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Abstract

Soil chemical degradation caused by acidity is a serious constraint to food production in most
parts of the Tropics. It was in the bid to proffer solution to this that the present study was con-
ceived. Anincubation study was conducted at the laboratory of Soil Science and Meteorology De-
partment of Michael Okpara University of Agriculture Umudike. The aim was to ascertain the ef-
fect of amendments namely: Control (no amendment), Biochar, Ash, Lime, Biochar + Poultry Ma-
nure, Ash + Poultry Manure and Lime + Poultry Manure, on soil pH and exchangeable acidity of
Sandstone, Shale and Alluvium. The rate of application was 1.43 g for the sole amendments and
0.72 g each for the combined amendments to give an equivalent of 2 t/ha. They were applied to
100 g of the soil and replicated three times in a Completely Randomized Design. The incubation
study lasted for eighty-four days, the pH and exchangeable acidity were determined at fourteen
days intervals. The result obtained revealed that all the treatments increased the soil pH and de-
creased the exchangeable acidity over the control. In all parent materials, applied Lime and Lime +
Pm significantly (p < 0.05) gave the highest pH of 6.6, 6.9 and 7.2 for Shale, Sandstone and Allu-
vium respectively on the 28t day of incubation which, was the time, the maximum pH value was
attained. Biochar and Biochar + Pm were considered the appropriate amendments because the pH
values they gave were towards neutral, unlike that of Lime and Lime + Pm that were towards alka-
line. It is recommended that field trial of this work is conducted.
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1. Introduction

Soil pH known as potential of hydrogen is a characteristic that describes the relative acidity or alkalinity of
the soil. pH is defined as the negative (-) log or base 10 value of the concentration of hydrogen ions [1] [2]. Ac-
cording to [3], soil pH influences several soil factors that affect plant growth; these include soil bacteria, nutrient
leaching, nutrient availability, toxic elements and soil structure.

Soil pH is also called actual or active acidity [4] and it is the measurement of free hydrogen ions (H™) on the
soil colloids [5]. It is the type of acidity upon which plant growth reacts and where the free H* concentration of
the soil solution vary small, compared to the reserve or exchangeable acidity [6].

Exchangeable acidity is the measure of the H* and AI** ions retained or fixed on soil colloid after the active
acidity is measured [5]. When the exchangeable acidity of the soil is high with a resultant low pH, it affects the
soil condition and many processes in the soil. In an acidic condition, aluminum fixes phosphorus causing its de-
ficiency in plants [7], the bioavailability of iron, aluminum, or manganese can be very high and may reach toxic
levels at lower pH [8]. Some soil borne diseases such as clubroot caused by Plasmodiophora brassicae is a ma-
jor epidemic disease when soil pH is lower than 5.7 [9].

One of the ways to reduce the effect of acidity on soil and plant is to increase the soil pH. Soil pH can be in-
creased by the addition of liming materials to the soil. Some of these liming materials include oxides, hydrox-
ides and carbonates of calcium and magnesium. Others are farm yard manures, ash from different sources and
biochar whose research is still new in this part of the country. All these materials have been found to increase
pH, reduce soil acidity, enhance the activities of the microorganisms especially bacterial, improve the availabil-
ity of phosphorus and some other essential macro and micro nutrients, increase crop productivity and yield
[10]-[13].

In applying the liming materials, care should be taken not to over lime, this is because over liming result in
increased soil pH which leads to alkaline condition. When the soil is alkaline, the soil colloid is dominated by
OH™ ion. One of the effects of alkaline in the soil is the reduction in nutrient, especially micronutrient availability
and a good example is iron and the condition may lead to its deficiency [14].

Having established the fact that soil acidity can be reduced by the application of the liming materials, it is pa-
ramount that the right liming material be used. This material will be such that will reduce the soil acidity, as well
as increase the soil pH, to the level that most soil properties and plant parameters will be affected positively. It is
against this backdrop that the objective of this study was set. The objective therefore was to determine the effect of
ash, biochar and calcium carbonate and their separate combinations with poultry manure on soil pH and ex-
changeable acidity of Sandstone, Shale and Alluvium of Abia State, Southeast of Nigeria.

2. Materials and Methods

The investigation was an incubation study conducted at the Laboratory of Soil Science and Meteorology De-
partment, Michael Okpara University of Agriculture Umudike (05°29'N, 07°33'E and 122 m above sea level) for
eighty-four days. Soils of the parent materials used for the study were collected from the farms of some small-
holder rural farmers located in Abia State. The parent materials used were Shale from Bende (5°34'0"N, 7°7'60"E),
Sand stone from Abiriba (5°42'0"N, 7°43'60"E) and Fresh water alluvium from Owerrinta village (5°15'4"N,
7°18'56"E). Soils were collected from each of these villages at a sampling area of 50 m x 50 m and 15 soil samples
randomly taken from each sampling farm.

2.1. Soil Sampling and Preparation

Soil samples were collected randomly from the depth of 0 - 15 cm. The soil samples were bulked, air-dried,
ground, and pass through a 2 mm sieve mesh. From the composite soil, 100 g of the soil was taken for each
treatment into 500 mL beaker and labelled appropriately. The soil samples were kept on the laboratory benches.
Its moisture was maintained at field capacity and the temperature was at room temperature. The samples were
covered with cheese cloth to prevent evaporation. The chemical characteristics of the soil used for the study are
shown on Table 1.

2.2. Treatments and Preparation

The treatments comprised of Control (no amendment), Biochar, Ash, Lime, Biochar + Poultry Manure, Ash +
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Table 1. Some selected physicochemical properties of the parent materials.

Values
Properties
Sandstone Shale Alluvium
pH (H;0) 4.96 4.82 5.31
Exchangeable Acidity (coml-kg™) 231 2.42 2.13

Poultry Manure and Lime + Poultry Manure. They were applied at 2 ton/ha with its equivalent of 1.43 g to the
100 g of the incubated soils for the containers that received sole amendment and 0.72 g each for the containers
that received the combined amendments. The Biochar and Ash were prepared from the following feed stocks
namely; rice husk, cowpea husk and spent mushroom substrate others were maize husk, sawdust and 2:1 clay
type. Biochar was produced from the pyrolysis process using the pyrolysis drum at the temperature of 450°C and
afterwards characterized according to Biochar material test categories and characteristic of the [15]. The lime
was procured from the Ministry of Agriculture, Abia State whiles the poultry manure which was battery cage
manure, was sourced from Michael Okpara University of Agriculture Farm Center. The chemical properties of
the treatments determined (Table 2) were limited to the soil pH focused on this study.

2.3. Experimental Procedure

The study was a factorial experiment in completely randomized design (CRD) with two factors, namely, treat-
ments and days of incubation. The treatments were replicated three times. The samples were incubated for eighty
four days; it started from Monday 10" March and ended on 2™ June 2014. The soil properties determined at
fourteen days intervals.

2.4. Soil Properties Determination

The following soil properties were determined; soil pH was determined with the pH meter in water at a ratio of
1:2.5 soils to distilled water suspension [16]; exchangeable acidity was determined by the method of Mclean
(1982) as outlined by [17] using 1M KCI as the extracting solution and titrating with 0.01M NaOH, using phe-
nolphthalein as the indicator.

2.5. Statistical Analysis

The data generated were subjected to analysis of variance (ANOVA) for factorial experiment in Completely
Randomized Design (CRD) using the GENSTAT package. The means were separated using the Fisher’s Least
Significant difference (LSD).

3. Results

The effect of the treatments on the soil pH of Alluvium is shown on Figure 1. The applied Lime + Pm signifi-
cantly (p < 0.05) increased the soil pH on the 14" and 42" days of incubation. While Lime + Pm and Lime sig-
nificantly (p < 0.05) showed increase on 28", 56", 70" and 84" days of the incubation.

In Sandstone (Figure 2), the application of lime alone significantly (p < 0.05) increased the soil pH at the 14"
28" 56" and 70" day of the incubation while Lime + Pm significantly (p < 0.05) increase the pH on the 42" and
84" of the incubation. They two treatments were statistically at bar with each other.

The applied Lime + Pm significantly (p < 0.05) increased the soil pH in Shale (Figure 3) at the 14", 28" and
42"day of incubation with the values of 7.4, 8.4 and 8.1 respectively, though these values of Lime +Pm were
statistically at par with the values of Lime for those days of incubation. On the 56", 70" and 84" day of incuba-
tion, both Lime + Pm and Lime significantly (p < 0.05) increased the pH.

The result displayed on Figure 4 shows the means of the treatments on the pH of the parent materials. The
applied treatments gave higher pH values on Alluvium followed by Shale and finally by Sandstone. Lime + Pm
and sole Lime had the highest significant (p < 0.05) values of pH. The values for the Lime + Pm were 8.5, 7.9
and 6.7 for Alluvium, Shale and Sandstone respectively while that of lime were 8.1, 7.8 and 6.7 for Alluvium,

Shale and Sandstone in that order.
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Figure 2. Treatments effect on soil pH modification in Sandstone at days of incubation. Vertical bars represent LSD at 0.05.
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Table 2. Chemical composition of the amendments used for the study.

Properties Lime Ash Biochar Poultry manure

pH (H-0) 9.9 8.4 7.2 7.0

The result of the means of the days of incubation on soil pH of the parent materials is shown on Figure 5, the
result indicated that the highest significant (p < 0.05) values pH for the three parent materials were obtained on
the 28" day of the incubation. The values were as follows: 6.6 for Shale, 6.9 for Sandstone and 7.2 for Alluvium.
The pH of parent materials after the 28™ day started decreasing to the 84" day of the incubation.

The effect of the treatments on soil exchangeable acidity on Shale is shown on Figure 6. The result obtained
showed that at the days of the incubation, Lime and Lime + Pm significantly (p < 0.05) decreased the soil ex-
changeable acidity except for the 84™ day of the incubation whereas the pots that received Lime had an in-
creased exchangeable value when compared to that of the Lime +Pm.

The application of Lime and Lime +Pm significantly (p < 0.05) decreased the values of soil exchangeable
acidity in Sandstone (Figure 7) over the other treatments investigated.

The result on Figure 8, which showed the effect of the treatment on the exchangeable acidity of Alluvium,
indicated that all the applied amendments reduced the exchangeable acidity over the control. However, on the
14", 42" 56™ 70" and 84™ days of the incubation, Lime + Pm significantly (p < 0.05) decreased the exchange-
able acidity compared to the other treatments. On the 28" of the incubation, Lime significantly (p < 0.05) re-
duced the soil acidity.

Considering the means of treatments effect on the acidity of the parent materials presented on Figure 9. It was
observed that Lime and Lime +Pm had the lowest values of exchangeable acidity in the three parent materials
investigated. Whereas Alluvium had the lowest exchangeable acidity values, Sandstone had the highest values
for the exchangeable acidity.

The applied treatments had the lowest significant (p < 0.05) values of exchangeable acidity on the 28" of the
incubation (Figure 10). There was a sharp rise from the 42™ to the 84" day of the incubation in Sandstone. In
shale, there was a gradually increase of the acidity from 42" to 84™ day while in Alluvium, the gradual in-
creased attained its highest value on the 84" day of the incubation. Alluvium had the lowest values for the ex-
changeable acidity with the values of 1.14, 1.09, 1.13, 1.19 and 1.3 cmol-kg * at the 14", 28", 42" 56" and 70"
day of the incubation when compared to the other parent materials.
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4. Discussions

Soil pH is the measurement of the concentration of hydrogen ion in soil solution. When the concentration of hy-
drogen ions in the soil water solution is high, the pH is lowered and the lower the pH value, the higher the acid-
ity of the soil. The pre-treatment analysis of the soil on Table 1 shows that the soils from the three parent mate-
rials had pH ranges of 4.82 - 5.31. Soils with these pH ranges and below are said to be strongly acidic [18]. The
acidity of the soil affects most reactions in the soil such as aluminum, iron, manganese and zinc solubility and
their toxicities to crops [19]. The application of the amendments improved the soil pH from the pre-treatment
values of 4.82 - 5.31 to post-treatment values of 5.6 - 8.5 (Figure 4). This shows that the amendments have the
ability to reduce the H" ions in the soil solution [20]. The amendments were able to bring an increase in soil pH
and decrease in exchangeable acidity by neutralizing the acidity. When the exchangeable acidity is neutralized,
the AI** ion is displaced from the exchange site into the soil solution, where it is hydrolyzes, splitting water and
releasing a hydrogen ion to the solution. Another way by which the exchangeable acidity is reduced is by the
addition of organic materials. When organic materials are added in the form of manure, ash and biochar they
form strong bonds known as chelates with aluminum and this gives rise to the reduction of the solubility of alu-
minum and soil acidity.

The ability of a liming material added to the soil to neutralize acidity will depend on the parent material and
the Acid Neutralizing Capacity (ANC) of the soil [21]. This may explain why Sandstone had lower pH values
(Figure 4) and highest exchangeable acidity (Figure 9) compared to the other parent materials even after the
application of the amendments. According to [21] Sandstone has less ANC, a lower pH and its acidity is not
completely neutralized, because of the influence of the parent material through its basic cation content.

The highest pH and lowest exchangeable acidity values recorded in pots that received Lime and Lime +Pm in
the three parent materials (Figure 4 and Figure 9), were in conformity with the findings of [22] [23]. They
found in their works that the application of lime and manure increased the soil pH and reduced the exchangeable
acidity. [22] attributed the increase in pH, to the mineralization of the manure which released Ca*? ions that went
into solution, hydrolyzed and react with soluble Al* ions to form insoluble AI(OH); and water. [23] attributed
the increase by lime to the high amount of calcium which it contained.

The pH range of 6.7 - 8.5 obtained by the application of lime and lime +Pm (Figure 4) was high. It has been
reported by some researchers that this pH range affect lots of processes in the soil. For instances as soil pH ap-
proaches 6.5, iron and manganese begin to change into insoluble forms that are unavailable for root uptake and
plants utilization. As pH increases above 6.5, iron and manganese unavailability intensifies [24] hence their de-
ficiencies occur. At high pH values also calcium form calcium phosphate with phosphorus making it unavailable
and this ultimately leads to phosphorus deficiency [25].

Going by the points stated above about the pH range of 6.7 - 8.5, it may not be appropriate to apply lime and
lime +Pm to the soil, based on this research result. Rather the application of Biochar and biochar + PM may be
more suitable. This is because their pH range which is 5.6 - 6.4 are the most nearest to the pH range of 5.5 - 7.0
which have been reported by researchers to be the optimum pH for most soil activities. These activities include
effective bacterial functioning, bioavailability of most plantmicro and macronutrients for plant use, availability of
phosphorus, formation of clay into granules among others [3] [8] [24].

5. Conclusion

The results from the incubation work explicitly showed that the application of soil amendments namely: Ash,
Lime, Biochar and their combinations with poultry manure on three parent materials namely: Sandstone, Shale
and Alluvium, increased the soil pH and decreased the soil exchangeable acidity over the control. Lime and
Lime + Pm gave the highest pH values and the lowest exchangeable acidity values among the amendments
tested in all the parent materials. The values given by Lime and Lime +Pm were from neutral to moderately al-
kaline; this has been reported to be unconducive for most soil activities. Biochar and Biochar + Pm which shows
pH from moderately acidic to near neutral, may be the best amendment to work with since the pH range is with-
in the optimum pH value for most soil activities. We are therefore proposing that Biochar and Biochar + Pm
could be better used to increase the soil pH and reduced the acidity in the three parent materials studied. Further
field work is recommended to verify this result.
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