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Abstract 

A soil incubation experiment was conducted at the soil science laboratory of Akwa Ibom State 

University, Obio Akpa campus to evaluate the potentials of ground eggshell as a liming material 

in an acid sand soil of South eastern Nigeria. The experiment was laid out in a randomized 

complete block design (RCBD) with six treatments: 0, 0.2, 0.4, 0.6 and 0.8 tons of ground 

eggshell per hectare and 0.5ton/ha of calcium carbonate respectively as control. The experiment 

was replicated three times. For each treatment, a 100g of soil was added to plastic containers of 

equal size and basal diameter. The soil pH (in H20) and total calcium were determined on the 

incubated soil samples at 24 hours, and subsequently at 3, 6 and 9 weeks of incubation using 

standard laboratory procedures. The results showed that 8 tons per hectare of ground eggshell 

per hectare gave a constant change in soil pH up to 6.7, 6.5, 6.4 and 6.7 at 24 hours, 3, 6 and 9 

weeks representing 28.4, 25, 25.6 and 30.7percents respectively over control. When compared 

with CaCO3 as control, application of lower rates reduced soil pH generally at different 

incubation times. Total calcium in soil increased generally at 24 hours, and in the 3rd and 6th 

weeks of incubation. Application of 0.8 tons per hectare of eggshell increased total calcium up to 

1550, 231.66 and 104 percent over control. Lower rates of eggshell application reduced soil 

total calcium by 48.7, 30.6 and 26.4percents generally over CaCo3 control. The study has shown 

that eggshell has potentials to modify and amend acid sand of the study area. Application of 8 

tons per hectare of ground eggshell is recommended for soil users in the study area. 
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1.0 Introduction 

Liming is the application of materials containing cations, usually calcium onr calcium and 

magnesium which replaces hydrogen ions in the basic exchange complex and soil solution and 
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thus raises the soil pH (Amu & Oke, 2005). Soil acidity can be corrected through the application 

of various liming materials. Lime may be applied at any stage in a cropping sequence but it is 

best applied before the most sensitive crops, often legumes, preferably several months before 

planting (Amu & Oke, 2005). The most common industrial liming materials (conventional 

liming materials) are calcitic (mostly calcium carbonate, CaCo3) or dolomitic agricultural 

limestone (Kiaser et al., 2013). Other liming materials include: burned lime, slaked lime, marl, 

Selma chalk, ground oyster shells (Obi & Ekperigin, 2001), wood ash (Akinmutimi et al; 2013), 

Cocoa husk ash, snail (Achatina achatina) shell ash, periwinkle (Turilella) shell ash, clam 

(cardiumedule) shells ash (Effiong et al., 2009) palm bunch ash (Onwuka et al., 2009), Fly ash 

produced as by product of coal combustion from a local electrical generating facility) (David et 

al, 2010), rice husk ash (Oyetola & Abdullahi, 2006) and carbide . 

Research on the use of conventional liming materials as a liming source showed that the 

materials are capable of neutralizing soil acidity (Oguntoyinbo et al., (1996); Binang et al., 

2013). However, the unavailability and high cost of these conventional liming materials led to 

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

materials (Igbokwe et al., (1981). Therefore, many researchers (Mbah et al., 2010; Effiong et al; 

2009; Onwuka et al., (2009); Opara- Nadi & Oranekwulu, 1988; Omoti et al., (1991); 

Akinmutimi et al., (2013) and (Olu-obi, 1995) had worked on the complimentary effect of 

conventional lime or ash and fertilizer or animal manure in improving soil fertility. Ojeniyi et al., 

(2001) found that yield of vegetable crops and nutrient content were improved by wood ash in 

Southeast Nigeria. Odedina et al., (2003) Adetunji (1997) equally reported reduced acidity and 

increased cation availability in soils and ended with wood ash. Omoti et al., (1991) indicated that 

there was great potential of reducing fertilizer and lime bills in maize production in acidic soil by 

replacing it with application of wood ash, since it helps to increase soil pH, available cations and 

yield. Investigations on the use of eggshell as a source of liming material have been carried out 

by some researchers like Holmes et al., (2011) who worked on using eggshell as a liming 

material in corn and soya bean production in Iowa and Sutherland, United State of America. 

King, Ori (2011) investigated the use of poultry eggshells and shell membranes in Egerton, 

Kenya. Amu & Oke, (2005) carried out a study on the effect of eggshell powder on the 

stabilizing potential of lime on an expansive clay soil at Ile Ife, Nigeria among others. The use of 

eggshell as a liming source has not been extensively carried out in South Eastern Nigeria. The 

objectives of the study were to determine the pH of soils treated with different rates of ground 

eggshells and total calcium of soils treated with different rates of ground eggshell. 

 

2.0 Materials and Methods 

2.1 Study Area 

The study was carried out at the soil science laboratory of Akwa Ibom State University, Obio 

Akpa Campus, Oruk Anam Local Government Area of Akwa Ibom state, Nigeria. Obio Akpa is 

located between latitudes 4o501and 4o571N and longitudes 7o451 and 7o551E. The area is in the 

sub humid tropics with a climate that is characterized by two seasons: the wet and the dry 

seasons. The rains are heavy and of high intensity ranging between 2250 and 2500mm annually 

(Petters et al., 1989). Temperatures are uniformly high throughout the year varying between 26oc 

and 28oc. Relative humidity varies between 78%- 93%. 
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2.2 Soil Sampling and Analysis 
Surface soil samples were collected at 0-15cm from the Teaching and Research Farm of Akwa 

Ibom state University with a soil auger. The soil samples were bulked together to obtain a 

composite sample. The composite sample was air dried and passed through a 2mm mesh to 

separate fine earth fraction from the coarse fractions. The following analyses were carried out; 

Soil particle size fractions were determined by the hydrometer method (Boyoucos, 1951), the 

soil having been dispersed by 5% sodium hemataphosphate (calgon). Soil pH was determined in 

water and in INKCL in the ratio of 1:2.5 using a glass electrode pH meter. Organic carbon was 

determined by the dichromate wet oxidation method (Walkley & Black, 1934) Total nitrogen by 

the microKjeldahl distillation method (Jackson 1962). Available phosphorus was extracted by 

the Bray P I method (Bray & Kurtz, 1945). Exchangeable cations (Ca, Mg, K, Na) were 

determined by the IN NH4OAC extraction procedure; Na and K were read up by flame 

photometer, while Ca and Mg were determined by the EDTA titration method. Exchangeable 

acidity (H+ and Al3+) were determined by leaching with INKCl solution and the extract titrated 

with standard NaOH solution (McLean, 1965). Effective cation exchange capacity of the soil 

was computed as the sum of exchangeable bases and exchangeable acidity. Base saturation was 

calculated by the sum of the exchangeable cations divided by the ECEC and multiplied by 100. 

 

 

% Base saturation = total exchangeable bases     x 100   

   ECEC         1…………………………………Equation 1 

 

 

Soil total calcium was determined by digestion of soil sample using 1:1 mixture of concentrated 

HNO3 and H2O. 

 

2.3 Eggshell Analysis 

Fast food centers abound in different cities in Akwa Ibom State Nigeria. Large quantities of 

chicken eggshells were collected from these fast food restaurants at Uyo metropolis for the 

study. The eggshells were sundried, milled and sieved with a 0.5mm screen. A sub sample of 

0.5g was digested and total calcium was determined by digestion of the sample using 1:1 mixture 

of concentrated HNO3 and H2O. The calcium was determined complexometrically (EDTA 

titration) using a calcium meter indicator (Vogel,1965). The pH was also measured in both water 

and INKCL solution (1:2.5) eggshells to liquid 

 

2.4 Incubation Experiment 

The incubation study was carried out in the soil science laboratory of Akwa Ibom State 

University, Obio Akpa in February to April 2021. Sieved soil sample of 10kg soil was weighed 

into plastic containers of equal sized and basal diameters and labeled accordingly. 

The soil samples were treated with T1=0g Eggshell, T2 = 0.05g, CaCo3 (T1and T2 served as 

controls), T3= 200g, T4= 400g, T5= 600g and T6 = 800g which were equivalent to 0.2tons, 

0.4tons, 0.6tons and 0.8tons per hectare respectively. The six (6) treatments were laid out in a 

completely randomized design (CRD) with 3 replications. The treatments were moistened to 
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field capacity and covered with porous materials to minimize evaporation. The samples were 

analyzed at 24 hours, 3, 6 and 9 weeks of incubation for soil and total calcium determinations.   

 

2.5 Statistical Analysis 

Data obtained from the incubation studies were subjected to Analysis of Variance (ANOVA) and 

treatment means were separated using Fishers Least Significance Difference (FLSD) at 5% level 

of significance. 

 

3.0 Results and Discussion 
Initial soil physical and chemical properties before liming is presented in Table 3.1.The textural 

class of the soil was sandy loam with a pH value of 4.7 which indicated that the soil is acidic 

which could be intolerable to some acid sensitive crops (Landon, 1991). Therefore, liming the 

soil would be a management practice if such soil is to be used for agricultural purposes at least 

for some pH sensitive crops. The soil texture showed that the soil is likely to leach nutrients, 

particularly in tropical climates with high amount of rainfall (Beegle & Lingenfelter, 1996). 

Some chemical properties of ground Eggshell used in the study is presented in Table 3.2. The pH 

value was high and the total calcium was relatively high showing potentials of the ground 

Eggshell to be used as a liming material in the study area. 

 

 

3.1. Effects of Ground Eggshell and Calcium Carbonate Application on Soil pH at 

Different Incubation Periods. 

 

The effects of ground eggshell and calcium carbonate on soil pH at 24 hours, 3,6 and 9 weeks of 

incubations is shown in Table 3.3. It was observed that different rates of ground eggshell 

significantly (p < 0.05) increased soil pH generally at various incubation periods. At 24 hours, 

lower rate of application (0.2 tons/ha) of ground eggshell reduced soil pH up to 5.17 representing 

0.19 per cent over control 1 (0t/ha Eggshell). Application of 0.8 t/ha of ground eggshell gave a 

constant change of soil pH up to 6.65, 6.46, 6.62 and 6.65 at 24 hours, 3, 6 and 9 weeks of 

incubation representing 28.38, 24.95, 25.62 and 30.65 percent respectively over the control. This 

result has shown that higher rates of ground eggshell (8t/ha) has proven to be more effective in 

increasing soil pH compared to lower rates of application. This result agrees with the results 

obtained by Holmes et al., (2011), Mitchell, (1994) and Akinmutimi & Effiong, (2014) that 

ground eggshell when applied at increasing rates increased soil pH and is more effective liming 

source. Ground eggshell contains relatively high percentage of calcium and other basic elements 

which could increase the soil pH (Standelman, 2000). When compared with (CaCo3) control, 

lower rates of ground eggshell significantly (p < 0.05) reduced soil pH generally at 24 hours, 3 

and 9 weeks of incubation within the range of 6.2 to 5.2 representing 2.36 to 18.58 percent over 

the CaCO3 application (control 2). However, application of higher rate (8t/ha) of ground Eggshell 

significantly (P < 0.05) increased soil pH when compared with CaCo3 in 24 hours, 3 and 6 weeks 

of incubation. The reduction in soil pH by lower rates of ground Eggshell at various periods of 

incubation could be attributed to the sandy nature of the study location which was dominated by 

over 90% sand with minimal silt and clay contents, coupled with high temperature, solar 
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radiation and erosion in relation to duration of the study. It was reported in a related study (Freire 

& Holanda 2006) that hand crushed Eggshell did not change the soil pH and increase the level of 

calcium after 3 weeks of application. The initial pH of the study soil was 4.7 which was quite 

acidic and needed higher rates of eggshell dissolved in acidic soil to add more calcium to the 

 

 

 

Table 3.1:  Initial soil physical and chemical properties collected at (0-15cm) depth before 

treatment application 

Soil Properties Value 

Particle size distribution  
Sand (%) 94.60 
Silt (%) 1.40 
Clay (%) 4.00 

Textural class Sandy loam 

pH (H20) (1:2.5) 4.7 
pH (KCl) (1:2.5) 3.5 

Total Nitrogen (%) 0.94 
Organic matter (%) 3.89 
Soil Total calcium (cmol/kg) 3.46 

Available Phosphorus (mg/kg) 17.99 
Exchangeable K (cmol/kg) 0.16 
Exchangeable Na (cmol/kg) 0.07 
Exchangeable Ca (cmol/kg) 2.94 

Exchangeable Mg (cmol/kg) 1.26 
Exchangeable acidity H+ and Al++ (cmol/kg) 2.43 
Cation exchange capacity (cmol/kg) 4.43 

ECEC (cmol/kg) 6.86 
Base saturation (%) 64.58 

 

 

Table 3.2:  Some properties of the ground egg shell 

 

Parameter Value 

pH (water) 

pH (KCl) 

Total calcium (%) 

8.84 

8.70 

61.86 
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Table 3.3:  Showing mean values of soil pH as affected by ground egg shell 

 

 

 

 

soil. It has also been observed that eggshell stops affecting pH once the pH of the soil is around 

6.8 (Holmes et al., 2011). 

The mean increase in soil pH was higher with a mean of 6.6, at 6 weeks of incubation, 

representing 29.04 percent over CaCO3. At 9 weeks, soil pH increased by 4.89% over CaCo3 

application. 

 
3.2 Effects of Ground Eggshell and Calcium Carbonate Rates on Soil Total Calcium 

 

Effect of ground eggshell and CaCo3 rates on soil total calcium is presented in Table 3.4. 

When compared with (0t/ha Eggshell) control 1, different rates of ground eggshell significantly 

increased (p < 0.05) soil total calcium generally. Application of 8 tons/ha of ground eggshell 

increased soil total calcium up to 8.42 cmol/kg representing 104.87 percent over control at 6 

weeks after incubation. 

 At 9 weeks’ total calcium increased minimally by 9.89cmol/kg representing 42.71 percent over 

control. Lower rates of ground eggshell reduced soil total calcium by 26.40 to 48.72% generally 

at 9 weeks of incubation. The reduction calls for further investigation on optimum rate of ground 

eggshell as liming material in highly weathered and eroded acid sand of South East Nigeria; 

when compared with CaCO3 control 2, application of lower rates of ground eggshell reduced soil 

total calcium within the range of 7.79 to 36.36 percent generally at 6 and 9 weeks of incubation 

studies respectively. 

 

 

 

 

 

 

Treatments 24 3 6 9 

t/ha  hour Week week week 

T1 = control 1 (0t/ha Eggshell)      5.18 5.17 5.27 5.09 
T2 = control 2 (0.05t/ha CaCo3)     6.35      6.14   5.13       6.34 

T3 = 0.2t/ha Eggshell 5.17 5.28  5.37      6.09 

T4 = 0.4t/ha Eggshell  5.34 5.27  5.46 5.27 

T5 = 0.6t/ha Eggshell 6.20 5.67  6.12 5.73 
T6 = 0.8t/ha Eggshell 6.65 6.46  6.62 6.65 

LSD (p< 0.05)  0.25 0.31  0.63 0.62 
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Table 3.4: Showing mean values of soil total calcium (cmol/kg) as affected by ground 

Eggshell rates and CaCo3 at 24 hours, 3, 6 and 9 weeks of incubation treatments 
 

 

 

 

 

 

 

  

 

 

 

 

4.0 Conclusion and Recommendation. 

This research has shown that ground eggshell increased soil pH and soil total calcium thereby 

proving that it could be used effectively as a liming material in a degraded acid sand of South 

Eastern Nigeria. When the result was compared with two control applications (0t/ha ground 

eggshell and CaCo3 at 0.05t/ha), soil pH increased generally over controls at 3, 6 and 9 weeks of 

incubation. Ground eggshell was observed to modify soil pH (on account of its content) and 

other nutrient elements such as calcium phosphates, calcium carbonates, magnesium and organic 

matter. In view of the high rainfall and erosion, increase in soil acidity, and harsh weather 

conditions in the study area, ground eggshell is recommended to farmers and other soil users as a 

modifier and liming material of acid sand at the rate of 0.8t/ha.   
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