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ABSTRACT

The study was conducted at the green-house of Alvan Ikoku Federal College of Education, Owerri, Imo State,
Nigeria during the wet season of 2016. To explore the potential of using biochar as a substitute for chemical lime for
remediating acidic soil and also evaluate effect of biochar on macro-nutrients uptake. The treatment consisted of two
rates of dolomite lime (0, and 4g/5kg of soil) and three rates of rice husk biochar (0, 60,1 20g/5kg of soil).
Treatments were factorial combined and laid out in a Randomized Complete Block Design and replicated three
times. The results showed that application of dolomite lime and rice husk biochar rates had a significant (P=0.05)
increased on soil pH and all the other chemical properties of the soil except exchangeable acidity. A reverse trend
was observed in exchange acidity, where increased application of biochar resulted to a significant (p=0.05) decrease
in soil exchange acidity. Application of 4g/pot of dolomite lime and 120g/pot of rice husk biochar produced the
highest levels of soil pH 7.25 in water and 7.09 in 0.01MKC1 were obtained. While, the control in lime and rice
husk biochar produced the lowest level of 0.11 and 1.19 exchangeable acidity respectively. Lime and rice husk
biochar had a significant (P = 0.05) effect on growth height, fresh, dry weight and macro-nutrients uptake of maize
plant. Lime at 4g/pot and rice husk biochar at 1 20g/pot produced significantly taller maize of 40.32cm and 43.92cm
height, fresh and dry plant weight of 13.50g;

79.79g and 3.55g: 17.92g respectively compare to other rates. Application of 4g/pot of lime and 120g’pot of rice
husk biochar produced the highest value of maize uptake of N (1.86% and 2.87%); P (48.92 mgkg™! and 63.12mgkg™)
and K (3.93cmolkg’ and 5.74cmolkgl) respectively compare to the other rates and control Therefore, it is
recommended that lime material is also useful to soil acidity for better macro-nutrients uptake by plants.
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INTRODUCTION

Soil acidity is a serious problem facing crop production in many regions of the world. The conventional method of
correcting soil acidity is the addition of chemical lime (Opala, 2011). Mamo et al (2009) mentioned agricultural lime
(Calcium Carbonate). burnt lime (Calcium oxides), Dolomite (Calcium magnesium Carbonate), Magnesite
(Magnesium Carbonate), Burnt Magnesite (Magnesium oxides) as the major types of chemical lime used by farmers
for correction of soil acidity. The addition of chemical lime predictably increased the plant growth by increasing soil
pH and lowering Aluminum; thus the soil becoming non-toxic to crops. Soil acidity affect the solubility of plant
nutrients in the soil. thus their availability for plant’s uptake may not be guarantee.

Phosphorus deficiencies and aluminum toxicities often occur simultaneously in many acid soils in the tropics and
are thought to be responsible for poor crop yields in such soils (Agbede, 2009). Indeed, soil acidity can be
ameliorated with application of chemical lime. However, there are many other soil amendment materials that are
used to improve soil properties; these materials include: chemical fertilizers, organic fertilizers, sawdust, wood
shaving, biochar, ashes etc. The liming effect of some agricultural residues and other plant materials has been
reported (Tang and Yu, 1999). Also, the potential of biochar as a soil amendment in agricultural fields is recently
recognized and yet it is underutilized technology especially in Nigeria. Biochar, (also commonly known as charcoal
or agrichar) is defined as a carbon (C) rich product derived from the pyrolysis of organic material at a temperatures

bellow 1000 °C (Lehmann and Joseph,
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2009). Biochar stores carbon for long time, ameliorates degraded soils and reduces soil acidity for better crop
production (IBI, 2012); and also improves crop yield when applied as a soil amendment (Major et al., 2010). Biochar
application improves crop productivity through enhancing water holding capacity, cation exchange capacity (CEC),
adsorption of plant nutrients and creates suitable condition for soil micro-organisms (Lehmann et al., 2011). Hence,
addition of liming materials, such as biochar, may offer a possible solution to manage acidity of the agricultural
soils. The effect of biochar in increasing soil pH in highly weathered tropical soils had been confirmed (Glaser et al.,
2001; 2002). Other studies also showed that the alkalinity of biochar was a key factor affecting their liming potential
(Yuan et al., 2011b) and also showing an increase of pH when biochar with higher pH value was applied to the acidic
soil (Yuan et al., 2011c). Soil fertility depletion and accelerated soil acidification are the factors that aggravate crop
yield reduction. Due to increasing costs of lime and other farm inputs, poor smallholder farmers cannot afford to buy
chemical lime in the shop. Therefore, there is increase interest in the use of cheap available organic materials as
alternative to use of chemical lime. The objective of this study is to explore the potential of using biochar as a
substitute for chemical lime in remediating acidic soils and evaluate the effect of biochar soil amendment on macro-
nutrient uptake by maize.

MATERIALS AND METHODS

The pot experiment was conducted during the wet season of 2016 at the green house of Alvan Ikoku Federal College
of Education, Owerri, Imo State, Nigeria. The study area falls within southeast agro ecological zone of Nigeria.
Rainfall period is usuall from March October and the average monthly rainfall figures range from 400 mm-350 mm.
The months of July and August usually record heavy rainfall and also have August break (low rainfall). The daily
maximum temperature ranges from 20.0°C- 38.5°C. The months of February to early April are the months that have
the highest maximum temperature while the lowest maximum temperature are recorded in December and January
because of the prevailing cold harmattan wind. The relative humidity rises from April to a maximum of about 75- 90
percent in July (NIMET, 2015).

Biochar production

Rice husk was collected from rice mill in Thitte Uboma in Imo State for the production of biochar. An improvised
kiln was produced which was an empty drum that was perforated but had a cover. The rice husk materials were
poured inside the drum half full, then fired was ignited inside the drum and more materials were added and the drum
lid was covered to encourage slow burning. Then the content in the drum was consistently stirred to enhance
uniformity of burning. After 3-4hours the content of drum is poured out and quenched with water (by sprinkling
water on the hot char) and dried in the sun for 2 days.

Soil samples Collection

Top soil was collected at a depth of 0-15 cm with soil auger, Skg of soil per pot from the teaching and research farm
of Department of Agricultural Science Education, Alvan Ikoku Federal College of Education, Owerri, Imo State,
Nigeria for green house pot experiment.

Treatment and Experimental Design

The experimental design used was Completely Randomized Design (CRD) and the treatments consisted of three
rates of rice husk biochar: 0. 60. 120 g per pot and two rates of dolomite lime materials [CaMg(CO0s]: 0. 4g per pot;
factorially combined to form 18 treatments and laid out in the screen house. 15cm plow layer of one hectare of soil
weight is 2,242,000 kg ha' (Harper. 2001). Therefore, the three application rates 0, 60, 120g of biochar are
equivalent to 0 tha !, 26.90 t ha™' and 53.81t ha™' respectively. While 0, 4g rates of dolomite lime are equivalent to 0,
and 1.8 t ha™
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Data Collection

After filling the pots with soil, water was also applied into the pots and allowed to stay for one week two maize
seeds (Oba super II) were planted into each pot as the test crop. 35 g of NPK 20:15:15 fertilizer was applied in each
pot and other agronomic practices were carried out. The following parameters were taken after five weeks of
planting: plant height, number of leaves, fresh and dry biomass weight. Maize from each plastic bucket was
harvested and oven dried at 45°C for tissues analysis. The N P and K uptake by maize were determined by nutrient
concentration in the plant tissue multiply by total plant dry matter (Mahadi 2014). Finally, sample of top soil
collected and post harvest soil were taken for routine laboratory analysis. Data collected were subjected to analysis
of variance using GENSTAT and where there was a significant difference; the means were separated using F-LSD at

5% probability level

RESULTS AND DISCUSSION

The soil was slightly acidic in nature (pH 5.22 in H20 and 5.09 in 0.01MKCL), very sandy and low in nitrogen,
phosphorus, potassium, organic carbon and cation exchange capacity (Table 1) Also, the pH of rice husk biochars
used was almost neutral (7.25) and had higher quantities of total nitrogen of 7.00 gkg’, organic carbon 20.7 gkgl.
The C/N ratio of rice husk biochar was 8.05, the cation exchange capacities of rice husk biochars was very low; but

the percentage base saturation is very high (98%).

Table 1: Chemical properties of soil and biochar before used for the trials
Chemical composition Soeil Rice husk

pH(H20) 522 725
pH(KCI) 509 7.10
Ashes(gkg™) Nd 356
TN(gkg™") 040 7.50
OC(gkg") 750 20.7
C N(gkg ) Nd  8.05
Ay. P(mgkg™) 457 6.01
K(cmolkg™) 031 031
Mg(cmolkg™) 1.78 1.34
Ca(crnolkg™) 341 3.01
Na(cmolkg™) 0.67 0.52
Exch. A(cmolkg™) 1.83 0.20
CEC(cmolkg™) 6.17 5.18
%Base Saturation 87 98

Nd — Not determined
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Lime and rice husk biochars application had a significant (P 0.05) increased soil pH and all the other chemical

properties of the soil except on exchangeable acidity (Table2). A reverse trend was observed in exchange acidity,

where increased application of biochars resulted to a significant (P = 0.05) decrease in soil exchange acidity.

Application of 4g/pot of dolomite lime and 120g/pot of rice husk biochar produced the highest levels of soil pH 7.25

in water and 7.09 in 0.01MKC1 were obtained. While, the control in lime and rice husk biochar produced the lowest

level of 0.11 and 1.19 exchangeable acidity respectively. Nitrogen was 0.12% and 1.14%; available phosphorus of

3.03 mgkg' and 6.69 mgkg™!' and potassium of 0.28cmolkg” and 0.31 cmolkg™ respectively in the soil. Interaction

between lime and biochar also showed significant (p = 0.05) effects on soil pH and exchanged acidity (Table 4). The

combination between 4g/pot of dolomite lime and 1 20g/pot of rice husk biochar gave the highest soil pH of 7.25 in

water and 7.09 in 0.01MKC1 and lowest soil exchangeable acidity of 0.10cmolkg was obtained.

Table 2: Effect of lime and biochar on amendment of acidic soil

Treatment pH % mgkg! <i.cioiiiiiiiiiiiinnen.. Cmolkg! >
Lime(g/pot) (H,0) (0.01lmk TN Av P Ca Mg K Na EA CEC
cl)
0 5.28 5.11 0.07 2.53 2.53 1.03 0.24 0.20 0.89 4.76
4 7.25 6.64 0.12 3.03 3.23 1.08 0.28 0.32 0.74 5.96
LSD(0.05) 0.08 0.10 0.03 0.21 0.13 0.02 0.02 0.03 0.10 0.16
RHB(g/pot)
0 5.24 5.12 0.52 6.23 0.78 1.18 0.23 0.52 1.29 2.88
60 6.87 6.20 1.01 6.68 0.81 1.20 0.28 0.56 1.23 2.88
120 7.05 6.87 1.14 6.69 0.83 1.24 0.31 0.60 1.17 2.90
LSD(0.05) 0.12 0.06 0.03 0.12 0.08 0.22 0.02 0.02 0.04 0.01
Interaction
Lime X RHB * * NS NS NS NS NS NS * NS

RHB = Rice husk Biochar *Significant at 5% probability level

Table 3: Interaction effect of lime and biochar on soil pH and exchange acidity

pH H,O pH(0.01MKCI) Exchange acidity (cmolkg™)
Biochar(g/pot) Biochar(g/pot)
Lime (g/pot 0 60 120 0 60 120 0 60 120
0 6.78 6.91 6.93 6.64 6.77 6.83 1.7 0.98 0.72
4 7.08 7.12 7.21 6.83 6.92 7.05 0.64 0.56 0.10

Lime and rice husk biochar had a significant (P = 0.05) effect on height, fresh and dry weight of maize plant (Table

14). Lime applied at 4g/pot produced significantly taller maize of 40.32cm height, fresh and dry plant weight of

12.53g and 2.54g respectively compare to control treatment. Also, Rice husk biochar applied at 120g/pot was

significantly the best in promoting maize height of 43. 93 cm, fresh and dry weight of 79.79g and 17.79g compare to

rate and control. N P and K uptake by maize plant were also significantly (P = 0.05) increased by application of lime

and rice husk biochar. Application of 4g/pot of lime and 120g/pot of rice husk biochar produced the highest value of

maize uptake of N (1.86% and 2.87%); P (48.92 mgkg! and 63.12mgkg™) and K (3.93cmolkg™ and 5.74cmolkg™)
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respectively compare to the other rates and control. Interaction between lime and rice husk biochar did not showed

any significant effect.

Table 4: Effect of lime and biochar soil amendment on maize growth and macro-nutrient uptake at six weeks

after planting
Treatments Growth parameters Macro-nutrient uptake
(Biochar) No. Plant Fresh Dry (%) (mgkg) (Cmol/kg)
Leaves Height (cm) Weight(g) Weight(g) N P K
Lime(g/pot)
0 5.24 33.78 56.67 10.21 0.71 25.83 2.65
4 7.56 40.23 75.67 15.34 1.86 48.92 3.93
LSD(0.05) 0.23 3.21 13.50 3.55 0.41 12,24 2.12
RHB(g/pot)
0 5.67 34.42 55.34 10.53 1.44 40.61 3.90
60 6.11 38.80 74.67 14.96 1.98 42.92 3.95
120 6.67 43.93 79.79 17.92 2.87 63.12 5.74
LSD(0.05) 0.84 3.80 16.46 2.06 0.45 7.47 0.76
Interaction
Lime X RHB NS NS NS NS NS NS NS

RHB = Rice husk Biochar
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Discussion

The study revealed that both dolomite lime and rice husk biochar used in this trial had significantly increased the soil
pH. This confirmed the earlier findings of Ndor et al., (2015) who reported a proportional increase in soil pH values
as a result of increased biochar rates applied in degraded soils of southern guinea savanna agroecolgical zone of
Nigeria. This happened because of higher concentration of ashes (liming agent) content in the biochar (Table 1) and
also presences of calcium magnesium in dolomite lime which replaces both hydrogen and Aluminum in the soil.
This also explained the significant reduction in exchange acidity (Al + H) of the soil after incorporating dolomite
lime and rice husk biochar in the trial. There was a general improvement in soil nutrients (nitrogen, phosphorus, and
potassium) availability because of the increase solubility of plant nutrients in the soil as a result of lowering the soil
acidity, thus their availability for plant’s uptake. The increased nutrient availability discovered in this study is

consistent with the results of previous studies by (Novak et al., 2009).

The vigorous growth performance of maize planted on dolomite lime and rice husk biochar amended soils could be
attributed to the fact that the soil of these study area was slightly acidic and poor in macro-nutrient content (Table 1).
When dolomite lime and rice husk biochars were incorporated into the soils it reduces the soil acidity and sizes of
the soil pores thereby reducing leaching and increases solubility and availability of these macro-nutrients and
provided a medium for adsorption of minimal plant nutrients and improved conditions for activities of soil
micro-organisms (Sohi et al., 2009). This is in tandem with the result of Van Zwieten et al., (2010) who reported
similar effect of biochar on N uptake in which it was observed that application of biochar significantly increased N
uptake in plant. This explains why amending the soil with biochar brought about this visible improvement in the

growth and macro- nutrients uptake of maize plant.

CONCLUSION

In conclusion, this study revealed that biochar is also a potential liming material that can be use to reduce acidity of
the soil and it also showed that when dolomite lime or biochar is incorporated into an acidic soil, there will be a
general improvement in soil nutrients (nitrogen, phosphorus, and potassium) availability because of the increase
solubility of plant nutrients in the soil as a result of lowering the soil acidity, thus plant’s uptake of these

macro-nutrients will also increase.

RECOMMENDATIONS
It is recommended based on the study that:

1. Biochar is a potential liming material that can be use to reduce soil acidity for better macro-nutrient uptake
by plaints.
2. Famers should be encouraged to use biochar for both soil acidity reduction and for nutrient enhancement.
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