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This study evaluated the impacts of charcoal production on soil properties in the derived savanna zone
of South Western, Nigeria. Ten soil samples were collected randomly at the depth of 0 to10 cm in each
of the charcoal production sites (CPS) and adjacent field sites (AFS) which is the control site. All soil
samples collected were subjected to laboratory analysis for soil pH, particle size composition, available
phosphorus, organic carbon, total nitrogen, exchangeable potassium, calcium, sodium, magnesium,
cation exchangeable capacity and base saturation. The mean of each of these soil properties was used
for comparison and t-test was also used to determine the significant difference that exists in each soil
property. The results of the analysis showed that the soils are texturally similar at both the CPS and
AFS sites. The soil pH under CPS is 6.75 while it is 5.96 under AFS. The mean of the available
phosphorous under CPS is 11.21 ppm while it is 2.07 ppm under AFS. The analysis reveals a slight
increase in exchangeable calcium, sodium, magnesium, total nitrogen, organic carbon and base
saturation contents of the soil in CPS while the amount of cation exchange capacity decreases in CPS
with the mean value of 2.32 meq/100 g than the AFS with the mean value of 2.37 me/100 g. It is therefore
recommended among others that there should be awareness to consider the age of trees, species and

biomass before trees are cut down for charcoal production.

Key words: Charcoal production, soil properties, assessment, derived savanna, lbarapa East, Nigeria.

INTRODUCTION

In his quest to survive, man has learnt to explore the
uses to which resources within his environment can be
put. This has culminated in activities such as agriculture,
construction, transportation as well as burning of fuel
wood to obtain charcoal. Over the years charcoal has
been an important domestic product and regardless of
how it is produced, its marketability has gained global
acceptance.

Rensselear (1995) posited that the value of the
charcoal market for 26 sub-Saharan African countries for
which there is known data exceeded $1.8 billion per year
In energy terms, therefore charcoal consumption is
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higher than gross electricity consumption. Its production
provides a considerable amount of employment in rural
areas and allows for a quick return on investments and is
often practiced in conjunction with agriculture. Delmas et
al. (1991) affirmed that total fuel wood (including
charcoal) burnt in tropical Africa is estimated at 230
million tons (dry matter) per year and the amount of
charcoal consumed is about 11 million tons. FAO (1995)
posited that global production of fuel wood and charcoal
increased from 1362.4 million m® in 1970 to 1875.9
million m® in 1993. This increase especially in tropical
Africa is as a result of the fact that most rural dwellers
consider charcoal production as supplement of their
traditional agricultural occupation, this coupled with the
fact that charcoal making provides for a quick return on
investment and the raw materials mainly trees or wood



are readily available makes it a lucrative business hence
a source of income for the people. The production of
charcoal is so great that Coomes and Burt (2001)
considered charcoal as a valuable cash product in most
developing countries.

Despite the economic benefits of charcoal production,
much concern has been expressed towards the conse-
quences that follow its production. Allen and Barnes
(1985) said about 7.5 million hectares of closed forest
and 3.8 million hectares of African forests are cleared
yearly for a variety of purposes ranging from timber
production, construction purposes, agriculture as well as
charcoal production. It is therefore predicted that if the
present trend continues the tropical rainforest could
completely disappear by the year 2020 due to defores-
tation induced by fuel wood, charcoal production and
conversion of forest to other uses. Taking into
consideration the poverty level of the developing nations,
occasioned by unemployment and low per capita income,
charcoal production has become a mean of livelihood.
Hence, many rural dwellers in tropical Africa have taken
to charcoal production at alarming proportion as their
means of economic survival. Akinbami (2003) even
revealed that more than 60% of Nigerian population
relied on fuelwood and charcoal as the main energy
sources for cooking as a result of extreme high poverty
rate in the country. As charcoal production continues,
much debate has been generated as whether the
economic benefits of charcoal production worth the
environmental consequences that trail its production,
which include deforestation as a result of cutting down of
trees for charcoal production, accumulation of green-
house gases in the atmosphere due to burning of trees
for charcoal and its consequential effects on global
energy balance and climate change. Some studies have
been carried out in some parts of the world on the effects
of charcoal production on soil. A study carried out by
Oguntunde et al. (2004) in Ghana observed a significant
increase in soil pH, base saturation, electrical conduc-
tivity, exchangeable Ca, Mg, K, Na, and available P in the
soil at a kiln site as compared to the adjacent soil. Giller
(2001) noted that charcoal additions not only affect
microbial population and activity in soil, but also plant-
microbe interaction through their effects on nutrient
availability and modification of habitat. Chidumayo (1991)
compared the chemical composition of charcoal made
from Miombo woodland and Savanna woodland and
concluded that the content of nitrogen, ash and carbon
increased from 0.06, 2.7 and 47% respectively in wood to
0.6, 7.7 and 72% in charcoal. The environmental impacts
of charcoal production in the derived savanna of South
Western Nigeria are felt among the fragile environmental
resources in which soil quality is not in exception.
Focusing on the impacts of charcoal production would be
of immense importance to managing both the trees and
soil in the study area specifically and tropical region in
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general. The study therefore evaluates the impacts of
charcoal productions on soil properties at the kiln sites
where charcoal production is being carried out in the
derived savanna region of South Western Nigeria.

MATERIALS AND METHODS

This study was conducted in Ibarapa East Local Government Area
of Oyo State which lies between latitude 7°25 and 7°45 North and
longitude 3° 15 and 3° 35 East (Oladapo et al., 2008). The total
land area is about 838 km? with a population of 118,226 according
to 2006 population census (National Bureau of Statistics, 2006).
The local government area has Eruwa as the local government
headquarters and Lanlate as one of the major towns in the area.
The local government area experiences the tropical hinterland
climate with annual rainfall of between 1500 and 2000 mm. The
relative humidity is over 70% in the morning and falls to between 50
and 70% in the afternoon.

The mean annual temperature is 27°C and the annual
temperature range is 8°C. Its vegetation is of savanna types most
especially guinea and derived savanna, vegetal species include
Panicum maximum, Imperata cylindrical, Andropogon gayanus,
Chromolaena  odorata, Eupatorium  odoratum, Tithonia
diversifofolia, Parkia biglobosa, Vitellaria paradoxa, and Piliostigma
reticulata which are raw materials in production of charcoal. The
soils in the study area are ferruginous tropical soils (Gbadegesin
and Olabode, 1999). The soil base saturation is high, usually
exceeding 80% and the soils generally tend to be neutral or slightly
alkaline in reaction. The parent materials are mainly schist and
quartzite, hence the main soil consist of brown sandy loams over-
laying red brown sandy clay. The red colour and clay composition
of the soil are products of the weathered schist. Quartzite stones
are also prominent on the surface as well as in the soil profile. The
major occupation of the people is farming. Substantial parts of the
region offer a variety of opportunity for farming especially in the
area with vast expanse of plain fertile land. Other occupations
include metal smelting; cloth weaving and trading which is
enhanced by presence of big markets such as Maya and
Towobowo. Charcoal productions in large scale have been on the
increase, most of the charcoals produced are taken to urban
centers for sale while smaller proportion is used locally. The local
government area has more than one hundred charcoal depots
where charcoal produced is stored temporally before being sold or
evacuated to consumption centers.

Soil sampling

Two plots of charcoal production sites (CPS) and the adjacent field
sites (AFS) which serve as the control plots (plots of land that have
not been subjected to charcoal production) were selected for the
study (Figure 1) and that the distance between both CPS and AFS
is about 100 km apart. Soil samples were collected randomly from
ten sampling points in each of the area of the CPS and AFS. Both
plots are within the same climatic region, relief, parent material and
soil types. This makes comparison of soil properties between the
two land use types possible. Thus any difference observed between
the soils under charcoal production and control plots will be
accounted for by differences in land use pattern. Moreover, both
plots are located in the derived savanna zone of the study area with
comparable topographical locations on flat or plain upper segments
of the catena to ensure that catenaries effects on soil charac-
teristics were minimal. The soil samples were collected from 0 to10
cm depth which is referred to as topsoil. This depth was taken
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Figure 1. Map of Ibarapa East Local Government Area (IELGA) showing the study location.

because most of the activities on the top soil take place within this
region. The soil samples were collected with bucket auger and
mixed thoroughly in a tray and packed well into well labeled
polythene bags. The samples were then air-dried, crushed and
passed through a 2 mm sieve for various laboratory analyses.

The laboratory analyses carried out on the soil samples include
particle size composition determined by the hydrometer method

(Dietrich, 2005), organic carbon by dichromate oxidation method
(Walkey and Black, 1934; Aweto and Dikinya, 2003), total nitrogen
using Micro-Kjeldalhl method (Nakano and Miyauchi, 1996),
available phosphorus by the method of Bray and Kurtz, exchange-
able calcium, sodium and potassium were determined by flame
photometry, exchangeable magnesium was determined by atomic
absorption spectrophotometry (Nakano and Miyauchi, 1996),



Table 1. Properties of soil under both CPS and AFS.
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Soil property

CPS Mean £ S.D.*

AFS Mean +S.D.*

Calculated Students’ t-test

Sand (%) 83.82 £5.29
Silt (%) 7.60 £3.19
Clay (%) 8.58 +4.07
Soil pH 6.75 +0.53
Organic carbon (%) 1.58 + 0.54
Total nitrogen (%) 0.35+0.14
Available phosphorous (mg kg™) 11.21 £7.73
Exchangeable calcium (meq/1009g) 1.32 £ 0.06
Exchangeable potassium (meg/100 g) 0.13 £0.01

Exchangeable magnesium (meqg/100 g) 0.56 £ 0.06
Exchangeable sodium (meg/100 g) 0.16 £0.25
Cation exchange capacity (meqg/100 g) 2.32+£0.14
Base saturation (%) 89.75 £3.05

84.82 +4.67 0.43 NS
7.20+2.74 0.43 NS
7.98+2.78 0.31 NS
5.96 +0.48 4.71*
1.46 £ 0.42 0.57 NS
0.34 +0.11 0.30 NS
2.07 £0.56 3.81**
1.28 £0.19 0.69 NS
0.13+£0.01 0.17 NS
0.55 +0.04 0.28 NS
0.08 £0.00 2.23 NS
2.37 +0.27 0.57 NS

86.08 = 4.61 1.95 NS

145

S.D*.Standard deviation, **: Significant under 5% confidence level, NS: Not Significant.

soil pH was determined potentiometrically in distilled water using a
soil to water ratio of 1.1 base saturation (Gbadegesin and Olabode,
1999), soil extracts obtained by leaching soil samples with 1 M
ammonium acetate were used for determining exchangeable
cations and soil cation exchange capacity (Aweto and Dikinya,
2003).

Results from the laboratory analyses were thereafter subjected to
statistical analysis using Statistical Package for Social Science
(SPSS) whereby the mean and standard deviation of each soil
property under CPS and AFS were determined. The t-test tech-
nique was used to infer whether there are significant differences in
the properties of soil between the CPS and AFS.

RESULTS AND DISCUSSION

The result of the analysis shows that the particle size
composition of soils in both CPS and AFS was similar
(Table 1). However, the amount of sand in the CPS was
slightly lowered compared with the AFS; this is unlike the
contents of silt and clay that recorded a slight increase at
the CPS. The similarity in the values may probably be
due to the formation of the soil the same parent material.
The difference in sand, silt and clay content of the soil in
both CPS and AFS are not statistically significant at 5%
confidence level. The mean of soil pH was higher in the
charcoal production sites than in the adjacent field sites.
From this result, it can be inferred that the soils under
charcoal production had a slight increase in soil pH
compared with the control sites (AFS) which have not
been subjected to charcoal production. This may be as a
result of ash generated during charcoal production which
raised the pH of the soil. Similar results had been
observed in the topsoil of kiln sites by Oguntunde et al.
(2004). It is also shown that there was significant
difference in the mean values of soil pH of both sites
under consideration at 5% confidence level. However, it

is revealed that the mean organic carbon in the CPS
showed a slight increase over the adjacent field sites. At
5% confidence level the values are not statistically
different (Table 1). The mean nitrogen values for the CPS
and the AFS were similar. Consistent burning in the study
area may probably account for the low nitrogen content
recorded in soils of the two sites. On the other hand,
there was increase of available phosphorus in the
charcoal production sites with a mean of 11.21 mg kg
over the adjacent field sites with a mean of 2.07 mg kg
(Table 1). The result of the t-test showed that there was a
significant difference in the mean values at 5%
confidence level of phosphorus in CPS and AFS. The
phosphorus content of the soil was higher at the charcoal
production sites because of the ash deposit in the soil
after burning of wood for charcoal production. Increase in
the level of phosphorus at the kiln sites was also
recorded by Oguntunde et al. (2004). The mean values of
exchangeable calcium at the CPS and AFS were similar.
Slight increase in the amount of calcium at the CPS is as
a result of nutrients addition from ash deposited during
the burning of wood for charcoal. It has been observed
that ash deposit increases the calcium and phosphorus
contents of soil. The analysis also shows that exchange-
able potassium in the CPS and AFS were similar and low
(Table 1). The low exchangeable potassium can be
attributed to low level of potassium in the trees burnt for
charcoal. Apart from this, Brady and Weil (2008)
concluded that high amount of quartz sand in soil as
observed in the study area may also lead to decrease in
amount of exchangeable potassium. The amount of
magnesium in both sites is generally low and similar also,
the mean values are not significantly different at 5%
confidence level. Though, the concentration of exchange-
able sodium was low in the soils at both sites but the
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mean amount of exchangeable sodium in the CPS
doubles that of the AFS (Table 1). The implication of this
is that charcoal generally increases the sodium content of
the soil. In another development, the obtained values for
cation exchangeable capacity in both the CPS and the
AFS were similar but it was slightly lower in the AFS than
CPS. The analysis also reveals that the mean of base
saturation at the CPS was higher than that of the AFS.

In a nutshell, with exception of soil pH and available
phosphorus which were significantly different at 5%
confidence level in both CPS and AFS, all other soil
properties under these plots are not and the probable
reasons for this may relate to the methods of charcoal
production employed, species of wood burnt, time frame
between burning of woods and collection of soil samples,
amount of wood burnt, and ecological factors especially
climate. Another important factor may be due to the
parent materials over which the soil is formed as quartz is
known to be poor in exchangeable bases.

Conclusion

It can be concluded from the study that charcoal produc-
tion has progressively affected some soil properties
which included calcium, magnesium, sodium and base
saturation; yet organic carbon, nitrogen and potassium
were not significantly affected. It is therefore recommen-
ded that there should be further research to evaluate the
influence of climate, soil characteristics, duration of time
between charcoal burning and collection of soil samples,
and chemical composition of wood species on the effects
that charcoal production has on soil properties.
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