.81 5.25 
Tama adjacent 0.81 1.4 0.77 5.38 
Palama adjacent 0.53 0.91 0.81 3.89 
Zalan adjacent 0.96 1.65 0.88 5.38 
Zaranda adjacent 0.79 1.31 0.91 3.19 
Toro Burnt 0.46 0.97 0.60 2.00 
Tama Burnt 0.57 0.33 0.56 2.25 
Palama Burnt 0.53 0.86 0.81 1.95 
Zalan Burnt 0.42 0.72 0.70 2.25 
Zaranda Burnt 0.56 0.37 0.56 1.75 

 
Table 4: Soil Nutrient Elements and Cation Exchange Capacity of the Sampled Areas in Toro-Bauchi, 

Nigeria 
Location Site Ca Mg K Na CEC 
Toro Adjacent 2.98 1.38 0.29 0.6 5.10 
Tama Adjacent 2.84 1.48 0.43 0.55 5.45 
Palama Adjacent 3.22 1.60 0.39 0.57 4.40 
Zalan Adjacent 2.93 1.48 0.38 0.53 4.60 
Zaranda Adjacent 3.08 1.53 0.38 0.62 5.08 
Toro Burnt 2.83 1.35 0.24 0.5 5.10 
Tama Burnt 2.83 1.30 0.3 0.5 5.20 
Palama Burnt 2.9 1.40 0.3 0.54 5.30 
Zalan Burnt 2.74 1.39 0.23 0.49 3.28 
Zaranda Burnt 2.65 1.41 0.28 0.42 3.32 

Where: Ca=calcium, Mg=magnesium, K=potassium, Na=sodium), CEC cation exchange capacity 
 
The soil nutrient elements (calcium, magnesium, 
potassium, sodium) and cation exchange capacity in the 
study area were tested between the production (burnt) 
and adjacent (unburned) sites and results presented on 
Table 4. There were significant differences in the 

contents of soil calcium and magnesium (P=0.02), 
potassium and sodium (P=0.01). There was decreased 
in the soil nutrient contents and CEC at the charcoal 
production sites. This decrease may be as a result of 
production of charcoal that has impacts on the soil 
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nutrient elements and CEC during the period of 
production.  

This result was not in accord with Emmanuel 
and Olayiwola, (2013), who reported that there was 
increased in the contents of soil calcium, magnesium 
and phosphorous in the charcoal production sites in 
Oyo state, Nigeria. This may be as a result of 
differences in the geographical position and slight 
climatic differences between the two study area (i.e. 
Oyo and Toro-Bauchi). Oyo soils area are more 
wet(humid) while Toro soils (in Bauchi state) are drier 
and loose. Thus, charcoal production lead to a 
significant decrease in the soil nutrients content of the 
soil in the production site within the studied area. This 
reiterate that charcoal cannot be used as a soil 
amendment tool for soil management in Toro local 
government in Sudan savanna ecology zone of Nigeria 
where farming, burning and grazing over centuries have 
led to reduction in soil nutrient contents. 
 
Implications of Charcoal Production on Soil 
Properties of Toro in Sudan Savanna Ecological 
Zone of Nigeria 
According to the results obtained in the study area, 
charcoal productions lead to decrease in the soil 
nutrient contents and cation exchange capacity when 
compared with adjacent sites. This may have negative 
impact on soil micro-organism activity which may also 
lead to decrease in soil functioning and the ecosystem 
services which it provides.  According to Steiner et al., 
(2008), if charcoal production sites receive rainfall after 
charcoal has been harvested, it implies that the biomass 
materials will turn to biochar for soil amendment which 
often cause a significant increase in microbial 
efficiency as a measure of units of Co₂ released per 
microbial biomass carbon in the soil as well as a 
significant increase in basal respiration. 

This finding agreed with Nyame and 
Danso(2006), who reported that the exploitation of 
resources from the environment through charcoal 
production and others activities have socio-economic, 
environmental and policy implications to countries, 
especially when they are not well regulated. Wahabu et 
al., (2015), reported that the impact of charcoal 
production on soil properties is critical, as soil nutrients 
such as nitrogen and phosphorous have a profound 
impact on crop production. There is an increase in 
charcoal production in this study area (Toro L.G.A). 

The burning of charcoal has resulted in high 
exploitation (felling) of trees leaving large area of land 
without trees. This activity is having a negative impact 
on the environment; as envisage, it would further 
depletes the already poor soils in the study area. Most 
of the sites where charcoal production is taking place 
are agricultural lands where active crop production 
takes place during the wet season.   
 
Conclusion   
The impact of charcoal production on soil properties 
was more on the chemical properties than on the soil 
texture. Soil pH, exchangeable bases- Ca, K, Na, and 
Mg, available phosphorous, total nitrogen and soil 
organic matter significantly decreased after charcoal 
production process. While, sand, silt and clay did not 
vary significantly at the two sites before and after 
charcoal production. This study observed decreased in 
soil nutrients and organic matter. This may be as a 
result of differences in the geographical location of the 
study, climatic differences and probably agriculture and 
grazing activities in the observed sampled areas in the 
Sudan savanna. This finding agrees with the general 
believes and negative impression of soil reaction to heat 
and burning in tropical environment. It is recommended 
that further study should be carryout to assess the effect 
of fire on properties of soil and organic matter; to test 
the effects of charcoal production on the soil in Toro 
Local Government Area of Bauchi, Nigeria.  
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