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Abstract 

Calcium and Magnesium are part of the macro-nutrients required by plants from the soil for growth and 

development, they are also necessary for soil health to keep crops healthy. Calcium is needed in plants for the 

formation of new cells, roots, stems, and leaves. For the soil, calcium plays an important role in ensuring the 

Pretention capacity of water and nutrients. Magnesium is an important component of photosynthesis in plants and 

is found in chlorophyll which,the green pigment. The study investigated and compared the presence of calcium 

and magnesium levels in manures of several animals from different households around the Kagochi area. The 

samples collected were dried, blended and acid digested. AAS, A-A-700,0 (Atomic Absorption Spectroscopy) was 

used to analyze the manure samples. The data provided was presented in tables and graphs comparing the manures 

from both households. The mean levels of calcium and magnesium for both households one and two were found 

to be Ca 27.99 mg/L and Mg 6.23mg/L for household 1 and Ca 27.26 mg/L and Mg 6.32 mg/L for household 2. 

A strong correlation was found between manures in household one and those of household two in their calcium 

and magnesium concentrations. The manures were found to contribute  a significant rise in soil pH. The 

information from the study will form a basis for manure’s importance and application for small-scale and large-

scale crop growers and bring more value to manures as a source of plant and soil nutrients. 
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1. Introduction 

Food security is one of the biggest issues we face around the world due to the population increase. Due to the need 

for food security all over the globe great concern is taken to soil on how soil fertility can be improved to increase 

productivity (Manolikaki et al., 2016). Chemical fertilizers and manures are widely used to promote and enhance 

soil nutrients needed by plants for growth. Ca and Mg are important nutrients required by plants, Plants absorb 

mineral elements in their ionic form from the soil or some other medium. That is Ca and Mg and other minerals 

required for plant nutrition. These elemental nutrients are available to the soil through manure addition and 

fertilizers (Ruan J et al., 2012). 

Manure is organic matter used as organic fertilizer in agriculture. Most manures consist of urine, animal dung, 

and compost to form animal manure. Animal fertilizers consist of plant materials used as animal bedding that 

absorb feces and urine. Traditionally and in today's society, almost every household have domesticated animals 

such as cow, sheep, chicken, pig, and rabbits (Dias et al., 2016). Manure from different animals has different 

quality and nutrient contents. In the report on environment protection oversaw animal manures are a rich source 

of macronutrients and micronutrients for crops by providing nutrients to the soil and adding organic matter to 

improve the physical and chemical properties of soil (Maghanga et al., 2012). Animal manures have a major impact 

on the microbial community structure of the soil than chemical fertilizers. Fertilizers can directly or indirectly 

change the chemical, physical, and other soil properties by altering the soil fertility (AI et al., 2012).  Animals 

Manure waste plays an important role in soil improvement through a continuous supply of organic matter and 

nutrients. Animal slurries are cost inexpensive and cheap, not bulky, environment friendly, and readily available. 

They provide the soil with the necessary minerals and nutrients needed for plant growth (Mafra et al., 2015). 

 

2. Problem statement 

The over-reliance of the soil on chemical fertilizers is a major concern for soil health and plant productivity. The 

soil is exposed to pollution, leaching of nutrients, soil degradation, and other effects of these fertilizers if 

excessively used. They lead to deficiency in phosphorous, Potassium, and Magnesium. Groundwater needs 

protection from phosphorous and nitrogen leaching from chemical fertilizers (Xiong et al, 2017). 
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Inorganic fertilizers are of high cost in rural areas where some people who live below the poverty level cannot 

afford to purchase these fertilizers. There is limited information on animal manures domesticated in the households 

both locally and nationwide which leads the local community to continue using chemical fertilizers despite the 

availability of cheap manures. 

 

3. Related works 

Except for carbon (C), oxygen (O), and hydrogen which plants obtain from air and water plants derive the other 

four elements from the soil through manure and fertilization (Holzel et al, 2010). For sound soil, it must have all 

the fundamental minerals components in the right proportion such as Nitrogen (N), Phosphorous (P), potassium 

(K), Magnesium (Mg), Calcium (Ca), and others. (FAO 2015). The average content of N.P.K on composed cattle 

manure applied on saffron soil was found to be around 1.1%, 0.6%, and 1.2% dry weight (Maghaddan et al., 2015). 

Different animal manures were found to have different NPK concentrations, chicken manure was found to have 

the N.P.K rating 1:1.5:0.5, the cow’s 0.8:0.5:0.5, the pig’s 0.6:0.4:0.3 and that of the sheep’s 0.6:0.4:0.3 

(Macdonald et al 2021). 

Application of swine (pig) manures and cattle manures together with N.P.K increased the total organic carbon 

by 78.3% and 54.7%respectively (Liet et al., 2017). Kenyan soils suffer from macronutrients and micronutrients 

such as N, P, K, Ca, Mg, and S (Kibunja et al, 2017). Farmyard manure contains all required nutrients and can 

supply them to the soil that is (N, K, P, Ca, Mg, S) necessary for plant growth (Khan et al 2010). (M. Desene et 

al., 2012) farm yard manures can improve soil water holding capacity, soil structure, and nutrients exchange and 

maintain soil health. 

Calcium increases in soil help in increasing the soil PH by reducing soil acidity and nutrient leaching (Omolla 

et al., 2016). In western Kenya, farmland soils are widespread with Ca, Mg, N,    and P deficiencies and have soil 

PH of 4.5 to 5, due to excessive leaching of Ca, Mg, and K. NPK blended fertilizers popularly used in combination 

with manure application on maize led to increased uptake of plants nutrients such as Mg, Ca and N.P.K (Bernard 

et al., 2015). Manures from swine brought about a significant increase in N, P, Ca, and Mg levels in de camp ben 

plants. (Silva et al., 2015). The use of swine /pig waste as a nutrition source for crops gradually increased due to 

the ability to improve soil chemical properties. (Mead et al 2011) (Oliveira et al., 2014). Animal manure of goat 

and sheep have a large concentration of nitrogen (N), calcium (Ca), and manganese (Mn). Sheep manures were 

found to contain phosphorous (p) and potassium (K) in higher concentrations than cattle manure  (Hejcman et al., 

2013). Naturally,  pig manure applications are found to allow more complete nutrient fertilization not only limited 

to N, K, and P but with a high concentration of macro and micronutrients such as Ca, Mg, Zn, and Mn (Comin et 

al., 2016 and Siva et al., 2020). Pig manures are used as fertilizers. 

Maintaining soil quality is of great importance for crop productivity. Livestock manures return essential 

macronutrients including nitrogen, K, P, Mg, Ca and others to soil maintaining its fertility (Wang et al., 2019). 

Calcium uptake by the plant is related to root carbon exchange capacity. The soil has the capacity of exchanging 

Ca with plant roots. The Significant increase in exchangeable Ca levels and enhanced Ca uptake affect the addition 

of cow manures (Uzoma et al., 2011). An increase in K availability in soil is attributed to enhanced soil PH by 

cow manure (Manolikaki and Diamodopoulus 2016, Sminder and Sings 2014). Fertilization with composed swine 

manure exports values for N, P, K, Ca, Mg and S or higher than those obtained with mineral fertilization (NPK) 

indicating that compost swine manure can be efficient as a mineral fertilizer in the supply and export of nutrients 

in the prose millet crop (Alves et al., 2017). 

 

4. Material and Testing Methods 

4.1 Study Area 

The study aimed to analyze potassium (K), calcium (Ca), and magnesium (Mg) concentrations in cattle, pigs, sheep, 

and a mixture of the manures that were collected from an area in the Mathira constituency, Magutu, and Kagochi 

sub-location in Nyeri County. Kagochi area is located at 1761m above sea level, latitude (0◦ 23’ 24.7’’S) and 

longitude (37◦ 8’ 37.1’’ E). The area is situated within Mathira constituency, Magutu ward, Nyeri County, Kenya. 

The main crops grown in the area are crops like Tea, maize, vegetables,  and coffee. Animals reared in the area 

include dairy cattle, sheep, goats, rabbits, pigs, and poultry. 

 

4.2 Sample Collection 

A sampling of manure was carried out in March and April 2022. Manure samples were collected systematically 

from two households in each household only samples of pig manure, cattle manure, and sheep manures were 

collected. The samples (n=6) from the households (A1, A2,), (B1, B2, B3) were collected at an interval of 10 

blocks apart and a mixture sample (D1, D2) was prepared.  

The soil samples were collected, and sample numbers were (n=8) all from within Karatina university garden 

and were labeled (A, B, C, D, E, F, G, H & I). The manure samples were collected 300 g each for all the animal 

manures which were under the study.  
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Fig. 1 GPS location of Kagochi area. 

The samples were sieved to remove leaves and then placed in 500g plastic containers. The household where 

the manures were collected were marked by red ribbons at the gate their GPS locations were also noted. The soil 

samples were collected 15 cm deep using a soil auger where a panga was used to dig, and the soil was placed in a 

5000 ml plastic container. The soil was collected 4 times at a distance of 15 m apart and later mixed to have a 

uniform representative sample which also was subdivided to cater for all the samples that were needed. All the 

samples were later taken to Karatina university laboratories where sample analysis was done 

 

4.3 Sample Preparation 

The manure samples collected were air dried and later dried. The dried manure samples were ground using a 

blender to get homogeneous finely ground samples and were stored in plastic bags as they waited for laboratory 

analysis and acid digestion. 

 

4.4 Sample Digestion 

Manure sample digestion was done where 2 g of each sample were weighed using an analytical electronic weighing 

balance, the samples will be placed in a test. 10 ml of nitric acid, sulfuric acid and per chloric acids were added in 

the ratio of 6:3:1 into each sample and were thoroughly shaken. The samples were allowed to stand and later were 

heated to 100 °C for an hour and after one hour the temperature was raised to 350 °C for three hours, later the 

samples were allowed to cool to room temperature. 

The digested samples were left to cool; distilled water was added to each sample. The samples were filtered 

between filter paper after all the samples were dissolved. The filtrates were placed in a 50 ml flask and were made 

up to the mark using distilled water and stored for analysis. Analysis of the samples was done under atomic 

absorption spectroscopy (AAS) whose number will be provided. 

 

4.5 Preparation of Standard Solution 

100 ppm of Calcium was prepared from a 1000ppm commercial standards of calcium in a conical flask and was 

made to the mark, standards of 2ppm, 4ppm, 6ppm, 8ppm and 10 ppm standard solutions were prepared from 

dilutions of 2ml, 4ml, 6ml, 8ml and 10ml in a 100ml volumetric flask and made to the mark. 100ppm of magnesium 

were prepared from 1000ppm of commercial standards in a conical flask and later made to the mark. Standards of 

2ppm, 4ppm, 6ppm, 8ppm and 10ppm were prepared from dilution of 2ml, 4ml, 6ml, 8ml and 10ml in a 100ml 

conical flask and made to the mark. 

 

4.6 Determination of Soil PH 

Determination of soil pH samples was done using distilled water which was added to 50g of air-dried sample in a 

50ml beaker. The mixture was stirred and was left for three days. The soil pH was determined using a pH meter.  

A mixture of each manure sample, was mixed with a soil sample and distilled water, and they were left for three 

days, later the pH of the mixtures was determined using a pH meter. 
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4.7 Chemical Reagents and Apparatus 

The chemical reagents and apparatus that were used include: 

Table 1 Chemical Reagents and Apparatus 

 

         APPARATUS                                                        REAGENTS 

3 Conical flasks                                                                           Per chloric acid 

1 Pipette                                                                                      Concentrated sulfuric acid 

12 Test tubes                                                                             Concentrated Nitric acid 

5 Beakers 

3 Measuring cylinder;2-250ml and one 10ml cylinders 

1 Blender 

1 sieve 

12 Plastic cointainers 

1 soil scooper  

4 Volumetric flasks 

1 Ph meter 

 

 

4.8. Data Analysis and Data Presentation. 

The data obtained were analyzed using the excel model of data analysis, later the data that were obtained were 

presented using tables and bar graphs. The concentration of each element of Mg and Ca was presented using bar 

graphs showing the concentrations of each element in the manures. The soil PH of different animal manures was 

presented using a table of PH. 

 

5. Results and discussion 

Table 2. A table of calcium and magnesium concentrations in manures. 

                      CALCIUM(concentration in ppm)                  MAGNESIUM(concentration in ppm) 

Manure                   HH1                  HH2                                             HH1                    HH2 

COW                      45.0297            28.5927                                      0.0000               0.0000 

SHEEP                    21.9205           42.3438                                       8.2721               7.9362 

PIG                          28.6061          20.0658                                       8.4641               8.4713 

MIXTURE               16.4148          18.0503                                       8.6085               9.9800 

 

 
Fig 2  A graph of calcium concentration in manures of household 1 and household 2. 
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Fig 3 Graph of magnesium concentration in manure concentration of household 1 and household 2. 

Cow manures contained the highest levels of calcium for manures in household one but also had the least 

magnesium content. Sheep manures reported a significant amount of calcium and magnesium levels within the 

manures. Pig manures registered a higher level of calcium and magnesium which were greater than those of the 

sheep manures. The mixture was made by mixing 0.667g of each manure from the three animals. The mixture 

registered the least amount of calcium but had a significant amount of magnesium. All the manure from household 

number 1 registered significant levels of calcium and magnesium except the cow dung which had the least calcium 

content. The means of calcium and magnesium were Ca = 27.99 and Mg = 6.32 respectively in household one.  

Animals in the household were fed on pastures ad fodders, commercials feed (daily meals, fish meals), salt 

licks, and water. Also, they were fed vegetables from the farm and dry Napier grass. 

Manures from household 2 had calcium and magnesium content of means 27.26 and 8.81 respectively. The 

sample manures reported higher calcium content than those of magnesium, the sheep manures reported the highest 

calcium concentration and also higher magnesium concentration as compared to the other manures samples. The 

cow manure also registered a significant level of calcium and magnesium. The mixture was made by mixing 0.667g 

of each manure from the three animals. The mixture had relatively lower levels of calcium and magnesium than 

those from pig manures. 

The ratio of calcium to magnesium in household 1 was found to be 4.42mg/L while the ratio of calcium to 

magnesium from household 2 was 3.28 mg/L.  

Animals in household 2 were fed through cut ad carry method the animals were fed with different types of 

feed, including grass, vegetable wastes, commercial feeds (daily meals and pioneer feeds) animals' licks, and river 

water. 

Table 3 A table for manures pH before adding soil ad after adding soil for household 1 and household 2. 

                                              HH1                                                                                  HH2 

MANURES            pH  before         pH after                                            pH before                     pH after 

COW                        9.12                    9.07                                                  8.78                              8.62 

SHEEP                      8.80                    8.76                                                  9.58                              9.51 

PIG                           8.85                    8.80                                                  8.50                              8.28 

MIXTURE                8.75                    8.60                                                   8.71                              8.70 

 

The pH of the soil was 7.21 before manure samples were added. 

In addition to various types of manures after some time, the pH raised to different values as per the manure 

used. For household 1 cow manures raised the soil pH highest while the other manures had no significant difference 

in their pH values of the soil-manure mixture. 

Sheep manure from household 2 registered the highest levels of pH in the manures. Cow manures also 

indicated a significant value of pH change in the manure, the mixture raised the pH higher than the pig manures 

indicating a more basic character than pig manures. 

The results in table 2, shows the concentration of calcium and magnesium in animal manures, concentration 

of calcium and magnesium present in animals manures depends on the animals' intestinal functions and the health 
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of the animal, the physical, chemical and biological properties of the animals feeds they are fed (Dong et al., 2014, 

Gong et al., 2012). Animals in household 1 and those in household 2 were fed with close to similar feeds but due 

to factors of their age, health, and intestinal functions which were different hence differed in the concentration of 

calcium and magnesium. Manures calcium and magnesium elements are found in a combined form of oxides, 

carbonates, or metal complexes with organic matters, therefore manures can be used as organic fertilizers with 

macronutrients of calcium and magnesium which are essential for plants growth (Tsai et al., 2012). Table 2 

indicates that (cow, sheep, and pig) manures contain different levels of calcium and magnesium which they 

incorporate into the soil when used . Manures, therefore, have a direct effect on availing calcium and magnesium 

in the soil and other physical and chemical properties needed for soil health (Mosa et al., 2014). 

The pH of the soil varies depending on the chemical composition of the soil, organic fertilizers increase the 

soil cation exchange capacity of the soil when applied in the soil attributing to soil organic substances and increase 

in calcium and magnesium in the soil, this increases the pH of the soil with the application of organic fertilizers in 

the soil (Goldberg et al 2020). Soil pH increased when various animal manures were added to the soil samples. 

Household 1 manures increased the soil pH with cow, by 26.12%, sheep, by 21.50%, pig, by 22.05%, and the 

mixture by 21.36%, and household 2 increased the soil pH with cow by 21.78%, sheep, 31.90%, pig, 17.89%, and 

the mixture with 20.67%. Manures application in farms increases the soil organic matter and improves the soil pH 

(Cai et al 2019). 

The availability of calcium and magnesium in the animals' manures affects the pH of the effluent as they 

provide alkalinity in the manures thus providing high pH values. Organic manures increase the pH of the soil when 

applied in the soil due to the residual effect and alkalinity of the manures which in return increases the pH of the 

soil due to elemental counterbalance in the soil (Rukshana et al., 2013). 

 

5.1 Sources of Calcium and Magnesium 

The mode of feeding, type of feed and other factors directly or indirectly related to the animals are great 

contributors to the calcium and magnesium availability in animal manures. Feeding animals with the vegetative 

plant is a method used by most farmers to feed their animals on farms where crops and animals are reared (David 

G et al 2017). The levels of calcium and magnesium varied differently in various animal fertilizers in household 1 

and household 2. It has been hypothesized that the concentration of calcium and magnesium in the manures is a 

result of animal feeding patterns providing the animals with a sufficient amount of calcium and magnesium. 

Locally in (HH1 and HH2), animals are fed leafy plants, grass, vegetables from local farms, commercial feeds and 

hay. Additionally, the animals' licks and water are used to feed the animals to stay healthy and provide enough 

calcium and magnesium in their bodies (Neville et al., 2010). The excess of these minerals is excreted and is found 

in their dungs. Leaf beddings for the animals may also have contributed a significant amount of calcium and 

magnesium in the animal manures, as farmers used grass as the animal bedding due to decomposition nutrients 

cycling between the undigested leaf beddings and the animals' wastes to form manure. 

The feeding system of both households used commercial feeds to feed their animals, aim feeds contain the 

essential elements of calcium and magnesium needed for the animals to grow and in return, they excrete them in 

their urines and feces and their manures. (Guo et al., 2018). The concentration of calcium and magnesium in the 

urine, feces, and manures of animals differs from one animal to another due to their different digestion compared 

to the study where animals had different digestive systems. Table 2 show the different concentration of calcium 

and magnesium in different animal manures, cow (ruminant), sheep (herbivore), and pig (omnivore) (Simon et al., 

2019). 

 

6. Conclusion and Recommendations 

The objectives of the study were effectively achieved. The essential minerals in manures of selected animals were 

determined and compared and the effects of each animal manure on the soil PH were determined. Manures of 

different animals contain different levels of calcium and magnesium. The presence of different concentrations of 

calcium and magnesium concentrations is influenced by the; type of feed that the animals are fed with, beddings, 

and age of the animals (Cai et al., 2018). The high levels of calcium and magnesium found in animals' manures 

are influenced by their concentrations in animal feeds such as grass, animals' salts, water, the concentration of 

commercial feeds, and the antibiotics with which animals are injected. Animals' manures cause an increase in soil 

pH, all the manures from the different animals (cow, sheep, pig, and a mixture of the three manures) in both 

households had a different percentage increase in soil pH  Animal manures increase the soil pH where necessary. 

Domestic animal manures can be used to support and improve the levels of calcium and magnesium in the soil to 

meet the levels needed by plants for their absorption. 

Manures from domestic animals can be used in agricultural practices at recommended rates as they are 

environmentally friendly and can be used to reduce agricultural pollution. Contrary to inorganic fertilizers, organic 

fertilizers reduce exchangeable calcium and magnesium, and animals' fertilizers improve the calcium and 

magnesium levels in the soil as well as the pH of the soil. 
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The future works of this study recommended are; 

 Establishment of manures as an alternative to be used as fertilizers inputs for crops productions. 

 The study suggests that farmers can use animals' manures as an alternative to raise soil pH in 

acidic soils rather than using calcium oxide as manures add other values to the soil. 
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