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Abstract 

Field trial was conducted at two locations in Akwa Ibom state University Teaching and 

Research Farm of the Faculty of Agriculture, Obio Akpa Campus to determine the effects of 

local liming materials on soil acidity and yield of chilli pepper. Four treatments consisting of 

wood ash (WA), palm bunch ash (PBA), oyster shell ash (OYSA) each applied at 0.8 t /ha and 

a control (no lime applied) were laid out in a randomized complete block design with three 

replications. The result showed increased in soil pH from 4.1 before experiment to 6.21 in 

soils treated with oyster shell ash. Exchangeable acidity, aluminium and hydrogen were 

significantly (P < 0.05) reduced in soils treated with lime materials. Plant height, number of 

leaves, number of branches, number of fruits and fresh fruit yield of chilli pepper were 

significantly increased while stem girth and fruit size were not. The highest fresh fruit yield of 

16.22 t/ha was obtained from soils treated with wood ash (WA) though not significantly 

higher than the yield obtained from other treatments but was higher than the control soils. 

The yield increase was in the order: WA > PBA > OYSA > control. Therefore, for 

amelioration of soil acidity and enhancing nutrient availability and yield of chilli pepper in 

an acid Ultisol of Southeast Nigeria, application of wood ash, palm bunch ash and Oyster 

shell ash is recommended.   
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1.0  Introduction 

Chilli pepper (Capsicum annuum L.) is a popular spice and vegetable crop in agriculture 

because of the economic importance and combination of taste, colour, and nutritional values 

of its fruit (Al-Snafi, 2015). Nigeria is known to be one of the major producers of pepper in 

the world, contributing about 50 percent of the African production (Idowu-agida et al, 2010.  

Like most plants, pepper requires a high level of mineral nutrients with a mean temperature 
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of about 30 °C as well as  well-drained moisture-holding loamy or sandy loam soils that are 

rich in organic matter and have  pH values between  6.5 and 7.5 (Haifa Chemicals, 2016) in 

the growing medium for effective performance. Most soils in Southern Nigeria and in parts of 

the humid tropics are acidic due to the nature of their parent materials, high rainfall regime 

and intensity, as well as, associated leaching of nutrients and weathering. They are often 

deficient in essential plant nutrients in a few years of cropping (Awodun et al., 2007). This is 

one of the main reasons for the low production of pepper in Nigeria. In some areas, this 

problem is being worsened by increasing decline in soil fertility, caused by continuous 

cropping. Soil acidity is a condition of the soil when the exchange complex is dominated by 

hydrogen (H+) and aluminium (Al3+) ions (Brady & Weil, 1999). In order to decrease soil 

acidity, the hydrogen ions must be replaced by metallic cations. This is commonly done by 

adding agricultural lime. Liming is the application of materials containing cations, especially 

calcium and magnesium which replaces hydrogen ions in the basic exchange complex and 

soil solution and thus raises the soil pH. There are various liming materials that can be used 

to raise the pH of soils to desired level in order to correct soil acidity. The most common 

industrial liming materials are calcites [mostly calcium carbonate (CaCo3)] or dolomites, 

agricultural limestone (Kaiser et al., 2013). Other liming materials commonly referred to as 

the non-conventional liming materials includes burned lime, slaked lime, marl, selma chalk, 

ground oyster shells, wood ash, palm bunch ash,  cocoa husk ash, snail (Acantina achantina) 

shells ash, periwinkle (Tunrilella) shell ash, Clam (Cardiumedule) shell ash and rice husk. 

Oyetola & Abdullahi (2006) reported that these materials were capable of neutralizing soil 

acidity. However, the unavailability and high cost of these conventional lime materials led to 

the invention and research into low cost, affordable and adaptable organic and inorganic 

materials. This study was therefore conducted to evaluate the effects of some local liming 

materials on soil acidity and yield of chilli pepper in Obio Akpa, Akwa Ibom State, South-

eastern Nigeria. 

 

2.0   Materials and Methods   

2. 1. Experimental Site 

The experiment was conducted in two locations within the Akwa Ibom State Teaching and 

Research Farm, Obio Akpa Campus in Oruk Anam Local Government Area of Akwa Ibom 

State. The area is situated between latitude 4°301 N and 5°301N and 7°301E and 8°001E 

(SLUS-AK, 1989). The soil is an Ultisol according to the United States Department of 

Agriculture (USDA) system of classification (Soil Survey Staff, 1999). 

2. 2. Land preparation, experimental design and treatments  

Experimental site measuring 28.8m2 was manually cleared, tilled and each plot size of 9.6m2 

marked out. An alley of 1 m was left between blocks and 1.5m2 between plots. The 

experiment was laid out in a randomized complete block design with three replications. There 

were four treatments consisting of wood ash (WA), palm bunch ash (PBA), oyster shell ash 

(OYSA) each applied at 0.8 t /ha and a control (no lime applied).  
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2.3. Field Studies:  

Prior to land preparation, one composite soil sample was collected from 0 to 15 cm depth 

using soil auger for physico-chemical analysis. The various local liming materials were 

incorporated into the soil. After two weeks of application, young seedlings of pepper were 

transplanted from the nursery and were sown at a planting distance of 60 x 60 cm. Six (6) 

plants from the centre row of each plot were randomly selected, tagged and used in growth 

measurements. Growth parameters measured were plant height, number of leaves per plant, 

number of branches per plant and stem girth. These parameters were assessed after 2weeks of 

planting (WAP) and subsequently at 2 weeks interval till the end of the experiment in both 

locations. Yield components (number of fruits per plant and fresh fruit yield) were taken at 

each harvest and calculated from the first harvest until the end of the experiment (16WAP) in 

the two locations. Composite soil samples were taken per plot at the end of the experiment 

for laboratory analysis 

2.4 Laboratory Studies:  

The composite soil samples collected before and after experiment were air-dried and sieved 

through a 2 mm mesh. The following analyses were carried out on the samples using standard 

procedures as outlined by Udo et al. (2009): Particle size distribution was determined by the 

Bouyoucous hydrometer method, using sodium hexametaphosphate as a dispersant. Soil pH 

was determined using a ratio of 1:2.5 in soil-water medium and read with a pH meter. 

Organic carbon content was determined by Walkley-Black dichromate oxidation method. 

Organic matter was obtained by multiplying organic carbon content by a factor of 1.724. 

Total nitrogen (N) was determined by the micro-kjeldahl method. Available phosphorus (P) 

was extracted by the Bray 1 extraction method, and the content of P was determined 

colorimetrically using a Technico AAII auto analyser (Technico, Oakland, Calif). 

Exchangeable bases were determined by the neutral ammonium acetate extraction method 

and read with an atomic absorption spectrophotometer (AAS). Exchangeable acidity was 

determined by the 1 N potassium chloride (KCl) extraction method and titrated with 1 M 

sodium hydroxide (NAOH) using phenolphthalein as an indicator. Samples of the ashes from 

different materials were also subjected to chemical analysis using standard procedures. 

2. 5. Data analysis:  

Data were analyzed statistically and means were compared using Fisher’s Least Significant 

Difference (FLSD) at 5% probability level (Wahua, 1999). 

 

3.0  Results and Discussion  

3. 1. Properties of the soil before experiment:  

Data on the initial soil analysis of the two experimental sites used for the study revealed that 

the soils were extremely acidic with pH value of 4.1 and sandy loam in texture. The detailed 

chemical properties of the soils used for the experiment are shown in Table 3.1. Nutrient 
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contents of the different liming materials used for the study. The analysis of the liming 

materials shows that the liming materials contain significant amount of plant nutrients with 

high pH levels to make them suitable as liming materials (Table 3. 2). Amongst the liming 

materials, oyster shell ash had the highest pH (13.1), followed by wood ash (12.3) and the 

least was from the palm bunch ash (10.2). Details of the nutrient composition of the different 

liming materials are shown in table 3.2. 

3.3 Effects of local liming materials on soil pH, exchangeable acidity, hydrogen and 

aluminium. 

The effects of local liming materials on soil pH, exchangeable acidity, hydrogen and 

aluminium are presented in Table 3.3.  All the liming materials used significantly (P < 0.05) 

improved the soil pH relative to the control plots (without lime). The soil pH was raised from 

the initial value of 4.1 to the highest pH value of 6.21 obtained from soils treated with OYSA, 

this was followed by WA treated soils (6.01), then PBA treated soil (5.98) and the least was 

from the control soil (4.30). The increases in soil pH obtained in all the treated soils proved 

that OYSA, WA and PBA are good liming materials for acid soils of South-Eastern Nigeria. 

The values obtained from this study compared favourably with those obtained by Iren and 

Uwah (2018); Akinmutimi and Osodeke (2013). Exchangeable acidity, hydrogen and 

aluminium were significantly reduced with the application of the local liming materials. This 

is because the liming materials contain some basic cations (Fageria et al., 2007) and basic 

anions (CO3
-2) that are able to pull H+ from exchange sites to form H2O + CO2 cations and 

occupy the space left over by hydrogen in the exchange site. 

 

3.4 Effects of local liming materials on growth parameters and yield of pepper 

Tables 3.4 and 3.5 present significant increases in plant height and number of branches of 

chilli pepper at different growth stages as affected by the different liming materials, 

respectively. There were significant increases in plant height and numbers of branches 

(Tables 3. 4 and 3. 5) in all the treated soils relative to the control.  The tallest plants and 

highest number of branches at the end of the experiment were obtained in soils treated with 

wood ash (WA) and oyster shell ash (OYSA), respectively. Although the plants from WA 

treatment was not significantly taller than those from soil treated with palm bunch ash (PBA) 

but was higher than the oyster shell ash (OYSA) and the control. However, the highest 

number of pepper branches obtained from OYSA treatment was not significantly different 

from other treated plants except the control. This study is in consonance with the work of 

Ogbuehi (2016) who reported significant increase in okra height as a result of liming the soil 

using palm bunch ash. There were no significant differences (P > 0.05) in the stem girth of 

chilli pepper across all the growth stages (Table 3. 6). The findings is in consonance with that 

of Ijah et al. (2018) who reported no significant increase in stem girth of pepper as a result of 

amendments applied. Number of leaves per pepper plant was significantly increased by all 

the treatments across all growth stages relative to the control (Table 3.7) with the highest 

value (97.08) obtained from soils treated with OYSA at 10 WAP.  
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3.5 Effects of liming materials on yield components and yield of chilli pepper 

The effects of the different local liming materials on the mean number of fruits, fruit size and 

yield of chilli pepper are shown in Tables 3.8, 3.9 and 3.10, respectively. Fruit number of 

chilli pepper was significantly (P < 0.05) increased by the application of liming materials but 

the highest values (23.33) was obtained in soils treated with OYSA at 16WAP. However, all 

the treated soils recorded higher number of pepper fruits compared with the control soil. This 

result is in agreement with the findings of Adjei-Nsiah & Obeng (2013) who reported 

increases in number of fruits of garden eggs, pepper and okra by the application of palm 

bunch ash. There was no significant difference in fruit size of chilli pepper plant across all 

growing stages but the highest fruit size (16.30) was obtained in soil treated with WA. The 

highest fresh fruit yield of 16.22 t/ha was obtained from soils treated with wood ash although 

not significantly higher than the yield obtained from other treated soils but was significantly 

higher than the yield obtained from the control. The yield increase was in the order: WA > 

PBA > OYSA > control. 

 

Table 3.1: Some physicochemical properties of the soil used for the experiment before 

treatment application. 

 

 

Soil Properties Value 

Practical size distribution  

Sand (%) 85.00 

Silt (%) 8.00 

Clay (%) 7.00 

Textural class Sandy loam 

Soil pH (H2O) 4.1 

Total nitrogen (%)                                    0.08 

Organic carbon (%)                                  1.93 

Available Phosphorus (mg/kg)                   8.02 

Exch.Ca (cmol/kg)                                    2.98 

Exch.Mg (cmol/kg)                                   1.78 

Exch.K (cmol/kg)                                    0.15 

Exch. Na (cmol/kg)                                  0.07   

Exch. acidity (cmo/kg-1) 2.0 

Exch. Hydrogen(cmo/kg-1) 0.50 

Exch. Aluminium (cmol/kg-1) 1.50 

ECEC (cmol/kg)                                       6.98 

Base saturation (%)                                   71.35 



C. J Ijah, et al.                  AJAFS 5 (2021) 10 - 19  

15 
 

 

Table 3.2: Chemical composition of the different liming material used for the study  

Parameter Values 

 Wood ash (WA) Palm bunch ash (PBA) Oyster shell ash (OYSA) 

pH (H20) 12.3 10.2 13.1 

Organic carbon 3.06 2.91 2.05 

Total nitrogen 0.31 0.29 0.20 

Total  P 44.68 40.23 34.25 

Total Ca (mg/kg) 28.5 24.3 39.6 

Total Mg (mg/kg) 16.2 12.6 10.2 

Total Na (mg/kg) 0.11 0.14 0.10 

Total K (mg/kg) 0.24 0.18 0.24 

PBA = Palm bunch ash, WA = Wood ash, OYSA = Oyster shell ash 

 

Table 3.3:  Effect of local liming materials on soil acidity, exchangeable hydrogen and 

exchangeable aluminium.  

Parameter Value    

 control PBA WA OYSA 

pH(H20) 4.30 5.98 6.01 6.21 

Exch. acidity (cmol/kg) 2.40 0.93 0.43 0.19 

Exch. hydrogen (cmol/kg) 1.10 0.21 0.12 0.08 

Exch. acidity =Exchangeable acidity, Exch. Hydrogen = Exchangeable hydrogen 

PBA = Palm bunch ash, WA = Wood ash, OYSA = Oyster shell ash 

 

Table 3.4: Effects of local liming materials on height of pepper (cm) 

 

 

Treatment 2WAP 4WAP 6WAP 8WAP 10WAP 12 WAP 14WAP 16WAP 

0 0.00 0.50 2.08 4.16 7.42 11.25 13.00 16.25 

PBA 0.17 1.50 8.17 9.50 16.75 19.00 21.58 35.25 

WA 0.00 1.58 7.67 11.92 18.08 23.42 22.58 39.17 

OYSA 0.00 1.17 8.67 11.42 13.67 25.75 27.17 44.67 

LSDP <0.05) 0.13 1.31 2.53 2.54 4.95 4.83 6.45 13.29 

WAP= weeks after planting, WA = wood ash, PBA =Palm bunch ash, OYSA = Oyster Shell ash. 
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Table 3.6: Effects of local liming materials on stem girth of pepper 

Treatment 2WAP 4WAP 6WAP 8WAP 10WAP 12WAP 14WAP 16WAP 

0 1.24 1.88 1.91 1.93 2.41 2.57 3.21 3.47 

PBA 1.37 2.05 2.23 2.53 2.90 3.39 3.54 3.84 

WA 1.28 2.16 2.41 2.56 2.78 2.83 2.86 3.38 

OYSA 1.22 2.04 2.51 2.67 2.72 2.91 3.33 3.24 

LSD (P<0.05) NS NS NS NS NS NS NS NS 

WAP= weeks after planting, WA = wood ash, PBA =Palm bunch ash, OYSA = Oyster Shell 

ash. 

 

 

Table 3.7:  Effects of local liming materials on number of leaves of pepper 

Treatment 2WAP 4WAP 6WAP 8WAP 10WAP 12WAP 14WAP 16WAP 

0 8.83 19.00 23.00 28.25 32.83 42.50 58.17 60.33 

PBA 14.42 18.92 36.50 58.75 53.75 87.25 69.83 61.50 

WA 12.50 20.24 50.84 83.67 57.50 64.92 72.42 70.08 

OYSA 9.09 20.58 51.92 76.17 97.08 90.75 85.50 89.92 

LSD (P<0.05) 2.89 6.14 26.51 16.22 23.15 23.48 29.05 19.40 

WAP= weeks after planting, WA = wood ash, PBA =Palm bunch ash, OYSA = Oyster Shell ash. 
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Table 3.8: Effect of local liming materials on number of fruit of pepper  

Treatment 8WAP 10WAP 12WAP 14WAP 16WAP 

0 1.00 2.83 7.58 7.17 4.67 

PBA 6.25 3.58 9.50 15.42 13.83 

WA 6.67 4.42 6.83 12.00 12.33 

OYSA 3.00 8.33 19.17 22.50 23.33 

LSD(P<0.05) 2.45 3.51 8.13 8.23 8.31 

WAP= weeks after planting, WA = wood ash, PBA =Palm bunch ash, OYSA = Oyster Shell 

ash 

 

Table 3.9: Effects of local liming materials on fruit size of pepper  

Treatment 8WAP 10WAP 12WAP 14WAP 16WAP 

0 2.80 1.71 2.33 4.94 4.09 

PBA  2.53 2.57 3.43 5.28 5.28 

WA 3.91 2.31 16.30 5.53 4.90 

OYSA 3.43 2.62 4.12 4.40 4.76 

LSD (P<0.05) NS NS NS NS NS 

WAP= weeks after planting, WA = wood ash, PBA =Palm bunch ash, OYSA = Oyster Shell 

ash. 

Table 3.10: Effects of local liming materials on fruit yield of pepper 

Treatment Fruit Yield Per Hectare (t/ha)  

0 8.75 

PBA 13.48 

WA 16.22 

OYSA 13.87 

LSD(P<0.05) 2.15 

WA = Wood ash, PBA =Palm bunch ash, OYSA = Oyster Shell ash. 
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4.0  Conclusion and Recommendation 

The results of the study showed that, the application of the different liming materials 

increased the soil pH and reduced exchangeable acidity, hydrogen, aluminium and also 

increased pepper plant height, number of branches, number of leaves, number of pepper fruits 

per plant, fruit size and yield. Among all the liming materials tested, oyster shell ash gave the 

best performance in ameliorating soil acidity. However, all the liming materials enhanced 

nutrient availability and fruit yield of chilli pepper. 
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