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Abstract

Charcoal production is the process of converting wood or other organic material into
charcoal through the application of heat in absence of oxygen. To investigate the effect of
charcoal production on soil properties, soil samples from ten soil sampling points were
collected at a depth of 0-15 cm at kiln site and adjacent fields (control). The study revealed
that the earth kiln method used by charcoal producers has significantly increased pH of soil
(< 5.5) to be acidic. Soil organic matter (OM) and organic carbon (OC) was high at most
areas of the site (74.2%), while others fall within the ranges of low to medium. Available
macronutrient status for Nitrogen (0.06 % - 0.23 %) falls within moderate to high ranges
while (P, K, Ca, Mg) falls within moderate to high ranges (0.22 Cmol/kg —7.15 Cmol/kg),
having few points low in these contents. The availability of micronutrients was highly
variable. Zinc (Zn) were moderate at almost all areas, iron (Fe) was low (41.9%), while
copper (Cu) was moderate and high respectively across the site (0.18 mg/kg — 0.31 mg/kg).
Base on this result it was understood that the coarsening particles resulting from charcoal
production has implication for nutrient availability resulting in less nutrients available for
crops use. Therefore, the study suggest for an improved method of charcoal production
should be used, regulation of indiscriminate felling of trees and woodlot should be established
in areas of charcoal production.

Keywords: Akoko, Charcoal production, physical and chemical properties, earth kiln, kiln site

1. Introduction
Man’s use of charcoal extends back as far as human history itself. It was first used more than
thirty thousand years ago to make some of the earliest cave paintings. Much later, charcoal
played an important role in what might be considered mankind’s first technology, the smelting
and working of metals. In more recent times, charcoal has remained a technologically important
material, primarily as a result of its adsorptive properties. The use of activated charcoal in gas
masks during World War | saved many thousands of lives, and today charcoal is used on an
enormous scale for the purification of air and water [19]. Charcoal production is a common
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practice in many parts of the world, especially in developing countries, where it is used as a
source of fuel for cooking and heating. biomass energy, especially fuel wood and charcoal, are
the most important sources of energy in developing country [3]. it is a fuel that is produced by
carbonization of biomass

Charcoal production is done through a method called pyrolysis of biomass. Pyrolysis is defined
as the irreversible chemical change brought about by heating biomass in the absence of oxygen.
During pyrolysis biomass undergoes a sequence of change and normally yields a black
carbonaceous solid called charcoal along with mixture of gases vapors. Generally charcoal
production through pyrolysis is maximized in process of low temperature and slow heating
rates the so called carbonization [5]. Charcoal is used as a domestic fuel for cooking and heating
in many developing countries .1t is the most popular barbecue fuel throughout the world its
advantages when used as a domestic fuel are that it produces less smoke while burn require
little or no preparation before actual use has higher energy content per unit mass can easily
transported stored and used when left over after cooking.

The charcoal production has been known since the Bronze Age and was vital to metallurgical
industries until the discovery of the conversion of coal to coke at the beginning of the 18th
century when there was increasing scarcity of easily harvested [11] The world largest charcoal
producer ‘Brazil” with more 12 million metric tons in year 2002 has preserved its charcoal-
based industries in large part because it has extensive iron deposit and very few coal mines
[22].

In most Africa countries charcoal environmental degradation in rural area [15] in the contrast
to the developing countries in Africa and Asia the European and North America countries use
large amount of charcoal for barbeque fuel in foundries and forges for extraction and refining
of metals especially iron.

The ash produced during charcoal production can alter soil pH, nutrient availability, and water-
holding capacity, thereby altering soil fertility and crop productivity. For instance, according
to [1], soil pH increased significantly near charcoal production sites in Nigeria, which could
lead to reduced nutrient availability and lower crop productivity. [4] reported that the use of
charcoal production in Ghana led to soil degradation and loss of soil organic matter, which can
reduce soil fertility and productivity over time. Also, a study conducted in Ondo state, Nigeria
found that the use of traditional charcoal kilns led to significant soil degradation, while the use
of improved kilns reduced the negative impact on soil properties. Therefore, this research study
aimed to assess the impacts of charcoal production on physicochemical properties of soil in
Akoko north.

2. Materials and Methods

2.1 Description of the Study Area: The study was conducted in Akoko, Akunnu, Ondo State
in the year 2023. It is located at about 7°37’ north of the equator and 5°56° east of the Meridian.
It is situated around 700 km (430 mi) southwest of Abuja and 311 km (193 mi) north of Lagos
State. The residential districts in Akoko vary in density, with areas such as Okela, Okegba
Okorun, Okoja Iku, and Odeyare having over 200 inhabitants per hectare (81/acre) [9].
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Figure 2.1: Map of the study area.
2.2 Soil sampling and Analysis: Soil samples was carried out according to the method of [23].
A total of ten composite samples was collected from three different locations. An auger was
used to collect the soil samples as shown in Plate 1 and coordinates of these locations were also
recorded accordingly with the use of a hand-held GPS (global positioning system). Three
composite and replicates samples each was collected from the sampling locations at a depth of
0 to 15 cm, and at a distance interval of 10 m 20 m and 30 m with a control devoid of charcoal
activities 100 m meter away. A total of ten soil samples were bulked into composite which
were later bagged in a polyethylene bag and labelled as followed: L1, L2, L3, L4, L5, L6, L7,
L8, L9. where L = Location and control point accordingly as shown in Plate 2. The samples
were transported to the crop, soil and pest management (CSP) laboratory for processing.
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Plate. 1 Collection of soil sample Plate. 2 Bagged Soil Sample

2.3 Method of Soil Testing

Stones and other debris were removed from the soil samples before they were air dried inside
the lab at room temperature (20°C to 22°C) on a broadsheet. The drying time of the soil samples
varied depending on their moisture content, and thus the samples took 7 days to completely
dry. The large boulders were broken down to smaller particle size. Pebbles, plant roots, and
other unwanted material were also taken out. Once the soil had completely dried, it was sieved
through a 2 mm sieve and the samples were then stored in sterile polyethylene bags for analysis.

2.3.1 Determination of Physico-chemical Parameter

The physico- parameter of soil samples were obtained by applying the standard method for
analysis of soils according to [27]. A crush part of the air-dried soil sample was completely
mixed with water in the ratio of 1:1 by volume and a benchtop 2601 pH/conductivity meter
was utilized to determine the pH of the soil. The Physicochemical parameters included: pH,
Organic Carbon (OC), Organic Matter (OM), Nitrogen (N), Pottasium (K), Phosphorus (P),
Sodium (Na). Calcium (Ca), Magnegium (Mg).

2.3.2 Determination of Soil Heavy Metals
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Available micronutrients (Fe, Ni, Cr, Zn, and Cu) were extracted by DTPA [27]. The DTPA
(diethylenetriaminepentaacetic acid) micronutrient extraction method is a non-equilibrium
extraction for determining the potential soil availability of Zn, Cu, Mn, and Fe. Lead, nickel,
and cadmium in soils have all been tested using this method. Solution pH, temperature, soil
extraction ratio, shaking duration, extraction time, and extractant concentration all have an
impact on how many micronutrients and trace metals are removed. ICP-OES analyzes extracts.
For Zn, Cu, Mn, and Fe, the method's detection limit is roughly 0.1 mg/kg, and its

typical reproducibility is 10% for Cu and Zn and 15% for Fe and Mn. The DTPA soil test was
developed to identify near-neutral and calcareous soils that don't have enough Zn, Fe, Mn, or
Cu to support the highest agricultural yields. Diethylenetriaminepentaacetic acid (DTPA),
0.1M triethanolamine, and 0.01M CaCl2 make up the extractant, which has a pH of 7.3.
Shaking 10 g of air-dry soil with 20 ml of extractant for two hours constitutes the soil test.
After filtering the leachate, Zn, Fe, Mn, and Cu are determined using atomic absorption
spectrophotometry in the filtrate.

2.4 Statistical and Geostatistical Analysis

The obtained data were analyzed using descriptive statistics, namely the mean, minimum and
maximum,; standard deviation (SD); coefficient of variation (CV) on MINITAB 17.0 software.
The post-hoc test (turkey test) was used to determine significant difference (p < 0.05) in the
data; histogram of frequency distribution curve; boxplot graph; Principal component analysis
(PCA) with Dendrogram, Scree plot and K-means clustering analysis were used to express the
variation in the data. The Pearson's coefficient of correlation of the obtained data was carried
out in IBM SPSS Statistics software version 23. Coordinates recorded with global positioning
system (GPS) and selected data were used on Golden Software SURFER 18.1 to examine the
spatial distribution of soil properties using Kriging Method.

3. Result and Discussion

Table 1: Physicochemical parameter of the soil sample collected from the study Area

. pH oC oM N P K
Location
Mean Mean Mean Mean Mean Mean
4.99 1.07 1.85 0.12 13.77 0.46
1A 5.00 1.09 1.88 0.13 13.69 0.45
4.90 0.67 1.16 0.10 28.54 0.43
1B 4.95 0.65 1.12 0.08 28.39 0.42
4.76 0.90 1.55 0.18 19.60 0.45
1C 4.78 0.92 1.58 0.15 19.68 0.44
4.85 0.90 1.55 0.17 29.40 0.40
2A 4.86 0.88 1.52 0.20 29.40 0.34
4.87 1.00 1.72 0.10 20.17 0.42
2B 4.88 1.02 1.75 0.13 29.09 0.40
4.81 0.33 0.56 0.06 26.68 0.34
2C 4.80 0.90 0.59 0.08 26.60 0.35
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4.96 0.52 0.89 0.12 23.96 0.26
3A 4.94 0.54 0.92 0.11 23.88 0.26
4.92 1.19 2.05 0.23 15.09 0.39
3B 4.90 1.22 2.10 0.18 15.01 0.40
4.72 1.09 1.88 0.16 24.19 0.47
3C 4.74 1.11 1.92 0.13 24.11 0.47
4.95 1.52 1.66 0.19 32.75 0.22
Control | 499 1.53 1.65 0.21 32.75 0.21
. Na Ca Mg
Location SAND CLAY SILT Mean Mean Mean
52.80 27.20 20.00 0.56 4.00 2.00
1A 53.00 26.80 19.60 0.58 4.10 2.00
52.80 23.20 16.00 0.72 7.30 3.30
1B 52.32 24.00 16.80 0.78 7.00 3.30
56.80 28.00 20.00 0.65 5.20 2.50
1C 59.00 27.20 19.20 0.60 5.20 2.50
52.80 26.80 19.60 0.43 6.20 3.10
2A 52.00 27.00 19.40 0.44 6.30 3.20
56.00 30.00 18.60 0.50 7.30 3.10
2B 56.80 31.00 18.00 0.43 7.00 3.20
56.20 31.20 16.00 0.54 5.70 2.80
2C 56.90 31.00 16.40 0.59 5.80 2.70
55.20 27.80 20.00 0.35 4.40 2.20
3A 54.90 28.00 19.90 0.34 4.30 2.30
52.40 31.20 21.60 0.55 6.00 2.60
3B 55.00 31.60 20.80 0.56 5.80 2.80
48.80 32.00 17.80 0.66 7.00 3.20
3C 50.00 31.80 18.00 0.68 7.10 3.00
62.50 31.25 24.00 0.92 6.50 1.89
Control | g2 90 31.28 24.08 0.94 6.51 1.84

3.1 Soil pH

The descriptive statistics of soil pH at ten different locations on the study site are presented in
Table 4.1. The pH values ranged from 4.72 to 5.00. The average pH values at each location are
illustrated in Figure 4.1. Based on the results presented in Table 4.1, a variance analysis was
conducted, and it was found that there is no significant difference in pH between locations L4
and L5, L3 and L9, and L7 and L8. The values were similar with the pH value of 4.7-5.7
reported by [31]. However, the pH values at the remaining locations are significantly different
from each other, as indicated by the analysis conducted at a significance level of p < 0.05. The
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highest observed pH value of 5.00 was recorded at location L1, while the lowest pH value of
4.72 were observed at location L9. According to [13] pH values below 5.5 is acidic and pH
values from 5.5 — 6.5 is slightly acidic, the pH values obtained are therefore acidic. Figure 3.1
visually represents the average pH content at each location

1.01
0.89
I |
L4 L L6

Location

1.52

0.91

Average pH

L1 L2 L3 L7 L8 L9  Control

Figure 3.1: A graph showing average pH

3.2 Organic Carbon

The soil organic carbon content of the study area varied from 0.33% to 1.53%. Within this
range, there is no significant difference between the organic carbon levels in locations L3 and
L4, as indicated in Table 4.2. However, significant differences exist between the organic carbon
levels in the remaining locations. The maximum value of organic carbon, 1.53%, was observed
at the control location, while the minimum value of 0.33% was recorded at L6. The samples
from each location falls under medium and high rating similar to the report by [12] that (<
0.25%) as very low, (0.25 — 0.50%) as low, (0.50 — 0.75%) as medium (> 0.75%) as high and
[26] that (< 0.50%) as low, (0.50-1.0%) as medium and (> 1.0%) as high. The organic carbon
values obtained are found to be in low and high range. Figure 3.2 visually represents the
average organic carbon content at each location.
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Figure 3.2: A graph showing organic carbon value of soil
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3.3 Organic Matter

The organic matter content of the soils in the study area ranges from 0.56% to 2.0%. The
maximum value of 2.1% was observed at L8, while the minimum value of 0.56% was recorded
at L6. 26.1% are ranged as very low to medium which is in line with the result from [18] that
organic matter content (< 1.0%) as very low, (1.0 — 2.0%) as low, (2.0 — 4.0%) as medium and
(> 4%) as high. Low content of organic matter in the soil may be a result of reduced presence

of decaying organism and low annual precipitation. Figure 3.3 visually represents the average
organic matter content at each location
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Figure 3.3: A graph showing average Organic Matter (OM)
3.4 Nitrogen

Nitrogen soil content of the study area ranged from 0.06% to 0.23%. The maximum value of
0.23% was observed at location L8, while the minimum value of 0.06% was recorded at
location L6. There was no significant difference between the nitrogen contents of locations L2
and L3, L1 and L4, and L6 and L7 and control shows a medium level of nitrogen content and
L8 shows a high level which is similar to the ranges reported by [24] that values greater than
0.2% are very high. However, significant differences exist between the nitrogen contents of the
remaining locations. Deficiency of nitrogen in L6 is due to less organic matter contents in these

soils due to climatic conditions. Figure 3.4 visually represents the average nitrogen content at
each location
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3.5 Sand

Table 4.5 presents the descriptive analysis of the sand content in the samples. The mean values
ranged from 49.4% to 62.70%. The maximum value of 62.70% was found at the control,
whereas the lowest value of 49.4% was recorded at location L8. The values were observed to
be lower when compared with the control which could have been a result of accumulation of
organic matter. Notably, there is a significant difference in the sand contents among the various
locations as indicated by the analysis conducted at a significance level of p <0.05. Sand content
in the locations was found to be within medium to high range which is in line with the report
by [21] that sand content (< 20%) as low, (20-50 %) as moderate and (> 50%) as high. Figure
4.5 provides a graphical representation of the average sand content at each location.

IHARD — International Institute of Academic Research and Development Page 85



http://www.iiardjournals.org/

60

International Journal of Engineering and Modern Technology (IJEMT) E-ISSN 2504-8848
56.55

P-ISSN 2695-2149 Vol 10. No. 5 2024 www.iiardjournals.org
579
| I | II |
L1 L3 L4 L5 L6 L7 L8 L9
3.6 Clay
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The mean values of the soil samples varied between 23.6% and 31.9%. Among the locations,
the highest clay content of 31.9% was observed at location L9, while the lowest clay content
of 23.6% was recorded at location L2. Moreover, a statistically significant difference in clay
contents was observed across the different locations, as indicated by the analysis carried out at
a significance level of p < 0.05. [1] also had similar findings in a study in south-western
Ethiopia. Clay content in the location is moderate which is similar to the report by [6] that
Clay content value (< 25%) as low, (25-60%) as moderate, (> 60%) as high. Figure 4.6 provides
a visual representation of the average sand content at each location.
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Figure 3.5: A graph showing average content of sand
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Figure 4.6: A graph showing average content of Clay
3.7 Silt

The results of the descriptive analysis conducted on the silt content in the samples indicates
that average values ranged from 16.20% to 24.04%. The highest silt content of 24.04% was
observed at the control location, while the lowest silt content of 16.2% was recorded at location
L6. Furthermore, a statistically significant difference in silt contents was observed across the
various locations, as indicated by the analysis conducted at a significance level of p < 0.05.
Contrary to the report by [18] who found no significant difference in silt content across various
locations. Reasons for the difference in the findings may be due to geographical location,
period of sampling and probably composition of the soil itself. Silt content value is found to be
in medium range which is in line with the report by [6] that silt content value (< 15%) is low,
(15-45%) is medium, (> 45%) is high. Figure 4.7 visually represents the average silt content at
each location.
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Figure 4.7: A graph showing average content of Silt
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3.8 Phosphorous

The descriptive statistics of phosphorus content in different soil samples from ten locations
shows that the phosphorus content ranged from 13.73 to 32.75 mg/kg, with an average of 24.29
mg/kg. The maximum phosphorus content of 32.75 mg/kg was observed at the control location,
while the minimum value of 13.73 mg/kg was observed at L1. The phosphorus contents of all
locations of sampling are high when compared to the ranges (5-15 mg/kg) reported by [3] The
value at L1 is low when compared to the respective ranges (15.0 to 20.0 mg/kg) and (20.0 to
24.5 mg/kg) reported by [16]. These are in line with the report of [20]. Phosphorus value in the
locations is found to be within the moderate to high range when compared to the report by [29],

Phosphorus content value (< 10 mg/kg) as low, (10-20 mg/kg) as moderate, (> 20 mg/kg) as
high.

High content of phosphorus at these locations may be a result of high level of organic matter
in the soils, while the low content of phosphorus at L1 may be as a result of erosion and leaching

during raining seasons at the study area. Figure 3.8 visually represents the average phosphorus
content at each location.
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Figure 3.8: A graph showing average Phosphorus
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3.9 Potassium

The descriptive statistics of Potassium content in different soil samples from ten locations
indicate that potassium content ranged from 0.22 Cmol/kg to 0.47 Cmol/kg. The maximum
value of 0.47 Cmol/kg was observed at location L9, while the minimum value of 0.22 Cmol/kg
was observed at the control location. Based on the statistical analysis, locations L1, L3, and L9
are not significantly different from each other in terms of potassium content. Similarly,
locations L2, L5, and L8 are also not significantly different from each other. Additionally, there
is no significant difference between location L4 and L6. Furthermore, the potassium content at
the control location is not significantly different from location L7. 16 .4% of the locations has
low potassium content (< 0.15 Cmol/kg) and 83.6% falls under the moderate range of (0.15 to
0.30 Cmol/kg) similar to the report by [30]. Figure 3.9 visually represents the average
potassium content at each location. Figure 3.9 visually represents the average potassium
content at each location
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Figure 3.9: A graph showing average Potassium (K)
3.10 Sodium

The sodium content of the soil samples reveals a range from 0.34 to 0.93 Cmol/kg, with an
average of 0.59 Cmol/kg. The maximum sodium content of 0.93 Cmol/kg was observed at the
control location, while the minimum value of 0.34 Cmol/kg was observed at location L7. The
statistical analysis indicates that there is no significant difference in sodium content between
locations L1, L6, and L8. These are similar to the ratings reported by [18]. Similarly, no
significant difference exists between locations L4 and L5. However, there is a significant

difference between the remaining location. Figure 3.10 visually represents the average sodium
content at each location.
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Figure 4.10: A graph showing average Sodium (Na)
3.11 Calcium

The calcium content data of the study area range from 4.05 to 7.15 Cmol/kg, with an average
of 6.37 Cmol/kg. The maximum calcium content of 7.15 Cmol/kg was observed at locations
L2 and L5, while the minimum value of 4.05 Cmol/kg was observed at location L1. The
statistical analysis conducted at a significance level of p < 0.05 indicates that there is no
significant difference in calcium content between locations L2 and L5. However, a significant
difference exists between the remaining location. According to the report by [28], Calcium
content value (< 5 Cmol/kg) is low, (5-10 Cmol/kg) is moderate, (> 10 Cmol/kg) is high.
Therefore, the calcium content in the locations is found to be within the low to moderate range.
Low calcium content is because of the coarse particles of soil as a result of charcoal production.
Figure 3.11 visually represents the average calcium content at each location
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Figure 3.11: A graph showing average calcium

3.12 Magnesium

The magnesium content data range from 1.86 to 3.30 Cmol/kg, with an average of 2.68
Cmol/kg. The maximum magnesium content of 3.30 Cmol/kg was observed at locations L2,
while the minimum value of 1.86 Cmol/kg was observed at the control location. All locations
magnesium contents are similar in accordance to the report of [17]. The statistical analysis
conducted at a significance level of p < 0.05 indicates that there is no significant difference in
magnesium content between locations L4 and L5. The high magnesium content is as a result
of low pH in the study area, this supports the statement reported by [2]. Figure 3.12 visually
represents the average magnesium content at each location.
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Table 2: Heavy metal parameter of the soil sample collected from the study Area

_ Cu Fe Zn Ni Cr
Location Mean Mean Mean Mean Mean
0.21 0.47 0.67 0.05 0.08
1A 0.21 0.42 0.67 0.06 0.08
0.25 0.42 0.80 0.07 0.10
1B 0.25 0.43 0.80 0.07 0.10
0.21 0.49 0.82 0.08 0.09
1C 0.21 0.50 0.82 0.08 0.09
0.19 0.71 0.62 0.02 0.10
2A 0.19 0.71 0.63 0.02 0.10
0.21 0.54 0.21 0.01 0.11
2B 0.21 0.54 0.21 0.01 0.11
0.19 0.53 0.84 0.03 0.08
2C 0.19 0.53 0.83 0.03 0.08
0.18 0.61 0.72 0.04 0.06
3A 0.18 0.61 0.73 0.04 0.06
0.31 0.38 0.46 0.06 0.07
- 0.31 0.38 0.46 0.06 0.07
0.25 0.33 0.56 0.09 0.10
3C 0.25 0.33 0.56 0.09 0.10
0.30 0.67 0.78 0.02 0.12
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Control 0.32 0.69 0.79 0.02 0.13

3.13 Copper

The copper content of the soil samples of the study area ranges from 0.18 mg/kg to 0.31 mg/kg,
with an average value of 0.23 mg/kg. The highest copper content of 0.31 mg/kg was observed
at location L8 and the control location, while the lowest value of 0.18 mg/kg was found at
location L7. The statistical analysis, conducted at a significance level of p < 0.05, reveals that
there are no significant differences in copper content between locations L1, L2, L3, and L9.
Similarly, no significant differences exist between locations L4, L5, L6, L7, as well as between
location L8 and the control group. The copper content in the locations is low when compared
to the report by [30] that copper content value (< 0.50 mg/kg) is low, (0.50-1.00 mg/kg) is
moderate, (> 1.00 mg/kg) is high. Low copper content maybe as a result of high concentration
of organic matter in the soil. Figure 3.13 visually represents the average copper content at each

location.
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Figure 3.13: A graph showing average Copper (Cu)
3.14 lron

The iron content data of the soil samples range from 0.33 mg/kg to 0.71 mg/kg, with an average
value of 0.52 mg/kg. The highest iron content of 0.71 mg/kg was observed at location L4, while
the lowest value of 0.33 mg/kg was found at location L9. The statistical analysis was performed
at a significance level of p < 0.05, and the results indicate that there are no significant
differences in zinc content between locations L1 and L3, L2 and L8, and L5 and L6. However,
significant differences exist between the remaining locations. The value of iron content is found
to be within low to moderate range when compared to the report by [7] that iron value content
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(< 0.5 mg/kg) is low, (0.5-1.0 mg/kg) is moderate and (> 1.0 mg/kg) is high. Figure 3.14
visually represents the average iron content at each location.

0.68

0.6

0.7
0.61
054 (53
05
047
0.42
0.38

0.33
0.2 I

L2 L3 L4 L6 L7 L8 Lo

[=1
&

Average Fe

0.0

L5 il Control
Location

L1

Figure 3.14: A graph showing average Iron (Fe)

3.2.4 Zinc

Zinc content data range from 0.21 mg/kg to 0.84 mg/kg, with an average value of 0.65 mg/kg.
The maximum zinc content of 0.84 mg/kg was observed at location L6, while the minimum
value of 0.21 mg/kg was found at location L5. Zinc level in the soil is quite low at L5 and have
a moderate value at other locations on the study area when compared to the critical levels
reported by [18] that Low (< 0.8 mg/kg), moderate (0.81 mg/kg-2.0 mg/kg) and High (> 2.0
mg/kg). The deficiency of the zinc content in this research could be as a result, factors affecting
the availability of Zn to plants are low total Zn contents, high pH, high calcite and organic
matter contents and high concentrations of Na, Ca, Mg, bicarbonate and phosphate in the soil
solution or in labile forms. The statistical analysis conducted at a significance level of p < 0.05
reveals that there is no significant difference in zinc content among locations L2, L3, and L6.
However, there is a significant difference between the remaining locations. Figure 3.15 visually
represents the average zinc content at each location.
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Figure 3.15: A graph showing average zinc (Zn)
3.16 Nickel

Nickel content data range from 0.01 mg/kg to 0.09 mg/kg, with an average value of 0.05 mg/kg.
The maximum Nickel content of 0.09 mg/kg was observed at location L9, while the minimum
value of 0.01 mg/kg was found at location L5. The statistical analysis conducted at a
significance level of p < 0.05 reveals that there is no significant difference in nickel content at
locations L1, L2, L3, L8, and L9. These is similar to ratings reported by [8] Similarly, there is
no significant difference between locations L4, L5, L6, L7, and the control location. Figure
3.16 visually represents the average nickel content at each location

IHARD — International Institute of Academic Research and Development Page 96



http://www.iiardjournals.org/

International Journal of Engineering and Modern Technology (IJEMT) E-ISSN 2504-8848
P-ISSN 2695-2149 Vol 10. No. 5 2024 www.iiardjournals.org

0.075

0.09
0.08
0.07
0.06 0.06
0.04
0.03
0.025 0.02 0.02
l B
L1 L2 L3 L4 L5 L8 L9 C

Average Ni
S

0.000

L6 L7 ontrol

Location

Figure 3.13: A graph showing average Nickel (Ni)

3.17 Chromium

Chromium content data range from 0.06 mg/kg to 0.12 mg/kg, with an average value of 0.09
mg/kg. The maximum chromium content of 0.12 mg/kg was observed at the control location,
whereas the minimum value of 0.06 mg/kg was found at location L7. The statistical analysis
conducted at a significance level of p < 0.05 indicates that there is no significant difference in
chromium content among all the locations. Chromium content value in the locations is found
to be within the moderate to high range which is similar to the report of [25] that (< 0.05 mg/kg)
is low, (0.05-0.10 mg/kg) is moderate, (> 0.10 mg/kg) is high. Figure 3.17 visually represents
the average chromium content at each location
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Figure 3.17: A graph showing average Chromium

4. Conclusion

The study revealed that the earth kiln method used by charcoal producers has significantly
increased pH of soil (< 5.5) to be acidic. Soil organic matter (OM) and organic carbon (OC)
was high at most areas of the site (74.2%), while others fall within the ranges of low to medium.
Available macronutrient status for Nitrogen (0.06 % - 0.23 %) falls within moderate to high
ranges while (P, K, Ca, Mg) falls within moderate to high ranges (0.22 Cmol/kg —7.15
Cmol/kg), having few points low in these contents. The availability of micronutrients was
highly variable. Zinc (Zn) were moderate at almost all areas, iron (Fe) was low (41.9%), while
copper (Cu) was moderate and high respectively across the site (0.18 mg/kg — 0.31 mg/Kkg).

Base on this result it was understood that the coarsening particles resulting from charcoal
production has implication for nutrient availability resulting in less nutrients available for
crops use. Therefore, the study suggest for an improved method of charcoal production should
be used, regulation of indiscriminate felling of trees and woodlot should be established in
areas of charcoal production.

Acknowledgement

The authors acknowledged Mr. Kenny for his guidance throughout the research work, and also,
Mr. Segun of the Department of crop science and Pest Technology (CSP) at the Federal
University of Technology Akure (FUTA) where the soil analysis was done.

IHARD — International Institute of Academic Research and Development Page 98



http://www.iiardjournals.org/

International Journal of Engineering and Modern Technology (IJEMT) E-ISSN 2504-8848
P-ISSN 2695-2149 Vol 10. No. 5 2024 www.iiardjournals.org

References

[1] Adeghola, A. A., Fakoya, O. A., Oyedeji, O. A., and Adekunle, A. O. (2021). Soil changes
induced by charcoal production in southwestern Nigeria. Journal of Environmental
Management, 2093-2098.

[2] Akenga, P., Salim, A., Anam, O., Amir, O. Y., and Walyambillah, W. (2021).
Determination of selected micro and macronutrients in sugarcane growing soils at Kakamega
North District, Kenya. IOSR Journal of Applied Chemistry, 7(7), 34-41.

[3] Aweto, A. O. (2022). A spatio-temporal analysis of fuelwood production in west Africa. .
OPEC Review, 333-347.

[4] Asare, R. (2018). The impact of charcoal production on forests and people in the humid
tropics from the case of Ghana. Unasylva, 45-52.

[5] Bhar, A., Chakraborty, A., & Roy, A. (2021). Plant Responses to Biotic Stress: Old
Memories Matter. Plants, 11(1), 84.

[6] Baldrian, P., Lopez-Mondéjar, R., & Kohout, P. (2023). Forest microbiome and global
change. Nature Reviews Microbiology, 21(8), 487-501.

[7] Cakmak, I.(2015). Magnesium in crop production, food quality and human health. . Plant
and Soil, 1-4.

[8] Eniola, P. (2021). Menace and Mitigation of Health and Environmental Hazards of
Charcoal Production in Nigeria. African Handbook of climate change Adaption,: African
Handbook of climate change Adaption.

[9] Fakere, A., and Duke-Henshaw, O . (2019). Assessment of user's satisfaction with
neighbourhood facilities in public housing estates in Akure, Nigeria. Facilities, 467-479.

[10] Fobissie, K., and Nkem, J. (2023). The impact of charcoal production on forest
degradation: A case study from the Kilum-Iljim forest, Cameroon. Journal of Environmental
Management, 112-120.

[11] Food and Agriculture Organization of the United Nations. (2020). Global Forest
Resources Assessment 2020 (FRA 2020), Food and Agriculture Organization of the United
Nations, Food and Agriculture Organization of the United Nations.

[12] Gehlot, Y., Aakash, Gallani, R., Bangar, K. S., and Kirar, S. K. (2019). Nature of soil
reaction and status of EC, OC and macro nutrients in Ujjain Tehsil of Madhya Pradesh.
International Journal of Chemical Studies, 1323-1326.

[13] Glaser, B., Lehmann, J., and W. Zech. (2020). Ameliorating Physical and Chemical
Properties of Highly Weathered Soils in the Tropics with Charcoal-A Review. Biol Fertil Soils,

219-230.
[14] Kuyah, S., Dietz, J., Muthuri, C., Jamnadass, R., and Mwangi, P. (2020). Allometric
equations for estimating biomass in agricultural landscapes: Il. Belowground biomass.

Agriculture Ecosystems & Environment, 216-225.

IIARD - International Institute of Academic Research and Development Page 99



http://www.iiardjournals.org/

International Journal of Engineering and Modern Technology (IJEMT) E-ISSN 2504-8848
P-ISSN 2695-2149 Vol 10. No. 5 2024 www.iiardjournals.org

[15] Kumar, S., Soni, P., & Saha, A. (2015). An Intelligent Neural Question Answer
Generation from Text Using Seg2se2 with Attention Mechanism System. International Journal
of System of Systems Engineering, 15(3).

[16] Lehmann, J., Gaunt, J., & Rondon, M. (2023). Bio-char sequestration in terrestrial
ecosystems—a review. Mitigation and adaptation strategies for global change, 11(2), 403-427
[17] Oriola, E., and Qlayiwola O. (2023). Impact of Charcoal Production on Nutrients of Soils
under Woodland Savannah Part of Qyo State, Nigeria. Journal of Environment and Earth
Science.

[18] Ogundele, A., Oladapo, O., & Aweto, A. (2022, June 19). Effects of Charcoal Production
on Soil in Kiln Sites in Ibarapa Area, South Western Nigeria. Ethiopian Journal of
Environmental Studies and Management, 5(3).

[19] Peter, J. (2021). On charcoal, Department of Chemistry, University of Reading
Whiteknights, Reading RG6 6AD. UK and Interdisciplinary Science Reviews.

[20] Prasad, R., and Chakraborty, D. (2019). Understanding Phosphorus Forms and Their
Cycling in the Soil. In Alabama Cooperative Extension System.

[21] Ragel, P., Raddatz, N., Leidi, E. O., Quintero, F. J., and Pardo, J. M. (2019). Regulation
of K + Nutrition in Plants. Frontiers in Plant Science, 1-21.

[22] Ray, S., Chatterjee, D., Saha, S., Kamble, K., and Deka, B. (2015). A Guide for Soil
Nutrient Management with special reference to Wokha.

[23] Roy, S. (2022). Dried Umbilical Cord and Cord Blood Sample: Reliable Non Invasive
Method of Sample Collection than Usual Invasive Method from Neonates for Forensic
Identification. International Journal of Forensic Sciences, 7(2).

[24] Saez-Plaza, P., Navas, M. J., Wybraniec, S., Michatowski, T., and Asuero, A. G. (2013).
An Overview of the Kjeldahl Method of Nitrogen Determination . Part Il. Sample Preparation
Working Scale , Instrumental Finish , and Quality Control. Critical Review in Analytical
chemistry, 224-272.

[25] Sedano, F., Mizu-Siampale, A., Duncanson, L., and Liang, M. (2022). Influence of
Charcoal Production on Forest Degradation in Zambia: A Remote Sensing Perspective.
Remote. Sens, 3352.

[26] Singh, A. K, Shukla, M. K., Rai, A. K., Singh, S, and Kushwaha, H. S. (2018). Study on
the electrical conductivity of water from different sources of Bhopal, India. Journal of
Environmental Science, Toxicology and Food Technology, 1-5.

[27] Thakur, R. K., Baghel, S. S., Sharma, G. D., Sahu, R. K., and Amule, P. C. (2012).
Determination of Total Nitrogen in Soil and Plant. In CAFT on Advances in Agro-technologies
for Improving Soil, Plant and Atmosphere Systems.

[28] Watson, A., Pung, H., & Hall, B. (2017, March). Managing leaf diseases of carrots with
traditional and alternative fungicides including baseline sensitivity studies. Crop Protection,
93, 52-59.

IIARD - International Institute of Academic Research and Development Page 100



http://www.iiardjournals.org/

International Journal of Engineering and Modern Technology (IJEMT) E-ISSN 2504-8848
P-ISSN 2695-2149 Vol 10. No. 5 2024 www.iiardjournals.org

[29] Yang, T., Siddique, K., and Liu, K. (2022). Cropping systems in agriculture and their
impact on soil health-A review. Global Ecology and Conservation.

[30] Zeeshan, M., Siddique, M. T., Ali, N. A., and Faroog, M. S. (2020). Correlation of Spatial
Variability of Soil Macronutrients with Crop Performance by Using Satellite and Remote
Sensing Indices for Site Specific Agriculture : Chakwal Region. Rice Research Access, 2-9.

[31] Zhiyu, W., Shao, G, Lu, J., Zhang, K., Yang, G., and Ding, J. (2020). . (2020). Effects of
controlled drainage on crop yield, drainage water quantity and quality: A meta-analysis. ,, .
Agricultural Water Management, 239

IHARD — International Institute of Academic Research and Development Page 101



http://www.iiardjournals.org/

International Journal of Engineering and Modern Technology (IJEMT) E-ISSN 2504-8848

P-ISSN 2695-2149 Vol 10. No. 5 2024 www.iiardjournals.org

Appendix 1

Plate 2: Collection of the soil samples from location 3C
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