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Summary

It is necessary to search for an inexpensive soil additive capable of raising soil pH 
comparable to conventional agricultural lime. In 2020 and 2021 cropping seasons at the 
Teaching and Research Farm, Landmark University, Omu-Aran, Kwara State Nigeria, field 
experiments were conducted to evaluate the effects of various levels of wood biochar on 
soil chemical properties and bulk density, growth, nodulation and yield of cowpea (Vigna 
unguiculata (L.) Walp.). The soil of the experimental sites is an Alfisol classified as Oxic 
Haplustalf or Luvisol. The treatments were made up of five levels (0, 2.5, 5.0, 7.5, and 10 t 
ha-1) of wood biochar arranged in a Randomized Complete Block Design and each treatment 
was replicated three times. The application of biochar improved soil chemical characteristics 
(pH, N, P, K, Ca, Na, Mg and CEC), growth (vine length per plant, number of leaves per plant, 
leaf area/plant and tap root length), nodulation and yield parameters of cowpea (pod weight 
per plant and number of pods per plant) related to the control. Biochar application reduced 
exchangeable acidity relative to the control. The yield of cowpea was increased from 0 to 10 
t ha-1 biochar rate. Using the means of the two years, relative to the control, application of 
biochar at 10, 7.5, 5, and 2.5 t ha-1 increased the pod weight of cowpea by 217, 118, 73 and 
33%, respectively. This was adduced to a rise in soil pH and exchangeable cation and CEC 
and reductions in exchangeable acidity and soil bulk density which resulted in P solubility 
and availability, increased N fixation, enhanced root growth, increased nodulation leading 
to improved growth and yield of cowpea. Therefore, biochar can be used as an approach to 
improving the productivity of acidic tropical soil and hence improving crop productivity. 
Nevertheless, additional investigations are needed to show the rate of biochar that will result 
in optimum pH for cowpea production in the ecological zone.
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Introduction
Soil acidity is one of the major reasons for low soil and crop 

productivity in many parts of the world. It is projected that nearly 
50% of the world’s cultivated soils are acidic and the tropics and 
subtropics account for 60% of the acidic soils in the world (Sumner 
and Noble, 2003). The major causes of soil acidity might be due 
to high rainfall and leaching (Deressa et al., 2007; Taye, 2008), 
parent materials that are acidic, crop removal especially high-yield 
crops and incessant use of acidic forming straight fertilizers. The 
adverse effect of soil acidity allows for a decrease in the availability 
of major plant nutrients, such as phosphorus and molybdenum, 
and increases the availability of some toxic elements to harmful 
levels, particularly aluminum and manganese (Menzies, 2003). 
Acidity can degrade the soil ecosystem, making it more difficult 
for bacteria, earthworms and other soil microbes to survive. 
Extremely acidic soils can make it difficult for helpful bacteria, 
such as the rhizobia bacteria that aid legume nitrogen fixation to 
survive (Sylvia et al., 2005). Also, greater proton (H+) action in the 
soil rises the protonation and adsorption of soil organic matter, 
thereby reducing its microbial availability (Kleber et al., 2015) and 
leaching mobility (Oulehle et al., 2018). When the soil is acidic, 
the yield of most crops is lowered (Ano 2006).

Soil acidity is commonly corrected through the application of 
agricultural lime (Anetor and Akinrinde, 2007). It involves the use 
of calcium- and magnesium-rich minerals, such as marl, chalk, 
limestone, or hydrated oxide, to the soil in a variety of forms. 
Nevertheless, in a tropical country like Nigeria, a good number of 
farmers cannot afford agricultural lime due to its cost and scarcity. 
It is thus necessary to search for an inexpensive soil additive 
capable of raising soil pH comparable to conventional agricultural 
lime.

Biochar is a solid and stable carbon-rich material made by 
heating organic materials in the absence of oxygen (Lehmann 
and Joseph, 2015). It was foremost used by pre-Columbian 
native peoples of the Amazon area between 500 and 9000 years 
ago (Solomon et al., 2007) as among a lot of soil amendments 
that produced ‘terra preta’, a more nutrient-rich and high pH 
agricultural soil than the region’s existing acidic and infertile soils 
(Lehmann et al., 2007). The application of biochar to the soil has 
been revealed to enhance soil properties and health by raising 
soil pH, improving water-retention ability, enhancing CEC and 
improving the activities of useful soil microorganisms (Gul et 
al., 2015; Mensah and Frimpong, 2018) and retaining nutrients 
(Minhas et al., 2020). Due to the fact that biochar research is still 
at the infant stage in Nigeria, data on the effects of biochar in 
improving soil pH and cowpea performance is not common.

Cowpea (Vigna unguiculata (L.) Walp.) is a major grain legume 
food crop in Nigeria. The dry grains, immature pods and young 
leaves are the main sources of plant proteins (cowpea dry beans 
supply about 22 - 25% protein (Goenaga et al., 2010) food for 
man (Sheahan, 2012) complementing the low protein content of 
carbohydrate food derived from cereal and tuber crops consumed 
in Nigeria. It is projected that cowpea supplies about 40% of the 
daily protein needs of most of people in Nigeria (Muleba et al., 
1997). After harvesting, the leftover pods and leaves of cowpea 
can be used to feed farm animals (Ghady and Alkoaiki, 2010). 
However, Adekiya (2022) has reported that cowpea like other 

legumes responds well to pH change; reduced pH may result in 
lower yields, poor legume nodulation and stunted root growth. 
Soil acidity limits symbiotic N2-fixation, reduces nodulation and 
causes nutrient imbalance (Fageria et al., 2013; Abera and Abebe, 
2018). In order to improve the productivity of the soil and cowpea 
performance, the pH of such soil should be raised to a level that 
becomes suitable for the optimum growth of the plants. 

There has not been much research carried out on the effect 
of biochar on soil chemical properties and cowpea growth, 
nodulation and yield in the tropics. Few studies existing are where 
biochar is co-applied with other amendments to cowpea or where 
methods of biochar application are the authors’ priority (Yeboah 
et al., 2020; Rafael et al., 2017). To the best of our knowledge, 
no field study has been undertaken in Nigeria on the impact 
of biochar on soil properties, growth, nodulation and yield of 
cowpea. Therefore, the objectives of this study were to determine 
the effects of different rates of biochar on soil chemical properties, 
bulk density, growth, nodulation and yield of cowpea on a derive 
savanna Alfisol.

Materials and Methods
In 2020 and 2021 cropping seasons at the Teaching and 

Research Farm, Landmark University, Omu-Aran, Kwara State 
field experiments were conducted to evaluate the effects of 
various levels of wood biochar on soil chemical properties and 
bulk density, growth, nodulation and yield of cowpea. Landmark 
University lies within latitude 8° 7' 26.21388” and 5° 5' 0.1788". The 
total annual rainfall in the area is about 1300 mm while the mean 
annual temperature is 32 °C. The biochar used for the experiment 
had EC, pH, ash, organic carbon (OC), N and C: N of 3.93 dS m-1, 
7.31, 8.41%, 61.5%, 0.81% and 75.9, respectively. P, K, Ca, Mg, and 
Na were; 0.69%, 1.39%, 4.20%, 3.4% and 0.41%, respectively. The 
values of bulk density and porosity were 0.62 g cm-3 and 76.6%, 
respectively.

In 2020 and 2021 the treatments were made up of five levels (0, 
2.5, 5.0, 7.5, and 10 t ha-1) of wood biochar. The treatments were 
arranged in a Randomized Complete Block Design (RCBD) and 
each treatment was replicated three times. Each block comprised 5 
plots and each plot measured 2 × 2 m. The spacing between blocks 
was 1 m apart while the spacing between plots was 1 m apart.

Biochar Incorporation and Sowing of Cowpea Seeds 

Biochar used in the experiment was produced from hardwood 
(Prosopis africana), a common tree in Landmark University. The 
experimental site was prepared in the years 2020 and 2021 by the 
conventional method of ploughing and harrowing, after which the 
site was laid out to the required plot size of 2 × 2 m. Immediately 
after land preparation, biochar was weighed at the specified rates 
of 0, 2.5, 5.0, 7.5 and 10 t ha-1 which was respectively equivalent 
to 0, 0.5, 1.0, 1.5, and 2.0 kg plot-1 and were spread evenly on the 
plots. The biochar was incorporated using a hoe to a depth of 
about 10 cm. This was done 2 weeks before the sowing of cowpea 
seeds.

 Sowing of cowpea seeds (Variety Paiyur 1Cowpea) was done 
on August 20th each year. Two seeds were sown using inter-row 
spacing of 20 cm and intra -row spacing of 75 cm apart. Thinning 
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to one plant per stand was done two weeks after sowing to give 
a plant a population of 21 plants per plot and 53,333 plants ha-1 
for the erect variety. Two manual weedings were done during the 
course of the experiment. Insect pests were controlled by spraying 
cypermethrin weekly at the rate of 30 mL per 10 L of water from 
2 weeks after sowing.

Determination of Soil and BiocharProperties

Before the application of biochar in 2020 and 2021, five 
undisturbed samples were collected at 0–15 cm from ten positions 
using a core steel sampler (4 cm diameter, 15 cm high). The 
samples were used to evaluate bulk density after oven-drying at 
100 °C for 24 h. Also, soil samples from 0 to 15 cm depth were 
randomly collected from 10 points from the study area each year, 
these samples were bulked together, air-dried, and sieved with a 2 
mm sieve for soil physical and chemical analysis. The hydrometer 
method was used for the determination of particle size (Gee and 
Or 2002), while the chemical analysis of the soil and biochar was 
made as described by Carter (1993). The pH and the EC of the 
biochar were determined in a 1% (w/v) suspension in deionized 
water made by shaking at 100 rpm for 2 h (Cantrell et al., 2012). 
The ash content on a dry weight basis of samples of biochar was 
determined by combusting the sample in a muffle furnace at 750 
°C for 6 hours (ASTM D1762-84, 2021).

One month after the application of biochar, bulk density in 
all plots was determined and the process was continual at 1 ½, 
2, 2 ½ and 3 months after biochar application. The samples were 
collected from the center of each plot at random and 15 cm away 
from each cowpea crop using a core steel sampler. The samples 
were used to evaluate bulk density.

Three plants were excavated with their rhizosphere soils 
intact. This was done when the cowpea plants had attained 50% 
flowering on a plot basis (65 days after sowing). The nodules in 
the roots of the excavated plants were counted with the aid of a 
magnifying glass. At the end of the experiment, soil samples were 
also collected on a per-plot basis. The collected soil samples were 
air-dried and sieved using a 2-mm sieve and analyzed for soil 
chemical properties as described by Carter (1993). 

Determination of Growth and Yield Parameters 

Growth parameters. Growth parameters were determined at 
mid-flowering of the cowpea plant (65 days after sowing). The 
number of leaves (leaves count) was determined by counting the 
number of fully expanded leaves, the vine length was measured by 
the use of a measuring tape and the number of branches per plant 
was determined by counting the number of branches on the plant. 
Leaf area was estimated by using the model of Osei-Yeboah et al. 
(1983); A= L × W × 2.325, where A = leaf area, L = leaf length 
and W = leaf width. The cowpea plant was carefully removed by 
digging around with a garden fork to prevent damage to the roots. 
Taproot length was thereafter determined using a meter rule.

Yield Parameters.The cowpea pods were harvested at maturity 
and the number of harvested pods was counted and recorded 
per plot and per treatment. Harvested matured cowpea pods 
were weighed using a sensitive weighing balance and the value 
recorded on a plot basis.

Statistical Analysis

Data collected were subjected to statistical analysis of variance 
(ANOVA) using Statistical Package for Social Sciences (SPSS, 
Institute Inc. 2009). The treatment means were compared using the 
Duncan Multiple Range Test (DMRT) at 0.05 level of probability.

Results and Discussion

Initial Soil Properties and Response of Soil Chemical 
Properties and Bulk Density to Different Biochar Levels

The results of soil properties of the sites in 2020 and 2021 
before cropping are presented in Table 1. The soils of the sites in 
both years are sandy loam in texture, fairly high in bulk density 
and strongly acidic (FFD 2011), with low levels of soil organic 
carbon (SOC), N, P, K and Ca. Acidity was high, Mg was adequate 
(FFD, 2011).

Table 1. Soil physical and chemical properties of the experimental sites prior 
to planting

Property 2020 2021

Sand (%) 68.2 68.1

Silt (%) 16.1 16.1

Clay (%) 15.7 15.8

Textural class Sandy loam Sandy loam

Bulk density (g cm-3) 1.58 1.59

Total porosity (%) 40.4 40.0

Organic C (%) 1.13 1.14

pH (water) 5.33 5.30

pH (KCL) 5.28 5.28

N (%) 0.11 0.15

P (mg kg-1) 9.2 9.6

K (cmol kg-1) 0.14 0.14

Ca(cmol kg-1) 0.99 0.99

Mg (cmol kg-1) 0.81 0.82

Na (cmol kg-1) 0.11 0.11

(H + AL) (cmol kg-1) 1.80 1.82

CEC (cmol kg-1) 3.85 3.88

Before the start of the experiment, the initial soil was low in 
nutrients, strongly acidic and high in bulk density. This was so 
because of the sandy nature of the soils and incessant cultivation 
of crops on the soil without application of organic amendment. 
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Also, over the years the method of land preparation on the soil had 
been conventional which could have resulted in soil compaction 
and degradation of quality, leading to high soil bulk density and 
low soil fertility coupled with characteristically intense rainfall 
under tropical condition which could cause rapid mineralization 
of organic material of the soil and consequently lead to the loss of 
some nutrients, especially the cations, which lowers the soil pH 
and causes soil acidity problems. 

The result of the response of soil chemical properties and bulk 
density to different biochar levels are presented in Fig. 1 - 4 and 
Fig. 6 respectively. The addition of biochar to the soil improved 
pH, SOC, N and P (Fig. 1 and 2) relative to the control.

Figure 1. Effect of Biochar levels on soil pH and available P

Figure 2. Effect of Biochar levels on soil total N and organic carbon (OC)

Although pH, N, SOC and P values increased from 0 -10 t 
ha-1 biochar level, there were no significant differences between 
pH values of 5 and 7.5 t ha-1 biochar level and also, there were 
no significant differences between the N values of 5 and 7.5 t 
ha-1 biochar level and also between N values of 7.5 and 10 t ha-1 
biochar levels. Likewise, the addition of biochar increased K, Ca, 
Na, Mg and CEC relative to the control (Figures 3 and 4). These 
soil chemical properties were also increased from 0 - 10 t ha-1 
biochar level. There were no significant differences between the K 
values for 2.5, 5 and 7.5 t ha-1 biochar levels. Exchangeable acidity 
was reduced relative to the control (Figure 3). The reduction was 
from 0 - 10 t ha-1 biochar level. Using the means of the two years, 
relative to the control, the application of biochar at 10, 7.5, 5, and 
2.5 t ha-1 reduced acidity by 27.3, 18.6, 12.3 and 6.1%, respectively.

In the same vein, relative to the control, pH was increased by 
18.1, 16.2, 11.3 and 3.9% for biochar applied at 10, 7.5, 5, 2.5 t 
ha-1. The application of biochar 10, 7.5, 5, 2.5 t ha-1 enhanced P 
availability in the soil by 110.8, 82.6, 61.9 and 17.4% respectively, 
relative to the control. Biochar addition to the soil significantly 
increased the soil pH, N, P, K, Ca, Mg, Na and SOC contents 
relative to the control. The increase in pH of biochar applied soils 
over the control soil confirmed biochar as a liming material in 
soils that are acidic (Adekiya et al., 2019; El-Naggar et al., 2019). 
The improved pH of biochar-applied soils was a result of the 
high pH (7.31) and EC (3.93 dS m-1) of biochar which showed 
its higher soluble salts and greater calcium carbonate equivalent 
and Ca content (Alburquerque et al., 2014; Berek et al., 2018). 
According to Shetty and Prakash (2020), the rise in pH due to 
biochar could have led to the neutralization of soil acidity by a 
sequence of proton-dependent reactions. During the preparation 
of wood biochar used, some of the acid functional groups and 
cations in the wood may have changed to alkaline substances, 
such as –COO–, –O–, carbonates, and oxides, and these alkaline 
substances now neutralized H ions in the soil, hence there was a 
rise in pH of biochar-applied soils (Dai et al., 2017).

Figure 3. Effect of Biochar levels on soil exchangeable cation (Na, K, Mg and 
Ca) and acidity

Figure 4. Effect of Biochar levels on soil CEC



Agric. conspec. sci. Vol. 89 (2024) No. 1
aCS

 Effect of Biochar on Growth, Nodulation, Yield and Soil Properties of Cowpea | 31

In an experiment where nine types of biochar made from three 
biomasses (fruit tree branch, peanut shell and cow dung) and 
three pyrolysis temperatures were used to amend acidified brown 
soil, results showed that biochar increased soil pH by 8.48–79.25% 
(Geng et al., 2022). Also, Major et al. (2010) reported a change in 
soil pH from 3.89 to 4.05 due to biochar addition. Biochar-applied 
soil has higher organic C relative to the control, this is so because 
wood feedstock is known to contain high carbon content. Biochar 
in soils can also engross soil organic molecules and encourage 
organic molecule polymerization and produce organic matter 
by surface catalytic action (Liang et al., 2010; Van Zwieten et al., 
2010). Biochar-applied soils enhanced soil N compared with the 
control due to greater availability of soil N as a result of retention 
in the biochar treatments relative to the control (where N might 
be prone to losses by leaching). Because biochar adsorbed cations 
and anions, the leaching of applied and regular soil nutrients was 
reduced (Major et al., 2009) or could be a result of better fixation 
of N due to increased nodules in biochar applied soils relative to 
the control.

Biochar addition to soil also has the tendency to reduce the 
leaching of P and therefore keep a sensible level of P in the soil 
(Miller et al., 2012), thus biochar-amended soil has significantly 
higher P content relative to no biochar treatments in this 
experiment. Furthermore, biochar addition can also increase 
the available phosphorus in the soil indirectly, which could be 
due to the fact that the ash content of biochar has some amount 
of phosphorus that may add to an increase in soil available 
phosphorus content (Steiner et al., 2007). Also, due to the increase 
in pH of the biochar-applied soils, some fixed soil P could now be 
made available (Bhattarai et al., 2015).

The enhanced K, Ca, Mg and CEC of biochar-applied soils 
could be due to the fact that the pyrolyzed wood feedstock used for 
this experiment contains a large amount of K, Ca, and Mg, hence 
high K, Ca, Mg and CEC in their soils. The increase could also be 
adduced to the intrinsic features of the biochar since biochar has 
a high surface area that possesses unprotected negative charges. 
Biochar is very porous, possesses variable charges and therefore 
increases surface sorption capacity when added to the soil (Glaser 
et al., 2002). Glaser et al (2002) have also reported that in biochar 
oxidation takes place after weathering which brings about the 
development of carboxylic groups on the edges of the aromatic 
carbon, resulting in greater CEC. Biochar as reported by Jia et 
al (2015) can absorb leachate which can help to absorb organic 
matter, total soluble N, plant available P and K, thereby increasing 
the nutrient retention capacity of the soil. Biochar particles are 
colloidal with large specific surface areas and negative surface 
charges from deprotonated functional groups. Consequently, 
nutrients dissolved in the soil solution are attracted to the colloidal 
surfaces. It was reported (Jones et al., 2013; Wang et al., 2014) that 
biochar increased total C from 2.27 up to 2.78%, total N from 0.24 
up to 0.25%, P from 15.7 up to 15.8 mg kg-1, pH 3.33 up to 3.63.

The reduction in exchangeable acidity with biochar addition 
is adduced to the movement of H+, Fe2+, and Al3+ ions from soil 
adsorption sites (Onwonga et al., 2008) and release of organic 
acids, which may later suppress Al content in the soil through 
chelation (Onwonga et al., 2008). 

 Also, the bulk density (Figure 6) of the soil was reduced 
relative to the control. There was a reduction in soil bulk density 

as the level of the biochar increased from 0 to 10 t ha-1. Biochar 
addition significantly reduced bulk density relative to the control, 
which is expected because of the relatively lower bulk density 
and porosity of biochar in this experiment relative to that of the 
experimental soil. The application of such porous materials like 
biochar reduces bulk densities and increases porosities of the soil 
perhaps by mixing or dilution effect (Alburquerque et al., 2014; 
Lehmann et al., 2011), or biochar can reduce bulk density by 
intermingling with soil particles and enhancing aggregation and 
porosity (Blanco-Canqui, 2017). Githinji (2014) and Agbede et al. 
(2022) also reported a reduction in the bulk density of the soil in 
response to the addition of biochar.

There were improved soil chemical properties and bulk 
density with an increase in the level of biochar, as a possible result 
of greater effects of biochar from each level of biochar application. 

Biochar addition significantly improves the nodulation of 
biochar-applied soils when compared with the control. The 
addition of biochar causes an elevation in the pH of the soil, 
which in turn facilitates an increase in the rate at which phosphate 
ions are released into the soil solution (Kisinyo, 2016). Thus, the 
application of lime in form of biochar aids in hydrolyzing Al and 
Fe ions precipitated by P. Hence, the precipitated phosphate ion 
is released into the soil solution, making it available for plant 
absorption. Phosphorus is critical to cowpea yield because it is 
reported to stimulate growth, initiate nodule formation as well as 
influence the efficiency of rhizobium-legume symbiosis (Haruna, 
2011). Biochar has been reported to raise soil pH (Adekiya et al., 
2022), which makes fixed soil P more readily available for crop 
uptake and hence better nodulation, whereas P is an important 
nutrient element for cowpea production. Also, under low pH, 
rhizobia nodulation genes are not common (Richardson et al., 
1988) and the making of Nod factor also decreases under low-pH 
settings (McKay and Djordjevic, 1993; Morón et al., 2005). This 
interrupts the signal conversation between the plant and bacterial 
companions (Hungria and Stacey, 1997), resulting in a decrease 
in root hair deformation and root hair curling (Miransari et al., 
2006). Lin et al (2012) also report that low pH acts systemically by 
the action of autoregulation-of-nodule receptor kinase, GmNARK 
in the shoot to inhibit nodule development in the roots. 

Response of Growth, Yield and Nodulation of Cowpea to 
Different Biochar Levels 

The results of the response of growth (vine length, number 
of leaves (leaves count)/plant and leaf area/plant) and yield 
(number of pods (pods count)/plant and pod weight plant-1) of 
cowpea to different biochar levels are presented in Figures 5 and 
7 respectively. However, results for tap- root length and nodules 
count are presented in Figure 6. The applications of biochar 
increased the growth (vine length, number of leaves plant-1, leaf 
area plant-1 and tap root length) relative to the control (Fig. 5). The 
growth of cowpea was increased as the level of Biochar increased 
from 0 to10 t ha-1. As the taproot length increases so does the 
number of leaves and vine length of the cowpea.

The improved root growth of cowpea on biochar-applied 
soils relative to the control could be due to: (1). reduced soil bulk 
density of biochar applied soils, (2). reduction in Al toxicity in the 
biochar-applied soils due to improved pH. The root system suffers 
immediate harm as a result of Al toxicity (Silva et al., 2010).
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The presence of aluminum in the soil close to the roots will 
obstruct the meristem cell division section, which will result in 
the cessation of root extension and a reduction in root penetration 
strength (Pavlovkin et al., 2009) and therefore poor root growth 
in the control plots, and (3). the possibility of P (which is more 
enhanced in biochar soils relative to the control) in helping in N 
uptake which may increase root growth (Wen et al., 2016).

Also, yield (number of pods plant-1 and pod weight plant-1) 
(Figure 7) and number of nodules (Figure 6) of cowpea significantly 
increased relative to the control.

Figure 5. Effect of Biochar levels on growth parameters of cowpea (leaves 
count, vine length and total leaves area)

Figure 6. Effect of Biochar levels on nodules count, tap root length, and soil 
bulk density

Figure 7. Effect of Biochar levels on yield parameters (pods count and pods 
weight) of cowpea

The yield and nodulation of cowpea were increased from 0 – 10 
t ha-1 biochar level. The number of nodules significantly increased 
the yield parameters of the cowpea, as the yield parameters 
increased with number of nodules. Using the means of the two 
years, relative to the control, application of biochar at 10, 7.5, 5, 
and 2.5 t ha-1 increased the pod weight of cowpea by 217, 118, 73 
and 33%, respectively. 

Biochar-applied soils improve the growth and yield of cowpea 
relative to the control and up to 10 t ha-1 levels. The improved 
performance may be a result of improvement in soil chemical 
properties and bulk density by biochar. In this experiment, biochar 
has raised soil pH and reduced acidity, thus making fixed P to 
be available for cowpea uptake. Yamato et al. (2006) found that 
biochar application decreased the exchangeable Al3+ content of the 
soil by increasing the pH of the soil. It also increased the available 
P contents, exchangeable cations and the total plant N content 
(Yamato et al., 2006). Biochar also enhanced cowpea performance 
by reducing bulk density thereby creating rapid root penetration 
and nutrient absorption which enhance cowpea growth and yield. 

Table 2 proves that the yield of cowpea in this experiment was 
dependent among other factors on: soil bulk density, root length, 
number of nodules, soil pH, OC, P, Na, N, Ca, Mg, acidity, and 
CEC. So for this study, the addition of biochar caused a rise in 
soil pH and exchangeable cation and CEC and a reduction in 
exchangeable acidity and soil bulk density. This resulted in P 
solubility and availability, increased N fixation, enhanced root 
growth and increased nodulation leading to improved growth and 
yield of cowpea. Therefore, biochar can be used as an approach 
for improving the productivity of acidic tropical soil and hence 
improve crop productivity. Under a greenhouse condition, Rafael 
et al (2017) found that baby corn peel biochar, branches of tree 
biochar, and rice husk biochar influenced soil properties and 
therefore cowpea yield. Shetty and Prakash (2020) also found that 
the application of wood biochar proved successful in improving 
soil pH and reducing soluble and exchangeable Al and therefore 
improved rice productivity.

Numerous studies have documented the beneficial impact of 
biochar usage on crop yields. However, a specific investigation 
carried out by Rondon et al. (2007) revealed a decrease in crop 
yield in a pot experiment using nutrient-deficient soil treated 
with 165 tonnes per hectare of biochar. Similarly, an experiment 
conducted in the United States indicated that applying peanut hull 
and pine chip biochar at rates of 11 and 22 tonnes per hectare, 
respectively, could result in lower corn yields compared to the 
control plots managed with standard fertilizers (Gaskin et al., 
2010). Consequently, it becomes imperative to regulate the 
application rate of biochar to prevent any adverse effects it may 
have.

Finally, despite the potentially high initial cost of preparation, 
biochar production has emerged as an economical and sustainable 
technology with numerous benefits. It has been recognized as a 
means to enhance soil pH, stabilize soil organic carbon (SOC), 
and mitigate greenhouse gas emissions (Agegnehu et al., 2016; 
Oni et al., 2019). Furthermore, biochar can improve the physical 
and chemical properties of soil, leading to increased crop yield, 
productivity and farm revenue (Jeffery et al., 2011; Adekiya et al., 
2019).
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Note: *Significant difference at P < 0.05; ** Significant difference at P < 0.01; NC= nodules count; TRL = tap root length; BD = soil bulk density; PC = pods count; PW = pods 
weight

Table 2. Correlation coefficient between soil properties and cowpea yield parameters

pH N OC P Na Ca Mg K Acidity CEC NC TRL BD PC PW

pH 1

N 0.89* 1

OC 0.96** 0.77 1

P 0.99** 0.77 0.98** 1

Na 0.98** 0.81 0.93* 0.97** 1

Ca 0.96** 0.80 0.99** 0.98** 0.94* 1

Mg 0.95** 0.81 0.98** 0.96** 0.90* 0.97** 1

K 0.76 0.93* 0.74 0.71 0.694 0.75 0.83 1

Acidity -0.98** -0.77 -0.99** -0.99** -0.95* -0.99** -0.98** -0.75 1

CEC 0.96** 0.85 0.98** 0.96** 0.92* 0.98** 0.99** 0.85 -0.98** 1

NC 0.99** 0.81 0.99** 0.99** 0.97** 0.99** 0.97** 0.76 -0.99** 0.98** 1

TRL 0.94* 0.81 0.98** 0.95* 0.89* 0.97** 0.99** 0.83 -0.98** 0.99** 0.97** 1

BD -0.96** -0.84 -0.99** -0.97** -0.92* -0.99** -0.99** -0.83 0.98** -0.99** -0.98** -0.99** 1

PC 0.98** 0.89* 0.98** 0.98** 0.92* 0.97** 0.99** 0.76 -0.99** 0.98** 0.98** 0.98** -0.98** 1

PW 0.91* 0.86* 0.98** 0.94* 0.87 0.97** 0.94* 0.64 -0.96** 0.94* 0.95* 0.95* -0.95* 0.95* 1

One of the remarkable characteristics of biochar is its slow 
decomposition in the soil, thanks to its high concentration of 
recalcitrant carbon. This longevity distinguishes biochar from 
compost, which rapidly breaks down in humid tropical soils, 
necessitating repeated applications each year. For instance, wood 
biochar can persist in the soil for a range of 100 to 1000 years, 
which is approximately 10–1000 times longer than most soil 
organic matter (Duku et al., 2011).

By enhancing nutrient retention and sorption capacity, the 
addition of biochar to soils presents an opportunity to sequester 
carbon and simultaneously enhance soil nutrient availability for 
crop utilization. This dual role makes biochar a potential carbon 
sink while supporting agricultural productivity.

Conclusion
Findings from this study indicated that the application of 

biochar improved soil chemical characteristics (pH, N, P, K, Ca, 
Na, Mg, and CEC), growth (vine length per plant, number of leaves 
per plant, leaf area/plant and tap root length), nodulation and 
yield parameters of cowpea (pod weight per plant and number of 
pods per plant) related to the control. Biochar application reduced 
exchangeable acidity relative to the control. The yield of cowpea 
was increased from 0 to 10 t ha-1 biochar rate. This was adduced to 

a rise in soil pH and exchangeable cation and CEC and reductions 
in exchangeable acidity and soil bulk density which resulted in 
P solubility and availability, increased N fixation, enhanced root 
growth, increased nodulation leading to improved growth and 
yield of cowpea. Therefore, biochar can be used as an approach 
for improving the productivity of acidic tropical soil and hence 
improve crop productivity. Nevertheless, additional investigations 
are needed to show the rate of biochar that will result in optimum 
pH for cowpea production in the ecological zone. 
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