


[bookmark: _Toc132200915][bookmark: _GoBack]Impact of Animal Dung on Soil pH and Microbiota



Taofeeq Adesina SALAU
LCU/PG/001810





Being a MSc Post-field Presentation Submitted to the Department of Biological Sciences, Faculty of Natural & Applied Sciences, Lead City University, Ibadan, Oyo State, Nigeria





In Partial Fulfillment of the Requirements for the Award of Master of Science Degree (MSc) in Environmental Microbiology






2023


Certification
This is to certify that Taofeeq Adesina SALAU with the matriculation number LCU/PG/001810, carried out this research work titled “Impact of Animal Dung on Soil pH and Microbiota” in the Department of Biological Science, Faculty of Natural & Applied Sciences, Lead City University, Ibadan, Oyo State, for the award of Master of Science Degree (MSc) in Environmental Microbiology and this has not been previously submitted.
 


 [image: D:\scanned.png]	
Dr. B.M Olowe							Date
(Supervisor)	




Dr. Felicia Adesina						Date
(Head of Department)	






Dedication
This thesis is dedicated to Almighty God and to my wonderful family. 























Acknowledgements
I want to appreciate Lead City University and members of A-library for their support and knowledgeable impact.
My immeasurable gratitude goes to amiable supervisor, Dr. B. M. Olowe. Oga, you are indeed a sister and a mentor. You stood by me and believed in my ability to bring the best out of the unthinkable even when I thought I was not capable. Words cannot express my gratitude, thank you for accepting me with my flaws. I appreciate the support of the Head of Department Dr. Felicia Adesina for the words of encouragement. The efforts of Drs Ekanade, Sindiku, Olagunju, Bamikefa, Ologeh, Mosuro and all non-academic staff are really appreciated and I pray God help you in all your set-out goals.
My deeper gratitude goes to the love of my life, my soul mate and better half, Mrs Olufunke S. SALAU. May God continue to shower His blessings and favours on you. To my children, thank you for being such an understanding children. A big thank you goes to my senior colleagues at Department of Animal Science, University of Ibadan, Chief Adelani, Mr Odufoye, Mrs Ngere, Joel, Lawal and others. May God assist you all in your endeavours. I appreciate the support of Dr. T. O. Bankole and Mr Makinde. I received unconditional favours from them every time. May God bless you and yours.
Even though the above institutions and persons have assisted in the process of this research work, I alone stand responsible for any error, if any, found in the work.







Abstract
It has been established that continuous waste disposal on land contributes to the acidification of soil and soil pH influences nutrient availability. This study investigated the impact of animal dung on soil pH and microbiota. Soil samples from five different livestock litters were collected from two medium-scale livestock farms. These included litter-free soil with pH 7 (control), and soil samples from dungs of poultry, pig, goat and cattle. Physicochemical properties of each soil samples were assessed according to standard procedure. Total heterotrophic plate count and total fungi count of each sample were determined using standard pour plate technique. Five isolates were selected for molecular identification. Data obtained were subjected to descriptive statistics and analysis of variance (ANOVA) at p = 0.05. Means were separated using Duncan Multiple Range Test of the SPSS analytical software. There were significant differences among the treatments for the parameters measured. pH value was highest in cattle dung soil (5.78) and lowest in pig dung soil (5.48). The following soil health-indicator bacteria (cellulolytic bacteria, amylolytic bacteria, proteolytic bacteria, Phosphate solubilizing bacteria, Nitrogen fixing bacteria and Actinobacteria) were identified. Microbial analyses showed that soil samples from pig dung had significantly higher microbial counts and isolates of interest compared to others except phosphate solubilizing bacteria. Probable fungi (Aspergillus niger, Rhizopus stolonifer, Fusarium oxysporum, Aspergillus flavus) accompanying bacterial isolates were observed and identified. Isolates subjected to molecular identification were identified as P. aeruginosa, B. cereus, K. pneumoniae, B. substilis and B. thuringiensis with 99% similarity search identity. Statistical analysis revealed that relationship exists between the physicochemical parameters and microbes isolated. The study observed an imbalance in the microbial population and diversity which could be because of the adaptability of the microbes to the different acidic condition observed.

Keywords: Soil acidification, Livestock farms, Soil microbiota, Soil health
Word Count:	288












Table of Contents
	Content
	Page

	Title Page
	i

	Certification
	ii

	Dedication
	iii

	Acknowledgement
	iv

	Abstract
	v

	Table of Contents
	vi

	List of Tables
	x

	List of Figures
	xi

	
	
	

	Chapter One: Introduction
	

	1.1
	Background of the Study
	1

	1.2
	Statement of the Problem
	5

	1.3
	Justification of the Study
	6

	1.4
	Aim and Objectives of the Study
	7

	1.5
	Research Questions
	7

	1.6
	Hypotheses
	7

	1.7
	Significance of the Study
	8

	1.8
	Scope of the Study
	8

	1.9
	Limitation of the Study
	8

	1.10
	Operational Definition of Terms
	8

	
	Endnotes
	10

	Chapter Two: Literature Review
	13

	2.1
	Conceptual Review
	13

	2.2
	Chemical Composition of Different Livestock Excreta
	14

	2.2.1
	Crude Protein
	15

	2.2.2
	Ash and Minerals
	16

	2.2.3
	Available Energy
	17

	2.2.4
	Fat and Fibre
	17

	2.3
	Factors Influencing Variations in Chemical Composition of Livestock Litters
	17

	2.4
	Effect of Improperly Disposed Excreta on the Physicochemical Properties and Microbial Properties of Soil
	18

	2.5
	Effects of Organic Manure on the Environment
	23

	2.6
	Effects of Manure on Soil Communities, Microbes and Enzymes
	25

	2.7
	The Role and Functions of Soil Microorganisms in the Production of Soil Organic Matter
	27

	2.8
	Soil Acidification
	30

	2.9
	Human Impact on Soil Acidification
	32

	2.9.1
	Acidic Deposition
	32

	2.9.2
	Clear-cutting and Timber Harvesting
	32

	2.9.3
	Continuous Cropping
	33

	2.9.4
	Intensive Agriculture
	34

	2.10
	Soil Acidity and its Management
	35

	2.10.1
	Soil Acidity
	35

	2.10.2
	Characteristics of Acid Soils
	36

	2.10.3
	Class of Soil Acidity
	36

	2.10.3.1 
	Active Acidity
	36

	2.10.3.2 
	Exchange Acidity
	37

	2.10.3.3 
	Reserve Acidity
	37

	2.10.4
	Management of Soil Acidity
	37

	2.10.4.1
	Using Lime
	38

	2.10.4.2 
	Organic Matter and Crop Systems to Reduce Acid Soils
	39

	2.10.4.3
	Use of Plant Tolerance to Soil Acidity
	40

	2.11
	Relationship between Soil Acidity and Soil Microbial Population
	41

	2.12
	Direct Effects of pH on Microorganisms
	42

	2.13
	Soil Microorganisms and Association with Livestock Litters
	44

	2.14
	Soil Mineral Element Predisposed to Alteration by Organic Waste
	45

	2.14.1
	Phosphorus
	45

	2.14.2
	Nitrogen
	47

	2.15
	Nutrient Cycling
	48

	2.16
	Effect of Moisture on Soil Microbial Community
	50

	2.16.1
	Seasonal Variations
	50

	2.16.2
	Community Composition
	51

	2.17
	Impact of Poultry Manure and Litter on the Fertility of the Soil
	53

	
	Endnotes
	55

	Chapter Three: Methodology
	70

	3.1
	Research Design
	70

	3.2
	Sampling Sites
	70

	3.3
	Soil Sampling and Storage
	70

	3.4
	Physicochemical Analysis of Each Soil Samples
	70

	3.4.1
	pH Measurement
	70

	3.4.2
	Determination of Mineral Element Calcium
	71

	3.4.3
	Determination of Mg 2+, Mo 6+ , Al 3+ , Cu 2+ , Mn 2+ 
	71

	3.4.4
	Total Organic Carbon and Total Organic Matter
	72

	3.4.5
	Crude Protein Determination
	73

	3.4.5.1
	Digestion
	73

	3.4.5.2
	Distillation
	73

	3.4.5.3
	Titration
	74

	3.5
	Microbial Analysis
	74

	3.5.1
	Fungi Isolation
	75

	3.5.2
	Identification of Fungi
	75

	3.5.3
	Characterization of the Isolated Organisms
	75

	3.5.4
	Genomic DNA Extraction Protocol for Bacteria
	75

	3.5.5
	Protocol for Bacteria PCR
	76

	3.6
	Statistical Analysis
	78

	Chapter Four : Results and Discussion of Findings
	79

	4.1
	Sample Analyses of Soils are Affected by Different Livestock Excreta
	79

	4.2
	pH of Soil Samples
	81

	4.3
	Microbial Population of Soils Affected by Different Livestock Excreta
	82

	4.4
	Evolutionary Relationship of Bacteria Strains
	92

	4.5
	Discussion of Findings
	102

	
	Endnotes
	106

	Chapter Five: Conclusion
	108

	5.1
	Summary of Findings
	108

	5.2
	Conclusion
	109

	5.3
	Recommendations
	109

	5.4
	Contribution to Knowledge
	109

	5.5
	Suggestion for Further Studies
	110

	Bibliography
	111

	Appendix
	130

	Bio-data
	
	150

	The University Compliance Certification
	152





List of Tables
	Table
	Title
	Page

	2.1
	Chemical Composition of Livestock Manure (as Percentage Dry Matter)
	15

	4.1
	Soil Sample Analysis as Affected by Different Livestock Excreta in Farmlands
	80

	4.2
	Microbial Population of Different Soils as Affected by Different Livestock Excreta
	83

	4.3
	Probable Organisms (Fungi) Accompanying Phosphate Solubilizing Bacteria (PSB)
	84

	4.4
	Probable Organisms (Fungi) Accompanying Cellulolytic Bacteria (CB)
	86

	4.5
	Probable Organisms (Fungi) Accompanying Nitrogen Fixing Bacteria (NFB)
	87

	4.6
	Probable Organisms (Fungi) Accompanying Actinomycetes Bacteria (ACMB)
	88

	4.7
	Characteristics and Properties of Partial 16S Ribosomal RNA Sequences of Five Bacteria Obtained from Litter Soils at the University of Ibadan, Oyo State, Nigeria Using Nblast on Genbank
	90

	4.8
	Relationship between Physicochemical Parameters and Microbial Analysis of Each Sample
	91






List of Figures
	Figure
	Title
	Page

	2.1
	Picture Showing a Poultry Litter Dumping Site
	20

	2.2
	Picture Showing a Cattle Dung Dumping Site
	21

	2.3
	Picture Showing a Pig dung Dumping Site
	22

	4.1
	pH of Soil Samples as Affected by Different Livestock Excreta
	82

	4.2
	Phylogenetic Tree Showing Evolutionary Relationship of Pseudomonas aeruginosa Obtained From Soil in Ibadan, Nigeria (In Red) with Other Stains Available in the Genbank Database
	93

	4.3
	Phylogenetic Tree Showing Evolutionary Relationship of Bacillus cereus Obtained from Soil in Ibadan, Nigeria (In Red) with Others Stains Available in The Genbank Database.
	95

	4.4
	Phylogenetic Tree Showing Evolutionary Relationship of Klebsiella pneumoniae Obtained from Soil in Ibadan, Nigeria (In Red) with Other Stains Available in the Genbank Database.
	97

	4.5
	Phylogenetic Tree Showing Evolutionary Relationship of Bacillus subtilis Obtained from Soil in Ibadan, Nigeria (In Red) with Other Stains Available in the Genbank Database.
	99

	4.6
	Phylogenetic Tree Showing Evolutionary Relationship of Bacillus thuringiensis Obtained from Soil in Ibadan, Nigeria (In Red) with Other Stains Available in the Genbank Database.
	101





11

[bookmark: _Toc132200916]Chapter One
Introduction
1.1 	Background to the Study
Livestock farming in developing nations takes place in diverse and varied production setups. These systems encompass a spectrum of environments: from pastoral and grassland-based systems, which dominate vast expanses with sparse human populations, to mixed crop-livestock systems, usually found in regions suitable for both agriculture and livestock, and with higher rural human densities1. Additionally, there are intensive systems, mostly situated in peri-urban or urban areas. Livestock hold substantial importance in the livelihoods of rural communities and developing nations' economies. They serve as income and employment generators for farmers and various individuals engaged in intricate value chains. Particularly for the impoverished, including women and pastoralist communities, livestock are vital assets and safety nets2. Moreover, they offer a crucial source of animal protein, contributing significantly to the nutritional needs of billions of households, both rural and urban. The significance of these socio-economic roles, among others, is on the rise due to the growth of the sector, driven by increasing human populations, higher incomes, and accelerated rates of urbanization3.
In urban and peri-urban regions, the primary types of livestock farms include those dedicated to cattle, pigs, broiler and layer chickens, as well as various other poultry farms, along with sheep and goat farms4. The litters associated for each of this livestock include poultry droppings for poultry, goat and sheep droppings for goat and sheep, pig droppings for pig and cattle dung for cattle. 
The composition of livestock litter differs depending on the type of animal, their feed nutrient content, and their digestive system. For example, in large-scale poultry operations, poultry litter consists of a blend of poultry excreta, feathers, spilled feed, and materials like sawdust, wheat straw, wood chips, peanut hulls, and rice hulls, which are make used of as bedding to absorb liquid portions of excreta. This type of litter encompasses waste from various poultry categories, including meat chickens (broilers), egg-laying chickens (layers), turkeys, ducks, and quails5.
Livestock litter consists of essential elements for plant growth, including magnesium (Mg), calcium (Ca), sulfur (S), nitrogen (N), phosphorus (P), iron (Fe), manganese (Mn), and potassium (K). These nutrients play a crucial role in supporting plant development. However, the actual nutrient content in the litter can vary significantly due to factors such as the type of feed, bedding material, and handling conditions employed6.
Livestock wastes offer various advantageous applications, such as being spread on cropland to enhance soil nutrient quality and structure. Additionally, manure can be used as a biofuel by subjecting it to anaerobic digestion, which converts organic nitrogen into ammonia and holds it in solution. The methane gas produced during this process can be utilized for heating purposes. These waste utilization methods hold the potential to increase food production, improve human nutrition, and ensure food security as well as reduce reliance on firewood as a source of energy, consequently mitigating deforestation. 
The scarcity of land in the urban and peri-urban regions has led to the need for intensifying animal production systems, which involves confining animals to smaller spaces. As the number of livestock has risen, there has been a corresponding increase in the generation of animal wastes, such as litter or bedding, faeces, urine, leftover feed, and waste-water polluted by animal bedding or manure, along with materials resulting from cleaning pens and animal processing facilities7. In urban livestock units with limited space, the substantial production of animal wastes can lead to significant environmental as well as public health issues if not disposed or managed of adequately8,9. The organic matter present in these animal wastes contributes to non-point pollution sources (NPS), containing materials that foster the development of undesirable biological systems10. Consequently, this accelerated growth negatively impacts the environment by disrupting aquatic ecosystems when run-off from animal wastes, including soluble nutrients in manure, reaches drainage channels, flowing waters and ditches. 
Furthermore, the quality of air can be negatively impacted by animal waste due to the emission of noxious gases and odors arising from the degradation processes of microorganisms11,12. The specific gases produced rely on whether the decomposition is an aerobic or anaerobic one. For example, the odors stemming from anaerobic poultry manure consist of hydrogen sulfide, ammonia, 2, 5-carbon organic acids, diketones, , skatole and merchaptans, which are the primary malodorous components13,14. In poorly ventilated areas, the fermentation of waste can lead to the build-up of these gases in high concentrations, resulting in an oxygen-deficient, toxic or potentially volatile environment15. The continuous release of hazardous gases like hydrogen sulfide, ammonia, carbon dioxide, and methane into the atmosphere has negative effects on health of humans16,17. High concentrations of both carbon dioxide and methane, despite being odorless gases, can lead to suffocation12. Animal excreta contain a microbial colony, including fungi, bacteria, viruses, and intestinal parasites18,19. 
Disease causing organisms found in the excreta can pose an infection risk to individuals involved in handling of waste or those who have contact with the wastes through different means. When untreated animal waste is discharged into surface or ground waters, it creates a health problem for both humans and animals making use of the water, as animal units can be a source and reservoir of disease causing organisms without the animals displaying any infection signs15,19. Diseases caused by bacterial pathogens that can be contacted through handling animal wastes include tetanus, salmonellosis, anthrax, collibacillosis, campylobacteriosis and leptospirosis18,19. Protozoan diseases that can spread via animal excreta include toxoplasmosis, giardiasis, and cryptosporidiosis20,21. Animal wastes may also contain nuisance substances that, while not toxic or harmful, make the environment objectionable due to aesthetic reasons. For example, the existence of decomposing animal wastes like carcasses and faeces in the surroundings is unaesthetic and attracts flies and other insects that causes nuisance, which can also act as vectors20.
Livestock litters, often considered as manure, contain millions of diverse microorganisms and nutrients, making them an excellent source of fertility for the soil. However, livestock litter tends to have high moisture content, which can have a caustic effect on foliage when directly applied to crops23. The direct application of poultry litter to soil or its use as compost has been a long-standing practice, but several studies have highlighted concerns about mineral run-off and other environmental risks associated with this approach22,23. Environmental contamination may occur when poultry wastes are excessively applied to the soil for crop utilization or when poor management conditions lead to nutrient loss due to environmental factors like soil erosion or surface run-off during rainfall. Livestock litter has been used either as the primary fertilizer or in combination with traditional inorganic fertilizers. However, there are concerns about the loss of nitrogen (N) and phosphorus (P) to surface waters following the land application of livestock litter, necessitating the regulation of livestock operations. Acidic precipitation in soils with livestock wastes that are not properly managed exert detrimental effects on soil microorganisms22.  This can alter the distribution, diversity, and abundance of soil microorganisms (flora and fauna) which in turn affects the soil structure and functionality24. Because soil-dwelling organisms are responsible for biogeochemical transformations, biological diversity is essential for supporting soil functionality25.


An essential component of agricultural ecosystems are soil organisms26. These organisms may vary from large animals and plants to tiny microbes27. The preservation of fertile soils and productive fields for agriculture depends on the presence of a diversified variety of soil organisms. Macro and microorganisms are the main providers of nutrient substrates for the soil, and these two groups continuously interact with each other. Soil microorganisms offer various ecological advantages, including nutrient mineralization, decomposition of organic matter, degradation of toxic compounds, nitrogen fixation, carbon sequestration, fostering a healthy soil structure for plant growth, facilitating rainwater infiltration, detoxifying contaminants, and regulating pathogenic agents28.
[bookmark: _Toc132200917]Many researches have been carried out on the effect of waste disposal over years on the soil pH and microbial population and diversity however, more research needs to be carried out on the effect of livestock litter wastes on the soil pH and microbial population and diversity as this affects the soil fertility. Therefore, this study aimed to assess the impact of increased soil acidity of poorly managed livestock farm litters on soil microbiota.
1.2	 Statement of the Problem
Livestock generates millions of tons of waste annually, and the application of livestock wastes to agricultural land has raised environmental concerns, including the issue of increased soil acidity9. Acid precipitation's impact on soil microorganisms involves changes in bacteria counts and activity, as well as alterations in nutrient cycles and organic matter decomposition. Improper handling of litter waste can result in the accumulation of nitrogen and phosphorus on the soil surface, followed by their transport into ground and surface water. 
Therefore, it becomes essential to investigate whether the addition of untreated livestock litters affects any of these soil ecosystem services. Consequently, the current study aims to evaluate the impact of elevated soil acidity resulting from inadequately managed livestock farm litters on soil microbiota.

1.3 	Justification of the Study 
[bookmark: _Toc132200918]Continuous waste disposal on land has been unequivocally linked to soil acidification, with soil pH playing a pivotal role in influencing nutrient availability. The repercussions of acidic soil extend to compromised fertility, diminished biological activity, and reduced plant productivity. In highly acidic soil conditions, leaching exacerbates the depletion of essential elements such as potassium, calcium, and magnesium. The insufficiency of calcium and magnesium not only poses health risks for livestock, including conditions like milk fever and grass tetany but also contributes to structural issues in the soil.
Historically, poorly managed livestock litters from farms have been identified as a significant contributor to soil acidity. Despite this understanding, there is a pressing need for further research to comprehensively explore the ramifications of inadequately managed litters in livestock farms. This includes investigating the consequential impacts on soil fertility, microbial population dynamics, and overall microbial diversity. Such research endeavors are imperative for a holistic comprehension of the augmented soil acidity stemming from suboptimal litter management practices in livestock farms. 





1.4	Aim and Objectives of the Study
The aim of this study was to assess the impact of increased soil acidity of poorly managed litters in livestock farms on soil microbiota. The specific objectives of the study are to:
i. determine the physicochemical properties of soils samples from different main livestock farms in Ibadan metropolis;
ii. evaluate the heterotrophic plate count and total fungal count of each soil sample from livestock farms;
iii. isolate and identify different beneficial soil microorganisms such as cellulolytic, amylolytic, proteolytic, phosphate solubilizing, nitrogen-fixing bacteria, and actinomycetes from each sample 
iv. investigate the statistical difference and relationship between soil acidity and microbial population of each samples.

1.5       Research Questions
1. Are there differences in the chemical/microbial composition of different types of livestock excreta?
2. Do livestock excreta that are improperly disposed affect the physicochemical and microbial properties of soils?
3. [bookmark: _Toc132200919]What is the relationship between soil acidity and soil microbial population?

1.6	Hypothesis
[bookmark: _Toc132200920]HO1: Increased soil acidity has no significant effect on soil microbiota

1.7	Significance of the Study 
In the light of the biochemical significance of soil microorganisms in sustaining a healthy soil, it is pertinent to examine the effect of elevated soil acidity caused by litters that have not been properly managed on soil microorganisms. As a result, the study will explain how increased soil acidity affects soil microbiota which are beneficial to farmlands.
Also, the study will help educate animal husbandry workers on effect of improperly litters on the soil environment and microbes.
[bookmark: _Toc132200921]Findings from this study will boost soil health as a result of awareness of impact of improperly managed litters, hence, increasing food production and securing the health of the nation. 
1.8 	The Scope of the Study 
The focus of the study will be on teaching and research farms in Oyo State that raise livestock.
1.9	Limitation of the Study
The management of the farms visited for soil sampling restricted me to a particular part of the farm which affected random sampling.
1.10	Operational Definition of Terms
Soil Acidification: The interaction between natural processes and human impact must be carefully evaluated to understand ongoing soil processes in relation to acidification. The effect on soil microorganisms includes changes in the bacterial counts and activity, changes in nutrient cycle and in organic matter decomposition.



Livestock Farms: The main purpose of raising cattle, sheep and goat is to produce meat and milk, while in the case of poultry; the main purpose is to produce meat and egg.
Soil Microbiota: They are involved in most soil processes, and soil cannot function naturally without the presence of life
Poorly Managed Litters: The mismanagement of poultry waste can cause N and P build up at the soil surface and movement to ground and surface water which decreases the quality of water and increase soil acidity.


[bookmark: _Toc132200924]
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[bookmark: _Toc132200925]Chapter Two
Literature Review
2.1	Conceptual Review
Within the Livestock Industry, the main purpose of raising cattle, sheep, and goats is to produce meat and milk, while in the case of poultry, the main purpose is to produce meat and eggs 1. Consequently, any other products obtained beyond these primary ones are considered as by-products. These by-products encompass bones, horns, blood, hooves, eggshells, skin, discarded carcasses, dung, feathers, rumen content, and so forth. Manure regarded as waste is also gotten from livestock and its benefit ranges from its use in improving soil fertility to being used as feed (particularly poultry litter) for other livestock2.
Livestock manure comprises the excrement of farm animals like cattle, sheep, goats, rabbits, and poultry birds. When dry, these manures vary in size and shape, except for sheep and goats, which are not easily distinguishable. However, they share a common dark green coloration. Livestock manure is typically obtained from farms that raise livestock and poultry.
Livestock and poultry manure serve as fertilizers and aids in controlling soil erosion. For instance, applying cattle manure to farmland offers an economical and environmentally sustainable approach to increasing crop production. The nutrients present in cattle manure can substitute commercial fertilizers2. However, the value of manure extends beyond the collective worth of individual nutrients. Cattle manure serves as a great soil amendment, enhancing soil quality by improving water infiltration and soil structure2. Likewise, it contributes to increased crop yields through substantial nutrient and organic material inputs. The benefits of these nutrients as well as organic materials might not be instantly apparent, but the manure value is best understood in terms of the overall yield of crop and quality response over many years.
Additionally, researchers have reported various other applications for cattle manure, such as its use in land remediation in oil mining areas that require biogas, fibrous materials and electricity production, and as animal feed3. Similarly, poultry manure finds use in fertilizer production, biogas generation, and electricity production4, 5. In certain regions of Asia and India, goat and sheep manure is highly regarded and priced as garden manure. In fact, in some parts of southern India, this might be a main reason for rearing sheep and goats6.
2.2	Chemical Composition of Different Livestock Excreta
Various researchers have reported the chemical compositions of different livestock and poultry manure, and this information is presented in Table 2.1. Notably, poultry manure stands out with the highest crude protein content, approximately 30%. Moreover, studies have indicated that poultry excreta serves as a more reliable source of digestible nutrients compared to ruminant faeces7. Fresh animal waste contains larger quantities of many trace elements, vitamin K, and most B group vitamins, along with their vitamins or pro-vitamins, in comparison to the original feeds8. For example, some researchers found higher levels of riboflavin in chicken feces than in their feeds9. Furthermore, it has been noticed that the riboflavin content in chicken faeces increases by 100% after being stored at room temperature for 24 hours and by 300% within a week, thanks to bacterial synthesis of the vitamins10.






Table 2.1: Chemical Composition of Livestock Manure (as Percentage of Dry Matter)
	S/N
	Species
	CP
	CF
	EE
	NFE
	Ash
	Ca
	P

	1
	DPW
	20.00
	23.00
	1.00
	35.00
	21.00
	-
	-

	2
	BDL
	14.58
	11.00
	1.20
	46.12
	27.00
	-
	-

	3
	PM
	25-29
	14-20
	1.5-2.5
	-
	-
	-
	-

	4
	SM
	18.25
	18.20
	-
	-
	17.50
	2.00
	0.90

	5
	CM
	14.05
	32.50
	-
	-
	9.89
	0.45
	0.50


Source:157,158,159
[bookmark: _Toc132200926]DPW- Dried Poultry Waste, BDL- Broiler Deep Litter, PM- Poultry Manure, SM- Swine Manure, CM- Cattle Manure, CP- Crude Protein, CF, Crude Fibre, EE- Ether Extract, NFE- Nitrogen Free Extract, Ca- Calcium, P- Phosphorus 
2.2.1	Crude Protein
[bookmark: _Toc132200927]Crude protein (nitrogen X 6.25) concentrations as much as and exceeding 300 g/kg dry matter (DM) has been recorded. Crude protein comprises true protein nitrogen as well as non-protein nitrogen (NPN), with uric acid being the most common NPN component found in poultry wastes. Notably, 26 to 34 g/kg units of uric acid and 21 g/kg units of amino acid nitrogen were detected in 68 g/kg nitrogen-containing manure. Other NPN components present in manure include ammonia, creatinine and urea11.
Analysis of caged layer manure revealed a total of 41 grams of amino acids per kilogram of DM and 59 grams of non-protein nitrogen per kilogram of DM. Researchers have found the total nitrogen content in poultry waste to range from 49 to 60 g/kg in some studies, while others reported more than 40 g/kg of non-protein nitrogen12,13. In wood-shaving broiler litter and peanut hull, true protein shows higher glycine content compared to lucerne hay, and slightly lower levels of arginine, lysine, methionine, and cysteine14. 
2.2.2	Ash and Minerals 
[bookmark: _Toc132200928]Broiler litter is acknowledged not just as protein supplement source, but also as a mineral resource for beef cattle15. Due to differences in the feed provided to layer and broiler birds, the amount of ash in their waste differs. Specifically, layer manure contains approximately twice as much total ash as broiler litter. Dehydrated cage layer waste has been found to contain 280 g of ash per kilogram of DM, while broiler litter showed ash concentrations of about 150 g/kg DM. Another study found average ash concentrations of 350 g/kg DM in layer manure and 137 g/kg in dried broiler litter. In a separate investigation, dried poultry waste was found to contain 600 g/kg of ash, with the high concentration attributed to charring during the drying process.
The majority of the ash in layer manure is composed of 88 g/kg DM of calcium and 25 g/kg DM of phosphorus. In samples of South African layer manure, 23 g of phosphorus and 88 g of calcium per kilogram of DM were detected. In addition, dehydrated cage layer waste had 6.7 g of magnesium, 9.4 g of sodium, 23.3 g of potassium, 150 mg of copper, 406 mg of manganese, and 463 mg of zinc per kilogram of DM.
As for broiler litter, it contains 4.4 grams of magnesium, 5.4 grams of sodium, 17.8 grams of potassium, 451 mg of iron, 98 mg of copper, 225 mg of manganese, and 235 mg of zinc per kilogram of body weight. Some authors reported that 37 g of broiler litter contained 37 g of calcium, 6.3 g of magnesium, 37 g of potassium, 6.6 g of sodium, 1023 g of iron, 593 g of copper, 271 g of manganese, and 496 g of zinc per kilogram of body weight20, 21.



2.2.3	Available Energy 
[bookmark: _Toc132200929]For sheep, broiler litter had a digestible energy value of 10.21 MJ/kg DM, dehydrated layer waste had a digestible energy value of 8.00 MJ/kg DM while Lucerne hay showed a digestible energy value of 10.37 MJ/kg DM (22). When considering cattle, layer manure had a digestible energy value of 7.85 MJ/kg DM, and the digestible nutrient (TDN) value for sheep was 573 glkg (22). For broiler litter, the metabolizable energy value remained constant at 9.13 MJ/kg when peanut hulls were used as bedding (23). Nevertheless, when citrus pulp was utilized as the bedding material, both digestible as well as metabolizable energy values increased. 
2.2.4	Fat and Fibre 
[bookmark: _Toc132200930]Dried layer waste was found to have low fat concentrations (20 g/kg) as well as relatively high crude fiber concentrations (127 g/kg)24. Similarly, some researchers reported that broiler litter contained 168 g crude fiber per kg DM and 33 g fat25.
2.3	Factors Influencing Variations in Chemical Composition of Livestock Litters
Livestock waste is a variable product whose composition and feed value are not constant. The product's compositional variation makes ration formulation more difficult. Therefore, before the product can be utilized in the formulation of animal rations, it ought to be analyzed to determine its chemical composition, particularly the ash and crude protein concentrations26.
The storage duration, the strain and age of the birds, as well as the diets they are fed, will all have an impact on the composition of the broiler litter in different ways. Additionally, different bedding sources will have different effects on the composition of broiler litter, which may contain straw, soybean hulls, peanut hulls, rice hulls, wood shavings, and maize cobs. Sunflower husks and mature veld hay are two additional options for bedding. The final product's composition is influenced by the amount of bedding material used, the number of birds per square foot, and the length of time they spend in their homes. After each broiler batch, it is common practice in South Africa to clean the houses of litter. The composition of the litter will be influenced by the processing method27.
Concentrations of crude protein ranged from 100-300 g/kg, while ash concentrations ranged from 150-580 g/kg, moisture concentrations ranged from 80 to 240 g/kg, phosphorus concentrations ranged from 9-20 g/kg, and potassium concentrations ranged from 6-20 g/kg DM. The moisture content of fresh droppings of caged layers can have as much as 700 g of moisture per kilogram of DM, whereas cured and well-dried manure will have less than 100 g of moisture per kilogram of DM28. Broiler litter contains 60 to 240 g/kg of moisture28. The climate, the state of the storage, ventilation in houses, the diet of birds, processing as well as drying process are all factors that influence the moisture content. A product with high moisture content not only has trouble transporting and storing it, but it also provides an ideal environment for pathogen growth.
2.4	Effect of Improperly Disposed Excreta on the Physicochemical Properties and Microbial Properties of Soil
One of the factors that contributes to the acidification of the soil is improper disposal of livestock litters that has taken place over time. The acidity of soils that develop under conditions of high annual precipitation is higher than that of soils that develop under more arid conditions. When hydrogen ions replace basic elements held by soil colloids like calcium, magnesium, sodium, and potassium, the soils become acidic. A low pH inhibits soil bacteria's growth in favor of more durable fungi29. On the other hand, liming, which usually raises the pH of the soil, usually makes it easier for other microbes in the soil to grow and work29.


Excreta (manure), bedding or litter (such as wood shavings or straw), waste feed, dead birds, broken eggs, and feathers from poultry houses are all examples of waste from the poultry industry. Water-flushing systems, conveyer belt waste, and cage waste are among the other types of waste. The bedding material utilized throughout the poultry production cycle is referred to as “poultry litter”30. Shaved paper, peanut or rice hulls, straw, sawdust, and wood shavings are some of the materials used as litter. At the conclusion of the production cycle, both the accumulated manure and litter are removed together30. This waste's litter and manure component is used as an organic fertilizer and has a high nutritional value, recycling nutrients like nitrogen, phosphorus, and potassium. Traditionally, these components of poultry litter have been applied to the soil as an amendment. However, applying too much of this material can increase the amount of nutrients in the water, which can result in eutrophication of water bodies, the spread of pathogens, the production of phytotoxic substances, air pollution, and the release of greenhouse gases31. According to the US Environmental Protection Agency (EPA), eutrophication has been proposed as the primary factor that contributes to the depletion of surface water resources. Excessive poultry litter application in cropping systems can result in the formation of nitrate (N), phosphorous (P), chlorine (Cl), calcium (Ca), magnesium (Mg), sodium (Na), manganese (Mn), iron (Fe), copper (Cu), zinc (Zn), and arsenic (As).
Microbial activity, as well as changes in temperature, pH, moisture, and oxygen concentration, constantly alter nitrogen's various forms. Due to the high concentrations of protein and amino acids, poultry manure contains significant concentrations of organic nitrogen, 60–80% of the nitrogen in fresh manure, and is usually in the form of organic compounds like urea and protein. Within a year, 40–90 percent of this organic nitrogen is transformed into ammonia, depending on the conditions of the environment32. Ammonia can be found as a gas (NH3) or as an ionized form (NH4) that is water-soluble. While NH4 gas can 
[image: https://www.biocycle.net/wp-content/uploads/2017/09/50.jpg]
Figure 2.1: Picture showing a poultry litter dumping site
Source: 160


[image: Wheelbarrow and dunghill wheelbarrow near a dunghill. Fertilizer for the garden. heap of cow dung stock pictures, royalty-free photos & images]
Figure 2.2: Picture showing a cattle dung dumping site
Source: https://www.istockphoto.com/photo/wheelbarrow-and-dunghill-gm1402266588-455222917
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Figure 2.3: Picture showing a pig dung litter dumping site
Source: https://compost-turner.net/composting-technologies/pig-manure-composting-		technology.html


be transformed into nitrate by microorganisms (a process known as nitrification), NH3 gas can be released into the atmosphere. Nitrate is highly mobile in water and can be found in run-off. Endogenous ammonia and nitrogen concentration significantly increases during the anaerobic digestion of poultry manure33. While some members of an anaerobic microorganism population can use ammonium ions, an excess of ammonium can prevent organic compounds from being destroyed, volatile fatty acids from being produced, and methanogenesis from occurring34. 
[bookmark: _Toc132200931]Additionally, the presence of ammonium ions contributes to the acidic pH and causes issues with handling, storage, and disposal. For any treatment of poultry litter, it is desirable to reduce its ammonia content to a minimum35.
2.5	Effects on Organic Manure on the Environment 
Although applying manure to soils is beneficial in many ways, it can also have unfavorable effects on the surrounding environment. Numerous studies have shown that applying manure increases the transfer of dissolved N and P to run-off water. Runoff containing nutrients from croplands fertilised with manure can add to increased concentrations of phosphorus (P) and nitrogen (N) in nearby lakes and streams, leading to detrimental effects such as harmful eutrophication, algal blooms, and other negative impacts. Applying manure either too frequently or too infrequently at reduced rates may surpass the system's capability to absorb nutrients, resulting in the release of excess nitrogen and phosphorus. Nitrate present in runoff originating from manured fields can lead to hypoxia, causing oxygen deficiency in lakes and rivers36. Moreover, ammonium loss from manure-amended soils, into surface waters can prove toxic to aquatic organisms at very high concentrations (> 2.5 mg/L).
A careful application and timing of manure amendments can reduce, if not eliminate, these effects. First, manure can be incorporated into the soil rather than left on the surface to reduce runoff and leaching. Second, crop phosphorus needs should be met with manure, not nitrogen, to avoid overburdening systems with phosphorus. Manure application may also have an impact on air pollution and climate change37. Organically amended soils may increase emissions of the potent greenhouse gas nitrous oxide (N2O), which is a major source in arable soils. However, applying nutrients in quantities that are appropriate for the crop's needs can also prevent these negative effects38.
When deciding whether or not to use organic amendments, there are a few things to keep in mind. The first thing to think about is that manures vary depending on where they come from. Nutrient content is the primary distinction between manure types. For instance, swine manure possesses the highest carbon-to-nitrogen ratio and the highest proportions of total organic matter, while cattle manure contains the highest proportion of organic phosphorus, and the highest proportion of nitrogen was found in poultry manure. As a result, the effectiveness of each type of manure may vary depending on the soil's current nutrient concentrations and the nutrient requirements of the intended crop.
[bookmark: _Toc132200932]The decision regarding whether to compost the manure or not before application is another major issue with organic amendments. The process of composting alters the chemical and physical structure of manure which has positive and negative effects. Composting causes the following physical changes: diminished volume, increased bulk density, and decreased dry matter content. Because of their lower mass-to-volume ratios, these changes are generally regarded as advantageous39. Additionally, it has been demonstrated that composting manure enhances the effects of disease suppression and helps to get rid of pathogens, parasites, weed seeds, and odors. In addition, crop yields have been increased as effectively by composted cattle manure as by raw manure40. However, composting may cause a greater loss of nutrients. Ammonia volatilization, denitrification, and leaching all result in the loss of nitrogen from manure during the composting process. Additionally, a significant amount of the available nitrogen from plants is incapacitated in organic forms. Compost may have higher concentrations of NO3- and lower concentrations of NH4+ than fresh manure due to nitrification. However, compost has a lower overall availability of inorganic nitrogen than fresh manure and composting might be beneficial to the environment because organic nutrients are unlikely to leak into groundwater or run off into surface waters41.
The quantity and timing of application of manure applications play a significant role. As mentioned earlier applying manure excessively or too often, even at a low rate, can overwhelm the soil system. In order to prevent nutrient runoff, it is advisable to avoid applying manure to frozen ground and instead apply amendments around known periods when plants absorb nutrients, thus minimizing losses from the farm. Incorporating manure thoroughly into the soil instead of leaving it on the surface can help decrease runoff and leaching, leading to more efficient utilization of manure nutrients by crops42.
2.6	Effects of Manure on Soil Communities, Microbes, and Enzymes
[bookmark: _Hlk124418196]When researchers discuss management's effect on quality of soil, they typically focus first on physical and chemical responses. This is in part due to the difficulty of studying soil organisms, particularly the microscopic bacteria and fungi. Our ability to observe the diversity of underground life has been enhanced by new techniques. Because these serve as the base for the various ways in which soils react to the addition of manure, we begin by making alterations to the living components of the soil43. Organic amendments like manure have been shown to boost microbial activity and microbial biomass (soil bacteria and fungi) in studies. Manure's carbon and other nutrients have the potential to double or triple microbial biomass and soil respiration rates. Increasing bacterial populations are to blame for a significant portion of the rise in microbial activity44.

The evidence that is currently available suggests that fungi may respond less to the addition of manure. In addition to increasing microbial biomass, the addition of manure has been connected to alterations in structure of microbial community and increased functional diversity as well as to the accumulation of organic carbon.  Some researchers found that soils amended with poultry litter had greater bacterial diversity, both in terms of species evenness and richness, than soils treated with inorganic fertilizers45. Additionally, a positive linear regression relating microbial diversity to soil organic carbon has been demonstrated46. 
This suggests that an increase in the availability of carbon as a result of manure amendments may be the cause of an increase in functional diversity. Because soil microbes play a crucial role in the process of nutrient cycling, increase in microbial biomass and diversity are advantageous to soil quality. They mineralize the organic phosphorus (P) and nitrogen (N) in manures into forms that are plant-available and accelerate the breakdown of organic substances47.
[bookmark: _Hlk124418228][bookmark: _Toc132200933]Enzymes in the soil are also necessary for the nutrient cycle and the breakdown of organic matter in the soil. Soil quality and functionality are controlled by microbes and enzymes working together to control nutrient availability, organic matter quality and quantity, and soil decomposition potential. The majority of enzymes found in soil are extracellular enzymes that soil microbes produce. Enzymes, like microbial biomass, are extremely responsive to the application of manure. In fact, two- to four fold increases in enzyme activities have been reported, suggesting that they may be even more responsive to the application of manure than microbial biomass or soil community structure. Manure's carbon may not be the only thing that increases enzyme activities. The competitive interaction of soil microorganisms and, as a result, the relative production of various soil enzymes are regulated by the availability of soil nitrogen. When manure is added to the soil, it typically increases the amount of available nitrogen in the soil, increasing the enzymatic activities that degrades carbohydrates and decreasing the enzymatic activities that degrades aromatic compounds like lignin46.
2.7	The Role and Functions of Soil Microorganisms in the Production of Soil Organic Matter
[bookmark: _Hlk124419331]The primary function of soil biota is to recycle organic material in the soil. SOM, also known as "soil organic matter," is the straightforward outcome of the collective biological activity of numerous abiotic components, plants, animals, and microorganisms. Many soil functions, like aeration and fertility, the production of soil organic matter with extracellular polysaccharides, and the synthesis of cellular debris, are dependent on soil microorganisms35. In addition, it enhances soil's capacity to maintain its structure after it has formed. Sludge from sewers and fertilizer; The exogenous organic matter, which is very different from SOM, may only contribute to its content after being processed by organisms in the soil. These wastes contained a high concentration of organisms that interfere with the local soil organisms and could cause shifts in the soil community48. The wide range of activities that microorganisms in soil carry out includes the breakdown of organic matter, the release of nutrients into plant-available forms, and the degradation of toxic residues37. Symbiotic relationships with plant roots, acting as a pathogen antagonist, participating in mineral solubilization, and effectively contributing to soil structure and aggregation are just a few of the additional functions. Arbuscular mycorrhizae fungi collaborate with vascular plants to extract nutrients, particularly Rhizosphere38. 
Numerous studies have emphasized the rhizosphere's significance to soil biodiversity. “Soil-borne bacteria and fungi can be found in the rhizosphere, which is a biologically active region of soil around plant roots”39. In the rhizosphere, microbial interactions with plants may be beneficial to either the plant or the microorganisms. Plant biologists and microbiologists frequently encounter difficulties in studying interactions between microbes and plants39. One major obstacle to studying these interactions is the difficulty of cultivating and isolating many microorganisms in the rhizosphere. The study of microbial diversity in the rhizosphere can benefit greatly from the most recent developments in molecular biology techniques40.
Understanding the fundamental processes of "nutrient cycling, carbon sequestration, and ecosystem functioning" relies heavily on the interactions that take place between plants and soil microbes41.There are three types of interactions between plants and microbes: positive interactions, pathogenic negative interactions, and neutral interactions42. In symbiosis, the association benefits both the plant and the microbe; One partner gains from the association in associative interactions without causing harm to the other. The third type of classification is the neutral interaction, in which neither the plant nor the microbe gains or loses from the interaction. Symbiotic and pathogenic interactions have received more scientific attention and have been extensively studied, whereas studies of associative interactions are limited due to methodological approaches42.The role of rhizosphere interactions in plant diversity, nutrient cycling, and carbon sinks in high-CO2 environments has been the subject of numerous recent studies. Plant-microbe interactions have sparked a lot of interest, which has accelerated more advanced research in this area. Ecologists faced numerous difficulties in determining the function of microbes in the rhizosphere and natural environment. The rhizosphere's processes and structural diversity can now be studied in new ways thanks to molecular methods 49.
The process of demonstrating complete carbon transfer from plant roots to soil is known as rhizodeposition. “Exudates containing small molecules such as sugars, amino acids, and organic acids," as well as "secretions such as enzymes, mucilage, and lysates from dead cells", are the components of this50. Rhizodeposition, or the net loss of carbon assimilation by plants, can range anywhere from 10% to 40%, with nutrient-stressed plants exuding up to 44% of their net loss. In defensive associations, rhizodeposits regulate the symbiotic relationship between plants and soil microorganisms. Rhizodeposits have been shown in a number of studies to control the microbial environment around roots by encouraging defensive associations and symbioses50. The beneficial protective relationship would enhance the soil's physical and chemical properties while also ensuring the availability of essential nutrients51.
In the rhizosphere, a crucial process known as "Root exudation" involves the transfer of carbon to the soil. Soil microbial communities may be influenced to participate in nutrient cycling and organic matter decomposition by this carbon transfer mechanism37. Although root exudation is a laborious process, it increases the number of microbial communities that exist in the rhizosphere between plants and soil. The soil's microorganisms rely heavily on plant carbon. Plants receive nitrogen, potassium, and phosphorous from soil microorganisms50. In addition, they decompose organic matter in the soil to provide plants with additional beneficial minerals. "Root production and turnover have immediate effects on biogeochemical cycling by providing carbon and energy to microorganisms present in soil and fauna microbial interactions play a significant role in carbon sequestration," according to a number of studies. The interactions between "rhizodeposition, root turnover, and microbial activity require additional investigation49,52. Imprecise calculation makes it difficult to accurately quantify ecosystems' below-ground carbon distribution and net primary production. Over the years, various ammonia-oxidizing bacteria have been shown to play a role in the rhizosphere in a number of studies. These studies also talked about how nitrogen-fixing genes work in the rhizosphere.
Other ecosystem functions, such as "decomposition of organic matter, maintenance of soil structure and water relationships," require microbial interactions with plant roots52. The significance of root-associated soil microorganisms in sustaining soil aggregate and stability has been documented by a number of studies. In well-structured field and native forest soils, microorganisms that produce glycoprotein and glomalin have been found53. Stabilization of soil aggregates requires glomalin. Establishing plant diversity above ground through direct feedback on host growth and indirect effects on competing plants according to evidence, is important for biotic interactions below ground49.
Many important ecological functions are performed by microorganisms, which can be found all over the environment. Microorganisms that are associated with processes like nutrient cycling and sustaining the health of an ecosystem in soil perform important functions. According to a number of studies, the soil contains nearly one hundred and nine prokaryotes. Additionally, "per gram of soil," approximately two thousand genome-containing species are present in the soil. The genome type represents 0.05% of the soil's microbial population54. A few years ago, conventional methods could be used to study soil microbes on a small scale (their structure, characteristics, and ecological significance). The study of soil microbial communities has been remarkably successful thanks to recent advances in molecular biology. The analogy of nucleic acid sequences serves as the primary foundation for the molecular approach to soil microbial diversity research. The information about the nucleic acid sequence is crucial and provides information about the cell. Furthermore, the classification of the microbial biota and the investigation of their ecological relationships depend on sequence details. For revealing specifics about soil bacterial and fungal species, molecular-based methods have been extremely successful54.
2.8	Soil Acidification
Soil acidification is a major pedogenetic process that occurs in climates where precipitation exceeds evapotranspiration. The vast majority of soils are naturally acidic due to leaching over long periods; however, accelerated acidification due to acidic deposition and intensive agriculture has also been reported. The interaction between natural processes and human impact must be carefully evaluated to understand ongoing soil processes in relation to acidification. Soil acidification can be caused by several proton sources, including acidic deposition, dissociation of carbonic and organic acids, nitrification, and excess cation uptake by plants55,56,57. 
In an ecosystem, both external and internal proton sources are responsible for soil acidification. Soil acidification is controlled by the balance of proton generation and proton consumption, such as the dissociation and decomposition of organic acids, nitrification, and nitrate uptake by vegetation, in the biogeochemical cycle. Although many studies on soil acidification have focused on the effects of acidic deposition, it is also important to understand pedogenetic acidification induced by internal proton sources58,59. Some authors suggested that sensitivity to acidic deposition varies with the extent of pedogenetic acidification58. 
Furthermore, disturbances such as N fertilization and clearcutting have had a drastic impact on soil C and N cycles and also on the proton transfer in their cycles. A quantitative analysis of external and internal proton sources is therefore required to evaluate the interaction of natural processes and human impact. Calculation of the proton budget in soils enables evaluation of the contribution of different proton sources to soil acidification60. In particular, the contribution of acidic deposition to soil acidification has been successfully quantified in the whole soil compartment55,61. On the other hand, analysis and interpretation of soil solutions, an approach termed “dynamic pedology”, suggest that the predominant proton-generating and proton-consuming processes that might be responsible for pedogenetic acidification must surely be unique to different soil horizons62. For example, production of organic acids in the organic horizon and dissociation of carbonic acid in deeper soil horizons appear to play a role in podzolization63. Therefore, we applied proton budget concepts to the analysis of the dominant proton-generating and proton-consuming processes at the soil horizon scale, as well as at the soil profile and watershed scales, and we evaluated the human impact on soil acidification.

2.9 Human impact on soil acidification 
2.9.1	Acidic deposition 
The release of cationic components is the principal mechanism of acid neutralization in soils55,60. Acid neutralization by cation release results in a decrease in the acid neutralizing capacity (ANC) and pH of soils. A decrease in soil ANC corresponds to a decrease in soil pH64. However, the relationship between soil ANC and pH is variable. Soil ANC depends on the intrinsic ANC of parent materials and the extent of soil acidification or weathering and clay migration55,64. The ANCs of soils from loess and glacial till are higher than those from other mafic or clayey soils65. The ANCs required for a 1-unit decrease in the pH of soils from glacial till and loess are smaller than those from sedimentary and andesitic rocks and volcanic ash. Thus, a decline in soil pH caused by a given rate of ANC decline is greater in Swedish Spodosol from glacial till than in Japanese Spodosol from sedimentary rock. In Europe and northern North America, the low soil ANC and the high fluxes of acidic deposition (~3.7 kmolc ha−1 yr−1 ) cause severe acidification of the naturally acidic soils from glacial till and loess, resulting in forest damage61,64. As reported by some authors, soil vulnerability to acidic deposition is related to low soil ANC and to the extent of natural acidification or weathering (e.g., podzolization)58. Conversely, the change in soil pH could be buffered by the higher ANC in soils from “high ANC” parent materials. In Japanese Andisols and Spodosols exhibiting high ANC, no effects of acidic deposition on soil acidification are apparent because of the higher buffering capacities of these soils. 
2.9.2	Clear-cutting and Timber Harvesting
 In forest ecosystems, clear-cutting and timber harvesting result in the removal of cations from soils. The absence of above ground biomass by deforestation results in; increased decomposition of SOM (esp., the O horizon) and nitrification; increased fluxes of percolating water and decreased uptake of nitrates by plants. An analysis of the proton budget in clearcut temperate forests in the United States demonstrated that soil acidification was accelerated by proton production by nitrification (NPGNtr) and cation removal through timber harvesting (NPGBio) (11 and 21 kmolc ha−1 yr−1 , respectively)66. There are apparent differences between the responses of temperate and tropical forests to clear-cutting67. Greater rates of proton production by nitrification and cation removal have been reported in deforested Amazonian tropical forest68. The aboveground biomass is larger in tropical forests than in temperate forests, but the pool size of bases or ANC is small in highly weathered tropical soils and Spodosols from glacial till. Thus, the impact of timber harvesting is greater in tropical forest soils, which exhibit smaller base pools, than in the Inceptisols of temperate forests67.
In particular, some authors summarized data from 26 studies on the effects of forest clearing on soil properties in the tropics and in the United States and concluded that the loss of bases was as high as 50% more in the highly weathered tropical soils than in temperate and tropical soils developed from younger parent materials67. On the other hand, the larger stocks of SOM in temperate forests suggest that proton production though nitrification lasts for longer periods (4−5 years) than in tropical forests69. For example, in East Kalimantan, depletion of organic N resulted in lower net mineralization and nitrification (NPGNtr: 1.5 kmolc ha−1 yr−1 ) 2 years after deforestation70.
2.9.3	Continuous Cropping
 In the humid tropics, traditional shifting cultivation (slash-and-burn agriculture) has been replaced with continuous cropping systems and the resulting conversion of forests to croplands can have a drastic impact on the dynamics of SOM and proton budgets in soils71,72. The C budget in cropland soil in northern Thailand suggests that the enhanced decomposition of SOM results in a decrease in SOM stock70. The loss of SOM results in the large fluxes of nitrate leaching from soil profile. The loss of SOM appeared to promote mineralization of organic nitrogen and nitrification and result in proton generation in the Ap horizon. Concurrently, the loss of SOM enhances proton consumption because of the mineralization of organic anions in croplands. This contrasts with the case of forests, where excess cation accumulation in organic matter (biomass and humus) contributes to soil acidification. 
In cropland soil, loss of SOM enhances proton generation due to nitrification and proton consumption due to the mineralization of organic anions at rates ranging from 0.008–0.015 and 0.019–0.026 molc for the loss of 1 mol soil organic carbon, respectively70. Proton budget analysis showed that intensive acid load by nitrification could be neutralized by proton consumption associated with the loss of SOM in cropland soil in the initial stages of cropping following deforestation. The effect of continuous cropping on soil acidification, namely, whether or not soil acidification is accelerated, depends on the balance between proton generation by nitrification and proton consumption by SOM mineralization. NPGNtr depends on the balance of organic matter production and decomposition, whereas, proton consumption from organic anion mineralization increases with increasing soil pH and SOM content73. Thus, the impact of continuous cropping on soil acidification varies according to the balance of organic matter and soil type70.
2.9.4	Intensive Agriculture
Soil acidification is a natural process accelerated by agriculture in humid regions74,75. In croplands, proton generation associated with nitrification has been reported to accelerate soil acidification due to large fluxes of nitrogen leaching at the beginning of the cropping season and the application of fertilizer nitrogen (esp., ammonium sulfate)73,76,77. In Asia in particular, soil pH has decreased by 0.3 to 1.1 units within the last few decades78,79,80. In Bangladesh and Indonesia (Java), the use of high-yielding varieties of rice and chemical fertilizers following the green revolution has not only increased rice production but has also accelerated soil acidification78,79. The increased input of nitrogen fertilizer without sufficient application of lime and organic matter results in a low to moderate rate of soil acidification (~2 kmol c ha−1 yr−1) in these regions78,79. In China, the conversion of crop production systems to cash crop production (e.g., vegetables) has resulted in rapid acidification through nitrification of excessive fertilizer nitrogen (500–4000 kg N ha−1 yr−1 ) and product removal80. Proton generation due to N cycling (20 to 221 kmolc ha−1 yr−1 of NPGNtr) in China is extremely high compared with the lower N fertilizer rates in other regions (1.4–11.5 kmolc ha−1 yr−1 )81,77,73,82,83,70,80.
The impact of agriculture on soil acidification may be ameliorated by improving nitrogen fertilization strategies and the maintenance of SOM levels. For example, strategies to improve nitrogen use efficiency and reduce excessive nitrogen fertilization have been proposed in China75. Proton transfer associated with organic matter cycles in cropland soils suggests that the maintenance of SOM levels will neutralize protons produced by nitrification70. Proton budget analysis is a promising approach for identifying the dominant acidifying processes and for proposing site-specific and feasible countermeasures against soil acidification.
2.10	Soil Acidity and its Management 
2.10.1	Soil Acidity
Soil acidification is a gradual process resulting from intensive crop production over a long period of time. By management, the soil acidification rate can be that. Adjusting applied nitrogen and sulfur to crop needs may reduce the cost of input while reducing acidification84. In Ethiopia, soil acidity is a problem that has not been addressed in depth. It is found that most of these soils have high rainfall in the highlands. The Ethiopian highlands are one of the hotspots on the African continent with regard to food production and in the struggle to preserve the natural resource base. 
2.10.2	Characteristics of Acid Soils
 The pH is low, highly exchangeable H and Al, the characteristics of acid soils are low CEC and high base unsaturated; adverse effects are caused by toxic Al, Mn and Fe accumulation and Ca and Mg deficiency; acid soils in usable P are weak and have a high capacity for fixing P; Except for molybdenum, the available micronutrient status is adequate; Population of bacteria and actinomycetes is lower and those of fungi higher85. 
2.10.3	Class of Soil Acidity 
Soil acidity is estimated by pH measurement. Soil pH is an index of active acidity. Active acidity is the concentration of hydrogen ions in the soil solution and is measured in a soil and water mixture. Soil pH is a general indicator of nutrient availability, the presence of free lime (calcium carbonate), and excessive availability of some ions, including sodium, hydrogen, aluminum, and manganese85.
2.10.3.1	Active Acidity
 Active acidity measured as in soil pH; it is the concentration of hydrogen ions in the soil solution. This occurs because of H+ ion concentration of the soil solution that is attributable to carbonic acid (H2CO3), water soluble organic acids and hydrolytically acid salts. It can be determined by measuring the pH value of a water suspension or extract from a soil. It bears directly on the development of plants and soil microorganisms86.



2.10.3.2	Exchange Acidity 
The H and Al ions adsorbed on soil colloids. There exists an equilibrium between the adsorbed and soil solution ions (i.e. active and exchange acidity), permitting the ready movement from one form to another form. It is the acidity caused by hydrogen and aluminum that are easily exchangeable in a simple salt solution such as KCl85.
2.10.3.3	Reserve Acidity 
It is the concentration of hydrogen ions attached to clay and organic matter and is measured as buffer pH in a buffer solution the adsorbed H and Al ions pass into the soil solution and its acidity is also known as potential or adsorbed or reserve acidity. In an acid soil, most of the H+ present is absorbed by the soil (reserve acidity)87. There is the relationship between the acidity of the active and reserve. But the relationship between the soils is not constant. The type and quantity of clay and the amount of organic matter and free lime in the soil determined it. The reserve-to-active acidity ratio refers to the soil's buffer potential or the soil's ability to resist pH change as the soil's clay and organic matter content increases. Thus, a sandy soil's buffer capacity, or reserve acidity, is much lower than that of a soil that contains more clay, like a silt loam. When the soil pH is 6.3 or lower, the pH buffer is measured to determine the amount of lime needed to neutralize a substantial part of the reserve acidity88.
2.10.4	Management of Soil Acidity
 The management of acid soils should aim at improving the production potential by the addition of amendments to correct the acidity and manipulate the agricultural practices to obtain optimum crop yields85.
 

2.10.4.1 	Using Lime 
Liming is a major and effective practice to overcome soil acidity constraints and improve crop production on acid soils. The foundation of crop production or ‘‘workhorse’’ in acid soil is called lime89. Liming the soil can easily corrected soil acidity, or adding basic materials to neutralize the acid present. The most economical liming materials and relatively easy to manage are calcitic or dolomitic agricultural limestone90. Modern agriculture production requires the implementation of efficient, sustainable, and environmentally sound management practices. In order to achieve optimum yields for all crops grown on acidic soils, liming is an essential method91. Liming is the most widely used longterm method of soil acidity amelioration91. The most economical method of ameliorating soil acidity is liming. The amount of lime needed will depend on the pH profile of the soil, the nature of the lime, the type of soil, the farming method and rainfall92. 
Lime sand, from coastal dunes, crushed limestone and dolomitic limestone are the main sources of agricultural lime. Carbonate from calcium carbonate and magnesium carbonate is the component in all of these sources that neutralizes acidic soil. The key factors of lime quality are neutralizing value and particle size. The neutralizing value of the lime is expressed as a percentage of pure calcium carbonate which is given a value of 100 %. With a higher neutralizing value, less lime can be used, or more area treated, for the same pH change. Lime with a higher proportion of small particles will react quicker to neutralize acid in the soil, which is beneficial when liming to recover acidic soil93. The advantages of liming are that it decreases the risk of toxicity of Mn2 + and Al3 + and improves microbial activity; physical condition (better structure); symbiotic legume fixation of nitrogen; forage palatability; provides an inexpensive source of Ca2+ and Mg2+ when these nutrients are deficient at lower pH; enhances the abundance of nutrients (the availability of P and Mo increases as pH increases at 6.0 – 7.0 but the availability of other micronutrients increases as pH increases).
The amount of lime to be added to the soil depends on; the change in the pH required; the buffer capacity of the soil (resistance of the soil for change in pH) depends upon CEC and clay content. The higher CEC and clay content, the larger lime content required. (3) The fineness of the liming material. The degree of fineness is equally important in the selection of a liming material since the speed with which the various materials will react is dependent on the surface area that is in contact with the soil. If the soil is coarse, the reaction would be slight; but if fine, the reaction will be extensive. Therefore, for materials such as calcium oxide and calcium hydroxide that are by nature powdery, no problem of fineness is involved. On the other hand, limestone is entirely a different matter since its reaction is related to particle size94. 
In contrast, with crushing machinery now available, liming materials or limestone can be ground to any degree of fineness. Such ground marble, limestone, and dolomite found in the country could easily be made available fairly quickly and thereby make the process cheaper95. Placement: For both direct and indirect effects on soils and plants, since lime particles do not move readily in soils. Consequently, it must be placed where needed and completely mixed with the soil to ensure uniform distribution. For instance, lime applied on the surface of an acid sub- soil could lead to transitory effects since it does not readily and substantially move to effectively bring about the intended soil reaction change for fertility improvement. This means that deeper plowing would be necessary for through blending with the soil94.
2.10.4.2	Organic Matter and Crop Systems to Reduce Acid Soils 
Soil organic matter maintenance and management are central to the sustainability of soil fertility in the tropics96,97. In low input agricultural systems in the tropics, soil organic matter helps retain mineral nutrients in the soils and makes them available to plants in small amounts over many years as soil organic matter in mineralized. Soil organic matter increases the soil flora and fauna (associated with the soil aggregation, improved infiltration of water, and reduced soil erosion), complex toxic Al3+ and Mn2+ ions (leading to better rooting), increases the buffering capacity of low activity clay soils, and increases water holding capacity97. Although the use of liming materials is the most effective way of managing and correcting soil acidity, numerous studies reviewed by have shown that the application of organic matter such as compost, manure, and un decomposed plant residues can ameliorate the effect of soil acidity on crop growth96. 
However, organic amendment in the longer term as they decompose, have an acidifying effect on soils. Nevertheless, for farmers who do not have access to agricultural liming materials either because of they are unavailable or too costly, these materials may be useful as a partial short-term solution to soil acidity84. Organic Fertilizers applying animal manure may either increase or decrease the soil acidity. Some soil acidity is generated by decomposition of organic matter in manure, resulting in the production of organic and inorganic acids. However, manure often contains enough basic cations and carbonate ions to neutralize this acidification effect as well as some existing soil acidity. Manure samples can be analyzed to determine the liming value84.
2.10.4.3	Use of Plant Tolerance to Soil Acidity 
Using tolerant species or varieties of crops and pasture will decrease the impact of soil acidity if soil pH is low98. This is not a permanent solution because the soil will continue to acidify without liming treatment. The rate of soil acidification can be minimized through a variety of management activities92. Management of nitrogen fertilizer input to reduce nitrate leaching is most important in high rainfall areas. Product export can be reduced by feeding hay back onto paddocks from where it has been cut. Less acidifying selections will also aid in rotations, e.g. replace legume hay with a less acidifying crop or pasture. Cultivated crops vary in their tolerance to soil acidity. 
Therefore, selecting and growing species and variety adaptable to acidic soils is one solution99. Perhaps more relevant as a strategy of last resort, where soil pH has fallen to values less than six, plant breeding or biotechnology to improve resistance of plants and microbes to acidity is warranted. For example, recent research indicates the existence of genes for Al tolerance in plants and bacteria such as rhizobia. Furthermore, alternative means to chelate Al to reduce its toxic effect in the rhizosphere of plants would be the selection of crop or pasture cultivars excreting organic acids, such as citrate, gluconate, malate or oxalate. Such resistance has been further described in the root apices are the target site of Al toxicity100.
2.11	Relationship between Soil Acidity and Soil Microbial Population
Over the past few decades, there has been clear documentation of soil acidification101. Soil chemistry and biology undergo pH-driven changes, including aluminum (Al) toxicity, which can significantly influence microbial community structure and function. This, in turn, alters nutrient cycling, crop productivity, and overall ecosystem services. It is evident that any disturbance in soil microbial balance can lead to reduced soil microbial health, subsequently impacting the productivity of cropping systems.
Acidic soils tend to favor a higher proportion of fungi in soil communities since many soil bacteria are not well-tolerated in acidic conditions102. Fungi can make up as much as 75% of the soil microbial biomass, with hyphal length reaching nearly 176 miles per ounce of soil in agroecosystems103. While many of these soil fungi primarily contribute to decomposition processes and nutrient cycling, they can also aid in the remediation of metals, including Al, in acidic conditions. The binding of Al by fungi at low soil pH is one of the various ways they can contribute to improving soil and plant health104.


2.12	Direct Effects of pH on Microorganisms
Most microorganisms have a distinct pH optimum for growth and can thrive within a specific pH range. Only a few species can thrive at pH 10, known as alkalinophiles. However, when trying to apply the effects of pH observed in controlled culture systems (such as flasks or agar-plate cultures with pH-regulating buffers), difficulties arise when extrapolating them to the complex and open system of a soil profile. Culture systems like chemostats provide a means to maintain a constant growth rate and biomass of microorganisms by continuously supplying growth-limiting substrate and regulating pH through automated inclusion of acid or alkali105.
Using such culture systems, researchers can investigate the impact of pH on the maximum specific growth rate of microorganisms. Additionally, these systems allow the study of the influence of pH on the end products of metabolism, which can, in turn, affect soils and plants. For instance, in anaerobic metabolism, certain bacteria like clostridia tend to secrete neutral products at acidic pH levels, but at alkaline pH levels, they secrete organic acids that can be harmful to plants (phytotoxic)106.  pH can also regulate the composition of the product formed by microorganisms. For instance, streptococci and lactobacilli, under acidic conditions, predominantly produce lactic acid, while raising the pH results in the formation of phytotoxic acetic acid as well as formic acid. Fungi generally have pH optima that are lower than those of bacteria, and their metabolism is also controlled by pH. For instance, in Aspergillus nidulans, the specific rate of melanin formation remains relatively constant at pH values ranging from 3 to 7, but it increases significantly by twenty-fold between pH 7 and 7.9107.
[bookmark: _Toc132200936]The physicochemical environment of soil particles, along with the related organic fractions, adds complexity to determining the actual pH experienced by microbial cells and their exoenzymes. Bacterial cells are typically surrounded by polysaccharides (mucilage) to which clay particles adhere, and these particles generally carry a net negative charge. As bacterial cells also have a net negative charge, they need to polarize their surface charge. The net surface charge of these cells is influenced by the pH of the environment108. Additionally, numerous soil enzymes are reactive to changes in pH. For instance, acidic soils generally exhibit acid phosphatase activity, with little or no alkaline phosphatase activity109. Achieving a balance of acid and alkaline phosphatases is ideal, and liming acid soils might be beneficial in restoring this balance and maximizing the utilization of the soil phosphorus pool.
Nitrification plays a crucial role among autotrophic processes in the soil, involving the successive oxidation of ammonium by bacteria like Nitrosomonas and Nitrobacter to nitrite and nitrate. However, this process is inhibited by pH levels below 7.5110. A study was conducted using a continuous-flow column filled with glass beads and inoculated with Nitrobacter agilis and Nitrosomonas europea111. The researchers observed a direct correlation between decreasing pH levels and transformation of ammonium to nitrate within the column. Furthermore, the investigation focused on the influence of humic acids on the nitrification process. Two sources of humic acid were examined: one gotten commercially from peat and the other gotten from fresh mushroom compost. At concentrations exceeding 100 /1g cm-3, humic acid also hindered nitrification. Nevertheless, at that particular concentration, the humic acid derived from compost, and to a lesser extent the material derived from peat, exhibited the ability to counteract the inhibitory impact of pH on nitrification. The findings suggest that for the peat-derived material, humic acid might have functioned mainly as a buffer. However, this was not the case for the compost-derived humic acid, as nitrification continued even with decreased effluent pH. These results support the need to investigate nitrification in soil concerning both pH and humic acid levels, as there is potential for regulation. This becomes especially important considering that many consider nitrate leaching as the main contributor to soil acidification.


2.13	Soil Microorganisms and Association with Livestock Litters
[bookmark: _Hlk124425885]Poultry litter is an optimal environment for growth of fungi. About 17 distinct kinds of fungi have been discovered in commercial poultry litte112. These fungi comprised of penicillum, aspergillus, scopulariopsis, and candida, which were the most common. Aspergillus species' mycotoxins are most likely to be a problem, particularly if animals are fed moist litter. Chicken livers, poultry litter samples, and poultry feed all contained aflatoxins112.
Poultry waste may carry a number of human pathogens, making them potential carriers. Among these are the following: Chlamydia and Newcastle disease viruses, which cause conjunctivitis and pneumonia in humans, respectively; erysipelas are caused by Erysipelothrix rhusiopathia.
[bookmark: _Toc132200937]The bacterium responsible for listerosis, Listeria monocytogenes; One of the factors that sometimes causes human tuberculosis or tuberculin sensitivity without the disease is Mycobacterium avium. The fungus Candida albicans, which causes the fungal disease candidiasis, with skin lesions, oral lesions, vaginitis, and a bronchopulmonary infection; Aspergillus fumigatus, which is the bacteria that causes rhinitis, asthma, and chronic pulmonary disease; Salmonella spp., as well as Clostridium botulinum, which is responsible for food poisoning, which infects humans with enteritis113.
Toxins that cause botulism are produced by the Clostridia species. Ruminants who consume poultry litter that has not been sterilized frequently develop botulism. Dead rodents, chicks, eggs that have only partially hatched, and so on are the sources of the Clostridia species discovered in the litter and manure113. Clostridia botulinum synthesises a lethal toxin that easily contaminates litter. Before feeding litter, animals must be vaccinated against botulism twice, once five weeks before feeding the litter and once a week thereafter.


[bookmark: _Toc132200939]2.14	Soil Mineral Element Predisposed to Alteration by Organic Waste
2.14.1	Phosphorus
Poultry litter is commonly applied to crop fields based on the nitrogen requirements of the crops. However, except in soils with severely deficient phosphorus and high P fixation capacity, the application of poultry waste can lead to an increase in soluble phosphorus in the soil70. Soil test procedures often detect extreme phosphorus levels in cultivated fields that have been amended with poultry manure114.
In most mineral soils, phosphorus is relatively immobile in soil and rarely leaches into groundwater.  P in poultry waste is quickly hydrolyzed and chemically precipitated or adsorbed in those soils. The chemical, physical, and biological reactions of phosphorus in soil ought to serve as the foundation for phosphorus management for high applications115. Mineralization rates, plant uptake, and precipitation/adsorption reactions all influence the amount of P in the soil. Recent research has shown that P transformations in soils amended with poultry waste are less well-studied than N transformations113,114,115,116.
[bookmark: _Hlk124417713]Organic and inorganic, soluble and insoluble forms of phosphorus can be found in soil. Water-soluble inorganic phosphorus is quickly transformed into water-insoluble phosphorus in some soils. In loamy sand and clay loam soils, they observed that high poultry litter application increased water soluble P. Adsorption and precipitation reactions result in a decrease in P concentration over time. As a result, until the surface layer is saturated, there is little downward movement of P when applied to soil. The majority of the P contamination of water bodies is the result of surface runoff and erosion, so there is little P movement to groundwater via leaching.
Inorganic phosphorus is the only form of phosphorus that plants can absorb. Therefore, the mineralization process, which converts organic to inorganic P, is essential for maintaining a sufficient amount of P in the soil for plant growth117. 
Phosphohumic complexes and other organic compounds containing P may also aid in plant nutrition and growth. Soils amended with manure or other wastes have been shown to significantly raise total P concentrations118. Organic P accounts for approximately 60% of total P in mineral soils. After applying organic P, the concentration of inorganic P increased more than the concentration of organic P, indicating that the organic material in the soil had mineralized. Following mineralization, which releases inorganic phosphorus from organic wastes, adsorption or precipitation reactions can occur, altering the availability of phosphorus and the rate at which crops absorb it119. Conversely, metabolites produced during mineralization, like organic acids, may impede precipitation and dissolve non-labile phosphorus in soils120. Plants and microorganisms both absorb P when organic matter is directly incorporated into a soil. Nucleic acids, phospholipids, and some sugar phosphates make up phosphorus in microorganisms, which is easier to mineralize than phytates do in plants121.
The inositol phosphate or, to a lesser extent, the di-, tri-, and tetra-phosphates of inositol make up the larger percentage of the organic P in the soil. Up to 60% of the total organic phosphorus in the soil is made up of inositol phosphates, most of which come from plants122. Inositol phosphates are insoluble salts that are less mobile than soil phospholipids and may impede mineralization123. The amount of phosphorus mineralized was correlated with the initial quantity of phosphorus present in soils. Organic P is depleted in cultivated soils more quickly than in virgin soils due to higher P mineralization rates124. Cultivating soil aggregates causes a higher degree of aeration, which promotes activity of microbes and, as a result, increases the degradation of organic matter124. The total N and P content of various soil types increased eightfold when beef feedlot and poultry manure was applied for a long period of time125.
A slow P mineralization rate caused little change in the extractable P in a soil compost mixture during the early incubation period. When both are applied at roughly the same P rate, it has been demonstrated that long-term application of manure at the Rothamsted increases soluble P more than application of superphosphate126. According to some researchers, after the application of manure was stopped, the amount of NaHCO-3 extractable P decreased by about 9% annually127.
[bookmark: _Toc132200940]The measurement of a P mineralized rate for organic P may become significant in plant P nutrition. It is difficult to assess the total contribution of organic P to plant availability of soil P due to interactions between mineralized P and inorganic soil constituents like Al, Fe, and Ca. In acid soils, inorganic P is mostly found as Al- and Fe-bound P, while in neutral to calcareous soils, inorganic P precipitates as Ca phosphates128.
2.14.2	Nitrogen
[bookmark: _Hlk124417921]One of the key processes controlling the availability of nitrogen in soils is mineralization, which involves converting organic nitrogen into inorganic nitrogen. For proper management of plant nutrition and groundwater, the rate of organic N mineralization in poultry litter has been researched on for several years. During the first year, the rate of N mineralization in PL was estimated to be 90%. The rate is influenced by the raw material, the length of the mineralization process, and environmental factors like microbial population and temperature129. As a direct consequence of this, it is more challenging to predict the availability of N due to the variability of environmental factors and activities of microbes. The amount of plant-available N is determined by the rate at which organic N mineralizes and the NH-N content of poultry waste. After six months of mineralization, more than 40 to 45 percent of the total N in the poultry manure was found to be in an inorganic form. They also divided organic N into groups that could be mineralized quickly, in the near future, and for a long time. Poultry litter's readily degradable uric acid mineralized quickly within days, while the near-term form took weeks and the long-term form years to mineralize130. 
[bookmark: _Toc132200941]Variations in mineralization rates and time of mineralization may have been caused by factors such as differences in bedding material in poultry litter131. Poultry manure experiences an organic nitrogen mineralization rate of around 90%, whereas poultry litter mineralizes at a rate of 50% during a single growing season132. Stable materials in compost may have a relatively lower rate of nitrogen mineralization at the end of the composting process, leading to slower mineralization rates compared to poultry litter or manure. There are numerous difficulties associated with modern agriculture131. In order to combat the effects of the issues that are currently being faced, agricultural researchers now need to comprehend them and come up with creative solutions. The numerous obstacles that, whether anthropogenic or natural, threaten agriculture's sustainability are the source of these difficulties133.
2.15	Nutrient Cycling 
In the 1950s, farmers began simplifying their crop rotations and increasingly depended on external inputs, particularly inorganic fertilizers, to maintain and boost yields. This widespread adoption of inorganic fertilizers led to an immediate decline in soil health. Consequently, modern farmers now must depend on both organic as well as non-organic fertilizers to bridge the gap between crops' nutritional needs and the soil's supply. The introduction of manure amendments aims to provide additional organic matter that could help restore quality of soil while ensuring a balance between nutrient inputs and crop requirements. Currently, most organic amendments are determined based on phosphorus rates, as the previous approach of determining organic fertilizer application rates solely based on nitrogen requirements resulted in systems being overloaded with phosphorus134.
[bookmark: _Hlk124419198]Mineralization is the key process that liberates most of the nutrients, especially nitrogen, from various types of manure. It involves the transformation of nutrients from organic to inorganic forms that plants can readily use, mostly known as the "slow release" of amendment nutrients. To manage this gradual release, producers need to adjust rate of application annually to account for the nutrients released from previously applied manure, as long-term manure applications can build up the nutrient pool of potentially mineralizable nitrogen and phosphorus in the soil. This slow-release phenomenon particularly affects manures with a substantial amount of organic nitrogen, such as those derived from cattle feedlots or dairy farms with bedding, which need to undergo mineralization before plants can effectively utilize them135. Phosphorus in manure is primarily in an inorganic and readily available form, resulting in phosphorus availability typically exceeding 70% compared to nitrogen. However, crops usually take up phosphorus at a significantly lower rate than nitrogen, leading to a larger portion of it being retained in the soil136.
In addition to other essential elements, soil contains carbon (C), a crucial component. When manure amendments are applied to the soil, they introduce organic matter, primarily in the form of organic carbon137. Over the long term, the interplay between organic carbon additions and losses through different processes determines the soil's organic carbon content. The climate, type of soil, and characteristics of the manure all play a role in the degree to which the addition of manure alters this equilibrium and boosts the amount of organic matter in the soil. The properties of the soil are significantly affected by this increase in organic matter. Millions of bacteria quickly colonize the soil when organic matter like manure is added. The organic matter provides these organisms with both their nutrients and energy138. Polysaccharides are produced in large quantities by bacteria during the decomposition of this material. These polysaccharides can actually bind soil particles together to form aggregates, acting like sticky glue in the soil. As a result, an increase in organic matter inputs typically results in an increase in bacteria, aggregates, and soil structure. Soil organic matter concentrations rise further as a result of these changes in structure139.
[bookmark: _Toc132200942]2.16	Effect of Moisture on Soil Microbial Community
2.16.1	Seasonal Variations 
Microbial biomass could be predicted to decrease as soils become dry. Microbial survival should be reduced by stress, decreased rhizosphere inputs, and a limited supply of substrate. However, this is not always the case; during months of dry conditions, microbial biomass frequently stays the same or even increases140,141,142. Instead, when the wet season begins, biomass can sometimes fall, even when activity is high. It must be that death rates are even lower during the dry season, despite low growth rates. However, microbial biomass may decrease as microbial and consumer activity rise with rainfall141.
[bookmark: _Toc132200943]However, the seasonal patterns may not always align with the results from experiments that investigate reactions to individual dry-wet events or multiple cycles. After rewetting, many researches show an instant decrease in biomass. For instance, in a silty-clay loam soil from the Rothamsted permanent pasture plots, the microbial biomass was observed to decrease by 44% following a single dry-rewet cycle143. Similarly, in a British grassland, microbial biomass decreased after a single dry-rewet event, even though there was a surge in microbial nitrogen immediately after rewetting144. Despite an initial decline that may occur following a dry-rewet cycle, populations of protozoa and microbial biomass have the potential to recover. In certain ecosystems, like California grasslands, microbial biomass increases during drought but decreases during the wet season due to overall shifts in microbial activity, growth, and food web dynamics145.


2.16.2	Community Composition
The bacterial community's composition, as shown by membrane lipids or DNA, may change little with drought and rewetting, even in soils with very different antecedent conditions. This is similar to how the overall biomass changes146. However, when seasonal shifts do occur, their causes are difficult to identify. Drought affects photosynthesis, root exudation, and litter production, so climate and weather have multiple effects on microbial communities147.
The limitations of microbial community analysis methods make it challenging to analyze microbial community change during drought and rewetting. Relic DNA from long-dead organisms, for instance, may be discovered through DNA analyses148. Even though ribosomal RNA (rRNA) provides insights into living organisms, comparing taxa based on rRNA levels and ratios is challenging due to significant variations between different taxa. Ribosomes can be abundant even in dormant cells. Stable isotope probing, which examines DNA only from organisms that have incorporated a tracer, offers a reliable means to assess community response as it can analyze populations that have replicated after rewetting149. However, this method does not provide information about the events that occurred during the dry phase, such as which organisms survived and which did not148.
The observed patterns in microbial communities can be attributed to mortality, where organisms die due to physiological stress or lack of nutrients. As a result, the community becomes dominated by different organisms during periods of limited activity and growth. Necromass, the material released into the soil from dead microbial cells, can serve as a source of support for the development of other organisms when the soil is rewet. However, the straightforward logic that microbial death is the cause of community shifts is flawed—if death is the cause, then microbial biomass should decrease. This isn't always the case149.
Drying and rewetting events may not alter the overall composition of the microbial community, but they can impact the subset of organisms that are actively growing and performing metabolic functions, often identified using rRNA analysis147. In a California annual grassland soil, following rewetting, Acidobacteria and Verrucomicrobia increased in abundance, while Actinobacteria and Firmicutes reduced. Despite being the dominant phylum based on DNA analysis, Acidobacteria did not exhibit a seasonal pattern in their proportion within the entire bacterial community148. However, during the dry season, the contribution of Acidobacteria to the active community, as measured by rRNA analysis, decreased. Actinobacteria's Rubrobacteridae, with over fifty percent of the rRNA reads, became the dominant class during the dry season, and this percentage continued to increase throughout that period149. 
Fungi seem to endure droughts more effectively than bacteria, as evidenced by their higher survival rates during such conditions148. Following experimental rewetting, Actinobacteria exhibited elevated levels of rRNA shortly after, while bacilli experienced their peak many hours later, and it took many days for Proteobacteria's rRNA to significantly increase149. Intriguingly, the pattern of incorporation of bromodeoxyuridine (BrDU) into newly synthesized DNA in the same soil was reversed. Alphaproteobacteria, especially Sphingomonadaceae, and Bacteroidetes showed rapid responses, accounting for 31.6% and 29.4% of new DNA sequences, respectively, within 12 hours after rewetting. On the other hand, Actinobacteria exhibited a significant increase in abundance only 48 hours later150. A study that is comparable but more extensive used 18O-stable isotope probing to evaluate bacteria that respond quickly; The Alphaproteobacteria's Sphingomonadaceae were the most common fast-responding bacteria in a variety of ecosystems, accounting for 38% of 18O-labeled DNA sequences151. While some other groups can start replicating and growing actively at a faster pace, Actinobacteria seem to maintain a certain level of potential activity that allows them to quickly upregulate their functions after rewetting. The microbial reaction to drought as well as rewetting remains complex due to the various ways we can measure and assess activity and development in microorganisms152.
[bookmark: _Toc132200944]Following rewetting, pulses of CO2 have been suggested to be driven by microbial community dynamics, according to several articles153,154. The carbon that is mobilized serves as a source of energy for the changes in the microbial community, as mentioned earlier. The surge in available carbon seems to be influenced by chemical and physical processes, and it took at least 12 hours for growth, as measured by leucine incorporation, to commence. The microbial community adapts to this sudden influx of carbon, and as a result, the specific organisms responsible for metabolizing and respiring the carbon may be of secondary importance or even irrelevant in the context of soil biogeochemistry. Rather than who metabolizes carbon, what they do with it likely determines its fate. The ultimate destiny of this carbon would alter only if organisms distributed it differently and generated substances with distinct long-term outcomes, such as proteins, cell walls, or EPS. To enhance our understanding of the relationships between the microbial community and biogeochemical processes, it is crucial to keep investigating the intricate interplay between physicochemical and biological factors that govern the response of soil microbes to moisture155.
2.17	Impact of Poultry Manure and Litter on the Fertility of the Soil
[bookmark: _Toc132200945]Poultry manure and litter are extensively utilized as nutrient sources for crop production due to their rich nutrient content10. While poultry manure primarily consists of excreta, poultry litter is made up of both excreta and bedding materials like wheat straw, sawdust, and wood shavings. Studies assessing the positive impacts of poultry litter nutrients on crop production have been conducted. The evaluations consider factors such as the flock number raised on the same litter, the bedding material type utilized, the broiler's feed composition, and the elemental makeup of the poultry litter, which may vary across different scenarios156. The waste's fertilizer value can be significantly uncertain due to differences in elemental composition. Analyzing waste prior to land application is the only dependable method for predicting the effects of poultry litter on crop production154. Poultry waste has one of the highest total N and P contents of any animal waste156. Fresh poultry litter contains approximately 75% organic N and 25% inorganic N as a "thumb rule156." In poultry litter modified soils, the transformation of organic and inorganic forms of nitrogen varies depending on temperature, pH, moisture content, oxygen concentration, and microbial activity. Mineralization is required for the organic forms of N before they can be absorbed by plants. 
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[bookmark: _Toc132200946]Chapter Three
[bookmark: _Toc132200947]Methodology
3.1	Research Design
[bookmark: _Toc132200948]The Research design was a completely randomized design. Soils exposed to five different treatments: T1- Litter free soil with pH between 6-7; T2- Top soil with Poultry litter; T3- Top soil with Pig excreta, T4: Top Soil with Goat excreta, T5: Top Soil with Cattle dung with three replicates. 
3.2	Sampling Sites 
[bookmark: _Toc132200949]Soil samples were collected from two medium scale livestock farms in Ibadan North and Ido Local Government Area of Ibadan, Oyo State, Nigeria. These locations were the Teaching & Research farms of the University of Ibadan and Moor Plantation Farms, Apata, Ibadan. 
3.3	Soil Sampling and Storage
[bookmark: _Toc132200950]Soil sub-samples from the top 0–10 cm were collected and homogenized following standard procedure (AOAC, 2005). Approximately 500 g of soil sample from each site was kept in individual Ziploc bag, labelled and instantly stored in an ice pack. For long-term storage, samples were frozen in a −20 ◦C freezer upon arrival at the laboratory.
3.4	Physicochemical Analyses of Each Soil Samples
[bookmark: _Toc132200951]The following parameters which are pointers to healthiness of any soil were assessed using the method described by AOAC: pH, Ca 2+, Mg 2+ , Mo 6+ , Al 3+ , Cu 2+ , Mn 2+ , Total C, total N (AOAC, 2005).
3.4.1	pH Measurement
pH Meter was calibrated by switching on the pH meter and allowed to warm for 5 minutes. The pH meter was first standardized with pH buffer solutions of pH 4, pH 7 and pH 9 to ensure the sensitivity and accuracy of the meter. This was done by dipping the electrode of the meter into the respective buffer solutions with thorough rinsing after each dipping.
[bookmark: _Toc132200952]The pH of sample was taken by dipping the same electrode after thorough rinsing in distilled water into the sample solutions and pH values consequently readout on the meter readout unit.
3.4.2	Determination of Mineral Element Calcium
One gram each of the soil samples were weighed into a 250ml Erlenmeyer flask, 5ml of concentrated nitric acid, 10ml of perchloric acid and few glass beads were added to each of the soil sample. The sample was heated slowly on a hot plate to the lowest volume. Heating continued until the digestion is completed as shown by a clear solution with the acid. After this, the digested were made ready for reading of concentration of Calcium on the Jenway Digital Flame Photometer (PFP7 Model) using the filter corresponding to each mineral element.
The concentration of each of the element was calculated using the formula:
 %Ca =     Meter Reading(MR) x Slope x Dilution factor 
                                            1000                 
[bookmark: _Toc132200953]NB: MR x slope x dilution factor will give you the concentration in part per million (ppm or mg/kg). You get concentration in % when you divide by 10000.
3.4.3	Determination of Mg 2+, Mo 6+, Al 3+ , Cu 2+ , Mn 2+  Using Buck 200 AAS
Each sample's contents, including calcium and others, were washed into a 100ml volumetric flask with either deionized or distilled water and brought to the desired volume. This solution was then drawn into the Buck 200 Atomic Absorption Spectrophotometer (AAS) through a suction tube. Each specific trace mineral element was read at its corresponding wavelength using appropriate fuel and oxidant combinations, and the readings were taken with their respective hollow cathode lamps.
The meter reading for each element will be used to calculate for the concentration of each element using the formula:
 Ppm or mg/kg (any of the elements) = Meter reading x Slope or Gradient x dilution factor.
% (any of the elements) = ppm or mg/kg divided by 10000
3.4.4	Total Organic Carbon and Total Organic Matter
The organic carbon and organic matter was determined by the wet oxidation method of Walkley and Black (1934) and Jackson (1958). 1g of the sample was utilised by pipetting 10ml of K2Cr2O7 solution to the sample inside the flask. 20ml of concentrated H2SO4 was added instantly, mixed and shaken vigorously and allowed to remain for 30mins until it cooled. Another 100ml of distilled water was added, later 4 drops of ferroin indicator was added and titration was done with ferrous ammonium sulphate till the colour change to maroon.
Percentage organic carbon is obtained as;
% organic carbon= (B-S) ×0.4N×0.003×100×F×mass of sample
Where B is a constant called the blank=28.1
           S = titre value
           N = normality of the solution
[bookmark: _Toc132200954]           F (correction factor) = 1.33
3.4.5	Crude Protein Determination (AOAC OFFICIAL METHOD 988.05 )
[bookmark: _Toc132200955]The crude protein content in the sample was determined using the routine semi-micro Kjeldahl procedure (AOAC, 2005), which involves three analytical techniques: Digestion, Distillation, and Titration.
Equipment: Analytical Balance, Digestion Tubes, Digestion Block Heaters, 50ml Burette, 5ml Pipette, 10ml Pipette, 10ml Measuring Cylinder, 100ml Beakers, Fume Cupboard.
Reagents: Concentrated H2SO4, 0.01N HCl, 40% (W/V) NaOH, 2% Boric Acid Solution, Methyl Red – Bromocresol green mixed indicator, Kjeldahl Catalyst tablet.
3.4.5.1	Digestion
[bookmark: _Toc132200956]0.5g of each finely ground dried sample was meticulously weighed and placed into the Kjeldahl digestion tubes, ensuring that all the sample material settled at the bottom of the tubes. To this, 1 Kjeldahl catalyst tablet and 10ml of concentrated H2SO4 were added. The tubes were then placed in the appropriate holes of the Digestion Block Heaters, which were located in a fume cupboard. The digestion process was allowed to proceed for 4 hours, resulting in a clear and colorless solution in the tubes. After the digestion, the solution was cooled and carefully transferred into a 100ml volumetric flask, ensuring thorough rinsing of the digestion tube with distilled water. The flask was then filled to the mark with distilled water.
3.4.5.2	Distillation
[bookmark: _Toc132200957]The distillation process was conducted using the Markham Distillation Apparatus, which enables the complete collection of volatile substances like ammonia through steam distillation. Initially, the apparatus was steamed out for approximately ten minutes to prepare it. The steam generator was then detached from the heat source to create a vacuum for removing condensed water. Afterward, the steam generator was placed back on the heat source (heating mantle), and each component of the apparatus was appropriately assembled and set up for the distillation process.
Determination
[bookmark: _Toc132200958] A 5ml aliquot of the aforementioned digest was carefully pipetted into the apparatus through the small funnel aperture. Then, 5ml of 40% (W/V) NaOH was added through the same opening using the 5ml pipette. The mixture was subjected to steam distillation for 2 minutes, with the distillate collected in a 50ml conical flask containing 10ml of 2% Boric Acid plus mixed indicator solution placed at the condenser's receiving tip. The change in color of the Boric Acid plus indicator solution from red to green indicated that all the liberated ammonia had been effectively trapped.
3.4.5.3	Titration
The green solution obtained was subsequently titrated against 0.01N HCl using a 50ml Burette. At the endpoint or equivalent point, the green color changed to a wine color, indicating that all the nitrogen trapped as Ammonium Borate [(NH4)2BO3] had been converted to Ammonium chloride (NH4Cl) and removed.
The percentage nitrogen in this analysis was calculated using the formula:
% N = Titre value x Atomic mass of Nitrogen x Normality of HCL used x 4
      or   % N = Titre value x Normality/Molarity of HCL used x Atomic mass of 
		N x Volume of flask containing the digest x 100
								 1
[bookmark: _Toc132200959]Weight of sample digested in milligram x Vol. of digest for steam distillation. The crude protein content is determined by multiplying percentage Nitrogen by a constant factor of 6.25 i.e. % CP = % N x 6.25.
3.5	Microbial Analyses 
[bookmark: _Toc132200960]Total heterotrophic plate count and total fungi count of each sample were determined using standard pour plate technique. Isolation of the following bacteria which help to maintain soil health will be carried following standard procedures: Cellulolytic bacteria, Nitrogen fixing bacteria, Phosphate solubilizing bacteria, Actinomycetes bacteria, Amylolytic bacteria, and Proteolytic, isolated by different formulated medias.	
[bookmark: _Toc132200962]3.5.1	Total Heterotrophic and Fungal Isolation 		
[bookmark: _Toc132200961]One gram of each soil samples were weighed under sterile condition and mixed with 9ml of sterile distilled water and this was used to prepare dilutions from 10-1 to10-6 Appropriate dilutions were inoculated into sterile petri dishes on which molten Nutrient agar(NA) and potato dextrose agar (PDA) amended were added. The plates were left to solidify and incubated at 37± 2ºC for 24 – 72 hours until visible growth was observed from the plates. The bacterial and fungal colonies were subculture until pure culture was obtained (purification).
3.5.2	Identification of Fungi 
The pure cultures of various isolated fungi were identified using structural features such as colony, colour, extent of growth, presence or absence of mycelia, spores and nature of colony surface. Discrete colonies were counted and reported as fungi count (cfu/g).
3.5.3	Characterization of the Isolated Organisms
Characterization of the organisms was based on two criteria.
1. Cultural and Morphological characteristics of the colonies.
2. Biochemical characteristics.
All the isolates were cultured on the prepared medium in duplicates and incubated aerobically at 370C. The colonies were observed on the agar medium plates while the cell morphology was observed microscopically after staining. Various biochemical tests were carried out on the bacterial isolates for possible identification. One millitre of broth culture of each isolate was used for all the tests except otherwise stated.
[bookmark: _Toc132200963]The isolated Cellulolytic bacteria, Nitrogen fixing bacteria, Phosphate solubilizing bacteria and Actinomycetes organisms were first ,subjected to purification to obtain the individual pure culture, using differential media and few biochemical tests. These were then placed on nutrient broth for the molecular characterization.
3.5.4 	Genomic DNA Extraction Protocol for Bacteria
1.	Liquid cultures (1-3 mL) were spinned at 4600x g for 5 min. 
2.	The pellets that were obtained were reconstituted in 520 µl of TE buffer (10 mM Tris-HCl, 1 mM EDTA, pH 8.0). 
3.	Fifteen microliters of 20% SDS and 3 µl of Proteinase K (20 mg/ml) were added. The mixture was incubated for 1 hour at 37 ºC. After incubation, 5 M NaCl (100 µl) and 80 µL of a 10% CTAB solution in 0.7 M NaCl were added and mixed. 
4.	The suspension was incubated for 10 min at 65 ºC and kept on ice for 15 min. 
5.	An equal volume of chloroform: isoamyl alcohol (24:1) was added, followed by incubation on ice for 5 min and centrifugation at 7200 x g for 20 min. 
6.	The aqueous phase was transferred to a fresh tube, isopropanol (1:0.6) was added and DNA was precipitated at –20 ºC for 16 h. 
7.	DNA was collected by centrifugation at 7200 x g for 10 min, washed with 500 μl of 70% ethanol, air-dried at room temperature for approximately three hours.
8. Pellets were reconstituted in 50 μl of TE buffer and kept at 4°C, and 10 gm of CTAB (Autoclave)
4. Chloroform: Isoamyl alchohol – 24:1
[bookmark: _Toc132200964]5. TE (Autoclave)
3.5.5	Protocol for Bacterial PCR
· Primers
· Forward primer: 	27f	(5’-AGAGTTTGATCMTGGCTCAG-3’)
· Reverse primer:		1525r	(5’-AAGGAGGTGWTCCARCC-3’)

· Cocktail reaction 	
· Ingredient 				Volume (μl) 
· Sterile distilled H2O			6.44
· 5 U /μl Taq Polymerase		0.06 
· 25 mM MgCl2 			0.75 (1.5 mM) 
· 10 mM dNTPs 			0.25 (250 μM) 
· 10 pM forward primer 		0.25 (1 μM) 
· 10 pM reverse primer  		0.25 (1 μM) 
· Template				2
· Total volume 				12.5 

· PCR Conditions
· 94°C for 2 mins
· 30 cycles of 94°C for 30 secs, 50°C for 60 secs and 72°C for 90 secs
· 72°C for 5 mins
· Store at 4°C

· Post PCR Analyses
· To make agarose gel, 1.5 g of agarose powder was added into 100 ml of 1X TAE Buffer 
· The solution was heated in a microwave for 5 minutes
· It was then cooled briefly and 5 µl of GR Green® solution was added
· The solution was mixed briefly and poured into a gel tank with well combs
· The solution was left to solidify and the PCR products were loaded into each well
· Electrophoresis was at 100V for one hour
· The gel was viewed under UV light and pictures were taken
· [bookmark: _Toc132200965]Expected product size was 1,500 bp

3.6	Statistical Analysis
Data obtained were subjected to analysis of variance (ANOVA) at p=0.05. Means were separated using Duncan Multiple Range Test of the SPSS analytical software. A correlation analysis were carried out to investigate the degree of association among physicochemical variables in soil samples and also to determine the relationship between the physicochemical parameters and microbial composition of the soil. 
[bookmark: _Toc132200966]

Chapter Four
Results and Discussion of Findings
[bookmark: _Toc132200968]This chapter showcases the effect of different livestock excreta on microbial composition of soil samples. Also, Genomic DNA extraction was conducted for bacteria strains present in soils polluted by different livestock litter. 
4.1	Sample Analyses of Soils as Affected By Different Livestock Excreta
Table 4.1 shows physiochemical analysis as affected by different livestock excreta in farmlands. Calcium level in T4 (8.31 cmol/kg) was significantly (p<0.05) higher compared to other treatments. Magnesium in T4 was 6.40cmol/kg and was significantly (p<0.05) higher than other treatments. However, the lowest Mg value was observed in T1 (1.42). Sodium concentration was highest in T5 (0.97) and T1 had the lowest value of 0.61. Potassium value in T5 was 1.95cmol/kg and was the highest. Percentage total nitrogen (PTN) was lowest (p<0.05) in the control (0.25) and highest in T4 (0.74). Percentage organic carbon (POC) was significantly (p<0.05) higher in T4 (1.61) and T3 (1.58) compared to other treatments. Percentage organic M was highest in T4 (2.77) and lowest in T1 (1.91). Available phosphorus (mg/kg) was lowest in T1 (11.54) and highest in T4 (17.06). The Mn in T4 (11.06) was significantly (p<0.05) higher compared to other treatments. Aluminium value was higher in soils on T4 (0.40mg/kg) and value gradually decreased to 0.31 in T2; to 0.25 (T3), to 0.11 (T1). Copper was highest in T4 (0.73) and lowest in T1 (0.37). The Mo value observed in T4 was 0.45mg/kg and it was significantly (p<0.05) higher compared to other treatments. 

Table 4.1: Physiochemical Analysis as Affected by Different Livestock Excreta in Farmlands
	Parameters
	Standard
	Control (T1)
	Poultry(T2)
	Pig  (T3)
	Cattle (T4)
	Goat (T5)
	SEM
	P value

	Ca (cmol/kg )
	10.3
	3.04e
	6.21d
	6.88c
	8.31a
	6.96b
	0.59
	0.000

	Mg (cmol/kg )
	2.2
	1.42d
	4.21c
	4.61b
	6.40a
	4.68b
	0.54
	0.000

	Na (cmol/kg )
	0.35
	0.61d
	0.81c
	0.91b
	0.94ab
	0.97a
	0.44
	0.000

	K (cmol/kg )
	0.95
	1.36d
	1.76c
	1.81c
	1.88b
	1.95a
	0.69
	0.000

	% total N
	1.65
	0.25d
	0.58b
	0.46c
	0.74a
	0.54bc
	0.54
	0.001

	% org C
	2.54
	1.11d
	1.44c
	1.58ab
	1.61a
	1.53b
	0.06
	0.000

	% org M
	4.379
	1.91d
	2.48c
	2.72ab
	2.77a
	2.64b
	0.10
	0.000

	Av. P (mg/kg)
	12.50
	11.54e
	15.46d
	16.67b
	17.06a
	16.56c
	0.68
	0.000

	Mn (mg/kg)
	0.35
	7.63e
	9.64d
	9.91b
	11.06a
	9.77c
	0.37
	0.000

	Al (mg/kg)
	0.55
	0.11d
	0.31b
	0.25c
	0.40a
	0.22c
	0.33
	0.000

	Cu (mg/kg)
	0.25
	0.37d
	0.60c
	0.66b
	0.73a
	0.59c
	0.04
	0.000

	Mo (mg/kg)
	0.08
	0.16d
	0.38b
	0.32c
	0.45a
	0.38b
	0.03
	0.000


abcdeMeans of treatments along a row with different superscripts differed significantly (p<0.05). Ca-calcium, Mg-magnesium, Na-sodium, K-Potassium, N-nitrogen, Org C-organic carbon, Av. P- Available phosphorus, Mn-manganese, Al-aluminium, Cu-copper, Mo-Molybdenum.
Source: Author’s Field Work, 2023








4.2	pH of Soil Samples as affected by different livestock excreta
The pH of soil samples as affected by different livestock excreta is shown in Figure 4.1. It was observed that the control pH was 7.00 and differed significantly from the pH values recorded for poultry (5.67), pig (5.48), cattle (5.78), and goat (5.70) (Figure 4.1).
[bookmark: _Hlk124286948][bookmark: _Toc132200969]4.3	Microbial Population of Soils Affected by Different Livestock Excreta
Table 4.2 shows the microbial population of soils affected by different livestock excreta. The T1 had the highest (p<0.05) Heterotrophic Plate Count value of 82.00 (x 10 6 cfu/g) compared to T2 (41.00), T3 (65.50), T4 (24.50) and T5 (51.00). Higher (p<0.05) Total Fungi Count was observed in T1 (18.50 x 10 6 cfu/g) compared to other treatments. However, T5 (6.50) had the lowest TFC. The cellulolytic bacteria was highest in T1 (40.50 x 10 6 cfu/g) and lowest in T5 (14.50 x 10 6 cfu/g). The phosphate solubilizing bacteria in T2 (69.50 x 10 6 cfu/g) was significantly (p<0.05) higher compared to other treatments. The nitrogen fixing bacteria was highest (p<0.05) in T3 (12.50 x 10 6 cfu/g) and lowest in T1 (4.90) and T5 (4.75). Actinobacteria count in T3 was 35.50 x 10 6 cfu/g; and was significantly (p<0.05) higher than other treatments. 
Table 4.3 shows the probable organisms (fungi) accompanying phosphate solubilizing bacteria (PSB) in soil samples on different livestock excreta treatments. It was observed that the control had higher occurrence of Rhizopus stolonifera (7.00) compared to pig (3.00), goat (1.75), and poultry (4.50). However, Aspergillus flavus was also a probable fungi organism occurring in soil samples with pig excreta, and poultry litters. Fusarium oxysporum (2.00) was present in Cattle dung. 




Figure 4.1: pH of soil samples as affected by different livestock excreta
Source: Author’s Field Work, 2023









	Parameters
(x 10 6 cfu/g)
	Control (T1)
	Poultry (T2)
	Pig
(T3)
	Cattle (T4)
	Goat (T5)
	SEM
	P value

	HPC
	82.00a
	41.00d
	65.50b
	24.50e
	51.00c
	6.60
	0.000

	TFC
	18.50a
	11.50c
	15.75b
	11.50c
	6.50d
	1.38
	0.000

	CBC
	40.50a
	18.50d
	36.00b
	25.50c
	14.50e
	3.32
	0.000

	PSBC
	23.50c
	69.50a
	25.50b
	18.75d
	24.85bc
	6.23
	0.000

	NFBC
	4.90d
	8.90b
	12.50a
	7.75c
	4.75d
	0.96
	0.001

	Actinobacteria
	5.50e
	20.50b
	35.50a
	15.50e
	9.50d
	3.48
	0.000


Table 4.2: Microbial Population of Different Soils as Affected by Different Livestock      Excreta
 de Means of treatments along a row with different superscripts differed significantly (p<0.05).
Source: Author’s Field Work, 2023












Table 4.3: Probable Organisms (fungi) Accompanying Phosphate Solubilizing bacteria (PSB)
	Poorly managed litter soil
	Occurrence
	Probable organisms (fungi)

	Control 
	7.0
	Rhizopus stolonifera

	Pig unit
	3.0
	Aspergillus flavus, Rhizopus stolonifera

	Goat unit
	1.75
	Rhizopus stolonifera

	Cow unit
	2.0
	Fusarium oxysporum

	Poultry unit
	4.5
	Aspergillus flavus, Rhizopus stolonifera


Source: Author’s Field Work, 2023



Table 4.4 shows the probable organisms (fungi) accompanying Cellulolytic Bacteria (CB) in poorly managed litter soil. It was observed that the control had lower occurrence of Fusarium oxysporum (2.00) compared to poultry (4.00). Aspergillus flavus was also a probable fungi organism occurring in soils with poorly managed goat excreta (1.00) and poultry litters (4.00). Aspergillus niger and Rhizopus stolonifera were present in Cattle dung (3.00).  
Table 4.5 shows the probable organisms (fungi) accompanying Nitrogen Fixing Bacteria (NFB) in poorly managed litter soil. It was observed that the control had occurrence of Aspergillus flavus and  A. niger. Aspergillus flavus and Neurospora were present in soils with poorly managed poultry litters (2.00). Aspergillus niger was present in Cattle dung (1.00), Fusarium  oxysporum was present in soils with poorly managed goat excreta.
Table 4.6 shows the probable organisms (fungi) accompanying Actinomycetes Bacteria (ACMB) in poorly managed litter soil. It was observed that the control had occurrence of Aspergillus flavus, Fusarium oxysporum, and Rhizopus stolonifera (3.00).  Fusarium oxysporum, and Rhizopus stolonifera were highly present in poorly managed pig litter soils, compared to the control soil. Aspergillus flavus and Fusarium oxysporum were present in Cattle dung (6.00). A.flavus and Rhizopus stolonifera were present in soils with poorly managed poultry litter.
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Table 4.4: Probable Organisms (fungi) Accompanying Cellulolytic Bacteria (CB)
	Poorly managed litter soil
	Occurrence
	Probable organism (fungi)

	Control
	2.00
	Fusarium oxysporum

	Goat unit
	1.00
	Aspergillus flavus, Rhizopus stolonifer

	Pig unit
	2.00
	Rhizopus stolonifer

	Cow unit
	3.00
	Aspergillus niger, Rhizopus stolonifer

	Poultry unit
	4.00
	Fusarium , oxysporum Aspergillus flavus


Source: Author’s Field Work, 2023


















Table 4.5: Probable Organisms (fungi) Accompanying Nitrogen Fixing Bacteria (NFB)
	Poorly managed litter soil
	Occurrence
	Probable organism (fungi)

	Control
	2.00
	Aspergillus flavus, A. niger

	Goat unit
	1.00
	Fusarium  oxysporum

	Pig unit
	2.00
	Aspergillus niger,Fusarium oxysporum

	Cow unit
	1.00
	A. niger

	Poultry unit
	2.00
	Aspergillus flavus, Neurospora


Source: Author’s Field Work, 2023


















Table 4.6: Probable Organisms (fungi) Accompanying Actinomycetes Bacteria (ACMB)
	Poorly managed litter soil
	Occurrence
	Probable organism (fungi)

	Control
	3.0
	Fusarium oxysporum, Aspergillus flavus, Rhizopus stolonifer

	Goat unit
	1.0
	Rhizopus stolonifer

	Pig unit
	9.0
	 Rhizopus stolonifera, Fusarium

	Cow unit
	6.0
	Fusarium oxysporum,Aspergillus flavus

	Poultry unit
	2.0
	A.flavus, Rhizopus stolonifera


Source: Author’s Field Work, 2023
















Table 4.7 shows the characterization and properties of partial 16S ribosomal RNA sequences of selected five bacteria derived from litter soils at the University of Ibadan, Oyo State, Nigeria using nBLAST on GenBank.  It was observed that Pseudomonas aeruginosa strain (UI-ANSCB-01) share the closest homology with sequence with accession numbers OP320372 at 99.65%, with 1408 number of nucleotides. Bacillus cereus strain (UI-ANSCB-02) share the closest homology with sequence with accession number OP320373 at 99.93%. Klebsiella pneumoniae strain (UI-ANSNFB-03) share the closest homology with sequence with accession number OP320374 at 99.73% with 1485 number of nucleotides. Bacillus subtilis strain (UI-ANSPSB-04) share the closest homology with sequence with accession number OP320375 at 99.71% identity. Bacillus thuringiensis strain (UI-ANSAC-05) share the closest homology with sequence with accession number OP320376 at 99.86 % identity. 
Presented in Table 4.8 are correlation coefficients showing relationship between physiochemicals properties and microbial load. There exists high degree of relationship between pH, CBC (0.866) and Actino BC (0.866); while zero correlation exist between pH and HPC, TFC, PSBC, NFBC. Relationship between Mg to all microbial counts except CBC and Actino BC is strong and negative. Perfect and significant (p<0.01) relationship exit between K,  Mn, Cu, Mo and all microbial counts except CBC which is relatively weak (0.5). Al is negatively correlated (though not significant) with all microbe count, but positive and strong with CBC and Actino BC





Table 4.7: Characteristics and Properties of Partial 16S Ribosomal RNA Sequences of Five Bacteria Derived from Litter Soils at the University of Ibadan, Oyo State, Nigeria using nBLAST on GenBank
	Sample organism
	Strain
	Accession number
	No of nucleotides
	Highest nBLAST identity (%)
	E value
	Alignment score
	Highest query
coverage (%)

	Pseudomonas aeruginosa
	UI-ANSCB-01
	OP320372
	1,408
	99.65
	0.00
	       ≥200
	100

	Bacillus cereus
	UI-ANSCB-02
	OP320373
	1,438
	99.93
	0.00
	≥200
	100

	Klebsiella pneumonia
	UI-ANSNFB-03
	OP320374
	1,485
	99.73
	0.00
	≥200
	100

	Bacillus subtilis
	UI-ANSPSB-04
	OP320375
	1,402
	99.71
	0.00
	≥200
	100

	Bacillus thuringiensis
	UI-ANSAC-05
	OP320376
	1,444
	99.86
	0.00
	≥200
	100



Source: Author’s Field Work, 2023


[bookmark: _Toc132200970] Table 4.8: Relationship between Physicochemical Parameters and Microbial Analysis of each Soil Sample from Pig.
Source: Author’s Field Work, 2023
	
	HPC
	TFC
	CBC
	PSBC
	NFBC
	ACTINO BC

	Ph
	0
	0
	0.866
	0
	0
	0.866

	Ca (cmol/kg)
	0.961
	0.961
	0.721
	0.961
	0.961
	-0.24

	Mg (cmol/kg)
	-0.721
	-0.721
	0.24
	-0.721
	-0.721
	0.961

	Na (cmol/kg)
	-0.721
	-0.721
	-0.961
	-0.721
	-0.721
	-0.24

	K (cmol/kg)
	1.000**
	1.000**
	0.5
	1.000**
	1.000**
	-0.5

	Mn (mg/kg)
	1.000**
	1.000**
	0.5
	1.000**
	1.000**
	-0.5

	Al (mg/kg)
	-0.327
	-0.327
	0.655
	-0.327
	-0.327
	0.982

	Cu (mg/kg)
	-1.000**
	-1.000**
	-0.5
	-1.000**
	-1.000**
	0.5

	Mo (mg/kg)
	1.000**
	1.000**
	0.5
	1.000**
	1.000**
	-0.5















4.4     Evolutionary Relationship of Bacteria Strains
Figure 1 revealed the Phylogenetic tree illustrating the evolutionary relationship of Pseudomonas aeruginosa isolated from soil in Ibadan, Nigeria in red, with other strains available in the GenBank database.
The evolutionary history was deduced using the Neighbor-Joining method, and the optimal tree is presented. The percentage of replicate trees, in which the associated taxa clustered together in the bootstrap test (1000 replicates), is indicated next to the branches. The tree is drawn to scale, with branch lengths measured in the same units as the evolutionary distances utilized for the phylogenetic tree inference. The evolutionary distances were computed using the Jukes-Cantor method and are expressed as the number of base substitutions per site. This analysis involved 11 nucleotide sequences, with all ambiguous positions removed for each sequence pair (using pairwise deletion option). The final dataset consisted of a total of 1545 positions. The evolutionary analyses were conducted in MEGA11.







[image: ]Figure 4.2: Phylogenetic tree illustrating evolutionary relationship of Pseudomonas aeruginosa obtained from soil in Ibadan, Nigeria (in red) with others stains available in the GenBank database
Source: Author’s Field Work, 2023







The evolutionary relationship was determined using the Neighbor-Joining method, and the optimal tree is displayed. The percentage of replicate trees, where the associated taxa clustered together in the bootstrap test (1000 replicates), is indicated alongside the branches. The tree is drawn to scale, with branch lengths measured in the same units as the evolutionary distances used to infer the phylogenetic tree. The evolutionary distances were computed using the Jukes-Cantor method and are expressed as the number of base substitutions per site. This analysis involved 9 nucleotide sequences, and all ambiguous positions were removed for each sequence pair using the pairwise deletion option. The final dataset contained a total of 1459 positions. The evolutionary analyses were performed using MEGA11.
[image: ]Figure 4.3: Phylogenetic tree illustrating evolutionary relationship of Bacillus cereus obtained from soil in Ibadan, Nigeria (in red) with others stains available in the GenBank database. 
Source: Author’s Field Work, 2023





The evolutionary relationships were determined using the Neighbor-Joining method, and the optimal tree is displayed. The percentage of replicate trees, where the associated taxa clustered together in the bootstrap test (1000 replicates), is indicated next to the branches. The tree is drawn to scale, and branch lengths are in the same units as the evolutionary distances used to infer the phylogenetic tree. The evolutionary distances were computed using the Jukes-Cantor method and are expressed as the number of base substitutions per site. This analysis involved 9 nucleotide sequences, and the codon positions considered included 1st+2nd+3rd+Noncoding. Ambiguous positions were removed for each sequence pair using the pairwise deletion option. The final dataset contained a total of 1514 positions. The evolutionary analyses were conducted using MEGA11.

[image: ]Figure 4.4: Phylogenetic tree illustrating evolutionary relationship of Klebsiella pneumoniae obtained from soil in Ibadan, Nigeria (in red) with others stains available in the GenBank database. 
Source: Author’s Field Work, 2023




The evolutionary relationships were deduced using the Neighbor-Joining method, and the optimal tree is depicted. The percentage of replicate trees, where the associated taxa clustered together in the bootstrap test (1000 replicates), is indicated next to the branches. The tree is drawn to scale, and branch lengths are in the same units as the evolutionary distances used to infer the phylogenetic tree. The evolutionary distances were calculated using the Jukes-Cantor method and are expressed as the number of base substitutions per site. This analysis involved 11 nucleotide sequences, with all ambiguous positions removed for each sequence pair using the pairwise deletion option. The final dataset contained a total of 1449 positions. The evolutionary analyses were performed using MEGA11. Bacillus subtilis UI-ANSPSB-04 showed the closest homology with Bacillus subtilis strain LCU-MCB-22-004 and Bacillus pumilus strain ATCC 7061.


[image: ]Figure 4.5: Phylogenetic tree illustrating evolutionary relationship of Bacillus subtilis obtained from soil in Ibadan, Nigeria (in red) with others stains available in the GenBank database.
Source: Author’s Field Work, 2023









The evolutionary relationships were determined using the Neighbor-Joining method, and the optimal tree is presented. The percentage of replicate trees, where the associated taxa clustered together in the bootstrap test (1000 replicates), is indicated next to the branches. The tree is drawn to scale, and branch lengths are in the same units as the evolutionary distances used to infer the phylogenetic tree. The evolutionary distances were computed using the Jukes-Cantor method and are expressed as the number of base substitutions per site. This analysis involved 19 nucleotide sequences, and all ambiguous positions were removed for each sequence pair using the pairwise deletion option. The final dataset contained a total of 1520 positions. The evolutionary analyses were conducted using MEGA11. Bacillus thuringiensis strain UI-ANSAC-05 share closest homology with Bacillus thuringiensis strain BF2, and VKK-BB-1. However, there is greater diversity in molecular identification of Bacillus thuringiensis strain UI-ANSAC-05 compared to Bacillus thuringiensis strains KNU-07; SXFB8, NBIN-863.



[image: ]Figure 4.6: Phylogenetic tree illustrating evolutionary relationship of Bacillus thuringiensis obtained from soil in Ibadan, Nigeria (in red) with others stains available in the GenBank database. 
Source: Author’s Field Work, 2023
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4.5    Discussion of Findings
The impact of animal dung on soil pH and microbiota was investigated in this study. Soil pH influences nutrient availability. In strongly acidic soils, potassium, calcium and magnesium are depleted due to leaching which is evident when the values for T2, T3, T4 and T5 were compared1. Acids attack soil minerals and increase net loss of nutrients from the soil e.g. Mn, Cu, Zn. The findings of the current research align with a previous study that highlighted the potential occurrence of metal toxicity in acidic conditions. In such circumstances, the active microbial population and their involvement in the processes of N, P, and S immobilization/mineralization may be hindered1. Additionally, acidic conditions can lead to calcium deficiency, significantly impacting symbiotic N fixation. Moreover, acid soils with low organic matter content tend to have poor tilth1.  However, in comparing the litter soils with control (litter free soil), one would expect that these elements will be in higher quantity in litter free soil compared to the litter soils, however, the reverse is the case. This could be because the litter free soil is nutrient deficient because litters are not dumped on it1.
The major causes for soils to become acidic are organic matter decomposition, rainfall and leaching, acidic parent material, nitrification of ammonium, and low buffer capacity from little clay and organic matter2. The contribution of decaying organic matter to acid soil development is usually very small compared to rainfall, and it would be only the cumulative effects of several years that could ever be measured in a field3. A soil is considered acidic when there is an richness of acidic cations, like hydrogen (H+ ) and aluminum (Al3+ ) present compared to the alkaline cations, like calcium (Ca2+), magnesium (Mg2+), potassium (K+ ) and sodium (Na+ )4.
The result on figure 4.1 shows that the pH value for the T1 differ significantly from the values recorded for poultry, pig cattle and goat. One of the factors that contribute to the acidification of the soil is improper disposal of livestock litters that has taken place over time. When hydrogen ions replace basic elements held by soil colloids like calcium, magnesium, sodium, and potassium, the soils become acidic. In some cases, these waste's litter and manure components are used as an organic fertilizer and has a high nutritional value, recycling nutrients like nitrogen, phosphorus, and potassium. Litters and manure especially from poultry due to the high concentrations of protein and amino acids, contains significant concentrations of organic nitrogen; about 60–80% of the nitrogen in fresh manure, and is usually in the form of organic compounds like urea and protein. Within a year, 40–90 percent of this organic nitrogen is transformed into ammonia, depending on the conditions of the environment5. Ammonia can be found as a gas (NH3) or as an ionized form (NH4) that is water-soluble. While NH4 gas can be transformed into nitrate by microorganisms (a process known as nitrification), NH3 gas can be released into the atmosphere. 
The concentration of endogenous ammonia and nitrogen significantly increases during the anaerobic digestion of litters and manure. Also, the presence of ammonium ions contributes to the acidic pH6. The results of present study were consistent with a study which reported that a decrease in soil pH occurs when acid-forming nitrogen fertilizers are used continuously6.   Another study mentioned that increase in the acidity of the soils resulted from organic fertilizer application, and majority of the territory had a pH below 47.
Due to the essential role of soil microorganisms in nutrient cycling, higher microbial biomass and diversity positively impact soil quality. These microorganisms facilitate the transformation of organic nitrogen (N) and phosphorus (P) found in manures into plant-accessible forms and expedite the decomposition of organic matter8. Soil amendments increase microbial activity, competition, and biomass overall by providing energy to microorganisms. This includes antagonistic microorganisms that ward off pathogens9. However, when the pH tends to stay outside neutral range, the microbial population and diversity is affected. 
The result on Table 4.2 shows that the T1 value for HPC, TFC and CBC differ significantly from other treatments, T2 value for PSBC differ significantly from other treatment while T3 value for NFBC and Actinobacteria differ significantly from other treatments. The litter soil type influenced the type of microbes that thrived in them. As a previous study suggested, environmental parameters, such as soil pH and water content, influence the microbial community structure and composition10,11. 
Pig and poultry litter had the highest microbial population of nitrogen fixing bacteria and actinobacteria, poultry litter had the highest microbial population of phosphate solubilizing bacteria while the control had the highest microbial population of heterotrophic plate count bacteria, total fungal count and Cellulolytic bacteria. These results suggested that N-cycle-related microorganisms were activated by the addition of pig and poultry litter because of their high protein content, possibly through the degradation of organic matters. The result for TFC showed that the value obtained for control was highest compared to other treatment. However, this is in contrast to the fact that fungi thrives in pH tending to acidic level12. 
The highest occurrence of PSB found in the control could be due to the pH level of the soil which tends towards neutral. However, in comparing the litter soils, litter soils from poultry and pig unit had the highest occurrence level of PSB. This could be due to the high level of phosphorus found in poultry and pig litter compared to other livestock. Aspergillus has been reported to dominate in poultry and pig manure composts12,13,14.
The highest occurrence of CB was found in the litter soils from poultry and cow uint. This could be due to the high level of cellulolytic bacteri
a found in the intestine of chicken and rumen of cattle which is passed out through the faeces; the CB becomes predominant on the soil where the litters are dumped15,16. Aspergillus and Fusarium has been reported to be present in poultry and cow manure composts17,18. 
The highest occurrence of NFB was found in the litter soils from control, poultry and pig uint. This could be due to the reason that, N-cycle-related microorganisms were activated by the addition of pig and poultry litter because of their high protein content, possibly through the degradation of organic matters15,16. Aspergillus and Fusarium has been reported to be present in poultry and cow manure composts17. 
The highest occurrence of actinomycetes was found in the litter soil from pig uint. Microorganisms such as bacteria, fungi and actinomycetes play pivotal roles in the degradation of pig faeces and composting process19. As saprophytic microbes, actinomycetes are ubiquitous in soils where they contribute to the breakdown and recycling of naturally occurring organic compounds20. These organisms are also common in self-heated substrates, such as manure, compost, and fodder, where they play an important role in the decomposition of bulk organic materials21,22,23. 
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Chapter Five
Conclusion
5.1	Summary of Findings
From this study, it was observed that the value for Ca, Mg, N, C, P, Mn, Al, Cu and Mo for T1 (litter free soil) differ significantly from the litter soils (T2, T3, T4 and T5). Also, the pH value for the litter soil differ significantly from the values recorded for poultry, pig cattle and goat litter soil. The litters affected the soil pH which in turn influenced the nutrient availability. However, in comparing the litter soils with control (litter free soil), one would expect that these elements will be in higher quantity in litter free soil compared to the litter soils, however, the reverse is the case. This could be because the litter free soil is nutrient deficient because litters are not dumped on it.
The result from this study also revealed that the value of HPC, TFC and CBC for T1 (litter free soil) differ significantly from other treatments. T2 value for PSBC differ significantly from other treatment while T3 value for NFBC and Actinobacteria differ significantly from other treatments.
Pig and poultry litter had the highest microbial population of nitrogen fixing bacteria and actinobacteria, poultry litter had the highest microbial population of phosphate solubilizing bacteria while the control had the highest microbial population of heterotrophic plate count bacteria, total fungal count and Cellulolytic bacteria. The result for TFC showed that the value obtained for T1 was highest compared to other treatment. 




5.2	Conclusion
This study further established the soil acidification caused by poorly managed litters in livestock farms on soil fertility, microbial population and diversity. Also, there were imbalances in the microbial population and diversity which could be because of the adaptability of the microbes to the acidic condition.
5.3	Recommendations
1. This research is a crucial step towards understanding the intricate relationship between agricultural practices and soil health. Therefore, expanding and building upon this knowledge will not only contribute to scientific literature but also aid in developing sustainable agricultural practices that optimize soil fertility and minimize environmental impact.
2. There is need for an effective means of managing livestock wastes and sustaining soil physicochemical properties. This will foster implementation of policies against improper disposal of livestock wastes on soils by farmers.
3.  Regular training for farmers on agricultural wastes management and several bioremediation techniques by the government is encouraged.
5.4	Contribution to Knowledge
[bookmark: _Toc132200974]1. This study provided baseline information on the effect of improperly managed livestock wastes on soil physical and chemical composition; and microbial population and extent of soil microbial activities.
 2.  The results of this study serve as evidences of soil modification techniques to the crop farmers, soil scientists and the agronomists who depend greatly on soil physical and chemical properties for their practices.
3.    It also provides basal information for further studies in the area of increasing soil acidity, livestock waste disposal and its effects on soil microbiota. 

5.5	Suggested Area for Further Study
The litter from the dumping site can also be evaluated for further studies 
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Appendix XV
Summary of sequencing result
>OP320372| Pseudomonas aeruginosa strain UI-ANSCB-01 16S ribosomal RNA gene, partial sequence
GCTTGCTCCTGGATTCAGCGGCGGACGGGTGAGTAATGCCTAGGAATCTTCCTGGTAGTGGGGGATAACGTCCGGAAACGGGCGCTAATACCGCATACGTCCTGAGGGAGAAAGTGGGGGATCTTCGGACCTCACGCTATCAGATGAGCCTAGGTCGGATTAGCTAGTTGGTGGGGTAAAGGCCTACCAAGGCGACGATCCGTAACTGGTCTGAGAGGATGATCAGTCACACTGGAACTGAGACACGGTCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGGACAATGGGCGCAAGCCTGATCCAGCCATGCCGCGTGTGTGAAGAAGGTCTTCGGATTGTAAAGCACTTTAAGTTGGGAGGAAGGGCAGTAAGTTAATACCTTGCTGTTTTGACGTTACCAACAGAATAAGCACCGGCTAACTTCGTGCCAGCAGCCGCGGTAATACGAAGGGTGCAAGCGTTAATCGGAATTACTGGGCGTAAAGCGCGCGTAGGTGGTTCAGCAAGTTGGATGTGAAATCCCCGGGCTCAACCTGGGAACTGCATCCAAAACTACTGAGCTAGAGTACGGTAGAGGGTGGTGGAATTTCCTGTGTAGCGGTGAAATGCGTAGATATAGGAAGGAACACCAGTGGCGAAGGCGACCACCTGGACTGTACTGACACTGAGGTGCGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATGTCGACTAGCCGTTGGGATCCTTGAGATCTTAGTGGCGCAGCTAACGCGATAAGTCGACCGCCTGGGGAGTACGGCCGCAAGGTTAAAACTCAAATAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCTGGCCTTGACATGCAGAGAACTTTCCAGAGATGGATTGGTGCCTTCGGGAACTCAGACACAGGTGCTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGTAACGAGCGCAACCCTTGTCCTTAGTTACCAGCACCTCGGGTGGGCACTCTAAGGAGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAAGTCATCATGGCCCTTACGGCCAGGGCTACACACGTGCTACAATGGTCGGTACAAAGGGTTGCCAAGCCGCGAGGTGGAGCTAATCCCATAAAACCGATCGTAGTCCGGATCGCAGTCTGCAACTCGACTGCGTGAAGTCGGAATCGCTAGTAATCGTGAATCAGAATGTCACGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACACCATGGGAGTGGGTTGCTCCAGAAGTAGCTAGTCTAACCGCAAGGGGGACGGTTACCACGGAGTGATTCATGACTGGGGTGAAG















>OP320373|Bacillus cereus strain UI-ANSCB-02 16S ribosomal RNA gene, partial sequence

CGGCGTGCCTAATACATGCAGTCGAGCGAATGGATTGAGAGCTTGCTCTTATGAAGTTAGCGGCGGACGGGTGAGTAACACGTGGGTAACCTGCCCATAAGACTGGGATAACTCCGGGAAACCGGGGCTAATACCGGATAACATTTTGAACCGCATGGTTCGAAATTGAAAGGCGGCTTCGGCTGTCACTTATGGATGGACCCGCGTCGCATTAGCTAGTTGGTGAGGTAACGGCTCACCAAGGCAACGATGCGTAGCCGACCTGAGAGGGTGATCGGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGACGAAAGTCTGACGGAGCAACGCCGCGTGAGTGATGAAGGCTTTCGGGTCGTAAAACTCTGTTGTTAGGGAAGAACAAGTGCTAGTTGAATAAGCTGGCACCTTGACGGTACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAGCGTTATCCGGAATTATTGGGCGTAAAGCGCGCGCAGGTGGTTTCTTAAGTCTGATGTGAAAGCCCACGGCTCAACCGTGGAGGGTCATTGGAAACTGGGAGACTTGAGTGCAGAAGAGGAAAGTGGAATTCCATGTGTAGCGGTGAAATGCGTAGAGATATGGAGGAACACCAGTGGCGAAGGCGACTTTCTGGTCTGTAACTGACACTGAGGCGCGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATGAGTGCTAAGTGTTAGAGGGTTTCCGCCCTTTAGTGCTGAAGTTAACGCATTAAGCACTCCGCCTGGGGAGTACGGCCGCAAGGCTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACATCCTCTGAAAACCCTAGAGATAGGGCTTCTCCTTCGGGAGCAGAGTGACAGGTGGTGCATGGTTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGATCTTAGTTGCCATCATTAAGTTGGGCACTCTAAGGTGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAAATCATCATGCCCCTTATGACCTGGGCTACACACGTGCTACAATGGACGGTACAAAGAGCTGCAAGACCGCGAGGTGGAGCTAATCTCATAAAACCGTTCTCAGTTCGGATTGTAGGCTGCAACTCGCCTACATGAAGCTGGAATCGCTAGTAATCGCGGATCAGCATGCCGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACACCACGAGAGTTTGTAACACCCGAAGTCGGTGGGGTAACCTTTTGGAGCCAGCCGCCTAA


















>OP320374|Klebsiella pneumoniae UI-ANSNFB-03 16S ribosomal RNA gene, partial sequence

GGCGGCAGGCCTAACACATGCAAGTCGAGCGGTAGCACAGAGAGCTTGCTCTCCGGTGACGAGCGGCGGACGGGTGAGTAATGTCTGGGAAACTGCCTGATGGAGGGGGATAACTACTGGAAACGGTAGCTAATACCGCATAACGTCGCAAGACCAAAGTGGGGGACCTTCGGGCCTCATGCCATCAGATGTGCCCAAATGGGATTAGCTAGTAGGTGGGGTAACGGCTCACCTAGGCGACGATCCCTAGCTGGTCTGAGAGGATGACCAGCCACACTGGAACTGAGACACGGTCCAGACTCCTACGGGAGGCAGCAGTGGGGATATTGCACAATGGGCGCAAGCCTGATGCAGCCATGCCGCGTGTGTGAAGAAGGCCTTCGGGTTGTAAAGCACTTTCAGCGGGGAGGAAGGCGATGAGGTTAATAACCTCATCGATTGACGTTACCCTGCAGAAGAAGCACCGGCTAACTCCGTGCCAGCAGCCGCGGTAATACGGAGGGTGCAAGCGTTAATCGGAATTACTGGGCGTAAAGCGCACGCAGGCGGTCTGTCAAGTCGGATGTGAAATCCCCGGGCTCAACCTGGGAACTGCATTCGAAACTGGCAGGCTAGAGCTTGTAGAGGGGGGTAGAATTCCAGGTGTAGCGGTGAAATGCGTAGAGATCTGGAGGAATACCGGTGGCGAACGCGGCCCCCTGGACAAAGACTGACGCTCAGGTGCGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATGTCGATTTGGAGGTTGTGCCCTTGAGGCGTGGCTTCCGGAGCTAACGCGTTAAATCGACCGCCTGGGGAGTACGGCCGCAAGGTTAAAACTCAAATGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGATGCAACGCGAAGAACCTTACCTGGTCTTGACATCCACAGACTTTCCAGAGATGGATTGGTGCCTTCGGGAACTCTGAGACAGGTGCTGCATGGCTGTCGTCAGCTCGTGTTGTGAAATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTATCCTTTGTTGCCAGCGGTTAGGCCGGGAACTCAAAGGAGACTGCCAGTGATAAACTGGAGGAAGGTGGGGATGACGTCAAGTCATCATGGCCCTTACGACCAGGGCTACACACGTGCTACAATGGCATATACAAAGAGAAGCGACCTCGCGAGAGCAAGCGGACCTCATAAAGTATGTCGTAGTCCGGATTGGAGTCTGCAACTCGACTCCATGAAGTCGGAATCGCTAGTAATCGTAGATCAGAATGCTACGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACACCATGGGAGTGGGTTGCAAAAGAAGTAGGTAGCTTAACCTTCGGGAGGGCGCTTACCACTTTGTGATTCATGACTGGGGTGAAGTCGTAACAAGGTAACCGTAGGGGAACCTGCGG

















>OP320375| Bacillus subtilis UI-ANSPSB-04 16S ribosomal RNA gene, partial sequence

GCAAGTCGAGCGGACAGATGGGAGCTTGCTCCCTGATGTTAGCGGCGGACGGGTGAGTAACACGTGGGTAACCTGCCTGTAAGACTGGGATAACTCCGGGAAACCGGGGCTAATACCGGATGCTTGTTTGAACCGCATGGTTCAGACATAAAAGGTGGCTTCGGCTACCACTTACAGATGGACCCGCGGCGCATTAGCTAGTTGGTGAGGTAACGGCTCACCAAGGCGACGATGCGTAGCCGACCTGAGAGGGTGATCGGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGACGAAAGTCTGACGGAGCAACGCCGCGTGAGTGATGAAGGTTTTCGGATCGTAAAGCTCTGTTGTTAGGGAAGAACAAGTACCGTTCAAATAGGGCGGCACCTTGACGGTACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAGCGTTGTCCGGAATTATTGGGCGTAAAGGGCTCGCAGGCGGTTTCTTAAGTCTGATGTGAAAGCCCCCGGCTCAACCGGGGAGGGTCATTGGAAACTGGGGAACTTGAGTGCAGAAGAGGAGAGTGGAATTCCACGTGTAGCGGTGAAATGCGTAGAGATGTGGAGGAACACCAGTGGCGAAGGCGACTCTCTGGTCTGTAACTGACGCTGAGGAGCGAAAGCGTGGGGAGCGAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATGAGTGCTAAGTGTTAGGGGGTTTCCGCCCCTTAGTGCTGCAGCTAACGCATTAAGCACTCCGCCTGGGGAGTACGGTCGCAAGACTGAAACTCAAAGGATTTGACGGGGGCCCGCACAAGCCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACATCCTCTGACAATCCTAGAGATAGGACGTCCCCTTCGGGGGCAGAGTGACAGGTGGTGCATGGGTTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGATCTTAGTTGCCAGCATTCAGTTGGGCACTCTAAGGTGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAAATCATCATGCCCCTTATGACCTGGGCTACACACGTGCTACAATGGACAGAACAAAGGGCAGCGAAACCGCGAGGTTAAGCCAATCCCACAAATCTGTTCTCAGTTCGGATCGCAGTCTGCAACTCGACTGCGTGAAGCTGGAATCGCTAGTAATCGCGGATCAGCATGCCGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACACCACGAGAGTTTGTAACACCCGAAGTCGGTGAGGTAACC



















>OP320376| Bacillus thuringiensis UI-ANSAC-05 16S ribosomal RNA gene, partial sequence

CGGCGTGCCTAATACATGCAGTCGAGCGAATGGATTAAGAGCTTGCTCTTATGAAGTTAGCGGCGGACGGGTGAGTAACACGTGGGTAACCTGCCCATAAGACTGGGATAACTCCGGGAAACCGGGGCTAATACCGGATAACATTTTGAACTGCATGGTTCGAAATTGAAAGGCGGCTTCGGCTGTCACTTATGGATGGACCCGCGTCGCATTAGCTAGTTGGTGAGGTAACGGCTCACCAAGGCAACGATGCGTAGCCGACCTGAGAGGGTGATCGGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGACGAAAGTCTGACGGAGCAACGCCGCGTGAGTGATGAAGGCTTTCGGGTCGTAAAACTCTGTTGTTAGGGAAGAACAAGTGCTAGTTGAATAAGCTGGCACCTTGACGGTACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAGCGTTATCCGGAATTATTGGGCGTAAAGCGCGCGCAGGTGGTTTCTTAAGTCTGATGTGAAAGCCCACGGCTCAACCGTGGAGGGTCATTGGAAACTGGGAGACTTGAGTGCAGAAGAGGAAAGTGGAATTCCATGTGTAGCGGTGAAATGCGTAGAGATATGGAGGAACACCAGTGGCGAAGGCGACTTTCTGGTCTGTAACTGACACTGAGGCGCGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATGAGTGCTAAGTGTTAGAGGGTTTCCGCCCTTTAGTGCTGAAGTTAACGCATTAAGCACTCCGCCTGGGGAGTACGGCCGCAAGGCTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACATCCTCTGAAAACCCTAGAGATAGGGCTTCTCCTTCGGGAGCAGAGTGACAGGTGGTGCATGGTTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGATCTTAGTTGCCATCATTAAGTTGGGCACTCTAAGGTGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAAATCATCATGCCCCTTATGACCTGGGCTACACACGTGCTACAATGGACGGTACAAAGAGCTGCAAGACCGCGAGGTGGAGCTAATCTCATAAAACCGTTCTCAGTTCGGATTGTAGGCTGCAACTCGCCTACATGAAGCTGGAATCGCTAGTAATCGCGGATCAGCATGCCGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACACCACGAGAGTTTGTAACACCCGAAGTCGGTGGGGTAACCTTTTTGGAGCCAGCCGC
 MW380578|Bacillus thuringiensis strain SEM1H4
 KJ524500|Bacillus thuringiensis strain BF2
 OP320376| Bacillus thuringiensis UI-ANSAC-05 16S ribosomal RNA gene partial sequence
 KT714044|Bacillus thuringiensis strain VKK-BB-1
 CP071743|Bacillus thuringiensis strain TAND672
 JX010983|Bacillus thuringiensis strain B62
 CP043234|Bacillus thuringiensis strain Bt-GS57
 MW380582|Bacillus thuringiensis strain 211
 MZ411685|Bacillus thuringiensis strain Sikkim2102 100
 KY000700|Bacillus thuringiensis strain OM9 107
 OM648225|Bacillus thuringiensis strain SXFB3
 KR708902|Bacillus thuringiensis strain CGPY1
 OM648227|Bacillus thuringiensis strain SXFB7
 KJ676099|Bacillus thuringiensis strain HTS-S-38
 MW192905|Bacillus thuringiensis strain UD36
 KF935650|Bacillus thuringiensis strain NBIN-863
 OM648228|Bacillus thuringiensis strain SXFB8
 CP016588|Bacillus thuringiensis strain KNU-07
 MZ802725| Escherichia coli strain UCTH-01-CR 16S ribosomal RNA gene partial sequence
59
54
0.02

Appendix XVI
Statistical Analyses
	Correlations

	
	HPC
	TFC
	CBC
	PSBC
	NFBC
	ACTINO BC

	PH
	.848**
	.694*
	.697*
	-0.194
	-0.368
	-0.484

	Ca(Cmol/kg)
	-.831**
	-.648*
	-0.570
	-0.067
	0.347
	0.442

	Mg(Cmol/kg)
	-.874**
	-0.624
	-0.547
	-0.077
	0.319
	0.393

	Na(Cmol/kg)
	-.660*
	-.727*
	-.638*
	-0.142
	0.263
	0.390

	K(Cmol/kg)
	-.820**
	-.741*
	-.661*
	-0.022
	0.267
	0.404

	%TOTAL N
	-.957**
	-0.631
	-.652*
	0.133
	0.219
	0.236

	%ORG C
	-.704*
	-0.592
	-0.515
	-0.053
	0.461
	0.571

	%ORG M
	-.704*
	-0.591
	-0.510
	-0.062
	0.458
	0.569

	Av.P(mg/kg)
	-.726*
	-.655*
	-0.585
	-0.020
	0.406
	0.540

	Mn(mg/kg)
	-.870**
	-0.587
	-0.523
	-0.041
	0.371
	0.441

	Al(mg/kg)
	-.925**
	-0.462
	-0.463
	0.176
	0.353
	0.390

	Cumg/kg)
	-.805**
	-0.521
	-0.468
	-0.005
	0.470
	0.560

	Mo(mg/kg)
	-.931**
	-.737*
	-.724*
	0.131
	0.215
	0.291








	Poultry Correlations

	
	HPC
	TFC
	CBC
	PSBC
	NFBC
	ACTINO BC

	PH
	.997**
	0.911
	.995**
	-.998**
	-0.808
	-.981*

	Ca(Cmol/kg)
	-.996**
	-0.912
	-.994**
	.998**
	0.809
	.982*

	Mg(Cmol/kg)
	-.997**
	-0.912
	-.996**
	.999**
	0.807
	.979*

	Na(Cmol/kg)
	-.968*
	-0.835
	-.978*
	.984*
	0.891
	.999**

	K(Cmol/kg)
	-1.000**
	-0.938
	-.992**
	.995**
	0.763
	.965*

	%TOTAL N
	-.986*
	-0.868
	-.994**
	.997**
	0.860
	.991**

	%ORG C
	-.993**
	-0.918
	-.987*
	.993**
	0.800
	.983*

	%ORG M
	-.994**
	-0.921
	-.987*
	.993**
	0.794
	.981*

	Av.P(mg/kg)
	-.995**
	-0.907
	-.995**
	.998**
	0.814
	.983*

	Mn(mg/kg)
	-.996**
	-0.906
	-.995**
	.998**
	0.816
	.983*

	Al(mg/kg)
	-.976*
	-0.911
	-.964*
	.974*
	0.791
	.981*

	Cumg/kg)
	-.994**
	-0.903
	-.999**
	.996**
	0.791
	.956*

	Mo(mg/kg)
	-.985*
	-0.911
	-.977*
	.985*
	0.803
	.986*

	**. Correlation is significant at the 0.01 level (2-tailed).

	*. Correlation is significant at the 0.05 level (2-tailed).

	
	
	
	
	
	
	

	
	
	
	
	
	
	










	
	
	
	
	
	
	

	Cow Correlations

	
	HPC
	TFC
	CBC
	PSBC
	NFBC
	ACTINO BC

	PH
	.998**
	0.930
	.990*
	0.870
	-0.700
	-.981*

	Ca(Cmol/kg)
	-.998**
	-0.930
	-.989*
	-0.870
	0.700
	.981*

	Mg(Cmol/kg)
	-.999**
	-0.930
	-.991**
	-0.871
	0.698
	.980*

	Na(Cmol/kg)
	-.996**
	-0.916
	-.999**
	-0.858
	0.710
	.977*

	K(Cmol/kg)
	-.997**
	-0.937
	-.983*
	-0.877
	0.688
	.978*

	%TOTAL N
	-.975*
	-0.872
	-.966*
	-0.791
	0.787
	.997**

	%ORG C
	-.989*
	-0.918
	-.972*
	-0.850
	0.719
	.985*

	%ORG M
	-.989*
	-0.920
	-.972*
	-0.852
	0.716
	.984*

	Av.P(mg/kg)
	-.998**
	-0.927
	-.990*
	-0.866
	0.705
	.982*

	Mn(mg/kg)
	-.998**
	-0.927
	-.990**
	-0.866
	0.705
	.982*

	Al(mg/kg)
	-.999**
	-.958*
	-.984*
	-0.909
	0.636
	.960*

	Cumg/kg)
	-.998**
	-0.922
	-.996**
	-0.863
	0.707
	.979*

	Mo(mg/kg)
	-.995**
	-0.936
	-.978*
	-0.875
	0.689
	.978*

	**. Correlation is significant at the 0.01 level (2-tailed).

	*. Correlation is significant at the 0.05 level (2-tailed).

	
	
	
	
	
	
	

	
	
	
	
	
	
	










	
	
	
	
	
	
	

	Pig Correlations

	
	HPC
	TFC
	CBC
	PSBC
	NFBC
	ACTINO BC

	PH
	.991**
	0.688
	0.943
	-0.555
	-0.931
	-.998**

	Ca(Cmol/kg)
	-.991**
	-0.691
	-0.941
	0.554
	0.930
	.998**

	Mg(Cmol/kg)
	-.992**
	-0.689
	-0.946
	0.551
	0.930
	.999**

	Na(Cmol/kg)
	-.973*
	-0.616
	-0.949
	0.635
	.962*
	.995**

	K(Cmol/kg)
	-.999**
	-0.741
	-0.937
	0.479
	0.897
	.994**

	%TOTAL N
	-.971*
	-0.639
	-.986*
	0.522
	0.916
	.986*

	%ORG C
	-.988*
	-0.692
	-0.926
	0.563
	0.930
	.994**

	%ORG M
	-.989*
	-0.696
	-0.925
	0.559
	0.928
	.994**

	Av.P(mg/kg)
	-.991**
	-0.686
	-0.945
	0.556
	0.932
	.999**

	Mn(mg/kg)
	-.991**
	-0.685
	-0.948
	0.555
	0.932
	.999**

	Al(mg/kg)
	-.999**
	-0.803
	-0.901
	0.405
	0.854
	.979*

	Cumg/kg)
	-.990*
	-0.677
	-.965*
	0.538
	0.927
	.999**

	Mo(mg/kg)
	-.984*
	-0.711
	-0.897
	0.550
	0.915
	.984*

	**. Correlation is significant at the 0.01 level (2-tailed).

	*. Correlation is significant at the 0.05 level (2-tailed).

	
	
	
	
	
	
	

	
	
	
	
	
	
	










	
	
	
	
	
	
	

	Goat Correlations

	
	HPC
	TFC
	CBC
	PSBC
	NFBC
	ACTINO BC

	PH
	.997**
	.972*
	.998**
	-0.408
	0.192
	-0.894

	Ca(Cmol/kg)
	-.996**
	-.972*
	-.997**
	0.405
	-0.194
	0.894

	Mg(Cmol/kg)
	-.996**
	-.970*
	-.998**
	0.413
	-0.187
	0.897

	Na(Cmol/kg)
	-.989*
	-.953*
	-.998**
	0.469
	-0.124
	0.923

	K(Cmol/kg)
	-1.000**
	-.983*
	-.995**
	0.361
	-0.248
	0.867

	%TOTAL N
	-.983*
	-0.940
	-.996**
	0.504
	-0.086
	0.935

	%ORG C
	-.995**
	-.974*
	-.994**
	0.388
	-0.201
	0.893

	%ORG M
	-.995**
	-.976*
	-.994**
	0.382
	-0.208
	0.890

	Av.P(mg/kg)
	-.997**
	-.971*
	-.998**
	0.411
	-0.191
	0.894

	Mn(mg/kg)
	-.996**
	-.970*
	-.999**
	0.415
	-0.188
	0.895

	Al(mg/kg)
	-.990*
	-.999**
	-.967*
	0.208
	-0.400
	0.778

	Cumg/kg)
	-.981*
	-0.942
	-.992**
	0.487
	-0.089
	0.938

	Mo(mg/kg)
	-1.000**
	-.988*
	-.992**
	0.333
	-0.279
	0.850

	**. Correlation is significant at the 0.01 level (2-tailed).

	*. Correlation is significant at the 0.05 level (2-tailed).














Appendix XVII

Biochemical Test


	Biochemical test
	Pseudomonas spp  
	Bacillus spp      Klebsiella spp

	Gram staining 
	-ve
	      +ve                    -ve

	Colony shape
	rod
	       rod                    rod

	Catalase
	+ve                
	      +ve                    +ve

	Motility
	+ve
	       +ve                    -ve

	Oxidase 
	+ve
	       +ve                    -ve
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 MT180543|Pseudomonas aeruginosa strain M4

 KM659187|Pseudomonas aeruginosa strain 192

 KF113578|Pseudomonas aeruginosa strain D1

 MK332578|Pseudomonas aeruginosa strain AKRC18

 MN238694|Pseudomonas aeruginosa strain NG4

 MT424778|Pseudomonas aeruginosa strain XT211

 MN314787|Pseudomonas aeruginosa strain Xuyi 249

 MW392905|Pseudomonas aeruginosa strain 27BA2-LCU-ID-03

 OP209787| Pseudomonas aeruginosa strain SAUTHC7

 OP320372| Pseudomonas aeruginosa strain UI-ANSCB-01 16S ribosomal RNA gene partial sequence

 LC654900.1 Escherichia coli JCM 20392
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 MN620468.1:33-1180 Bacillus cereus 16S

 OP320373|Bacillus cereus strain UI-ANSCB-02 16S ribosomal RNA gene partial sequence

 CP064072.1:82109-83259 Bacillus cereus strain EFR-1 chromosome

 ON606226.1:40-1190 Bacillus cereus strain RBT20

 ON005108.1:48-1198 Bacillus cereus strain DS-2

 OP114591| Bacillus cereus strain LCU-MCB-22-003

 ON778607.1:46-1196 Bacillus cereus strain SU-1

 KF641827.1:12-1164 Bacillus cereus strain K11

 NR 043242.1 Bacillus pumilus strain ATCC 7061
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 MK271757.1 Klebsiella pneumoniae strain RB5

 HG933294.1 Klebsiella variicola strain 01A065 isolate SB1

 OP320374|Klebsiella pneumoniae UI-ANSNFB-03

 MZ437070.1 Klebsiella pneumoniae strain Tula118

 ON853999.1 Klebsiella pneumoniae strain U4

 MN606183.1 Klebsiella pneumoniae strain SAMC-RUSOL(23)2

 MZ437049.1 Klebsiella pneumoniae strain Tula84

 MN752149.1 Klebsiella pneumoniae strain DosFut-GH107

 MN857737.1 Klebsiella pneumoniae strain ObaCOsho 21
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 MT312783|Bacillus subtilis group sp. strain YP20170721

 MT733945|Bacillus subtilis subsp. stercoris strain JZY1-21

 MN696516|Bacillus subtilis strain P13-2-1

 MG937683|Bacillus subtilis strain SML M150

 KU240495|Bacillus subtilis strain X501

 MK332369|Bacillus subtilis strain HY5

 AB740156|Bacillus subtilis strain: Szi4-15

 MT081485|Bacillus subtilis strain FI480

 OP114592|Bacillus subtilis strain LCU-MCB-22-004

 OP320375| Bacillus subtilis UI-ANSPSB-04 16S ribosomal RNA gene partial sequence

 NR 043242|Bacillus pumilus strain ATCC 7061
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 MW380578|Bacillus thuringiensis strain SEM1H4

 KJ524500|Bacillus thuringiensis strain BF2

 OP320376| Bacillus thuringiensis UI-ANSAC-05 16S ribosomal RNA gene partial sequence

 KT714044|Bacillus thuringiensis strain VKK-BB-1

 CP071743|Bacillus thuringiensis strain TAND672

 JX010983|Bacillus thuringiensis strain B62

 CP043234|Bacillus thuringiensis strain Bt-GS57

 MW380582|Bacillus thuringiensis strain 211

 MZ411685|Bacillus thuringiensis strain Sikkim2102 100

 KY000700|Bacillus thuringiensis strain OM9 107

 OM648225|Bacillus thuringiensis strain SXFB3

 KR708902|Bacillus thuringiensis strain CGPY1

 OM648227|Bacillus thuringiensis strain SXFB7

 KJ676099|Bacillus thuringiensis strain HTS-S-38

 MW192905|Bacillus thuringiensis strain UD36

 KF935650|Bacillus thuringiensis strain NBIN-863

 OM648228|Bacillus thuringiensis strain SXFB8

 CP016588|Bacillus thuringiensis strain KNU-07

 MZ802725| Escherichia coli strain UCTH-01-CR 16S ribosomal RNA gene partial sequence

59

54

0.02


image11.jpeg
o O sHor ON REDMI 7
Al DUAL CAMERA




image12.jpeg
\.' ".

.

SN
- N e ¥
- &\\. .;_

- O SHOT ON REDMI 7
Al DUAL CAMERA




image13.jpeg
SHOT ON REDMI 7-
Al DUAL CAMERA :
p! " 3




image14.jpeg
- o SHOT ON R =
Al DUAL CAMERA





image15.jpeg
- O Al DUAL CMERA





image16.jpeg
N
i
8=
w

£
NL
O¢
L)
[o}s]
he
n<

® O





image17.jpeg
‘O SHOT ON REDMI 7
Al DUAL CAMERA





image18.jpeg
.o SHOT ON REDMI 7
Al DUAL CAMERA




image19.jpeg
Keud

SHOT O
. O Al DUAL CA

‘ ( rx\Ch(\S




image20.jpeg




image21.jpeg
<
o«
w
=
=
o
=)
=
=3
(=)
<

SHOT ON REDMI

e0





image22.jpeg




image23.jpeg




image24.emf
Samples     Unique ID   CB - Pseudo     UI - ANSCB - 01   CB - Bacillus     UI - ANSCB - 02   NFB - Kleb     UI - ANSNFB - 03   PSB - Bacillus     UI - ANSPSB - 0 4   AC - Bacillus     UI - ANSAC - 05           Integrity test for the  five   bacterial samples    1=   UI - ANSCB - 01 ; 2=   UI - ANSCB - 02 ; 3=   UI - ANSNFB - 03 ; 4=   UI - ANSPSB - 04 ; 5=   UI - ANSAC - 05    

   M       1         2         3         4         5      


