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Agricultural Mechanization and Automation       1 
Paul B. McNulty, Agricultural and Food Engineering Department, National University of Ireland, 
Dublin,Ireland 
Patrick M. Grace,Agricultural and Food Engineering Department, National University of Ireland, 
Dublin,Ireland 
 
1. Technology and Power 

1.1. Investment in Mechanization 
1.2. Selection and Operation of Equipment 
1.3. Performance of Agricultural Equipment 
1.4. Human and Animal Power 
1.5. Energy Sources 
1.6. Autonomous Power Supply 

2. Machines and Implements 
2.1. Tractors 
2.2. Tillage and Seeding 
2.3. Fertilizer Application and Plant Protection 
2.4. Harvesting Equipment 
2.5. Post-harvest Technology 

3. Mechanization and Livestock Production 
3.1. Design of Livestock Farms 
3.2. Cattle and Dairy Production 
3.3. Pig Production 
3.4. Sheep Production 
3.5. Poultry Production 
3.6. Automation and Electronics in Agriculture 

4. Monitoring the Agricultural Environment 
4.1. Ecology and Technology in Agriculture 
4.2. Technology for Environmental Monitoring 
4.3. Erosion Control 
4.4. Health and Safety 
4.5. Fires and Explosions 

5. Agricultural Wastes and By-products 
5.1. Animal Slurries 
5.2. Solid Manures 
5.3. Straw Assembly and Storage 
5.4. Straw Utilization 

6. Livestock Slaughtering and Primary Processing 
6.1. Humane Slaughter and Safe Hygienic Handling of Meat 
6.2. Disease Control and Monitoring in the Meat Industry 
6.3. Non-meat Products from Livestock 

 
 
Technology and Power in Agriculture        47 
Charles L. Peterson,University of Idaho, USA 

 
1. Technology 
2. Power 

2.1. Transformation of Energy 
2.2. Efficiency of Energy Conversion 
2.3. Carnot Cycle 
2.4. Motive Force—Development of Power Source 

3. Steam Power 
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4. Internal Combustion Engine 
4.1. Otto Cycle 
4.2. Diesel Cycle 
4.3. Comparison of Otto and Diesel Cycles 

5. Fuel Sources 
5.1. Petroleum 
5.2. Alternative Fuels 

5.2.1. Biodiesel 
5.2.2. Ethanol 
5.2.3. Methane 
5.2.4. Economics of Biomass Fuels 

5.3. Carbon Cycle and Global Warming 
6. Tractors 
7. Agricultural Implements 
8. The Moldboard Plow 
9. Reaping, Threshing, and Combine Harvesters 

9.1. Reaper 
9.2. Threshing Machines 
9.3. Binders 
9.4. Combine Harvester 
9.5. The Cotton Gin 

10. Electric Power 
11. The Computer Revolution 
12. Precision Farming 

12.1. Agricultural Uses of GPS 
12.2. Mapping 
12.3. Spatially Variable Fertilizer Application 
12.4. Variable Variety Seeding Equipment 
12.5. Self-Guided Vehicles 

13. Social Issues 
 
 
Expenditures and Returns         94 
Eric Audsley,Silsoe Research Institute, Silsoe, Beds, UK 
 
1. Introduction 
2. Direct Machine Expenditure 

2.1. Capital Repayment 
2.2. Resale Values 
2.3. Replacement Interval 
2.4. Repairs 
2.5. Fuel Use 

2.5.1. Procedure for Estimating Fuel Use in General 
3. The Effect of Labor and Cropping on Machinery Expenditure 

3.1. Number of Machines Needed 
3.2. Hours Needed 

3.2.1. Systematically Determining Work Rates 
3.2.2. Draft Operations 
3.2.3. Sowing and Chemical Applications 
3.2.4. Harvesting 

3.3. Hours Supplied 
3.4. Determining the Optimum Number of Machines 

3.4.1. Work Plan 
 

Agricultural Equipment: Choice and Operation       121 
John K. Schueller,Mechanical Engineering, University of Florida, USA 
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1. Importance of Agricultural Equipment Choice and Operation 
2. Methods of Obtaining Access to Equipment 
3. Equipment Costs 
4. Equipment Selection 

4.1. Individual Equipment Selection 
4.2. Matching Equipment 

5. Equipment Operation 
5.1. Equipment Operation Co-ordination 
5.2. Operation Productivity 
5.3. Equipment Safety 
5.4. Equipment Maintenance during Operation 

6. Automation of Agricultural Equipment Operation 
6.1. Background and Categorization 
6.2. Operation Automation System Components 
6.3. Integrated Operation Systems 

7. The Future of Agricultural Equipment Choice and Operation 
 
 
Maintaining Working Conditions and Operation of Machinery     135 
Norén O,Swedish Institute of Agricultural Engineering, Uppsala, Sweden. 
 
1. Maintaining Working Conditions 

1.1. Periodic Service and Maintenance 
1.2. Wrong Use 
1.3. Incorrect Service and Repair 
1.4. Hydraulic System 
1.5. Lubricants 
1.6. Bearings 
1.7. Changing of Wearing Parts 

2. Operation of Machinery 
3. Tillage 

3.1. The Soil 
3.2. Soil Compaction 
3.3. Objective of Soil Tillage 
3.4. Soil Tillage 
3.5. Seedbed for Grain 
3.6. Rootbed for Potatoes 

4. Distribution of Nutrients 
4.1. Nutrient Requirements 
4.2. Sources of Nutrients 
4.3. Distribution of Solid Fertilizer 
4.4. Distribution of Liquid Fertilizer 
4.5. Spreading of Solid and Semisolid Manure 
4.6. Spreading of Liquid Manure 

5. Crop Protection 
5.1. Weed Control 
5.2. Control of Fungi, Diseases, and Insects 
5.3. Application of Chemicals 
5.4. Handling and Storage of Pesticides 
5.5. Mechanical Weed Control 

6. Irrigation 
6.1. Water Requirement 
6.2. Irrigation Practice 

7. Forage Harvesting and Preservation 
7.1. Preservation Methods 
7.2. Haymaking 

7.2.1. Field Drying 
7.2.2. Baling of Completely Field-Dried Hay 
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7.2.3. Barn Drying 
7.3. Silage Making 

8. Grain Harvesting and Preservation 
8.1. Harvesting 

8.1.1. Combining 
8.2. Preservation 

8.2.1. Drying 
8.2.2. Other Methods 

9. Harvesting, Handling, and Storage of Potatoes  
9.1. Introduction 
9.2. Harvesting 
9.3. Storage 

10. Harvest and Handling of Sugar Beet 
10.1. Introduction 
10.2. Topping 
10.3. Lifting and Cleaning 
10.4. Storage and Loading 

11. Risks of Accidents and Health Hazards 
11.1. Accidents 
11.2. Exposure to Harmful Substances 
11.3. Exposure to Gases and Dust 
11.4. Driver's Workplace 

 
 
Human and Animal Powered Machinery        167 
P.M.O. Owende,Department of Agricultural and Food Engineering, University College Dublin, Ireland 

 
1. Introduction 
2. Human Powered Operations and Equipment 

2.1. Optimum Human Load Capacity and Power 
2.2. Ergonomics, Occupational Safety and Health 
2.3. Work Output Measurement Systems 

3. Animal Powered Operations and Machinery 
3.1. Harnessing of Draft Animals 
3.2. Pull Performance and Sustainability 
3.3. Measurement of Performance 

3.3.1. Implement Performance 
3.3.2. Draught Animal Performance 

3.4. Economics of Utilization 
3.5. Safety and Health Aspects in Relation to the Animal Powered Machinery 

4. Future Perspectives in the Use of Human and Animal Power in Agricultural Production 
4.1. Role of Appropriate Equipment Selection in Sustainable Agricultural Production 
4.2. Integration of State-of-the-art Technologies 
4.3. Role of Information Technology and Extension Services 
4.4. Standards and Standardization 

 
 
Energy Sources: Non Renewable and Renewable       200 
H. Irps,Federal Agricultural Research Center (FAL), Braunschweig, Germany 
 
1. Definition of Energy 
2. Forms of Energy and Energy Retention 
3. Energy Transformation, Energy Definition, Energy Supplies 

3.1. Primary Energy 
3.2. Secondary Energy 
3.3. Useable Energy 
3.4. End Energy 
3.5. Energy Supplies 
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4. Energy Transformation of Fossil Fuels 
4.1. Combustible Energy 
4.2. Power Plants/Carnot Process 
4.3. Gas and Steam Plants 
4.4. Desulfurization of Coal 
4.5. Coal Refining 
4.6. Petrochemicals 
4.7. Thermal Engines 

5. Energy Transformation from Atom Splitting and Atomic Fusion 
5.1. Atomic Energy 
5.2. Atomic Splitting/Atomic Fusion 
5.3. Atomic Waste Removal 
5.4. Atomic Fusion 

6. Energy Transformation from Renewable Energy Sources 
6.1. Radiation Equalization 
6.2. Types of Radiation Use 
6.3. Photosynthesis/Renewable Natural Resources 
6.4. Plant Oil/Energy Plant Cropping 
6.5. The Gasification of Biomass 
6.6. Anaerobic Fermentation/Biogas 
6.7. Photovoltaic 
6.8. Solar Cells/Solar Modules 
6.9. Solar Collectors 
6.10. Global Radiation/Concentrating Conductors 
6.11. Upwind Power Plants 
6.12. Hot Air Engine/Stirling Motor 
6.13. Hydrogen Technology 
6.14. Fuel Cells 
6.15. Wind Power 
6.16. Power of Resistance 
6.17. Principle of Lift Force 
6.18. Water Energy 
6.19. Water Powered Engines 
6.20. Pump Storage Power Plants 
6.21. Gravitation 
6.22. Geothermal Energy 

7. Perspectives and Future Energy Policy 
7.1. The Millennium of Electrical Current and of Renewable Energy Sources 

 
 
Agriculture and Autonomous Power Supply       232 
Giovanni Riva,Department of Agricultural and Environmental Biotechnology (Dibiaga), University of 
Ancona, Italy 

 
1. Introduction 
2. Power Production and Aspects Concerning the use of Renewable Sources 

2.1. Basic Concepts 
2.2. Existing Plants: Criteria for Action 
2.3. Selection of the Most Suitable Sources and Power Plants (New Plants) 

3. Technologies for Electricity Production at Farm Level From Renewable Energy Sources 
4. Internal Combustion Engines Combined with Generators (IC Generator-sets) 
5. External Combustion Engines/Turbines Combined with Generators (EC Generator-sets) 
6. Hydraulic Engines Combined with Generators (Water Wheels and Turbines) 
7. Photovoltaic Solar Plants 
8. Wind Generators 
9. Combined Production of Electric and Thermal Energy (Co-generators; CHP) 
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Farm Machinery          251 
Gajendra Singh,Asian Institute of Technology, Bangkok, Thailand 
 
1. Introduction 
2. Trends in Farm Machinery Adoption 

2.1. Arable Land and Agricultural Workers 
2.2. Farm Machinery in Use 

3. Machinery for Tillage 
4. Seeding and Planting Machinery 
5. Fertilizer Application and Plant Protection Equipment 
6. Machinery for Crop Harvesting and Threshing 
7. Machinery for Transport 
8. Horticultural Machinery 
9. Standardization and Testing of Farm Machinery 
 
 
Tractors and Transport Vehicles         270 
du Plessis H.L.M,University of Pretoria, South Africa 
 
1. Mechanization, Tractor Development and Tractor Performance 

1.1. Mechanization and Tractors 
1.2. The Development of the Agricultural Tractor 
1.3. Tractor Types 
1.4. Future Development of Tractors 
1.5. Concepts of Force, Torque, Work, and Power for Tractors 
1.6. Performance Criteria for Tractor Engines 
1.7. Dynamometers and the Measurement of Engine Power 
1.8. Drawbar Power and Drawbar Dynamometers 
1.9. Standardized Tractor Tests 

2. Thermodynamics and Cycles for Internal Combustion Engines 
2.1. Compression Ratio and Displacement Volume of an Engine 
2.2. Cycles and Processes for Two- and Four-Stroke Engines 

3. Fuels and Combustion 
3.1. Engine Knock, Octane, and Cetane Rating of Fuels 
3.2. Alternative Fuels for Internal Combustion Engines 

4. Engine Components 
4.1. The Engine Block, Cylinder Head, and Cylinder Liners 
4.2. The Connecting Rod, Pistons, Rings, and Bearings 
4.3. The Crankshaft, Flywheel, and Timing Gears 
4.4. Valve Systems 
4.5. Camshaft, Valve Lifters, Valve Rotators, and Timing Gears 
4.6. Intake and Exhaust Manifolds and Air Cleaners 
4.7. Intake Pipe, Precleaner, Cyclone and Paper-Element Air Cleaners 
4.8. Oil-Bath Air Cleaners 
4.9. Turbochargers and Intercoolers 

5. Electrical Systems for Tractors 
5.1. The Battery, Starting Motor, and Charging System 
5.2. Future Trends In Electronic Applications 

6. Carburetor Engines and Ignition Systems 
6.1. Carburetors and the Low-Pressure Fuel Pump 
6.2. Battery or Magneto Ignition Systems 

7. Diesel Engines 
7.1. General Layout of the Fuel System 
7.2. Plunger-Type High-Pressure Injection Pump and Injectors 
7.3. The Distributor-Type High-Pressure Injector Pump and Injectors 
7.4. Improved Ignition for Diesel Engines 
7.5. Maintenance of the Diesel Pump and Injectors 

8. Engine Cooling, Coolants, and Cooling Systems 
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8.1. Radiator, Pressure Cap, Water Pump, and Cooling Fan 
9. Lubricants and Lubrication Systems 

9.1. Oil Classification, Oil Filters, and Lubrication Systems 
10. Mechanics of the Tractor Chassis and Tractor Safety 

10.1. Forces for a Tractor, the Center of Gravity, and Stability 
10.2. Longitudinal Stability and Handling Characteristics of Tractors 

11. Tractor Hydraulics, Hitches, and Steering Systems 
11.1. Components for Hydraulic Systems 
11.2. Hydraulic-Powered Tractor Hitch Systems 
11.3. Operation of Position- and Draft-Control Systems on Tractors 
11.4. Wheel Alignment, Steering Geometry, and Power Steering 

12. Power Trains 
12.1. Clutches and Brakes 
12.2. Principles of Transmissions 
12.3. Manual Shift and Synchromesh Transmissions 
12.4. Power-Shift and Planetary Transmissions 
12.5. Continuously Variable, Hydrostatic, or Kinetic Transmissions 
12.6. Differentials, Final Drives, and Power-Take-Off Drives 

13. Ergonomics and the Operator Environment 
14. Traction Modeling and Tractor Draft Performance 

14.1. Traction Prediction Based on the Bekker Analytical Model 
14.2. Practical Applications of Traction Theory 

14.2.1. The Influence of Wheel Load and Drawbar Pull 
14.2.2. Influence of the Type of Ballast and Tire Pressure 
14.2.3. Influence of Wheel Diameter, Tire Width, and Wheel Configuration 
14.2.4. Influence of the Tire Tread Pattern 
14.2.5. Influence of Tire Construction 
14.2.6. The Influence of Traction Aids 
14.2.7. Comparison of Tires and Steel or Rubber Tracks 

15. The Transportation of Farm Produce 
15.1. Simulation of the Transport of Farm Produce 

 
Tillage and Seeding Machines         319 
Pierluigi Febo,Department of Engineering and Technology for Agriculture and Forestry (ITAF), 
University of Palermo, Italy 

 
1. Tillage Machines 
2. Primary Tillage Implements 

2.1. Plows 
2.1.1. Moldboard Plows 
2.1.2. Disk Plows 
2.1.3. Chisel Plows and Subsoilers 

2.2. Listers, Ridgers, Bedders, and Grubbers 
2.3. Rotary Tillers and Rotary Plows 
2.4. Reciprocating Spading Machines 

3. Secondary Tillage Implements 
3.1. Rotary Cultivators or Rotary Tillers 
3.2. Rigid or Spring Tine Cultivators and Harrows 

3.2.1. Rigid and Spring Tine Cultivators 
3.2.2. Rigid and Spring Tine Harrows 

3.3. Disk Harrows 
3.4. Power Harrows 

3.4.1. Reciprocating Harrows 
3.4.2. Rotary Harrows 

3.5. Rotary Hoes and Ground Driven Rotary Harrows 
3.6. Rollers and Land Levellers 

4. Seeding Machines 
4.1. Broadcast Seeding 
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4.2. Drilling 
4.3. Precision Planting 
4.4. Direct Drilling, Punch Planting, and Transplanting 
4.5. Seeding Machines for Special Purposes 

 
 
Fertilizer Applicators and Plant Protection Equipment      358 
Palaniappa Krishnan,Bioresources Engineering Department, University of Delaware, USA 
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2. Dry Fertilizer Application Methods and Equipment 

2.1. Placement of Fertilizers 
2.2. Types of Equipment 
2.3. Performance Parameters 
2.4. Centrifugal Broadcasters 
2.5. Aircraft Broadcasters 

3. Liquid Fertilizer Applicators 
3.1. Nonpressure Liquid Applicators 
3.2. Anhydrous Ammonia and Low-Pressure Liquid Applicators 

4. Granular Pesticide Applicators 
4.1. Metering Devices for Granular Applicators 

5. Sprayers 
5.1. Sprayer Types 
5.2. Particle Size Distributions 
5.3. Hydraulic Nozzles 
5.4. Pumps for Sprayers 

5.4.1. Piston Pumps 
5.4.2. Rotary Pumps 
5.4.3. Centrifugal Pumps 
5.4.4. Diaphragm Pumps 

5.5. Agitation of Spray Materials 
5.5.1. Mechanical Agitation 
5.5.2. Hydraulic Agitation 

5.6. Hydraulic Sprayers 
5.6.1. Basic Components of a Hydraulic Sprayer 
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M.A.Neale, 6 St Edmond Road, Bedford MK40 2NQ,, England, UK 
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1. Introduction 
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2.5. Odor 

3. Equipment to Minimize Environmental Impact 
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4. Conclusions 
 
 
Equipment for Sheep Production         65 
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1. Sheep production options 
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2.2. Electrified Fences 
2.3. Corral Fences 
2.4. Windbreak Fences 

3. Watering troughs 
4. Feeding equipment 
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2. Types of poultry 
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5. Housing Systems 
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9.2. Ventilation Systems for Broilers 
9.3. Ventilation Systems for Layers 
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9.4. Heating Equipment 
9.5. Air Distribution 
9.6. Control Systems for Heating and Ventilation 

10. Lighting 
10.1. Need for Lighting in Layer Houses 
10.2. Need for lighting in broiler houses 
10.3. Lighting Sources 

11. Harvesting 
11.1. Broilers 
11.2. Eggs 

12. Waste from Poultry Systems 
12.1. Solid Waste Management 
12.2. Waste Handling Equipment 
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1. Introduction 
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3. Automatic Identification of Animals 
4. Automatic Feeding 

4.1. Automatic Concentrate Feeding 
4.2. Automatic Roughage Feeding 
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