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Abstract

Both biochar and inorganic fertilizers have great influence on soil chemical and
biological properties. This study was conducted at Biological Science
Screenhouse of Usmanu Danfodiyo University, Sokoto, Nigeria to determine the
effect of biochar and inorganic fertilizer (NPK) at different application rates on
soil organic carbon, nitrogen, available phosphorus, exchangeable basis, CEC
and exchangeable acidity. The experiment was laid out in Completely
Randomized Design (CRD) consisting of two factors; biochar and inorganic
fertilizer (NPK). Biochar was applied at the rate of 0, 4, and 8 t ha™* while NPK
was applied at the rate of 10-25-25 kg ha™* (half recommended rate) and 20-50-
50 kg ha! (full recommended rate) and control without biochar and NPK and
replicated three times. The data on soil chemical properties were generated and
subjected to analysis of variance (ANOVA) at 5% level of significance. The
results from the study revealed that chemical properties of soil increased
significantly with 8t ha of biochar + 20-50-50 kg ha™* NPK and 8t ha™ biochar
+ 10-25-25 kg ha* NPK than other biochar + NPK treatments. Therefore, 8t ha-
1 of biochar + 20-50-50 kg ha* NPK and 8t ha® biochar + 10-25-25 kg ha®
NPK have the potential of improving soil pH, organic carbon, total N, available
P and cation exchange capacity (CEC) and K. Similarly, all biochar + NPK
treatments increased the amount of soil Na and Al when compared with control
which may be detrimental, especially to plant and soil microorganisms and their
activities. Therefore, biochar feedstock with higher tendency of increasing Na
and Al should not be used for soil application.
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Introduction

Soil fertility can be successfully improved using both inorganic and
organic fertilizers. The major drawbacks of inorganic fertilizers are
their low accessibility to resource-poor farmers (Gerner and Harris
1993) and their low efficiency in highly weathered soils (Laird et
al., 2010). Farmers often use inorganic fertilizers which are
expensive and scarce, therefore, they are forced to depend on
alternative nutrient sources such as organic manures (Awopegba et
al. 2017). However, excessive use of mineral fertilizers proved to
have side effects which include soil acidity, leaching of nutrients,
priming effect on soil organic matter, soil structure weakening and
eutrophication (Barrow, 2012). While organic amendments such as
biochar improved soil physical and chemical properties (Zhang et
al., 2015).

Biochar is derived from thermo-degradation of organic materials in
an oxygen-depleted environment with physical and chemical
characteristics that makes it suitable for use as a soil conditioner
and carbon sequester (Shacley and Sohi 2010; Bougbis et al., 2016).
Studies by Bougbis et al. (2016) and Ajayi and Horn (2016)
reported that biochar improves soil chemical properties, decreases
soil acidity, increases cation exchange capacity (CEC), improves
soil aggregates, retains nutrients and helps influence water
infiltration dynamics in different soil types. Furthermore, biochar
has also been tested to increase soil biological community
composition (Grossman et al., 2010) and microbial biomass by
125% (Liang et al., 2010). Application of biochar and inorganic
fertilizer may have the potential of improving the fertility status of
the soil thereby improving the soil physical and chemical properties
and carbon sequestration. In the long run, biochar application
increases plant nutrient availability either due to the improvement
of soil properties or addition of some plant nutrients in the biochar
(Sohi et al., 2010). Biochar and inorganic fertilizer additions
through their ability to improve soil properties and increase crop
yields could be used to improve soil properties most especially in
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arid and semi-arid regions. However, inorganic fertilizers, besides
their high cost which makes them not to be affordable to resource-
poor peasant farmers in the country, their continuous application
without a corresponding organic input has been reported to deplete
native soil organic matter (Madeley, 1990). This research aims to
evaluate some soil chemical properties in response to varying
biochar and inorganic fertilizer rates with a view to determining
whether the integration of biochar and inorganic fertilizer will result
to a better soil chemical properties than the use of either inorganic
or organic fertilizer alone.

Materials and Methods

Description of the Study Area

The experiment was conducted at the Biological Science
Screenhouse of Usmanu Danfodiyo University, Sokoto, Nigeria.
Sokoto State is located in Northwestern Nigeria, near the
confluence of the Sokoto River and the Rima River, situated
between longitudes 11° 13" to 13° 50 'E and latitudes 4° and 6° N
having altitude of 350 m above sea level (Sokoto State Tourist
Guide, 2010).

Biochar Pyrolysis and Soil Collection

Biochar was made from rice straw using pyrolysis temperature of
350 to 400°C (Demirbas, 2007, Crombie and Maek, 2015) and
measured with the aid of metal thermometer and the pyrolysis time
was Llhour 30 minutes. The biochar produced was crushed and then
sieved over a 2 mm mesh sieve and was characterized for pH, total
N, P, Ca, K, CEC, before incorporation in to the soil in the pots.
The pots were filled with top soil collected at the University
Research Farm at a depth of about 0-15 cm. Each pot was filled
with 5kg of soil sample and incorporated with biochar and then N
(Urea; 46%), P (SSP; 20%) and K (MOP; 60%) two weeks after
incorporation of biochar for the biochar to be mineralized.
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Experimental Design and Treatments

The experiment was laid out in Completely Randomized Design
(CRD) and involved two factors; biochar and inorganic fertilizer
(NPK). Biochar was applied at the rate of 0, 4, and 8 t ha* while
NPK was applied at the rate of 10-25-25 kg ha* (half recommended
rate) and 20-50-50 kg ha* (full recommended rate) and control
without biochar and NPK and replicated three times.

Laboratory Analysis

Soils were sampled from each pot and used for soil chemical
analysis at Soil Science Laboratory, Usmanu Danfodiyo University,
Sokoto. Soil pH was determined using glass electrode pH meter
(McLean, 1982). Soil organic carbon was determined by the
modified Walkley-Black method as described by Nelson and
Sommers (1982). Total nitrogen was determined by the Kjeldahl
digestion and distillation Procedure. The phosphorus was extracted
as described by Bray and Kurtz (1945) and Nelsen and Sommers
(1982). Exchangeable bases were extracted with neutral 1 molar
(NH4OAc) ammonium acetate. Potassium (K) and sodium (Na) in
the extract were read using flame photometer, while calcium (Ca)
and magnesium (Mg) were determined by EDTA titration method.
The cation exchange capacity (CEC) of the soil was determined
using normal neutral ammonium acetate (Davis and Freitas, 1970).
Exchangeable acidity is defined as the sum of Al + H and this was
determined in 1.0 M KCIl extract as described by Page et al. (1982).

Data Analysis

Data obtained was subjected to analysis of variance (ANOVA)
using SPSS analytical software and significant differences among
means were separated using LSD at 5% level of significant.
Results and Discussion

Chemical Properties of Soil and Biochar Used For the Study

The pre-sowing analyses of the soil and biochar used for this
experiment were presented in Table 1. The soil pH was 6.7 and is
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rated slightly acidic while that of biochar was 7.41 and is rated as
slightly alkaline (Enwenzor et al., 1989). The available P of the soil
was 0.38mg/kg, while that of the biochar was 1.20 mg/kg and were
both rated as low according to Enwenzor et al. (1989). The organic
carbon of the soil was 6.6 g/kg and is rated as low, while that of
biochar was 45.9 g/kg and as such is rated as high (Enwenzor et al.,
1989). The nitrogen of the soil was 0.28 g/kg and is rated as low,
while that of biochar was 2.66 g/kg and is rated as medium
(Enwenzor et al., 1989). The cation exchange capacity (CEC) of the
soil was 2.26 cmol/kg and is rated as low while that of the biochar
was 46.3 cmol/kg and is rated as high (Enwenzor et al., 1989). The
exchangeable bases of soil viz.; Ca was 0.50 cmol/kg and is rated
as low, Mg was 0.40 cmol/kg and is rated as medium, K was 0.13
cmol/kg and is rated as low and Na was 0.13 cmol/kg and is rated
as medium (Enwenzor et al., 1989). Similarly, the exchangeable
bases of the biochar viz.; Ca, was 0.65 cmol/kg and is rated as low,
Mg was 0.85 cmol/kg and is rated as medium, K was 24.62 cmol/kg
and is rated as high and Na was 0.92 cmol/kg and is rated as low
(Enwenzor et al., 1989).

Table 1: Chemical Properties of Soil and Biochar Used for the Study

Properties Soil Biochar
pH 5.14 7.41

P (mg/kg) 0.38 1.20
OC (g/kg) 6.6 4.59

N (g/kg) 0.28 2.66
Exchangeable bases (cmol/kg)

Ca 0.50 0.65
Mg 0.40 0.85

K 0.13 24.62
Na 0.13 0.92

CEC 2.26 46.3
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0O.C= organic carbon, N= Nitrogen, P= Phosphorus, Ca= Calcium,
Mg= Magnesium K= Potassium, Na= Sodium, CEC= Cation
exchange capacity. Effect of Biochar and Inorganic Fertilizer on
Soil pH, Organic Carbon, Total Nitrogen, and Available
Phosphorus (P)

Table 2 presents the effect of biochar and NPK on soil pH, organic
carbon, total N, and available phosphorus. High rates of biochar and
inorganic fertilizer (8 t ha* of biochar + 20-50-50 kg ha* NPK and
8 t ha! biochar + 10-25-25 kg ha* NPK) recorded significantly (p
< 0.05) higher soil pH of (6.65 and 6.69), organic carbon, total N,
and available phosphorus than other biochar and NPK rates
including the control (6.07). Although these soil properties
increased with increasing rates of biochar for all the properties but
in most cases the increase was more prevalent with 10-25-25 kg ha
1 NPK (Table 2). This indicated that biochar and NPK rates
increased the soil pH when compared with the initial pH of soil
(5.14) before the experiment which were within the good ranges for
soil processes and microbial activities. The increase in soil pH as
observed in this research was due to ash and cations presence in the
biochar (Vaccari et al., 2011) which helped to increase the soil pH
while offsetting the acidic reaction from applied NPK fertilizer
(Sarma et al., 2017). This observation agreed with the finding of
Revell et al. (2012) who suggested that biochar can lime the soll
and also mitigate the acidity effect of inorganic fertilizer
application. Similar trend of biochar and NPK rates was also
observed in soil organic carbon as seen with soil pH. This could be
attributed to high organic carbon content of biochar and the ability
of inorganic fertilizer to provide nourishment for plant growth and
soil microorganisms to carry out their activities of decomposition
which increases organic carbon of soil. Zhang et al. (2012) reported
that soil amended with biochar and NPK displayed significantly
higher organic carbon compared to the control.

High rates of biochar and inorganic fertilizer (8 t ha® of biochar +
20-50-50 kg ha* NPK and 8 t ha! biochar + 10-25-25 kg ha™ NPK)
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also recorded significantly (p < 0.05) higher total nitrogen (0.09
g/kg each) than 0 t ha* of biochar and NPK as well as the control
(0.02 g/kg). This is because nitrogen content of the soil increases
when biochar and NPK fertilizer was applied to the soil. This
research also indicated that increased in total nitrogen could be due
to decomposition which might have occurred when biochar was
added to soil (Liang et al., 2006). Significant differences were also
observed among biochar and NPK rates on soil available P, where
addition of high rates of biochar and inorganic fertilizer (8 t ha* of
biochar + 20-50-50 kg ha* NPK and 8 t ha* biochar + 10-25-25 kg
hat NPK) recorded significantly (p < 0.05) higher available P (0.69
mg/kg and 0.67 mg/kg) than 4 t ha* of biochar + 20-50-50 kg ha,
NPK 0t ha! of biochar + NPK and control treatments (0.32 mg/kg).
This entails that increase in available P due to biochar + NPK
application could be attributed to the increase in soil pH by biochar
which may help in breaking complexes of Al and Fe with the
phosphorus (Verheijen et al., 2010).
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Effect of Biochar and Inorganic fertilizer on Soil exchangeable
bases, CEC and exchangeable Acidity (Al*® and H*)

Table 3 depicts the effect of biochar and NPK on soil exchangeable
bases, CEC and exchangeable acidity (Al and H). Biochar and NPK
application had shown no significant effect on Ca and Mg. all
biochar and NPK rates produce significantly (p < 0.05) higher
amount of Na when compared with control (Table 3). Increase in
Na as a result of biochar and NPK application may lead to soil
sodicity and therefore biochar feedstock with higher tendency of
increasing Na should not be used for soil application. The 8 t ha'
of biochar + 10-25-25 kg ha* NPK significantly (p < 0.05) recorded
higher K (0.377 cmol/kg) though comparable with other biochar
rates except 0 t ha of biochar + 20-50-50 kg ha* NPK and control.
Biochar and NPK addition at the rate of 8 t ha* of biochar + 20-50-
50 kg hat NPK (19.33 cmol/kg) and 8 t ha't biochar + 10-25-25 kg
ha? NPK (18.83 cmol/kg) significantly (p < 0.05) recorded higher
CEC than other biochar and NPK rates and control (2.96 cmol/kg).
Hence, adding biochar and NPK to the soil may increase CEC and
exchangeable cation in the amended soil, suggesting an
improvement in the soil fertility and consequently soil productivity
though higher Na may be detrimental. The cation exchange
capacity (CEC) is an important characteristic of soil which
determines nutrients adsorption and desorption and thus their
availability in soil. CEC not only helps in fertilizer use efficiency
by the crop during the growing season, but also improves the ability
of the soil to adsorb and retain nutrients from other sources
available at other times. This result agreed with that of Verheijen et
al. (2010) and Cheng et al. (2006) who indicated that the CEC
increased with increased carboxilation of carbon. This result also
conforms with the finding of lehmann et al. (2003) and Chan et al.
(2008) who reported that original nutrient in the biochar itself
supplied the exchangeable cation which help to improves the status
of exchangeable cation of the soil. Additionally, low oxidation in
turn increase the CEC of the amended soil.
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All biochar and NPK rates significantly (p < 0.05) recorded
higher Al than 0 t ha* of biochar + 20-50-50 kg ha* NPK and
control while higher H* was recorded with control (1.797 cmol/kg)
which is significantly higher than other biochar and NPK rates.
However, this increase in the soil Al might be attributed to the
presence of nitrogen in the applied NPK which may cause soil
acidification (Cheng et al., 2009).
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Conclusion

This study revealed that high rates of rice straw biochar
incorporated with NPK (8t ha* of biochar + 20-50-50 kg ha* NPK
and 8t ha biochar + 10-25-25 kg ha' NPK) have the potential of
improving soil pH, organic carbon, total N, available P and cation
exchange capacity (CEC) and K. However, increase in Na and Al
as a result of biochar and inorganic fertilizer addition may be
detrimental, especially to plant and soil microorganisms. Therefore,
biochar feedstock with higher tendency of increasing Na and Al
should not be used for soil application.
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