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Wood charcoals were mainly used for smoking of fish, meat and frying of corns and many times dump 
off as wastes in southeast, Nigeria. Their nutrient recycles and release when used as soil amendment 
has not been considered and evaluated by farmers in the southeast, Nigeria. This study was therefore 
carried out to assess the efficiency of wood charcoal technology in improving 
soil productivity. Influence of wood charcoal from Chlorophera excelsa on soil properties and yield 
components of maize were evaluated. Four different rates of wood charcoal (6, 4, 2 and 0 tha

-1
 that 

received no treatment application) were used. The treatments were laid out in randomised complete 
block design (RCBD) and treatment means were compared using least significant difference (LSD). The 
findings from the study showed non-significant (P<0.05) differences in most of the growth and yield 
components of maize tested. Significant differences were recorded in all the soil properties assessed 
except for percentage nitrogen (N). Higher values were observed in 4 tha

-1
 rates except for the values of 

pH, available phosphorus and percentage base saturation, where higher values were observed in 6 tha
-

1
 rates of wood charcoal than the other rates of wood charcoal. The percentage increase in calcium 

content of the soil relative to the values obtained in 0 tha
-1

 rate was 13.04% (2 tha
-1

), 11.76% (4 tha
-1

) and 
7.69% (6 tha

-1
). While the percentage increase in the value of Mg

2+
 obtained in 4 tha

-1
 plots relative to 

control (0 tha
-1

) plots was 28.5%. The data generated from both growth and yield component and soil 
properties showed that the values of parameters tested increased as the rate of wood charcoal applied 
increased, though this was not consistent in the growth and yield parameters and few cases in soil 
parameters. In comparison of the four different rates of the wood charcoal applied, 4 tha

-1
 rate seems to 

be an ideal than the other rates as it performed competitively better and were able to liberate plant 
nutrients more than the other rates of wood charcoal though these liberated nutrients 
were not reflected in most of the growth parameters assessed.   
   
Key words: Chlorophera excelsa , crop growth, soil properties, wood charcoal.  

 
 
INTRODUCTION  
 
The availability of soil mineral nutrients in non-fixed and 
toxic form is natural requirement for crop growth. Crop 

plants require them for healthygrowth and good yield. 
Agricultural soils show mineral deficiency problems 
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merely after short period of cultivation, especially in the 
south eastern soils of Nigeria. They are very fragile and 
delicate due to nature and prevailing environmental 
conditions. Hence,they suffer rapid decline in mineral 
nutrients after short cultivation and these are soils that 
tend to harbour crop production. The soils of this area are 
usually influenced by high rainfall and temperature 
coupled with the climatic change that have influenced 
greatly the periodic cycle of the rainfall with heavy 
downpour. This situation invariably causes low 
nutrient content and soil organic matter mineralisation.  

Also with accelerated decrease in cation exchange 
capacity (CEC) resulting to increase in acidity of the soils. 
Hence, agricultural sustainability in the area faces a large 
constraint. Farmers, therefore, in their quest to improve 
their crop yield then sought to supply additional plant 
nutrients by application of organic or inorganic chemical 
fertilizers so that yield of crops will no longer be limited by 
the amount of plant nutrients that the natural system can 
supply. Thus, both the organic manure and chemical 
fertilizers are common forms of soil amendment that are 
routinely used in agricultural soils. Though their impact on 
soil mineral nutrients differ remarkably when they are 
surface applied or incorporated into the soil. 
Also because of the high rainfall observed in the study 
area, the efficiency of applied mineral fertilizers is very 
low.  

In addition, many farmers in the study area cannot 
afford the cost of regular application of chemical 
fertilizers. Hence, nutrient deficiency is very prevalent in 
many crop production systems of the area. The 
application of organic wastes or manure in its own case 
have frequently been shown to increase soil fertility, but 
have not fared better because, according to Tiessen et 
al. (1984), under tropical conditions organic matter is 
usually mineralised very rapidly and from the work 
of Fearnside (2000) only a small portion of the applied 
organic compounds will be stabilised in the soil in the 
long term but successively released to the atmosphere as 
carbon iv oxide (CO2).  

Therefore, under this circumstance, the use of more 
stable compounds such as carbonised materials or their 
extract becomes useful both in availability and cost for 
agricultural sustainability. The works by Glaser 
(1999) and Glaser et al. (2000), showed that carbonised 
materials from the incomplete combustion of organic 
material (charcoal, black C, pyrogenic C) are responsible 
for maintaining high levels of soil organic matter and 
available nutrients. The works of Radlein et al., (1996) 
equally showed that coal from geological deposit (coal) 
and from various specialised procedure were 
successfully used for soil amelioration as carbonised 
materials comprised a wide range of materials from partly 
charred materials to graphite and soot particles. 
Therefore, the objective of this study is to examine the 
influence of wood charcoal from C. excelsa (Iroko) on soil 
properties and yield components of maize. 

 
 
 
 
MATERIALS AND METHODS  
 
The experiment was conducted at the Teaching and Research 
Farm of the Faculty of Agriculture, Chukwuemeka Odumegwu 
Ojukwu University, Anambra State, Nigeria. The experimental site is 
located within latitude 06°14’N and longitude 06°45’E. The total 
annual mean rainfall ranges between 1800 and 2000 mm while the 
temperature range during the rainy season is between 21° and 
24°C and an estimated relative humidity range of 64 to 90%.  
 
  

Land preparation and treatment allocation  
 
The experimental site was manually cleared and debris removed. 
The plots were then laid out in a randomised complete block design 
(RCBD) with four treatment materials and four replications to give 
16 plots. The size of each plot measured 3 m × 4 m (12 m2) with a 
distance of 1 m between the blocks and 0.5 m pathway between 
plots. The treatment consisted of the appropriate rate of wood 
charcoal made from C. excelsa (Iroko) which were applied to their 
respective plots. The treatment summaries are:  
 
2 tha-1 wood charcoal equivalent to 2.4 kg/ha  
4 tha-1 wood charcoal equivalent to 4.8 kg/ha  
6 tha-1 wood charcoal equivalent to 7.2 kg/ha  
0 tha-1 control (CO) that received no treatment  
 
Each of these rates of wood charcoal were grounded and applied 
evenly on the plot and incorporated into the soil one week before 
sowing to allow mineralisation of nutrients in the treatment. Maize 
hybrid seeds (Oba super II) were planted two per hole at the 
spacing of 76 cm × 25 cm, which was done one week after the 
incorporation of the wood charcoal. The seedlings were thinned 
down to one plant per stand two weeks after germination, while 
empty stands were supplied. The experimental field was kept 
relatively weed free till harvest. Soil samples prior to treatment 
application was collected from different locations after field 
preparation and bulked together and analysed for the physical and 
chemical parameters of the soil (Table 1). At the end of 
the study, soil samples were collected from individual plots and 
used for the determination of physical and chemical parameters of 
the soil according to the procedure described by Black (1965). Five 
maize plants were randomly selected and used to measure plant 
height and leave area at 2, 4, 6 and 8 weeks after planting as well 
as length of cob/plant, numbers of cob/plant and cob’s diameter.   
Data collected from the study was tested on analysis of variance 
based on randomised complete block design (RCBD) according to 
Steel and Torrie (1980), while least significant difference (LSD) at 
5% was used to compare treatment means.  
 
 

RESULTS  
 

The initial soil properties of the study area in Table 1 
showed that the soil is sandy with low contents of organic 
carbon (0.71%) and organic matter (1.23%) as well as 
low values in major plant nutrients tested. Hence, the soil 
of the experimental site was found to be deficient in the 
major plant nutrients.  

The result of the growth parameter recorded in Table 3 
showed that the rates of wood charcoal applied have no 
effect on the plant height and leaf area tested for 2 to 8 
weeks after planting (WAP) except for plant height at 2 
WAP. The plant height and leaf area result obtained 
equally showed that the plots that received different rates
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Table 1. Physical and chemical properties of the studied soil prior to treatment 
application.  
 

Parameter   Values  

Coarse sand 46%  

Fine sand 43%  

Silt 7%  

Clay 4%  

Textural class Sandy  

pH H2O 6.8  

OC  0.71%  

OM 1.23%  

N 0.06%  

Na
+
 0.15 cmolkg

-1
  

K
+
 0.19’’  

Ca
2+

 0.13    ’’  

Mg
2+

 2.00    ’’  

CEC 18.4    ’’  

BS 82.29    ’’  

Avail. P             5.60 mgKg
-1

  

H
+
                     0.80 cmolkg

-1
  

  
 
 

Table 2. Nutrient content of the wood charcoal used for the study. 
 

Parameter Value 

pH H2O 10.4 

OC 10.47% 

OM 18.06% 

N 0.084% 

Na
+
 0.19 cmolkg

-1
 

K
+
 0.21 cmolkg

-1
 

Ca
2+

 0.06  cmolkg
-1

 

Mg
2+

 0.10 cmolkg
-1

 

Avail. P 0.07 mgkg
-1

 

 
 
 

Table 3. Effect of wood charcoal on the growth and yield component. 
 

Treatment 

(tha
-1

) 

2WAP 4WAP 6WAP 8WAP Length of 
cob/plant 

(cm) 

Numbers of 
cob/plant 

Cob’s 
diameter 

(cm) 

PH 

(cm) 

LA 

(cm
2
) 

PH 

(cm) 

LA 

(cm
2
) 

PH 

(cm) 

LA 

(cm
2
) 

PH 

(cm) 

LA 

(cm
2
) 

0 8.16 6.42 21.34 33.65 36.17 59.73 48.92 70.94 5.82 1.9 3.96 

2 7.25 5.67 19.08 24.34 30.17 41.44 43.25 60.45 5.70 2.1 3.87 

4 7.17 6.50 21.60 31.92 35.00 54.42 50.42 84.36 5.82 2.1 3.62 

6 7.42 6.00 19.75 29.54 32.42 46.15 48.92 76.64 5.17 1.5 3.43 

LSD0.05 0.04 NS NS NS NS NS NS NS NS 0.33 NS 
 

WAP = Weeks after planting; PH = Plant height; LA = Leaf area; LSD = Least significant difference; NS = Not – significant. 

 
 
 
of wood charcoal did not perform better than the control 
plots  except  at 8WAP where the treated plots  especially 

the 4tha
-1

 wood charcoal gave the highest plant height 
and leaf area followed by 6 tha

-1
 wood charcoal, but they 
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Table 4. Effect of wood charcoal on the chemical properties of the soil. 
 

Treatment 

(t/ha) 
pH H2O 

OM 

(%) 

N 

(%) 

P 

(mgkg
-1

) 

BS 

(%) 

CEC 

(cmolkg
-1

) 

EA 

(cmolkg
-1

) 

Na
+
 

(cmolkg
-1

) 

K
+
 

(cmolkg
-1

) 

Ca
2+

 

(%) 

Mg
2+ 

(%) 

0 6.20 0.94 0.04 3.73 75 18.40 0.80 0.121 0.147 12.0 2.0 

2 6.40 1.08 0.07 3.73 77 18.40 0.60 0.133 0.164 13.8 0.4 

4 6.50 1.14 0.08 4.66 78 19.20 0.80 0.146 0.182 13.6 2.8 

6 6.60 1.08 0.08 8.39 87 19.20 0.80 0.133 0.173 13.0 1.4 

LSD0.05 0.27 0.02 NS 0.08 1.29 0.11 0.14 0.014 0.013 0.97 1.49 

  

 
 
Table 5. Effect of wood charcoal on the particle size of the soil. 
 

Treatment (t/ha) Coarse sand (%) Fine sand (%) Clay (%) Silt (%) Textural class 

0 45 44 4 7 Sandy 

2 46 43 4 7 Sandy 

4 43 46 4 7 Sandy 

6 40 51 4 5 Sandy 

LSD0.05 0.62 0.40 NS 0.66 
 

 
 
 
were not significantly (P<0.05) different. The result of the 
length of cob/plant and cob’s diameter showed non-
significant (P<0.05) difference among 
the treatments. While number of cob/plant show 
significant difference among the treatments, with the 
values obtained from 2 and 4 tha

-1
 being statistically 

similar, but significantly (P<0.05) better than the 6 tha
-

1
 plots. Critical observation of the data obtained for the 

growth parameters showed that the plots treated with 4 
tha

-1
 wood charcoal performed better than the other 

treatments. Though its effectiveness were minimally 
observed in plant height at 2 and 4 WAP and leaf area at 
4 and 6 WAP as well as cob’s diameter. 

The values obtained for soil chemical properties 
recorded in Table 4 indicated that the wood charcoal from 
the C. excelsa influenced the chemical properties of 
the soil. All the parameters tested show significant 
(P<0.05) difference among the treatments with the 
exception of total nitrogen result.  

The result of the soil pH showed that the soil 
pH increased gradually as the rates of wood charcoal 
application increased and the order of increase were 6 > 
4 > 2 > 0 tha

-1
. The highest organic matter (OM) content 

was observed in 4 tha
-1

 plots compared with the other 
treated plots and was significantly (P<0.05) different with 
the other treatments. The values obtained in 2 and 6 tha

-

1
 treated plots were statistically similar but significantly 

(P<0.05) better than the values obtained in 0 tha
-

1
 plots. The result of available P and base saturation (BS) 

showed that the plots treated with 6 tha
-1

 gave the 
highest value and were significantly (P<0.05) different 
from the other treatments. The next in rank is 4 tha

-

1
 treated plots of which its available P value is 

significantly better than the 2 and 0 tha
-1

 results. 

The base saturation (BS) values indicated that as the rate 
of wood charcoal application increased the value of 
BS increased and the order were 6 > 4 > 2 > 0 tha

-1
. The 

result of cation exchange capacity (CEC) and 
exchangeable acidity (EA) recorded in Table 4 showed 
significant difference among the treatments. The values 
of CEC indicated that 4 and 6 tha

-1
 values were 

statistically similar, but significantly better than the values 
obtained in 2 and 0 tha

-1
, while values of EA showed that 

the values obtained in 0, 4 and 6 tha
-1

 are statistically 
similar, but significantly better than the values obtained in 
2 tha

-1
 rates of wood charcoal applied.  

The result of Na
+
 and K

+
 showed significant (P<0.05) 

difference among the treatments. The highest value in 
Na

+
 and K

+
 was observed in 4 tha

-1
 treated plots of which 

its Na
+
 value was significantly better than the 

other treatments. While its K
+
 value was statistically 

similar with 6 tha
-1

 value but significantly better than the 
value obtained in 0 and 2 tha

-1
. The exchangeable 

Ca
2+

 and Mg
2+

 result in Table 4 were significant (P<0.05) 
and the order of increase for Ca

2+
 were 2 > 4 > 6 > 0 tha

-

1
 while Mg

2+
 order of increase were 4 > 0 > 6 > 2 tha

-1
. 

The percentage increase in Ca
2+

 relative to the values 
obtained in 0tha

-1
 was 13.44% (2 tha

-1
), 11.76% (4 tha

-1
) 

and 7.69% (6 tha
-1

). The percentage increase in the 
value of Mg

2+
 obtained in 4tha

-1
 relative to the 

value obtained in control plots were 28.57% while its 
percentage decrease relative to 2 tha

-1
 plots were 600%. 

The soil chemical parameter results showed that the 
wood charcoal applied at 4tha

-1
 performed competitively 

better and were able to liberate mineral nutrients better 
than the other rates of wood charcoal applied, though it is 
not true for soil pH, available P, BS and Ca

2+
 contents of 

the   soil   studied.   Nonetheless,   the  release  of   these  



 
 
 
 
chemical nutrients was not adequately reflected in the 
growth and yield parameters of the tested crop. 

The result of the particle size analysis of the soil in 
(Table 5) indicated significant differences in coarse and 
fine sand particles and silt content of the soil, but showed 
non-significant differences as well as non-change (as the 
values are the same) in the clay content of the soil. Thus, 
with regard to the clay content of the soil the influence of 
the different rates of wood charcoal are the same and 
equal. The influence of 0, 2 and 4 tha

-1
 rates of wood 

charcoal on the silt content of the soil were equal and 
statistically similar, but significantly better than silt content 
of 6 tha

-1 
rate of wood charcoal. The influence of wood 

charcoal on the sand particles showed that 6 tha
-1

 rates 
had more sand particles than the other rates. While the 
rates of 0, 2 and 4 tha

-1
 the same values of sand 

particles on the average were observed.  
 
 

DISCUSSION  
 
The soil analysis result in Table 1 showed that the 
studied soil is very deficient in major mineral 
nutrients; the values are below the fertility 
classification of Ibedu et al. (1988) and Landon (1991). 
Hence, the soil is deficient in plant nutrients. The nutrient 
content in wood charcoal (Table 2) applied indicated that 
the organic matter, organic carbon, pH and some other 
nutrients tested are higher relative to quantity of the 
nutrients available in the soil before treatment 
application.  

The effect of wood charcoal on the growth and yield 
component of maize was observed to be non-significant. 
This problem may be attributed to the amount present in 
the individual rates applied and their slow release as well 
as non-synchronisation of nutrient released within the 
short period of growth of the maize plant. The differences 
in values of these parameters tested, however, may be 
as a result of differences in plant nutrient in the rate of 
treatments applied.  

However, non-significant values in growth and yield 
component of crops have been reported in the works of 
Nweke and Nsoanya (2013a,b), Nweke and Obasi (2013) 
and Nweke et al. (2014) following organic waste 
application in soil, the post-harvest soil analysis result of 
this study show that wood charcoal from C. excelsa when 
used as soil amendment has the capacity of increasing 
the pH level thereby reducing the acidity levels of the soil 
required for crop production as was observed in Table 
4. This increase in soil pH level is good omen for 
agricultural  production  as  low  pH  value 
limits soil productivity, since it affects availability and 
uptake of nutrients by plants because at low pH, acid 
soils are normally flocculated (Haynes and Naidu 1998). 
The wood charcoal at rate of 4 tha

-1
 was observed to 

have being a good estimate of amount required 
significantly to improve soil properties and enhance 
growth and yield components of maize (Table 3).  
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Using cocoa pod ash and wood ash, by Ayeni et 
al. (2008) and Mbah et al., (2010) respectively, as soil 
amendment reported increased soil pH relative to non-
ash treated soil. The OM and TN content of the treated 
plots were observed to be improved relative to the control 
plots. This improvement could be attributed to the higher 
level of OM and TN in wood charcoal applied than the 
soil. Organic matter according to Tisdale et al., (1993) 
and Brady and Weil (2006) play important roles in 
essential nutrient availability and soil improvement.  

The influence of the wood charcoal on the soil available 
P, BS% and CEC values varied among the rates and 
appreciated relative to the control rate. The level of soil 
available P and  other nutrients might have been 
influenced by the changes in soil pH due to application of 
wood charcoal since the availability of P and its solubility 
is pH dependent. In line with the findings of this study, 
Mbah et al. (2010) and Nweke and Nsoanya (2013b) 
reported significant increase in available P and plant 
nutrients in soils amended with wood ash and organic 
wastes respectively relative to control plots. Kayode and 
Agboola (1983) attributed the increased CEC in wood 
ash amended soil to increased cations Ca, K and Na as 
was observed in the present study. In support of the 
findings of this study, previous study like  Ayeni et al. 
(2008), Adele et al. (2010), Nweke and Nsoanya (2013b) 
and Nweke et al. (2014) had shown that organic wastes 
increased soil OM, N, pH, P, CEC, exchangeable base 
and reduced soil exchangeable acidity (EA).      

The post-harvest soil analysis showed that the rates of 
wood charcoal applied significantly influenced the particle 
size distribution but did not affect the textural class of the 
soil. There were more sand fraction which indicates good 
aeration and will not present problem with drainage and 
plant root penetration. There were no differences 
between the clay contents of the different rates of wood 
charcoal and the silt contents of 0, 2 and 4 tha

-1
 rates of 

wood charcoal. Nweke and Nsoanya (2012) observed no 
difference between the clay and silt content of soils of the 
same locality.  
 
 

Conclusion  
 

The findings from the study have shown that wood 
charcoal from C. excelsa is capable of improving soil 
properties and crop production. The values obtained from 
4 and 6 tha

-1
 wood charcoal in most of the soil and 

plant  parameters  tested  were  statistically  similar.  This 
placed 4 tha

-1
 in this particular study as the optimum rate 

of wood charcoal application for soil fertility improvement 
and maize growth. The material is cheap, available and 
can be sourced by poor resource farmers and used for 
soil and crop improvement. 
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