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ABSTRACT 
 
Different rates of corn cob biochar were applied to a strongly weathered acid soil as an 
amendment. The impact of the amendment on levels and forms of phosphorus (P) was determined. 
The biochar was applied to the soil at a rate of 0, 26, 52, 78 and 150 t ha-1. The amended soil was 
incubated in a greenhouse for a period of 1 – 8 weeks. Sub samples of the unamended/control and 
amended soils were taken at periods of 2, 4, 6 and 8 weeks and then analysed for pH, total P, Bray 
– 1 P and water – extractable P. Significant improvements were recorded in the pH of the amended 
soil. The application rate of 150 t ha-1 recorded the highest increase in pH (78.4%) while the lowest 
change (64.9%) was recorded by the application rate 52 t ha-1. The total P decreased as the rate of 
amendment increased, implying that total P was mineralized as the amount of carbon in the 
amendment increased. This resulted in the increase in available P. The yield of lettuce (Lactuca 
sativa) generally increased with rate of biochar application but the P content in the shoot of the 
plant was less than the optimum. 
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1. INTRODUCTION 
 
Soil is a key component of the Earth system. It 
controls the cycles of the Earth System such as 
the erosional, hydrological, biological and 
geochemical cycles.  Soil also provides food and 
fibre, other resources and services [1,2,3]. 
Phosphorus is a very component of the cycle of 
nutrients [4,5,6] and biochar can act as a buffer 
in the soil system  [7,8,9,10]. Phosphorus (P) is a 
highly reactive element, and as such, does not 
exist in the elemental form in the soil. Soil pH has 
a profound influence on the quantity of P 
available to plants at any point in time and the 
amount of P that is precipitated. Phosphorus is 
most readily available between the pH range of 
5.5 and 6.5 [11]. At pH below 4, soil P forms 
compounds with aluminium and iron oxides, 
making it unavailable to plants. Phosphorus also 
forms compounds with calcium when soil pH is 
above 7 rendering it unavailable to plants [12]. 
Strongly weathered acid soils contain high 
concentration of iron and aluminium oxides and 
hydroxides which aid P fixation and renders it 
unavailable to crops [13]. 
 
Biochar stimulates the activity of a variety of 
agriculturally important soil microorganisms 
because of its high pH. Biochar has the ability to 
neutralize acidity of strongly weathered tropical 
soils.  The addition of biochar to agricultural soils 
has received much attention due to the apparent 
benefits to soil quality and enhanced crop yields, 
as well as the potential of gaining carbon credits 
by carbon sequestration [14]. When applied to 
these soils P availability will be enhanced [15]. 
The objectives of the study are twofold, namely; 
 

i. To evaluate the influence of biochar 
application on pH of a strongly weathered 
acid soil and 

ii. To determine the effect of biochar 
amendment on P availability, and its 

resultant concentration in a test crop 
(lettuce). 

 

2. MATERIALS AND METHODS 
 

2.1 Soil Sampling and Preparation 
 
Soil samples were collected from 0 – 30 cm 
depth at Ainyinase in the Western Region of 
Ghana. The soil samples were taken from the 
upper 30 cm of the soil profile. Twenty soil cores 
were taken and then bulked. The samples were 
air-dried and passed through a 2 mm sieve. The 
chemical and physical properties of the soil are 
summarized in Table 1. 
 

2.2 Biochar 
 
Biochar was prepared from corn cob. Properties 
of the corn cob biochar are presented in Table 2. 
 

2.3 Pot Experiment and Biochar 
Amendment  

 
The pot experiments were carried out in a green 
house, under controlled environmental conditions 
in a complete randomized design. The area of 
the pot was 0.772 m2. Lettuce seeds were 
nursed in a seed box. After two weeks, the 
seedlings were strong enough so they were 
transplanted into the pots that had been treated 
with the various biochar amendments (0, 26, 52, 
78 and 150 t ha-1) and incubated for 8 weeks. 
The lettuce shoots were harvested after 30 days 
of transplanting. The soils samples in the pots 
were kept moist at 60% field capacity during the 
growth of the lettuce. 
 
Another set of amended soils were incubated in 
the greenhouse for 0 – 8 weeks. Within the eight 
weeks incubation period, samples were taken 
fortnightly from the pots. These samples were 
used for post treatment laboratory analyses of 
soils (water soluble P, Bray 1- P and total P). 

 
Table 1. Chemical and physical of the soil (0 – 30 cm) 

 
Parameter  Value (± SD) Method  
pH 3.7 ±0.02 Glass Electrode pH meter 
Organic carbon (%) 0.8 ±0.02 Walkley-Black method 
Total P (mg/kg) 400 ±0.02 H2SO4 – H2O2 digest 
Total nitrogen (%) 0.1 ±0.02 Kjeldahl method 
Bray – 1 P (mg kg-1) 3.6 ±0.05 Bray – 1 extraction 
Water soluble P (mg kg-1) 0.5 ±0.02 Water – extraction 
ECEC (cmolc/kg-1soil) 2.8 ±0.05 Exchangeable acidity + Exchangeable base summation 

method 
Bulk density (Mg/m3) 1.3 ±0.01 Core sampler 
Soil texture Sandy loam Hydrometer method 
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Table 2. Some properties of biochar 
 
Parameter  Value (± SD) Method  
pH 9.8 ±0.01 Glass electrode 

method 
Total N (%) 0.5 ±0.02 Kjeldahl method 
Total C (%) 95.1 ±0.02 Furnace at 450ºC 

method 
Total P (%) 0.02 ±0.02 H2SO4 – H2O2 digest 

 

Total P content of the lettuce was determined by 
the dry ashing method. Ground plant sample (0.5 
g) was weighed into a crucible and kept in a 
furnace at a temperature of 450ºC overnight. The 
sample was allowed to cool and 5 ml of 1.0 M 
HCl was added. The suspension was evaporated 
to dryness on a hot plate. Ten (10) ml of 1.0 M 
HCl was added and filtered into a 50 ml 
volumetric flask. The flask was topped up to the 
mark with 0.1 M HCl. The P content in the filtrate 
was determined by a spectrophotometer.  
 

2.4 Statistical Analysis 
 
The data that were obtained were subjected to 
analysis of variance (ANOVA) by using Genstat 
12.1 version [16] statistical package.  Treatment 
means were compared by the least significance 
difference (LSD) method at P = 0.05.  
 

3. RESULTS AND DISCUSSION 
 
3.1 Effects of Biochar on Some Soil 

Chemical Properties 
 
3.1.1 Soil pH  
 
Soil pH is an important soil property that affects 
the growth of most plants. Table 3 shows how 
the application of biochar affected the pH of the 
soil over the 2, 6 and 8 weeks incubation period. 
 
The pH of the control (0 t ha-1) soil remained 
extremely acidic throughout the 8 weeks period 
whereas the pH of the various treatments kept 
increasing over the period. Even though there 
was an appreciable increase in pH in 26 t ha-1 
and 52 t ha-1 treatments, levels of pH were not 
within the range as described by [17] to be 
optimum for plant growth. However, within the 
first two weeks of treatment, the pH of rate 78 t 
ha-1 was observed to rise from 3.7 to 5.6 (Table 
3) and finally to an optimum pH level of 6.4 
(Table 3). From the week 2 to the week 8, the 
highest pH levels were recorded in treatment 150 
t ha-1. The soil pH increased from the initial level 
of 3.7 to 5.9 and 6.3 in the second and fourth 
weeks respectively, and then increased to 6.6 

(Table 3). When the rate of biochar was 
increased from 78 t/ha to 150 t/ha, there was an 
advantage of only a 3.1% increase in soil pH 
making it highly uneconomical to apply biochar at 
such a high rate (150 t ha-1).  
 
During the period of the experiment all 
amendments that were used in the study resulted 
in an increase in the soil pH. It was observed at 
the end of the experiment that, 150 t ha-1 caused 
the highest increase in soil pH (78.4%) while 
biochar 26 t ha-1 recorded a 63.8% increase in 
soil pH.  
 
The pH of biochar used as amendments was 
high (Table 2) and the increase in pH could have 
been as a result of the pH of the amendments 
influencing the initial soil pH to increase [17]. 
Biochar is known to have a high CEC therefore, 
increase in soil pH could have also been as a 
result of the release of basic cations from the 
amendments which displaced and replaced 
hydrogen and aluminium ions at the exchange 
sites [18].  
 
Statistically, significant differences existed 
between the control soil (0 t ha-1) and all the 
other treatments. With exception of 78 t ha-1, 
there were significant differences between 150 t 
ha-1 and all the other treatments. 
 

Soil pH directly affects the growth and 
development of plants in that the availability of all 
plant nutrients is pH dependent therefore soil pH 
increases with biochar amendment could 
potentially contribute positively to growth and 
development of crops. 
 
3.1.2 Bray-1 extractable phosphorus and 

biochar application  
 
The concentration of Bray 1 extractable P is a 
fairly good indicator of the phosphorus supplying 
capacity of a soil [19]. Bray 1 extractable P which 
is a measure of plant available P, is a 
determinant of the critical P limits based on soil 
test crop calibration study [20]. 
 

An increasing trend in Bray I extractable 
phosphorus was observed in the set of 
treatments involving biochar with increasing rate 
of biochar application. However, significant 
differences were not observed in treatments 150 
t ha-1 and 78 t ha-1. 
 

Extractable phosphorus increased as the 
incubation period progressed. With this trend 
existing within the treatments, the highest 
available phosphorus concentration of 12.5 mg 
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kg-1 (Table 4) was observed in 150 t ha-1 rate 
while 26 t ha-1 rate increased the initial soil 
available phosphorus from 3.36 to 5.41 mg kg-1 

(Table 4). This result is in line with reports of 
[21,22] which state that biochar contains a large 
amount of phosphorus therefore its application to 
the soil may release soluble phosphorus into the 
soil which is necessary for the enhancement of 
phosphorus availability. 
 
Table 3 shows that all the treatments that were 
used in the study resulted in increases in soil pH. 
Increasing soil pH reduces the activities of 
aluminium and iron which would have otherwise 
formed compounds with phosphorus thus making 
phosphorus more available [23]. This could have 
explained the increase in extractable P. 
 
3.1.3 Effects of biochar on water soluble 

phosphorus  
 
In this study, it was found that all the treatments 
improved the levels of water soluble phosphorus 
of the soil. During the incubation period, it was 
observed that concentrations of water soluble 
phosphorus increased greatly in the second 
week after treatment and transplanting however 
the concentration decreased in the 4, 6 and 8 
weeks (Table 5). 
 
Despite this decreasing trend observed in water 
soluble phosphorus (Table 5), the least water 
soluble concentration (as was observed in 26 t 
ha-1) was about 3.3 mg kg-1 (140.7% reduction) 
which was higher than the  unamended soil (0.58 
mg kg-1). 

Among the treatments the effect of biochar rate 
on soluble P level was not consistent. For 
instance, increase in water soluble P in 52 t ha-1 
was higher (8.71 mg kg-1) than 78 t ha-1 which 
was of 5.54 mg kg-1 (Table 5). Amending the soil 
with 150 t ha-1 biochar caused the water soluble 
concentration to rise to 10.09 mg kg-1 that was 
almost double the effect (82.1%) of applying 
biochar at 78 t ha-1. 
 
The increase in the water soluble and available 
phosphorus is in line with a report by [24] that 
biochar may improve available P in soils; both 
directly through phosphorus addition from water 
soluble phosphorus contained in biochar and/or 
indirectly through impact on soil chemical, 
physical and/or biological processes. Biochar 
may also increase microorganism activities 
through addition of carbon [25]. 
 
Increase in soil pH as was observed in this study 
as a result of the applications of the amendments 
employed in the study, might cause microbial 
activities to increase in the soil [26]. The increase 
in microbial activities [27] and phosphatase 
activity which may release phosphorus into the 
soil [28] resulting in increased phosphorus 
availability to plants. 
 
3.1.4 Changes in total soil phosphorus by 

biochar application  
 
Soil total phosphorus is a sum of all the forms of 
phosphorus in the soil [29]. Table 6 gives an 
overview of how total phosphorus levels in the 
soil were affected by the amendments.  

 
Table 3. Influence of rate of biochar amendment on soil pH as affected by incubation period 

 
Rate of application  
(t ha -1) 

Soil pH  
Week 2 (± SD) Week 4 (± SD) Week 6 (± SD) Week 8 (± SD) 

0 3.7 0.01 3.7 0.02 3.7 0.01 3.7 0.01 
26 5.3 0.05 5.9 0.06 6.1 0.02 6.0 0.03 
52 5.4 0.08 5.5 0.06 6.2 0.01 6.1 0.02 
78 5.6 0.05 5.8 0.01 6.4 0.05 6.2 0.03 
150 5.9 0.01 6.3 0.01 6.6 0.01 6.5 0.01 

 
Table 4. Effects of biochar amendments on soil bray -1 extractable phosphorus as affected by 

incubation period 
 

Rate of application    
(t ha -1) 

Bray – 1 P  (mg kg -1) 
Week 2 (± SD) Week 4 (± SD) Week 6 (± SD) Week 8 (± SD) 

0 3.4 0.06 3.6 0.02 3.5 0.01 3.5 0.01 
26 4.4 0.01 4.7 0.02 5.4 0.01 5.1 0.03 
52 7.1 0.03 8.1 0.02 8.6 0.01 8.5 0.01 
78 10.0 0.01 10.5 0.01 11.7 0.01 10.6 0.01 
150 12.5 0.02 12.5 0.01 12.5 0.02 12.1 0.02 
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Table 5. Effects of biochar amendments on water sol uble phosphorus as affected by 
incubation period 

 
Rate of application   
(t ha -1) 

Water soluble P (mg kg -1) 
Week 2 (± SD) Week 4 (± SD)  Week 6 (± SD) Week 8  (± SD) 

0 0.6 0.08 0.6 0.08 0.6 0.08 0.6 0.05 
26 3.3 0.21 5.5 0.46 3.3 0.11 3.2 0.10 
52 8.7 0.52 4.9 0.30 8.7 0.01 8.5 0.02 
78 5.5 0.06 5.7 0.18 5.5 0.04 5.4 0.13 
150 10.1 0.20 9.2 0.11 8.6 0.03 8.6 0.02 

 
Table 6. Effects of biochar amendments on soil tota l phosphorus as affected by incubation 

period 
 
Rate of application    
(t ha -1) 

Total phosphorus (mg kg -1) 
Week 2 SD (±) Week 4 SD (±)  Week 6 SD (±) Week 8  SD (±) 

0 400 0.002 400 0.002 400 0.001 400 0.002 
26 200 0.001 200 0.001 200 0.001 200 0.002 
52 200 0.001 100 0.001 200 0.003 200 0.001 
78 280 0.001 100 0.001 200 0.001 200 0.001 
150 200 0.001 100 0.001 200 0.001 200 0.002 

 
According to [30], phosphorus may be deficient 
in soils even though the total phosphorus 
concentration in the soil may be high. For the 
control soil, 400 mg kg-1 of total P was present 
(Table 1) in the soil but only 3.61 mg kg-1 (9.03%) 
was present in available form. It can be observed 
that the concentrations of total phosphorus in the 
soil decreased as the weeks of incubation 
progressed (Table 6). The reduction in the 
amount of total phosphorus could be as a result 
of mineralisation of phosphorus. Mineralization of 
phosphorus increases as the amount of carbon 
in the soil increases [31]. This implies that more 
phosphorus is made available for plant growth 
and microbial activity [30]. This is evident in the 
increment of soil available phosphorus and water 
soluble phosphorus as depicted in Tables 4 and 
5. At the end of the study, the soil total 
phosphorus of all treatments reduced by 50%.It 
was observed that no significant differences 
existed among the various treatments at 95% 
confidence interval. 
 
3.1.5 Effect of biochar amendment dry yield 

and P content of shoot of lettuce  
 
The dry matter yield and total P content of lettuce 
shoot are presented in Table 7. 
 
The control treatment did not record any yield as 
the seedlings died in the course of the 
experiment. This could be attributed to the acid 
nature of the soil as lettuce is known to be very 
sensitive to low soil pH. It was also observed that 

increasing biochar rate of application generally 
resulted in an increase in the yield of lettuce. 
According to [32] the optimum level of P in 
lettuce shoot is 0.5%. The biochar amendment 
could not supply the optimum P to the test crop. 
 
Table 7. Dry matter yield of lettuce and total P 

content of lettuce shoot 
 

Biochar 
(t ha -1) 

Dry matter 
yield (t ha -1) 

P content in 
lettuce shoot (%) 

0 NA NA 
26 2.5 ± 0.01 0.19 
52 2.0 ± 0.02 0.25 
78 2.7 ± 0.30 0.22 
150 3.2 ± 0.10 0.13 

NA = Not Applicable 
 
4. CONCLUSION 
 
Significant increase in pH was observed after 
biochar addition to the soil. Biochar therefore has 
the potential to be used as a liming material in an 
acid soil. Total P was mineralized into available P 
(bray 1 – P and water – soluble P) as biochar 
was added to the soil. Corn biochar have 
potential in improving P availability in strongly 
weathered acid soils. 
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