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Introduction

Agricultural mechanization is the application of engineering technology and mechanical power
to the production, processing, and distribution of food and fibre. In Nigeria, where agriculture
engages the majority of the rural population and contributes significantly to GDP, the level of
mechanization remains low, with most operations still performed by hand or animal draught.
Understanding the principles of farm power and mechanization is therefore both'an academic
and a practical imperative for students of agricultural science who will be responsible for

improving farm productivity.

This Series introduces you to the foundational concepts of agricultural power and mechanization.
We begin with the definition, scope, and importance of mechanization, examining its levels and
the constraints that limit its adoption in Nigeria. We then survey the main sources of farm power,
from human and animal labour through mechanical engines to renewable alternatives. The Series
continues with the principles of the internal combustion engine, the power unit at the heart of
most farm machinery, and concludes with power transmission systems, including the key tractor

power outlets through which mechanical.energy is delivered to farm implements.

Series Learning Outcomes

Upon completing this Series, you should be able to:

SLO 1.1 define agricultural mechanization and describe its scope and importance in Nigerian
agriculture (Linked to Part 1.1),

e SLO 1.2 describe the levels and stages of agricultural mechanization and identify constraints to
its adoption in Nigeria (Linked to Part 1.1),

e~ SLO 1.3 classify the sources of farm power and describe the characteristics of each (Linked to
Part 1.2),

e SLO 1.4 compare human and animal power as sources of farm energy and evaluate their
limitations (Linked to Part 1.2),
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e SLO 1.5 describe the types, components, and operating principles of internal combustion engines
(Linked to Part 1.3),

e SLO 1.6 explain the four-stroke and two-stroke engine cycles and compare their applications in

farm machinery (Linked to Part 1.3),

e SLO 1.7 define and calculate key engine performance parameters including power, torque, and
efficiency (Linked to Part 1.3),

e SLO 1.8 describe the principles and methods of mechanical power transmission in farm
machinery (Linked to Part 1.4),

e SLO 1.9 identify the transmission components (belts, chains, gears, shafts) used in farm
equipment and describe their functions (Linked to Part 1.4), and

e SLO 1.10 describe the tractor power outlets (PTO, drawbar, hydraulics) and explain how each

transmits power to implements (Linked to Part 1.4).

1.1 Concepts and Scope of Agricultural Mechanization

1.1.1 Definition, scope, and impaortance of agricultural mechanization

Agricultural mechanization is the application of mechanical power and engineering principles
to farming operations to reduce human drudgery, increase the speed and scale of field operations,
improve timeliness of crop establishment, and raise overall agricultural productivity. It
encompasses not.only the use of tractors and self-propelled machines but also hand tools,
draught animal implements, small engines, processing equipment, and irrigation systems. The
scope of mechanization extends across the entire agricultural value chain: from land preparation

and crop establishment through harvesting, threshing, processing, and storage to transportation.

The importance of agricultural mechanization in Nigeria is multi-dimensional. It reduces the per-
unit labour cost of production, enabling farmers to cultivate larger areas with less human effort.
Timely mechanized operations, particularly land preparation and planting, improve yield

potential by ensuring crops are established within the optimal window. Processing mechanization
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reduces post-harvest losses, which currently account for 25 to 40 percent of produce in Nigeria.
Mechanization also creates employment in equipment supply, repair, and services and stimulates

agro-industrial development.

Fill in the blank: The application of mechanical power to farming to reduce drudgery and

increase productivity is called agricultural
1.1.2 Levels and stages of agricultural mechanization

Agricultural mechanization is typically described at three levels. Hand-tool technology is the
lowest level, using manually operated implements such as hoes, machetes, and hand-operated
seeders. Most Nigerian smallholder farmers operate at this level. Animal draught technology is
the intermediate level, using animals (oxen, donkeys, horses) to pull implements for tillage,
planting, weeding, and transport. This level is common in the northern Guinea savanna and
Sudan savanna zones of Nigeria. Mechanical (engine) technology is the highest level, using
tractors, self-propelled harvesters, and powered implements. Commercial and large-scale farms

in Nigeria operate at this level, often supplemented by government tractor hire services.

The stages of mechanization in the farming calendar follow the seasonal operations: land
clearing and primary tillage (most power-intensive), secondary tillage and seedbed preparation,
planting, weed control and crop protection, harvesting, threshing and shelling, drying, milling,
and storage. Each stage requires different power levels and equipment types. In a well-
mechanized system; all stages are covered; in practice, most Nigerian farmers mechanize only
the most laborious stages (tillage and threshing) while still performing planting and weeding by
hand.

Fill in the blank: The three levels of agricultural mechanization are hand-tool technology,

animal draught technology, and technology.
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Figure 1.1: Three levels of agricultural mechanization with Nigerian examples
1.1.3 Mechanization constraints in Nigerian agriculture

Despite the well-recognised benefits of mechanization, its adoption in Nigeria faces multiple
constraints. Economic barriers include the high initial cost of tractors and implements, which is
prohibitive for smallholder farmers with limited capital, and the lack of affordable credit to
finance machinery purchases. Infrastructure constraints include poor rural roads that prevent
machinery from reaching farms, limited fuel supply and lubricants in rural areas, and the absence
of qualified mechanics for repair and maintenance. Farm structural constraints include the
predominance of small, fragmented landholdings that make full mechanization uneconomic.

Institutional and policy constraints include inadequate extension services to train farmers in
machinery operation, weak tractor hire service systems that are poorly managed and unreliable,
and insufficient local manufacturing capacity requiring costly importation of spare parts. Socio-

cultural constraints include the preference for manual labour in some communities and gender
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norms that limit women's access to machinery. Addressing these constraints requires a
combination of policy support, credit schemes, farmer training, local spare parts manufacturing,

and the development of appropriately scaled machinery suited to Nigerian farm sizes.

Fill in the blank: The predominance of small, fragmented landholdings in Nigeria is a

constraint to full agricultural mechanization.

Pilot questions 1.1

1. Define agricultural mechanization and state three operations it covers in the farming value chain.
2. Describe the three levels of agricultural mechanization and give one Nigerian-example of each.
3. List four constraints to agricultural mechanization in Nigeria and suggest one solution for each.
4. Explain why timely mechanized planting improves crop.yield potential.

5. What proportion of Nigerian produce is estimated to be lost to post-harvest losses?

1.2 Sources of Farm Power

1.2.1 Human and animal power

Human power is the oldest and most universal source of farm energy, available wherever labour
is present and requiring no fuel costs. The average adult male can sustain an output of
approximately 0.07 to 0.10 kilowatts (0.1 to 0.13 horsepower) over a full working day, with peak
outputs of about 0.3 kW for short periods. Human power drives hand tools (hoes, cutlasses, hand
sprayers).and manually operated machines (hand-pushed seeders, foot-operated threshers). Its
main limitations are low power output per person, vulnerability to fatigue and illness, and rising

rural labour costs as urbanisation draws workers away from agriculture.

Animal power harnesses the tractive effort of working animals for tillage, planting, and
transport. A pair of oxen provides approximately 0.75 to 1.0 kW of continuous draught power
and is capable of ploughing 0.4 to 0.8 hectares per day. Donkeys and horses also serve as draught
P
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animals in the drier northern states. Animal power is intermediate between human labour and

mechanical engines in cost and complexity: it requires feed, veterinary care, harness, and

implements, but is far cheaper to acquire and operate than a tractor. It remains the most practical

mechanization option for millions of smallholder farmers in the Nigerian Sudan and Guinea

Savanna Zones.

Fill in the blank: A pair of working oxen can sustain approximately 0.75 to 1.0 kilowatts of

power for tillage operations.

Power Area | Energy Acquisition Advantages Limitations
source per Input Cost
Day
Human | 0.1-0.2 kW | 0.04— | Manual | Very low Readily Low efficiency,
Power 0.05 labor, available, drudgery, limited
ha/day | food flexible, low area coverage
energy cost
Animal | 0.5-0.75 0.4- Feed Moderate Greater Requires care
Draught | kKW per 0.6 energy (purchase and | coverage than and feeding,
Power | animal ha/day maintenance of | humans, seasonal
animals) multipurpose availability,
use (transport, cultural
tillage) resistance in
some areas
Tractor | 15-75kW | 4-6 Diesel High High efficiency, | Expensive,
Power | (depending /| ha/day | fuel (purchase, fuel, | large area requires skilled
on size) maintenance) coverage, operators, fuel
versatile for dependency,
multiple limited access
operations for smallholders

Table 1.1: Comparison of farm power sources in Nigeria

1.2.2 Mechanical power: engines and motors
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Mechanical power for farming is produced by internal combustion engines (ICE), which burn
fuel to generate motion, and electric motors, which convert electrical energy to mechanical
work. ICEs are classified as either petrol (spark ignition) or diesel (compression ignition)
engines. Diesel engines dominate agricultural applications because of their higher fuel
efficiency, greater torque at low speeds, longer service life, and lower fuel cost per unit of work
done. Small petrol engines power portable equipment such as knapsack sprayers, generators, and
small water pumps. Tractor engines, combine harvesters, and stationary threshers almost

universally use diesel.

Electric motors power irrigation pumps, grain mills, feed mixers, and refrigeration units in areas
with reliable grid electricity. Their advantages are clean, quiet operation, no on-site fuel storage,
and low maintenance. Their major limitation in Nigeria is unreliable grid power supply, which
makes them unsuitable for field operations away from power sources. Solar-powered electric
pumps are increasingly used for smallholder irrigation, combining the cleanliness of electric

motors with independence from the grid.

Fill in the blank: Diesel engines dominate agricultural applications because of their higher fuel

efficiency and greater at low speeds.
1.2.3 Renewable and alternative power sources

Renewable power sources are increasingly relevant to Nigerian agriculture as fuel costs rise and
off-grid solutions gain ground. Solar energy is the most widely applicable renewable source,
powering solar water pumps, solar-charged battery tools, and solar dryers for post-harvest
processing. Nigeria's high solar irradiation (4 to 7 kWh per square metre per day) makes solar
energy highly viable. Wind energy drives water-pumping windmills in the dry north and can
supplement grid electricity on larger farms. Biogas produced from animal manure and crop
residues.in anaerobic digesters provides fuel for cooking, heating, and engine operation, with the

added benefit of producing biofertiliser slurry.

Biofuels, including biodiesel from Jatropha or palm oil and bioethanol from cassava or
sugarcane, have been explored as substitutes for conventional diesel and petrol in farm engines,
with mixed results depending on production cost and availability. Small hydroelectric schemes
)
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on streams and rivers power mills and workshops in hilly farming communities. The integration
of renewable energy into farm power planning reduces dependence on imported fossil fuels,
lowers operating costs over the long term, and reduces the carbon footprint of agricultural

operations.

Fill in the blank: Nigeria's high irradiation, ranging from 4 to 7 kWh per square metre

per day, makes solar energy highly viable for agricultural applications.

Pilot questions 1.2

1. State the sustained power output of an average adult worker and a pair of oxen in kilowatts.
2. Explain why diesel engines are preferred over petrol engines in agricultural machinery.
3. Describe two advantages and one limitation of electric motors for farm power in Nigeria.

4. Name three renewable energy sources applicable to Nigerian agriculture and state one use of

each.

5. Why is animal draught power still the most practical. mechanization option for many Nigerian

smallholders?

1.3 Principles of the Internal Combustion Engine

1.3.1 Classification and.components of internal combustion engines

Internal combustion engines are classified by fuel type (petrol, diesel, gas), ignition method
(spark ignition for petrol, compression ignition for diesel), number of strokes (two-stroke or
four-stroke), cylinder arrangement (in-line, V-type, opposed), and cooling system (air-cooled
or'water-cooled). Most agricultural engines are four-stroke, diesel, in-line, water-cooled units.
The main components of a reciprocating ICE are the cylinder block, cylinder head, piston and
connecting rod, crankshaft, valves (intake and exhaust), camshaft, flywheel, fuel injection

system, and lubrication, cooling, and electrical systems.
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The cylinder block is the structural core of the engine, housing the cylinders and coolant
passages. The piston converts the pressure from burning gases into linear motion, which the
connecting rod and crankshaft convert to rotary motion. The flywheel stores rotational energy to
smooth out the power pulses from individual cylinders. The fuel injection system (in diesel
engines) or carburettor (in older petrol engines) meters and atomises fuel for combustion. Proper
lubrication reduces friction and wear between moving parts, while the cooling system (water

jacket and radiator) prevents overheating.

Fill in the blank: In a diesel engine, fuel is introduced into the cylinder under pressure by the

system, not by a spark plug.

- Intake Valve  Exhaust Valve
Fuel |njector — R ’ Single intake valve, Single intake valve,
S shown closed shown closed

/—'Camshaft
=0 =i Rocker Arm
gl §—-«<—— Rocker Arm

s

—>> Exhaust
(Gas outflow)

Spray
(Diesel atomization)  (Air inflow)
Injects hi%h-pressure

diesel fuel

4 Water Jacket — (70! Piston

r Compression Stroke
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; ' Cylinder Block —— 0=

Connecting Rod T

Connecting rod (steel)

e
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storage, smoothes
rotation)

Oil pump picku;
ke Crankshaft counterweight
(balanced)

e

Figure 1.2: Cross-section of a four-stroke diesel engine showing main components
1.3.2 The four-stroke and two-stroke cycles

In the four-stroke cycle, each power cycle requires four piston strokes (two complete crankshaft
revolutions): intake stroke (piston moves down, intake valve opens, air-fuel mixture or air
il
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enters the cylinder); compression stroke (piston moves up, both valves closed, charge is
compressed); power stroke (fuel is injected and ignites, expanding gases drive the piston down,
producing work); and exhaust stroke (piston moves up, exhaust valve opens, combustion gases
are expelled). The four-stroke cycle is used in virtually all agricultural tractors and combines

because of its superior fuel efficiency and lower exhaust emissions.

In the two-stroke cycle, power is produced every two strokes (one crankshaft revolution),
making the engine lighter and simpler but less fuel-efficient and more polluting. Two-stroke
engines are used in chainsaws, portable brush cutters, small outboard metors, and some small
water pumps where light weight and simplicity are more important than efficiency. Two-stroke
engines use a mixture of oil and petrol, lubricating moving parts through the fuel rather than a
separate oil system, which simplifies construction but requires careful fuel mixing by the

operator.

Fill in the blank: In the four-stroke diesel cycle; the stroke is when compressed air

causes spontaneous ignition of injected fuel, driving the piston down.
1.3.3 Engine performance and measurement

Key engine performance parameters include: torque (T), the rotational force produced by the
engine, measured in Newton-metres (Nm); power (P), the rate of doing work, calculated as P = 2
pi x n x T /60, where n.is speed in.rpm, expressed in kilowatts (kW) or horsepower (hp); brake
power (BP), the useful power available at the engine shaft, measured on a dynamometer;
indicated power (IP), the theoretical power developed in the cylinders based on the pressure-
volume diagram; and mechanical efficiency, defined as BP/IP x 100 percent, representing the

propartion of eylinder power that reaches the output shaft after friction losses.

Fuel consumption is measured as brake specific fuel consumption (BSFC), the mass of fuel
consumed per unit of brake power per hour (g/kWh), with lower values indicating higher
efficiency. Volumetric efficiency is the ratio of the actual air charge inducted to the theoretical
maximum, and affects power output at a given engine speed. Agricultural engines are typically

tested to international standards (such as OECD or Nebraska Tractor Test) under controlled
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conditions to generate performance curves showing torque, power, and fuel consumption against

engine speed, enabling purchasers to compare engines objectively.

Fill in the blank: Mechanical efficiency is calculated as brake power divided by power,

expressed as a percentage.

Pilot questions 1.3

1. Name five main components of a four-stroke diesel engine and state the function of each.
2. Describe the four strokes of the four-stroke diesel cycle in sequence.

3. Distinguish between brake power and indicated power and explain how mechanical efficiency is

calculated.

4. State two applications in which two-stroke engines are preferred over four-stroke engines on the

farm.

5. Define brake specific fuel consumption and explain what a low value indicates.

1.4 Power Transmission in Farm Machinery

1.4.1 Principlesiand methods of power transmission

Power transmission is the transfer of mechanical energy from the power source (engine or
motor) to the working component (pump, cutter, wheel) of a machine. The purpose of a
transmission system is to convey power efficiently, change the speed and torque to match the
implement's requirements, reverse the direction of rotation when necessary, and disconnect the
drive when needed for safety or adjustment. The basic principle is that power equals torque
multiplied by angular velocity (P = T x omega), so increasing speed (omega) reduces torque (T)

and vice versa, for the same power level.

The main methods of power transmission in farm machinery are: direct coupling (shaft-to-shaft
connection); belt and pulley drives; chain and sprocket drives; gear drives; hydraulic drives; and
pneumatic drives. Each has different efficiency, cost, speed ratio range, and suitability for

)
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specific applications. Direct coupling is the most efficient but inflexible; hydraulic drives are
flexible and controllable but less efficient; gear drives provide precise speed ratios and handle
high loads. Most farm machines combine several transmission methods between the engine and
the final working component.

Fill in the blank: In any transmission system, increasing shaft speed reduces for the

same power level, as power equals torque multiplied by angular velocity.
1.4.2 Belts, chains, gears, and shafts

Belt and pulley drives use a flexible belt running over two or more pulleys to transmit power.
V-belts are the most common type in agricultural machinery,providing good grip, quiet
operation, and the ability to absorb shock loads. The speed ratio.is inversely proportional to the
ratio of pulley diameters. Belt slip and flexibility allow some overload protection but reduce
efficiency to 95 to 98 percent. Belt drives are used in threshers, combine harvester drives, and
fan drives. Chain and sprocket drives use a roller chain engaging toothed sprockets for positive
(no-slip) power transmission. Chains are used where precise speed ratios are required, such as in

tractor final drives, seed metering mechanisms, and combine header drives.

Gear drives transmit power through meshing teeth on two or more gears, providing high
efficiency (up to 99 percent per mesh), precise speed ratios, and high load capacity. Spur gears
transmit power between parallel shafts; bevel gears between intersecting shafts; and worm gears
provide large speed reductionsin compact space. Gear drives are used in tractor gearboxes,
differentials, and final drives. Shaft drives use rotating shafts, often with universal joints to
accommodate misalignment, to transmit power over distance. The tractor power take-off (PTO)
shaft is the most.important shaft drive in agricultural machinery, delivering engine power to

mounted or trailed implements.

Fill in'the blank: Chain and sprocket drives are preferred over belt drives where a speed

ratio (no slip) is required.
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Figure 1.3: Main types of mechanical power transmission in farm machinery

1.4.3 Tractor power outlets: PTO, drawbar, and hydraulics

Tractors deliver power to implements through three main outlets. The Power Take-Off (PTO) is

a rotating shaft projecting from. the rear of the tractor, standardised at 540 rpm (for general

implements) or 1,000 rpm.(for high-speed implements such as forage harvesters) and connected

to the implement via a telescoping PTO shaft with universal joints. PTO power drives rotary

implements such as mowers, rotary tillers, forage harvesters, balers, and grain augers. The PTO

is engaged and disengaged by a dedicated clutch, independent of the tractor's ground drive clutch

on modern tractors (independent PTO).

The drawbar is a hitch point at the rear of the tractor that allows the tractor to pull trailed

implements such as disc ploughs, wagons, and trailers by converting engine torque through the

drivetrain into a horizontal pulling force. Drawbar power (also called drawbar pull x forward

speed) is the power actually available for pulling field implements, which is always less than

engine power due to transmission losses and tyre slip. The hydraulic system uses pressurised oil

o
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to raise and lower mounted implements via the three-point linkage, to power remote hydraulic
cylinders on implements, and to drive hydraulic motors on self-propelled equipment. Tractor

hydraulic systems typically operate at pressures of 14 to 21 megapascals.

Fill in the blank: The standard PTO speed for general agricultural implementsis __ <rpm.
Power Outlet Specifications Example Implements
PTO (Power Take- | 540/1000 rpm; rotary motion Rotary tiller, forage harvester,
Off) water pump
Drawbar Horizontal pull; trailed implements Disc harrow, trailer, plough
Hydraulics 14-21 MPa; lifting and control of mounted | Front loader; mounted sprayer,
implements cultivator

Box 1.1: The three tractor power outlets and their applications

Pilot questions 1.4
1. Explain the principle of power transmission and state the relationship between torque, speed, and
power.
2. Compare V=belt drives and chain drives: state one advantage and one disadvantage of each.
3. Describe the tractor. PTO and explain the difference between 540 rpm and 1,000 rpm standards.
4. What is drawbar power and how does it differ from engine power?

5. / Explain how the tractor hydraulic system is used to control mounted implements.

Series Summary

This Series has introduced the fundamental concepts of agricultural power and mechanization.

We began by defining mechanization, describing its scope and importance for Nigerian
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agriculture, and identifying the three levels of mechanization from hand tools through animal
draught to mechanical engines. The significant economic, infrastructure, and institutional
constraints that limit mechanization adoption in Nigeria were examined, together with

approaches to addressing them.

We then surveyed the sources of farm power, from human labour and animal draught through
internal combustion engines and electric motors to renewable options including solar, wind, and
biogas. The principles of the internal combustion engine were examined in depth: the
classification and components of diesel and petrol engines, the four-stroke and two-stroke
operating cycles, and the key performance parameters of torque, brake power, indicated power,
and mechanical efficiency. The Series concluded with power transmission, describing belts,
chains, gears, and shaft drives and explaining the three tractor power outlets (PTO, drawbar, and

hydraulics) through which engine power is delivered to farm implements.

Glossary of Terms

e Agricultural mechanization: The application of mechanical power and engineering technology
to farming operations to reduce drudgery, increase timeliness, and improve agricultural

productivity.

o Animal draught power: The tractive effort of working animals such as oxen, donkeys, or horses

used to pull tillage implements, seeders, and carts in agricultural operations.

e Biogas: Combustible gas (mainly methane) produced by the anaerobic digestion of organic
materials such as animal manure and crop residues, used as a fuel for engines, cooking, and

heating.

o Brake power (BP): The useful mechanical power available at the engine output shaft, measured

using a dynamometer and always less than indicated power due to friction losses.

o - Brake specific fuel consumption (BSFC): The mass of fuel consumed per unit of brake power

per hour (g/kwh), a measure of engine fuel efficiency; lower values indicate better efficiency.

e Compression ignition: An engine ignition method in which fuel (diesel) is injected into highly

compressed air in the cylinder, causing spontaneous ignition without a spark plug.
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e Drawbar power: The power available at the tractor drawbar for pulling implements, calculated
as drawbar pull multiplied by forward travel speed; always less than engine power due to
transmission losses and tyre slip.

o Four-stroke cycle: An engine operating cycle in which power is produced once every four piston

strokes (intake, compression, power, exhaust) corresponding to two crankshaft revolutions.

e Indicated power (IP): The theoretical power developed by the burning gases inside.the engine
cylinders, calculated from the pressure-volume diagram; greater than brake power by the amount
consumed by friction.

o Internal combustion engine (ICE): An engine in which fuel is burned inside the engine
cylinders to produce mechanical work, as opposed to an external combustion-engine (e.g., steam

engine) where combustion occurs outside.

e Mechanical efficiency: The ratio of brake power to.indicated power; expressed as a percentage;
represents the proportion of cylinder power that reaches the engine output shaft after overcoming

friction.

o Power Take-Off (PTO): A rotating shaft.on the rear (or front) of a tractor, standardised at 540 or
1,000 rpm, used to transmit engine power to driven implements such as mowers, balers, and

rotary tillers.

e Three-point linkage: ‘A standardised hitch system on the rear of a tractor consisting of two lower

links and one upper link, used to attach and hydraulically control mounted implements.

o Torque: The rotational force produced by an engine or motor, measured in Newton-metres (Nm);

the product of force and.the radius at which it acts.

e Two-stroke cycle: An engine operating cycle in which power is produced every two piston
strokes.(one crankshaft revolution), making the engine simpler and lighter but less fuel-efficient

than the four-stroke cycle.

Concept Check Questions [Series 1]

Objective Questions

1. Define agricultural mechanization. (Linked to SLO 1.1)

-
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Which of the following is the intermediate level of agricultural mechanization? a) Hand-tool
technology b) Animal draught technology c) Mechanical (engine) technology d) Solar technology
(Linked to SLO 1.2)

In the four-stroke diesel cycle, spontaneous combustion of injected fuel occurs during the: a)
Intake stroke b) Compression stroke ¢) Power stroke d) Exhaust stroke (Linked to SLO 1.6)

Mechanical efficiency of an engine is calculated as brake power divided by power,
expressed as a percentage. (Linked to SLO 1.7)

The standard PTO speed for general agricultural implements is rpm. (Linked to SLO
1.10)

Short Answer Questions

10.

State three constraints to agricultural mechanization in.Nigeria and suggest one practical solution
for each. (Linked to SLO 1.2)

Explain why diesel engines are preferred over petrol engines for tractor power units. (Linked to
SLO 1.3)

Describe the four strokes of the four-stroke diesel engine cycle in sequence. (Linked to SLO 1.6)

Distinguish between V-belt drives and chain drives, stating one advantage of each. (Linked to
SLO 1.9)

Describe the three tractor power outlets and state one implement driven by each. (Linked to SLO
1.10)

Long Answer Questions

11.

12.

-

Do)

Discuss the concept and importance of agricultural mechanization in Nigeria, describing the
levels of mechanization and the constraints that limit its adoption, and suggesting measures to
overcome these constraints. (Linked to SLO 1.1, SLO 1.2)

Describe the sources of farm power available in Nigeria, classifying them by type and evaluating
their advantages and limitations for smallholder and commercial farmers. (Linked to SLO 1.3,
SLO 1.4)
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13. Explain the operating principles of the four-stroke diesel engine, describe its main components
and their functions, and define the key performance parameters used to evaluate engine output.
(Linked to SLO 1.5, SLO 1.6, SLO 1.7)

Answers to Concept Check Questions [Series 1]

Objective Questions

1. Agricultural mechanization is the application of mechanical-power and engineering technology to

farming operations to reduce drudgery, increase timeliness, andimprove agricultural productivity.
2. Correct answer: b) Animal draught technology.
3. Correct answer: c) Power stroke.
4. Indicated.

5. 540 rpm.
Short Answer Questions

6. Three constraints and solutions: high initial machinery cost (solution: affordable credit schemes
and group ownership cooperatives); poor rural roads limiting machinery access (solution: rural
road improvement programmes); lack of local spare parts (solution: local manufacturing

incentivesand import duty waivers on components).

7.' Diesel engines are preferred because they have higher thermal efficiency (convert more fuel
energy to work), produce greater torque at low engine speeds (better for heavy tillage loads), have
a longer service life than petrol engines, and diesel fuel is cheaper per litre and per kilowatt-hour

than petrol in Nigeria.

8. Intake stroke: piston moves down, intake valve opens, air enters cylinder. Compression stroke:
piston moves up, both valves closed, air is compressed to about 1/16 to 1/22 of original volume,

raising temperature. Power stroke: fuel is injected, ignites spontaneously in hot compressed air,
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expanding gases drive piston down. Exhaust stroke: piston moves up, exhaust valve opens,
burned gases are expelled.

9. V-belt drives: advantage is that they absorb shock loads and are quiet; they allow some slip for
overload protection. Chain drives: advantage is positive (no-slip) power transmission giving

precise speed ratios; suitable where slippage cannot be tolerated, such as seed metering drives.

10. PTO: rotating shaft at 540 or 1,000 rpm drives rotary implements; example: rotary tiller.
Drawbar: horizontal pull connection for trailed implements; example: disc plough. Hydraulic
system: pressurised oil raises and lowers mounted implements via three-point linkage; example:

chisel plough mounted on the three-point hitch.
Long Answer Questions

11. Basic response: Agricultural mechanization applies mechanical power to reduce drudgery and
improve timeliness and productivity. The three levels are hand-tool (hoe, cutlass), animal draught
(ox plough), and mechanical (tracter). Constraints include high machinery cost, poor roads, lack

of spare parts, small farm sizes, and inadequate training.

12. Value-added response: Mechanization is critical for Nigeria's food security because the farming
population is ageing and rural-urban migration is reducing available labour. Timely mechanized
planting can improve yields by 20 to 40 percent simply through better crop establishment dates,
without any additional input. Post-harvest mechanization (threshing, drying, milling) reduces the
25 to 40 percentlosses that currently undermine farm income. Addressing mechanization
constraints requires a systems approach: credit for machinery, spare parts manufacturing, operator
training, and tractor hire service regulation must be tackled simultaneously, as solving only one

element leaves others as binding constraints.

13. Basic response: Farm power sources include human labour (0.07 to 0.10 kW sustained), animal
draught (0.75 to 1.0 kW per pair of oxen), diesel engines (tractors), petrol engines (small portable
equipment), electric motors, and renewables (solar, wind, biogas). Each has cost, power output,

and fuel availability tradeoffs.

14. Value-added response: For smallholders, the progression from hand tools to animal draught to
small two-wheel tractors is more realistic than direct adoption of four-wheel tractors, because
each step requires incrementally more capital and management skill. Renewable energy is

increasingly competitive for specific applications: solar pumps for irrigation require no fuel
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supply infrastructure and have near-zero operating costs after installation, making them highly
suitable for remote farms. Biogas digesters convert farm waste into fuel and fertiliser, improving

both energy security and soil fertility simultaneously.

15. Basic response: The four-stroke diesel engine has a cylinder block, piston, connecting rod,
crankshaft, valves, camshaft, flywheel, fuel injection system, cooling, and lubrication systems.
The four strokes are intake, compression, power, and exhaust. Key performance parameters are
torque (Nm), brake power (kW), indicated power (kW), mechanical efficiency(BP/IP. x.100%),
and brake specific fuel consumption (g/kwh).

16. Value-added response: Compression ignition (diesel) engines achieve spontaneous fuel ignition
by compressing air to a very high pressure (compression ratio 16:1 to 22:1), raising cylinder
temperature above the fuel's auto-ignition point. This eliminates.the need for spark plugs but
requires a precise fuel injection system. The high compression ratio is why diesel engines
produce more torque per litre of displacement than-petrol engines, and why they are more
thermally efficient. The flywheel storeskinetic:energy to smooth the power pulses from
individual cylinders (the crankshaft only receives a power impulse once every two revolutions in
a single-cylinder four-stroke engine), which is why agricultural engines have heavy flywheels

compared to car engines.

Answers to/Pilot Questions [Series 1]

Part1.1: Concepts and Scope of Agricultural Mechanization

1. Agricultural mechanization is the application of mechanical power and engineering principles to
farming operations. Three value chain operations it covers are: land preparation (tillage with
tractors and ploughs), crop processing (threshing, milling), and transportation (tractors and

trailers moving produce from farm to market).

2. Hand-tool level: farmers use hoes and cutlasses manually, as practised by most southern Nigerian

smallholders. Animal draught level: oxen pull implements for ploughing and planting, common in
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northern Guinea and Sudan savanna zones. Mechanical level: tractors and combine harvesters are

used, as on commercial farms in Kano, Kaduna, and Benue states.

3. Four constraints and solutions: high capital cost of tractors (solution: cooperative ownership or
hire service schemes); poor rural access roads (solution: rural road construction and maintenance
programmes); lack of spare parts (solution: local manufacture and duty-free importation of
components); inadequate trained operators (solution: vocational training centres for machinery

operation and maintenance).

4. Timely mechanized planting places seeds in the soil at the optimal pointinthe rainfall calendar,
ensuring germination coincides with reliable moisture and the growing season is fully utilised.
Late manual planting, which commonly occurs when labour is scarce at the start of the rains,
shortens the growing season and reduces yield potential by.15to 40 percent depending on crop

and location.

5. Post-harvest losses in Nigeria are estimated at 25/to 40 percent of total produce, representing a

significant economic loss to farmers and a food security risk at the national level.

Part 1.2: Sources of Farm Power

1. An average adult worker canustain approximately 0.07 to 0.10 kilowatts of power output over a
full working day. A pair.of working oxen can sustain approximately 0.75 to 1.0 kilowatts of

draught power.

2. Diesel engines are preferred over petrol engines in agricultural machinery because they have
higher thermal efficiency (better fuel economy), produce greater torque at low speeds which is
needed for heavy tillage loads, have a longer service life and greater durability, and diesel fuel is

cheaper and more energy-dense per litre than petrol in Nigeria.

3. Two advantages of electric motors: they operate cleanly and quietly without on-site fuel storage,
and they require minimal maintenance compared to ICEs. One limitation: unreliable grid
electricity supply in rural Nigeria makes them unsuitable for field operations away from stable

power sources.

4. Solar energy: powers solar water pumps for irrigation. Wind energy: drives windmill pumps for
water supply in the dry north. Biogas: fuels cooking stoves and engines on farms with anaerobic

digesters fed by animal manure.
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5. Animal draught power remains the most practical option for many Nigerian smallholders because
the animals are far cheaper to acquire and maintain than tractors, can work on small fragmented
plots that are inaccessible to tractors, require no fuel purchases or mechanic expertise, and can be
fed on crop residues and farm fodder that the farmer produces.

Part 1.3: Principles of the Internal Combustion Engine

1. Five components and functions: cylinder block (structural housing for cylinders and coolant
passages); piston (converts gas pressure to linear motion); crankshaft (converts linear piston
motion to rotary shaft output); flywheel (stores kinetic energy to smooth power pulses); fuel
injector (meters and atomises diesel fuel into the hot compressed air in the cylinder for ignition).

2. Intake stroke: piston moves down, intake valve opens, fresh air enters. Compression stroke:
piston moves up, both valves closed, air is compressed to very-high pressure and temperature.
Power stroke: diesel fuel is injected into the hot compressed air, ignites spontaneously, expanding
gases drive the piston down, producing useful work. Exhaust stroke: piston moves up, exhaust

valve opens, combustion gases are expelled from the cylinder.

3. Brake power (BP) is the useful power measured at the engine output shaft using a dynamometer;
it is the power available to drive machinery. Indicated power (IP) is the theoretical power
developed inside the cylinders based on gas pressure, always greater than BP because some
power is lost to piston=cylinder friction, valve actuation, and accessory drives. Mechanical
efficiency =(BP / IP) x 100 percent.

4. Two applications where two-stroke engines are preferred: chainsaws, where light weight is
criticalfor safe hand-held operation in tree felling; and portable brush cutters (slashers), where
the simplicity and lightness of the two-stroke allows one worker to carry and operate the machine

for extended. periods.

5. Brake specific fuel consumption (BSFC) is the mass of fuel consumed per kilowatt of brake
power per hour, measured in grams per kilowatt-hour (g/kWh). A low BSFC value indicates that
the engine produces more useful work per unit of fuel consumed, meaning it is more fuel-efficient

and less costly to operate per unit of work done.
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Part 1.4: Power Transmission in Farm Machinery

1. Power transmission transfers mechanical energy from the source (engine) to the working
component (cutter, pump, wheel). The principle is P = T x omega, where P is power, T is torque,
and omega is angular velocity. For a fixed power, increasing shaft speed (omega) decreases
torque (T), and reducing speed increases torque. Transmission systems exploit this relationship to

match engine output to implement requirements.

2. V-belt drives: advantage is that they absorb shock loads and slip under overload, protecting the
engine and implement. Disadvantage: belt slip reduces efficiency and belts stretch and wear,
requiring periodic adjustment and replacement. Chain drives: advantage is positive (no-slip)
power transmission with a precise, constant speed ratio. Disadvantage: chains require lubrication,

can fail suddenly if a link breaks, and are more expensive than belts.

3. The PTO is a splined rotating shaft at the rear of the tractor that transmits engine power to driven
implements via a telescoping PTO shaft-with universal joints. The 540 rpm standard is used for
general implements such as mowers, balers; and sprayers that operate at moderate speeds. The
1,000 rpm standard is used for high-speed implements such as forage harvesters and large rotary

mowers that require more power at-higher shaft speeds.

4. Drawbar power is the power available at the tractor's rear drawbar hitch point for pulling trailed
implements. It is calculated as drawbar pull (the horizontal force exerted) multiplied by the
tractor's forward speed. Drawbar power is always less than engine power because energy is
consumed by the tractor's.own drivetrain (gearbox, differential, final drive), by tyre flexing, and

by tyre slip on the soil surface.

5. The tractor hydraulic system pumps oil under high pressure (14 to 21 MPa) to hydraulic cylinders
connected to the lower links of the three-point hitch. When the operator raises the control lever,
oil is directed to lift the cylinders, which raise the lower links and the attached implement off the
ground for transport. Lowering the lever allows oil to return to the sump, and the implement

descends under gravity into the working position.
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Introduction

The agricultural workshop is the backbone of farm machinery maintenance and repair. A well-
organised workshop stocked with the correct hand tools, basic machines, and powered equipment
allows farm mechanics and operators to service equipment, fabricate simple parts, and carry out
repairs that would otherwise require costly off-farm service. Understanding workshop tools and
basic machines is therefore a foundational skill for anyone involved in farm machinery

management.

This Series introduces you to the agricultural workshop from the ground 'up. We begin with
workshop layout, organisation, and safety, including the correct use of personal protective
equipment and fire prevention protocols. We then identify and describe the principal hand tools
used in agricultural workshops, organised by function. The Series continues with the six classical
simple machines and their agricultural applications, followed by the powered bench tools and
welding equipment found in well-equipped farm workshops, and concludes with the care,
sharpening, and storage of tools.

Series Learning Outcomes
Upon completing this Series, you.should be able to:

e SLO 2.1 describe the principles of agricultural workshop layout and organisation

(Linked to Part 2.1),

e SLO 2.2 state and apply workshop safety rules and identify the correct personal

protective equipment for common workshop tasks (Linked to Part 2.1),

e SLO 2.3 identify common agricultural workshop hand tools and describe the correct use

of each (Linked to Part 2.2),

e SLO 2.4 classify hand tools by function and select the appropriate tool for a given
workshop task (Linked to Part 2.2),
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e SLO 2.5 define the six simple machines and give an agricultural example of each

(Linked to Part 2.3),

e SLO 2.6 calculate mechanical advantage and velocity ratio for simple machines (Linked

to Part 2.3),

e SLO 2.7 describe compound machines and explain how combining simple machines

multiplies mechanical advantage (Linked to Part 2.3),

e SLO 2.8 describe the bench tools and power equipment found in agricultural workshops

and explain their safe operation (Linked to Part 2.4),

e SLO 2.9 describe basic arc welding procedure and identify welding safety requirements

(Linked to Part 2.4), and

e SLO 2.10 describe correct tool care, sharpening, and storage practices to prolong tool

life (Linked to Part 2.4).

2.1 Agricultural Workshop lcayout and Safety

2.1.1 Workshop layout, organisation; and housekeeping

A well-planned agricultural workshop layout maximises space efficiency, workflow, and safety.
The workshop should have clearly defined work zones: a machining zone (benches, drill press,
grinder), a welding zone (with screens to contain arc flash), a parts storage zone (shelving for
spare parts and consumables), and a clean assembly zone away from cutting and grinding dust.
Heavy bench-mounted equipment should be bolted to concrete floors or heavy-duty benches.
Adequate lighting (at least 300 lux for general work, 500 lux for precision work) and ventilation

are mandatory to reduce eye strain and remove fumes, dust, and heat.

Workshop organisation follows the principle of placing frequently used tools within arm's reach
and storing seldom-used items on higher shelves or in locked cabinets. Tool panels (pegboards)
mounted above each workbench display hand tools in their designated outlines so that missing

-
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items are immediately obvious. The floor must be kept clear of oil spills, swarf (metal cuttings),
and clutter that cause slips and falls. Good housekeeping means cleaning the workshop at the end
of every work session: sweeping floors, wiping benches, returning tools to their storage
positions, and disposing of rags and waste properly.

Fill in the blank: The principle of keeping frequently used tools within arm's reach and seldom-

used items in storage is the basis of good workshop
2.1.2 Workshop safety rules and personal protective equipment

Core workshop safety rules include: always wear appropriate personal protective equipment
(PPE); never operate equipment when tired or under the influence of medication; tie back long
hair and avoid loose clothing near rotating machinery; never leave a running machine
unattended; disconnect power before adjusting or changing tooling on powered equipment; keep
guards in place on all machines; do not use tools for purposes other than their intended use; and

report damaged or defective tools immediately rather than continuing to use them.

The main PPE items for agricultural workshop use are: safety glasses or goggles (for all
grinding, cutting, and chiselling operations); face shield (for welding and angle grinding);
hearing protection (for prolonged exposure to engine noise or grinding); leather or heavy-duty
gloves (for handling sharp metal edges, not for rotating machinery); steel-toed safety boots
(mandatory in any workshop handling heavy components); and welding gauntlets and apron

(for all welding operations). PPE must be inspected before each use and replaced when damaged.

Fill in the blank: Safety glasses or goggles must be worn for all , cutting, and chiselling

operations in the workshop.
2.1.3 Fire prevention and first aid in the workshop

Fire prevention in the agricultural workshop requires controlling the three elements of the fire
triangle: fuel (flammable materials), oxygen (ventilation), and ignition sources (sparks, flames,
heat). Flammable liquids (petrol, diesel, solvents) must be stored in approved metal safety cans
away from welding and grinding areas and in cool, ventilated cabinets. Oily rags must be stored
)
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in closed metal bins and removed daily, as spontaneous combustion is a real risk. A fire
extinguisher of the correct class (CO2 or dry powder for electrical and flammable liquid fires;
water for paper and wood) must be mounted within 10 metres of all work areas and all staff must

be trained in its use.

A basic first-aid kit must be accessible in the workshop and stocked with bandages, antiseptic,
eye wash, burn dressing, and a first-aid manual. Emergency procedures must be posted visibly:
the telephone numbers of the nearest hospital and fire service, the location of the first-aid kit, and
the procedure for treating burns, cuts, and eye injuries. Burns from welding spatter or.hot metal
should be cooled immediately with clean cold water for 10 minutes, then covered with a sterile
dressing. Eye injuries from flying particles require flushing with clean water and immediate

medical attention.

Fill in the blank: Oily rags stored loosely in the workshop present a risk of combustion

and must be kept in closed metal bins.
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Pilot questions 2.1

1. Describe the four main work zones in a well-planned agricultural workshop.
2. State five core workshop safety rules that apply to all workshop operations.
3. Name six items of PPE used in agricultural workshops and state when each is required.

4. Explain the fire triangle and state two fire prevention measures specific to agricultural

workshops.

5. Describe the correct first-aid procedure for a burn injury sustained in the workshop.

2.2 Hand Tools Used in Agricultural Workshops

2.2.1 Measuring and marking tools

Accurate measurement and marking are the foundation of precise workshop work. The steel rule
(or steel tape) measures lengths inimillimetres and centimetres. The vernier calliper measures
outside diameters, inside diameters, and depths to an accuracy of 0.02 mm. The micrometer
screw gauge measures small dimensions such as shaft diameters to 0.01 mm accuracy. The try
square checks and marks right.angles (90 degrees) on workpieces. The marking gauge scribes a
line parallel to a reference edge on wood or soft metal. The scriber and centre punch mark
metal surfaces for cutting or drilling: the scriber scores a fine line and the centre punch creates an

indentation to guide drill bit placement.

Good measurement practice requires cleaning the measuring tool and workpiece before use to
avoid debris causing inaccurate readings. Vernier callipers and micrometers should be stored in
their protective cases when not in use and calibrated periodically against a known standard. A
poorly measured job results in components that do not fit together, wasting materials and time;

measurement accuracy is therefore a non-negotiable foundation skill for all workshop personnel.
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Fill in the blank: The measuring tool that reads outside diameters, inside diameters, and depths

to 0.02 mm accuracy is the vernier
2.2.2 Cutting, shaping, and finishing tools

Cutting tools used in agricultural workshops include: the hacksaw for cutting metal bar stock,
pipe, and bolts; the cold chisel for cutting or splitting metal using hammer blows; the file for
removing metal by abrasion, available in flat, round, half-round, and triangular profiles and in
bastard, second-cut, and smooth grades; the tin snips for cutting sheet metal; and the bolt cutter
for cutting chains, bolts, and wire. The plane and wood chisel are used for shaping. timber in

wooden implement handles and frames.

Finishing tools smooth surfaces after cutting or shaping. Abrasive papers (emery cloth and
sandpaper) in grades from coarse to fine remove tool' marks and prepare surfaces for painting or
assembly. Wire brushes clean rust, scale, and debris from metal surfaces before welding or
painting. The flat scraper removes paint, gasket material, and scale from mating surfaces. Correct
selection of the file grade and cut direction (draw filing for smooth finish, standard filing for

rapid material removal) reduces finishing time and produces better results.

Fill in the blank: A is used to cut metal bar, pipe, and bolts to length in the agricultural

workshop.
2.2.3 Gripping, striking, and assembly tools

Gripping tools hold workpieces securely during machining, assembly, or disassembly. The
bench vice is the primary gripping device, bolted to the workbench and used to hold components
for filing, sawing, and drilling. Pliers (combination, needle-nose, and locking types) grip small
components and wire. Pipe wrenches grip and turn round pipe and bar. Open-end, ring, and
combination spanners (wrenches) tighten and loosen nuts and bolts: ring spanners give more
contact and less slip risk than open-end spanners. Socket sets with ratchet handles allow rapid

tightening in confined spaces.

-
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Striking tools include the ball-peen hammer (for metalwork, riveting, and striking cold chisels),

the cross-peen hammer (for spreading metal), and the rubber or plastic mallet (for assembly

operations where marking the workpiece would be unacceptable). Screwdrivers (flat-blade and

Phillips types) drive and remove screws. The torque wrench tightens bolts to a specified torque

value, essential for engine cylinder head and wheel nut assembly to prevent damage from over-

or under-tightening.

Fill in the blank: A

wrench is used to tighten bolts to a specified torque value, preventing

damage from over- or under-tightening.

Tool Name Category Primary Use Safety Note
Measuring Tape | Measuring | Measuring lengths and Keep tape edges away from eyes;
dimensions of materials | retract slowly to avoid injury
Steel Rule Measuring | Precision measurement .| Avoid using as a cutting edge;
of small parts store properly to prevent bending
Hand Saw Cutting Cutting wood and light Use sharp saws; wear gloves and
materials cut away from body
Chisel Cutting Shaping or cutting wood | Always use with a hammer
and metal handle; wear goggles to protect
eyes
Pliers Gripping.. | Holding, bending, and Do not use on live electrical
cutting wires wires; maintain firm grip
Spanner/Wrench-| Gripping | Tightening or loosening | Ensure correct size to avoid
nuts and bolts slipping; keep hands dry
Vice Gripping | Holding workpieces Securely fasten to bench; avoid
firmly during operations | over-tightening to prevent
damage

Table 2.1: Agricultural workshop hand tools: categories, uses, and safety notes

Pilot questions 2.2

F)

Do)
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1. Name three measuring tools used in the workshop and state the accuracy or purpose of

each.
2. Distinguish between a bastard file and a smooth file and state when each is used.
3. Why is a ring spanner preferred over an open-end spanner for tightening bolts?

4. Explain the purpose of a torque wrench and give two agricultural assembly operations

where it is essential.

5. Describe the correct procedure for selecting and using a hacksaw to cut a metal bolt.

2.3 Basic Machines and Their Agricultural Applications

2.3.1 The lever, wheel-and-axle, and_pulley

The six simple machines are devices that change the magnitude or direction of a force. They are
characterised by two key parameters: mechanical advantage (MA), the ratio of load (output
force) to effort (input force), and velocity ratio (VR), the ratio of the distance moved by the
effort to the distance moved by the load. Efficiency = MA/VR x 100 percent; friction always
makes MA less than VR in‘practice.

The lever amplifies force by usinga rigid bar pivoting on a fulcrum. MA = effort arm / load arm.
First-class levers (fulcrum between effort and load) include crowbars for lifting heavy
implements. Second-class levers (load between fulcrum and effort) include wheelbarrows used
for moving soil and.compost. Third-class levers (effort between fulcrum and load) include the
human forearm and tractor linkage arms. The wheel-and-axle applies a small effort at a large
wheel radius to overcome a large load at a small axle radius; MA = wheel radius / axle radius.
Steering wheels and hand-pump handles exploit this principle. The pulley changes force
direction (single fixed pulley, MA = 1) or multiplies force (movable pulley, MA = 2; block-and-
tackle, MA = number of rope sections supporting the load), used in hoists and lifting equipment

for heavy engine components.

-
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Fill in the blank: In a pulley block-and-tackle system, the mechanical advantage equals the

number of sections supporting the moving block.
2.3.2 The inclined plane, wedge, and screw

The inclined plane reduces the effort needed to raise a load by spreading it over a longer
distance. MA = length of slope / vertical height. Loading ramps used to drive tractors-and
equipment onto lorries or platforms are practical inclined planes. The wedge is'a moving
inclined plane that converts a large forward force into a larger sideways splitting force. MA =
length of wedge / thickness at the wide end. Plough shares, disc edges, hoe blades,and axe heads
are wedge-shaped to penetrate and split soil or wood with minimum force. The screw is an
inclined plane wrapped around a cylinder; a small rotational force at the handle produces a large
linear force along the axis. MA = circumference of effort circle/ pitch of thread. Screw jacks lift
tractors and heavy implements for wheel changes and maintenance; the bench vice uses a screw

mechanism to clamp workpieces.

Understanding the wedge principle explains why sharp.implement edges (ploughshares,
cultivator tines, harrow discs) require less draught force than blunt ones: a sharper edge means a
thinner wedge, with a higher mechanical advantage for a given applied force. This is why regular
sharpening of tillage implement edges is both an engineering necessity and an economic saving,

reducing fuel consumption and tractor wear.

Fill in the blank: The screw.is an inclined plane wrapped around a cylinder; its mechanical
advantage equals the circumference of the effort circle divided by the thread
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AGRICULTURAL APPLICATION:
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Figure 2.2: The six simple machines with agricultural examples
2.3.3 Compound machines and mechanical advantage

A compound machine consists of two or more simple machines working together in series,
where the output of the first machine becomes the input of the second. The total mechanical
advantage of a compound machine is the product of the mechanical advantages of the individual
simple machines: MA(total) = MA1 x MA2 x MAS3. This multiplication of mechanical
advantage allows compound machines to produce very large output forces from modest human

inputs.

Agricultural examples of compound machines include: the hand-operated maize sheller, which
combines a lever (handle) and a wedge (shelling teeth) to strip grains from the cob; the screw-
press for extracting oil from groundnuts or oil palms, combining a screw and a lever (handle

arm); and the bicycle, which combines a wheel-and-axle (pedal crank and rear sprocket) with a

AGE la-NET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER
INSTITUTION STUDENTS



chain drive and another wheel-and-axle (rear wheel and hub). The tractor itself is the ultimate
agricultural compound machine, combining engine, transmission gears, final drive, and

implement hitches to convert fuel energy into controlled field work.

Fill in the blank: The total mechanical advantage of a compound machine is the of the

mechanical advantages of its individual simple machine components.
Pilot questions 2.3

1. Define mechanical advantage and velocity ratio and write the formula that relates them to

efficiency.

2. Classify three examples of levers found on a farm according to class (first, second, or

third).

3. Explain why a sharper ploughshare'edge requires less draught force, using the wedge

principle.

4. Describe the screw simple machine and give two agricultural applications of the screw

principle.

5. Define a compound machine and explain how its total mechanical advantage is

calculated.

2.4 Workshop Equipment and Power Tools

2.4:1 Bench tools: vice, bench grinder, and drill press

The bench vice is a mechanically operated clamping device bolted to the workbench, using a
screw mechanism to grip components firmly for filing, sawing, or assembly. Soft jaw inserts
(aluminium or copper) protect polished surfaces from damage. The bench grinder is a double-
ended motor with abrasive grinding wheels on each shaft, used for shaping metal, sharpening
cutting tools (chisels, drill bits, blades), and removing rust or burrs. The tool rest must be set
within 3 mm of the wheel to prevent the workpiece from being pulled between the rest and the
ol
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wheel. A face shield must always be worn when grinding, as grinding wheel failure at speed is

extremely hazardous.

The pillar drill (drill press) is a bench-mounted or floor-standing machine that drives a drill bit
into a workpiece at a controlled feed rate and perpendicular angle. It provides far greater
accuracy than hand-held drills for drilling bolt holes and bearing seats in farm equipment frames
and housings. Speed is adjusted by changing the V-belt position on the step pulley. The angle
grinder is a portable electric or pneumatic tool with interchangeable discs for cutting metal
(cutting disc), grinding welds (grinding disc), and removing rust and scale (flap disc). The guard

must always remain fitted, and a face shield worn for all angle grinder operations.

Fill in the blank: On a bench grinder, the tool rest must be set within millimetres of the

grinding wheel to prevent the workpiece from being caught.
2.4.2 Welding equipment and basic welding practice

Welding is the joining of metal parts by melting the joint surfaces and a filler material together.
The two most common welding processes in agricultural workshops are Shielded Metal Arc
Welding (SMAW), also called manual metal arc (MMA) or stick welding, and oxy-acetylene
welding (OAW). In SMAW, an electric arc struck between a coated electrode and the base metal
generates intense heat (above 3,500 degrees Celsius) that melts both materials; the electrode
coating provides shielding gas and-flux to protect the weld pool from atmospheric contamination.
Electrodes are classified by diameter and coating type: E6013 electrodes are widely used in
agricultural workshops for mild steel repairs.

Basic SMAW procedure: set the correct current (amperage) for the electrode diameter and metal
thickness on the welding machine; clamp the earth (ground) cable to the workpiece; strike the arc
by touching the electrode to the base metal and withdrawing slightly; maintain a short, consistent
arc length (approximately equal to the electrode diameter); move the electrode along the joint at
a steady speed to produce an even weld bead. Weld safety requires: welding screens or curtains
to protect bystanders from arc flash; a welding helmet with the correct shade filter (minimum
shade 10 for SMAW); leather gloves and apron to protect from spatter; and adequate ventilation
to remove welding fumes.

F)
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Fill in the blank: In SMAW, the electrode coating provides gas and flux to protect the

molten weld pool from atmospheric contamination.

Plate 2.1: Shielded metal arc welding (stick welding) in an agricultural workshop

2.4.3 Tool care, sharpening, and storage

Proper.tool care extends tool life and maintains cutting performance. The three main enemies of
hand tools are rust, physical damage, and blunting. Rust is prevented by wiping metal tools
with a light oil film before storage, keeping the workshop dry, and storing tools in dry cabinets
or.on wall panels away from moisture. Cutting tools must not be thrown into drawers where they
knock against each other; each tool should have a designated hanging position or protective
sheath.

Sharpening restores the cutting angle on blunted tools. A cold chisel is sharpened on the bench
grinder, maintaining the original bevel angle and cooling the tip frequently in water to prevent
il
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the steel from losing its temper (hardness). A twist drill is sharpened on the bench grinder at 118
degrees included angle (59 degrees per lip), with equal lip lengths. Hand files cannot be
resharpened and must be replaced when blunt. A plane or chisel blade is sharpened on an
oilstone: the bevel face is held flat on the stone and moved in a figure-of-eight pattern, followed
by removal of the wire edge on the flat face. Sharpened tools should be tested on scrap material

before use.

Fill in the blank: A twist drill bit is sharpened to an included angle of degrees (59
degrees per cutting lip).

Checklist ltem Guidelines

Daily Cleaning Wipe tools after use, remove dirt and grease, dry.thoroughly before

storage

Rust Prevention Apply light oil coating on metal surfaces, store in dry environment,

avoid moisture exposure

Storage Method by | Measuring tools: store flat.in protective cases; Cutting tools: hang or

Category sheath blades; Gripping tools: arrange in tool racks or drawers
Sharpening Cutting tools (saws, chisels, knives): sharpen monthly or after heavy
Schedule use;-Measuring tools: check calibration annually
Replacement Replace tools when damaged beyond repair, excessively worn, unsafe
Criteria to use, or when performance is compromised

Box 2.1: Agricultural workshop tool care and storage checklist

Pilot questions 2.4

=

Describe the bench grinder and state two safety requirements for its operation.

2. Explain the difference between a pillar drill and a hand-held drill and state one advantage

of the pillar drill for farm workshop use.
3. Describe the SMAW welding process and list four items of PPE required for welding.

4. State three enemies of hand tools and describe one preventive measure for each.
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5. Describe the procedure for sharpening a cold chisel on a bench grinder.

Series Summary

This Series has introduced the agricultural workshop as a working environment and equipped
you with knowledge of the tools and machines used in it. We began with-workshop.layout and
organisation, establishing the importance of zoning, lighting, ventilation, and housekeeping for
safety and efficiency. Workshop safety rules, PPE requirements, fire prevention;and first-aid
procedures were described in detail, establishing the non-negotiable safety-foundation for all

workshop activity.

Hand tools were classified into measuring and marking, cutting and shaping, and gripping and
assembly categories, with each tool's correct use and relevant safety considerations described.
The six simple machines (lever, wheel-and-axle, pulley, inclined plane, wedge, screw) were
explained through their mechanical advantage and velocity ratio, with practical agricultural
examples for each, before compound machines were introduced as combinations of simple
machines with multiplied mechanical advantage. The Series concluded with powered bench
equipment (vice, bench-grinder, drill press, angle grinder), welding equipment and basic SMAW
practice, and the care, sharpening, and storage routines that protect tool investment and maintain

workshop effectiveness.

Glossary of Terms
e . Bench grinder: A double-ended bench-mounted motor with abrasive grinding wheels,

used for shaping metal, sharpening tools, and removing rust and burrs.

o Centre punch: A hardened steel tool with a pointed tip, struck with a hammer to create

an indentation that guides the drill bit at the start of a hole.
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Cold chisel: A hardened steel cutting tool with a bevelled edge, used with a hammer to

cut or split metal in the agricultural workshop.

Compound machine: A machine consisting of two or more simple machines combined
in series, with a total mechanical advantage equal to the product of the individual

mechanical advantages.

Hacksaw: A hand tool with a fine-toothed metal-cutting blade tensioned in a frame, used

to cut metal bar, pipe, and bolts to length.

Inclined plane: A simple machine consisting of a flat surface at an angle to the
horizontal, reducing the effort required to raise a load by spreading it over a longer

distance.

Lever: A rigid bar that pivots on a fulcrum; the three classes differ in the position of the

effort, fulcrum, and load along the bar.

Mechanical advantage (MA): The ratio of the output force (load) to the input force

(effort) of a machine; a value greater than 1 means the machine multiplies force.

Personal protective equipment (PPE): Safety gear worn by the operator to reduce
exposure to workshop hazards, including safety glasses, face shield, gloves, hearing

protection, and steel-toed boots.

Pillar drill (drill press): A bench or floor-mounted drilling machine that drives a drill bit
perpendicularly into a workpiece at a controlled rate, providing greater accuracy than

hand-held drills.

Pulley: A simple machine consisting of a wheel with a grooved rim over which a rope or
belt runs; used to change force direction (fixed pulley) or multiply force (movable or

compound pulley).

Screw: A simple machine consisting of an inclined plane wrapped helically around a
cylinder; converts rotary motion into linear force with a mechanical advantage of

circumference divided by pitch.
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e Shielded Metal Arc Welding (SMAW): An arc welding process using a flux-coated
metal electrode; the electric arc melts both electrode and base metal, with the flux coating

providing shielding gas and slag to protect the weld pool.

o Torque wrench: A spanner fitted with a torque-measuring device that audibly or visibly

signals when a preset tightening torque value is reached, ensuring correct bolt tension.

e Velocity ratio (VR): The ratio of the distance moved by the effort to the'distance moved
by the load in a simple machine; always greater than the mechanical advantage due to

friction.

Concept Check Questions [Series 2]

Objective Questions

1. Define mechanical advantage. (Linked to SLO 2.6)

2. Which simple machine class has the fulcrum located between the effort and the load? a)
First class b) Second class ¢) Third class d) None of the above (Linked to SLO 2.5)

3. The correct grinding wheel clearance (tool rest gap) on a bench grinder is: a) 10 mm b) 5

mm ¢) 3 mmd) I mm (Linked to SLO 2.8)

4. In SMAW welding, the electrode coating provides gas and flux to protect the
weld pool. (Linked to SLO 2.9)

5./ Atwist drill.bit'is sharpened to an included angle of degrees. (Linked to SLO
2.10)

Short Answer Questions

6. State five workshop safety rules that apply to all personnel. (Linked to SLO 2.2)

7. Explain the wedge principle and state why a sharp ploughshare edge requires less draught
force than a blunt one. (Linked to SLO 2.5)

-
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8. Describe the correct procedure for using a hacksaw to cut a metal rod. (Linked to SLO

2.4)

9. Describe the basic SMAW welding procedure and list the PPE required. (Linked to SLO
2.9)

10. State three tool care practices that prevent rust damage to workshop hand tools. (Linked
to SLO 2.10)

Long Answer Questions

11. Describe the layout, organisation, and safety requirements of an agricultural workshop,
explaining the purpose of each work zone and the PPE required for the main workshop

operations. (Linked to SLO 2.1, SLO 2.2)

12. Classify and describe the main hand tools used in an agricultural workshop, explaining
the correct use of each category and the safety precautions associated with their use.

(Linked to SLO 2.3, SLO 2.4)

13. Explain the six simple machines, calculate their mechanical advantage, and describe how
compound machines combine simple machines to multiply mechanical advantage, with

agricultural examples throughout. (Linked to SLO 2.5, SLO 2.6, SLO 2.7)

Answers to Concept Check Questions [Series 2]

Objective Questions

1. Mechanical advantage (MA) is the ratio of the output force (load) to the input force
(effort) of a machine; a value greater than 1 means the machine multiplies the applied

force.

2. Correct answer: a) First class.

AGE la-NET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER
INSTITUTION STUDENTS



3.

4.

5.

Correct answer: ¢) 3 mm.
Shielding.

118 degrees.

Short Answer Questions

6.

10.

Five safety rules: always wear appropriate PPE; disconnect power before adjusting
tooling on powered machines; keep guards in place on all machines; never leave a
running machine unattended; report and remove defective tools from service

immediately.

The wedge converts a large forward force into a larger sideways splitting force. MA =
length / thickness at wide end; a longer, thinner wedge has a higher MA. A sharp (thin-
edged) ploughshare has a higher MA than a blunt one; so the same draught force
produces a greater soil-splitting force, reducing the total effort needed from the tractor to

achieve the same depth of tillage.

Select a blade with 18 to 32 teeth per inch for metal cutting. Fit the blade with teeth
pointing forward (away from the handle). Clamp the workpiece firmly in the bench vice.
Mark the cut line with a scriber. Start the cut with a few backstroke draws to create a
groove, then use full forward strokes with moderate pressure. Ease pressure on the return
stroke to avoid blunting. Complete the cut slowly and support the off-cut to prevent it

from dropping and distorting the blade.

SMAW procedure: set correct amperage for electrode diameter and metal thickness;
clamp earth cable to workpiece; strike arc by touching electrode to base metal then
withdrawing slightly; maintain arc length equal to electrode diameter; move electrode
steadily along the joint. PPE required: welding helmet (shade 10 minimum), leather

welding gloves, leather apron, steel-toed boots, and hearing protection if grinding nearby.

Three rust prevention practices: wipe all metal tool surfaces with a light film of oil or

anti-corrosion spray before storage; store tools in a dry environment, on wall panels or in
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cabinets away from moisture; ensure the workshop floor and storage areas are dry and

that any water or coolant spills are cleaned up immediately.
Long Answer Questions

11. Basic response: An agricultural workshop has four zones: machining (benches, grinder,
drill press), welding (screened area), parts storage (shelving), and clean assembly. Safety
requires zoning, adequate lighting (300-500 lux), ventilation, and housekeeping. PPE:
safety glasses for grinding/cutting; welding helmet for welding; leather gloves for metal

handling; steel-toed boots throughout; hearing protection for sustained noise.

12. Value-added response: The separation of the welding zone. is critical because UV arc
flash can cause eye damage (‘arc eye') even from brief exposure at a distance. Welding
screens protect other workshop users. The clean assembly zone must be away from
grinding and cutting dust because contamination of cleaned bearing or gasket surfaces
causes premature wear. The parts storage zone should be adjacent to the machining zone
so parts can be quickly accessed without carrying them across the workshop floor,

reducing both handling time and accident risk from dropped components.

13. Basic response: Measuring and marking tools (steel rule, vernier calliper, micrometer, try
square, centre punch) ensure accurate layout. Cutting and shaping tools (hacksaw, cold
chisel, file, tinsnips) remove and shape material. Gripping and assembly tools (bench
vice, spanners, socket set, torque wrench, pliers) hold components and assemble
fasteners. Safety notes: eye protection for chiselling, correct file grip to avoid face injury,

ring spanners over open-end for fastener safety.

14. Value-added response: The choice of tool must match the task: a bastard file for rapid
material removal, a smooth file for finishing; a combination spanner for general use, a
torque wrench specifically for critical fasteners like cylinder head bolts where the correct
preload is essential to prevent leaks and gasket failure. Using an open-end spanner on a
rounded bolt head causes further rounding; a ring or socket should be substituted. The
micrometer's 0.01 mm accuracy is necessary for shaft and bearing journal measurement;

a steel rule's millimetre accuracy is insufficient for such critical dimensions.
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15. Basic response: Six simple machines: lever (MA = effort arm/load arm; crowbar = first
class, wheelbarrow = second class); wheel-and-axle (MA = wheel radius/axle radius;
steering wheel); pulley (MA = number of rope sections; engine hoist); inclined plane
(MA = slope length/height; loading ramp); wedge (MA = length/thickness; ploughshare);
screw (MA = circumference/pitch; screw jack). Compound MA = product of individual

MAs.

16. Value-added response: Real machine efficiency is always below 100 percent because
friction reduces MA below VR. The efficiency equation (MA/VRx 100%) quantifies this
loss. For farm applications, this means a block-and-tackle rated for MA = 4 does not
actually lift four times the effort applied: friction in the pulley bearings and rope bending
reduce effective MA to perhaps 3.2 (efficiency 80%): When designing or selecting lifting
equipment for heavy tractor components, always specify rated working load (not

theoretical MA) and apply a safety factor of at least 3 to the maximum expected load.

Answers to Pilot Questions [Series 2]

Part 2.1: Agricultural Workshop Layout and Safety

1. Four main work zones: machining zone (workbenches, drill press, bench grinder for
metal cutting, shaping, and drilling operations); welding zone (screened area for arc and
oxy-acetylene welding); parts storage zone (shelving for spare parts, lubricants, and
consumables); clean assembly zone (away from cutting dust, for assembling cleaned

components).

2.  Five core safety rules: wear appropriate PPE at all times; keep machine guards in place
on all powered equipment; disconnect power before changing tooling or adjusting
powered machines; never leave a running machine unattended; report and remove from

service any defective or damaged tool immediately.
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3. Six PPE items: safety glasses or goggles (required for all grinding, cutting, and
chiselling); welding helmet with shade 10 filter (all arc welding); face shield (angle
grinding and bench grinding); hearing protection (prolonged exposure to engine or
grinding noise); leather or heavy-duty gloves (handling sharp metal edges, not near
rotating machinery); steel-toed safety boots (mandatory in any area with heavy

components).

4. The fire triangle has three elements: fuel (flammable materials), oxygen, and ignition
(sparks, heat). Two agricultural workshop fire prevention measures: store flammable
liquids (petrol, diesel, solvents) in approved metal safety cans in ventilated, cool cabinets
away from welding areas; keep a CO2 or dry powder fire extinguisher within 10 metres

of all work areas and train all staff in its use.

5. First-aid for a burn: immediately cool the burnunder clean cold running water for a
minimum of 10 minutes to halt tissue damage and reduce pain. Do not apply butter,
toothpaste, or ice. Cover the burned area loosely with a sterile non-adhesive dressing or
clean plastic wrap. Seek medical attention forany burn larger than a postage stamp, any

burn on the face or hands, or any burn that.is deep or shows white or charred tissue.
Part 2.2: Hand Tools Used in Agricultural Workshops

1. Steel rule: measures lengths in millimetres and centimetres, general workshop
measurement. Vernier calliper: measures outside diameters, inside diameters, and depths
to 0.02 mm accuracy. Micrometer screw gauge: measures shaft diameters and small

dimensions to 0.01 mm accuracy.

2. A Dbastard file has coarser teeth that remove material rapidly and is used for initial shaping
and for removing large amounts of material from rough workpieces. A smooth file has
finer teeth that remove material slowly and leave a smoother surface finish; it is used for

final finishing operations after rough shaping with a bastard file.

3. Aring spanner encircles the nut or bolt head completely with 12 contact points around its
circumference, distributing the applied force evenly and reducing the risk of slipping off

or rounding the fastener. An open-end spanner contacts only two flat faces of the nut,
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concentrating force at two points, which makes it more likely to slip and round the

corners of worn or rusted fasteners.

4. A torque wrench is used to tighten fasteners to a specified torque value set by the
manufacturer to achieve correct joint preload without damage. Two agricultural assembly
operations where it is essential: tightening cylinder head bolts on a diesel engine
(incorrect torque causes head gasket failure or distortion); tightening wheel nuts on a
tractor (under-torque causes wheels to loosen under load; over-torque damages wheel

studs).

5. Procedure: select a blade with 18 to 32 teeth per inch for metal. Fit blade with teeth
pointing away from the handle (cutting on the forward stroke). Clamp the workpiece
firmly in the bench vice close to the cut line to minimise vibration. Score the line with a
file to start the groove. Begin with light backstroke draws to establish the groove, then
use full-length forward strokes with steady'downward pressure. Ease pressure on the

return stroke. Complete slowly, supporting the off-cut with one hand as the cut finishes.
Part 2.3: Basic Machines and Their Agricultural Applications

1. Mechanical advantage (MA) = Load / Effort; it measures how much a machine multiplies
the applied force. Velocity ratio (VR) = Distance moved by effort / Distance moved by
load; it is always at least as large as MA. Efficiency = (MA / VR) x 100 percent; friction
always makes the actual MA less than the VR.

2. First-class lever: crowbar used to lift a stuck tractor drawbar (fulcrum between effort and
load). Second-class lever: wheelbarrow used to carry soil or compost (load between
fulcrum and effort). Third-class lever: tractor hydraulic lower link arm (effort applied

between fulcrum and the load being lifted).

3. A ploughshare is wedge-shaped: MA of a wedge = length / thickness at wide end. A
sharper edge (thinner wedge for the same length) gives a higher MA, meaning the same
forward draught force produces a proportionally greater sideways soil-splitting force. A

blunt share has a higher thickness-to-length ratio (lower MA), requiring the tractor to
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exert more total force to achieve the same soil penetration and splitting, consuming more

fuel.

4. The screw is an inclined plane wrapped helically around a cylinder. The effort applied at
the end of a handle moves a large circumference circle, while the load moves only.the
small linear distance of one thread pitch per revolution. MA = 2 x pi x handle length /
thread pitch. Two agricultural applications: the screw jack (lifting tractors.and

implements for maintenance); the bench vice (clamping workpieces for machining).

5. A compound machine combines two or more simple machines in series, where the output
of one becomes the input of the next. The total MA equals the product of the MAs of all
the individual simple machines: MA(total) = MA1 x MA2 x MA3. This allows very large
force multiplication from modest human input, which is why compound machines can

perform tasks that would be impossible with any single simple‘machine alone.
Part 2.4: Workshop Equipmentand Power Tools

1. The bench grinder is a double-ended motor with abrasive grinding wheels on each shaft,
used for shaping metal and.sharpening tools. Two safety requirements: set the tool rest
within 3 mm of the wheel to prevent the workpiece from being caught between the rest
and the wheel; always wear a face shield (not just safety glasses) when grinding, because

wheel bursting at high speed projects fragments at lethal velocity.

2. Anpillardrill is a bench- or floor-mounted machine that holds and drives the drill bit
perpendicularly and at a controlled feed rate, while a hand-held drill is portable but relies
on the operator's strength and steadiness to maintain angle and pressure. One advantage
of the pillar drill: it drills accurately perpendicular holes at precise locations, which is
essential for bolt holes in equipment frames and bearing seats where misalignment would

cause assembly problems.

3. SMAW process: an electric arc between a flux-coated electrode and the base metal melts
both materials and the filler in the electrode to form the weld bead; the flux coating
provides shielding gas and slag to protect the molten pool from oxygen and nitrogen

contamination. Four PPE items: welding helmet with shade 10 filter (arc flash and UV
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protection); leather welding gauntlets (spatter burns); leather apron (spatter on clothing

and body); steel-toed boots (dropped electrode or workpiece).

4. Three enemies and preventive measures: rust (prevented by wiping tools with a light oil
film before storage and keeping the workshop dry); physical damage from tools knoecking
together (prevented by hanging each tool on a designated peg or panel position‘and using
protective sheaths on sharp edges); blunting from incorrect use (prevented by using tools

only for their intended purpose and sharpening on a regular schedule).

5. Sharpening a cold chisel on the bench grinder: put on a face shield. Set the tool rest close
to the wheel. Hold the chisel firmly at the original bevel angle (approximately 60 degrees
for a general-purpose chisel). Move the chisel across the wheel face in a smooth side-to-
side motion to grind evenly. Check the bevel angle frequently. Dip the tip in water every
5 to 10 seconds to prevent overheating, which-would draw the temper and soften the

steel. Finish by grinding to a flat, even edge with no rounding.
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Introduction

Farm machinery transforms the physical operations of crop production from labour-intensive
manual tasks into mechanised processes that are faster, more consistent, and scalable to
commercial acreage. Each stage of the farming calendar, from primary tillage through planting,
crop protection, and harvesting to post-harvest processing, has a family of machinery designed
specifically for it. The tractor, as the primary source of tractive and power take-off energy on
most farms, is the central machine around which the rest of the equipment system is organised.

This Series provides a systematic overview of the main families of farm machinery used in
Nigerian and tropical agriculture, and then examines the farm tractor in detail. We begin with
tillage implements, covering both primary and secondary tillage and the effects of different
tillage systems on soil. We then describe planting, fertilising, and crop protection machinery,
followed by harvesting and post-harvest equipment. The Series concludes with a detailed
examination of the farm tractor: its classification, major systems, transmission, steering and

braking, and the hitch systems that connect it to the implement range.

Series Learning Outcomes
Upon completing this Series, you.should be able to:

e SLO3.1 identify and describe the primary tillage implements used in Nigerian
agriculture and explain the function of each (Linked to Part 3.1),

e SLO 3.2 describe secondary tillage implements and explain the principles of different
tillage systems (Linked to Part 3.1),

e SLO 3.3 identify and describe seeding, planting, and fertiliser application machinery
(Linked to Part 3.2),

e SLO 3.4 describe sprayers and crop protection equipment used in Nigerian agriculture

(Linked to Part 3.2),

AGE la-NET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER
INSTITUTION STUDENTS



e SLO 3.5 describe the main harvesting machines and explain how combine harvesters

operate (Linked to Part 3.3),

e SLO 3.6 identify threshing, shelling, milling, drying, and storage equipment and describe
their functions (Linked to Part 3.3),

e SLO 3.7 classify farm tractors and describe the major systems of a standard four-wheel

tractor (Linked to Part 3.4),

e SLO 3.8 explain the tractor transmission system and describe how gears, differential, and

final drive work together (Linked to Part 3.4),

e SLO 3.9 describe tractor steering and braking systems and explain how independent

brakes assist turning (Linked to Part 3.4), and

e SLO 3.10 describe the types of hitch systemsused to connectimplements to tractors and

explain three-point linkage categories (Linked to Part 3.4).

3.1 Tillage Machinery

3.1.1 Primary tillage implements: ploughs

Primary tillage breaks up the soil to a depth of 15 to 35 cm to loosen compacted layers, bury crop
residues and weeds, and improve aeration and water infiltration. The main primary tillage
implements are ploughs. The mouldboard plough cuts a furrow, lifts the soil slice, and inverts it
to bury surface residues; it is effective for initial land breaking and weed incorporation but leaves
the soil.in large clods that require secondary tillage. The disc plough uses concave discs
mounted at an angle to cut and turn soil; it handles trash and hard, dry soils better than the
mouldboard and is widely used in Nigerian mechanized farms because it is more robust. The
chisel plough uses narrow, curved tines to break the subsoil to 30 to 50 cm depth without

inverting the surface, preserving residues and reducing erosion risk.
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Plough performance is characterised by furrow width (the width of soil cut per bottom), furrow
depth (the vertical depth of penetration), and draught requirement (the horizontal pull force). The
disc plough's draught requirement is typically 20 to 30 percent higher than that of an equivalent
mouldboard plough for the same furrow dimensions, because the discs must overcome soil
adhesion as well as cutting forces. Correct plough adjustment (disc angle, tilt angle, and depth

wheel setting) is critical for uniform furrow depth and minimal soil scouring.

Fill in the blank: The plough uses concave discs mounted at an angle to cut and turn

soil, and is favoured on Nigerian farms because of its robustness in hard, dry conditions.

PRIMARY TILLAGE IMPLEMENTS: MOULDBOARD PLOUGH, DISC PLOUGH, AND CHISEL PLOUGH

MOULDBOARD PLOUGH DISC PLOUGH CHISEL PLOUGH
1. Main frame 6. Share point 1. Main frame 4. Concave disc 1. Main frame
2. Three-point hitch 7. Mouldboard 2. Three-point hitch 5. Disc scraper 2. Three-point hitch
3. Beam 8. Landside 3. Disc standard/arm 6. Bearing assembly | 3. Shank (curved or straight)
4, Standard 9. Coulter 4. Concave disc 7. Furrow wheel 4. Point/Share (e.g., reversible point)
5. Share 10. Furrow wheel 5. Disc scraper 5. Spring reset mechanism

6. Share point 6. Gauge wheel

WORKING DEPTH: 15-30 cm (6-12 inches)
WORKING DEPTH: 15-25 cm (6-10 inches)

WORKING DEPTH: 20-20+-cm 20-40 cm (8-16 inches)

Figure 3.1: Primary tillage implements: mouldboard plough, disc plough, and chisel plough

3.1.2 Secondary tillage implements: harrows and cultivators

Secondary tillage breaks up clods left by primary tillage, levels the seedbed, and controls early
weeds, working at shallower depths of 5 to 15 cm. The disc harrow has gangs of concave discs
arranged in a V or X pattern; the leading gang cuts and throws soil outward, while the trailing
gang throws it inward, leaving a relatively level surface. It is the most common secondary tillage
FW
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implement in Nigeria. The tine (spike) harrow uses rigid or flexible tines to break clods and
level the surface at shallow depth. The rotary tiller (rotavator) is a PTO-driven implement with
L-shaped tines mounted on a rotating horizontal shaft; it pulverises soil to a fine tilth in one pass,
combining primary and secondary tillage in a single operation, and is widely used for vegetable

seedbed preparation.

The row-crop cultivator is used for inter-row weed control after crop emergence, with sweeps
or duck-foot tines working between plant rows. It must be set to correct row spacing and depth to
avoid uprooting the crop. The ridger forms ridges and furrows for planting yam and other tuber
crops, and channels surface water in rainy-season cultivation to reduce waterlogging. Ridges in
Nigerian agriculture are typically 30 to 40 cm high and spaced 90 to 100 cm apart.

Fill in the blank: The PTO-driven implement that pulverises soil in one‘pass using L-shaped

rotating tines is the rotary or rotavator.
3.1.3 Tillage systems and their effects on soil

Tillage systems range from full inversion to zero tillage. Conventional tillage involves deep
primary tillage (mouldboard or disc plough) followed by one or more secondary tillage passes,
leaving a bare, finely prepared seedbed. It maximises crop establishment conditions but increases
erosion risk, fuel consumption, and soil structural damage from repeated machinery passes.
Minimum tillage reduces the number of passes, retaining some surface residues to reduce
erosion and improve water infiltration. Zero tillage (no-till) avoids soil disturbance entirely;
seeds are planted directly into undisturbed soil using a specialised no-till planter that cuts
through surface residues. It best conserves soil structure and moisture but requires effective weed

control.

In.Nigerian conditions, repeated conventional tillage with heavy machinery causes soil
compaction, formation of a plough pan (a dense layer at the base of the plough depth), and
accelerated erosion on sloping land. The choice of tillage system must balance the needs of crop
establishment with long-term soil health. Conservation tillage approaches (minimum and zero
tillage) are increasingly recommended for Nigerian farmers, particularly on erosion-prone soils,
reducing fuel costs by 30 to 50 percent compared to full conventional tillage.

F)
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Fill in the blank: A dense compacted layer that forms at the base of the ploughing depth as a

result of repeated conventional tillage is called a plough
Pilot questions 3.1

1. Compare the mouldboard plough and the disc plough in terms of soil action and

suitability for Nigerian conditions.
2. Describe the rotary tiller and explain why it is popular for vegetable seedbed preparation.
3. What is a ridger and what crops is it most commonly used for in Nigeria?
4. Distinguish between conventional tillage and zero tillage and state one advantage of each.

5. Explain what a plough pan is and describe how it forms.

3.2 Planting, Fertilising, and Crop Protection Machinery

3.2.1 Seeders and planters

Planting machinery ensures accurate seed placement at the correct depth and spacing to optimise
germination and stand establishment. Broadcast seeders (including centrifugal spreaders)
distribute seed over the soil surface without furrow placement, used for small-seeded cover
crops, pasture grasses, and broadcast fertiliser. Accuracy of seed distribution is limited. Seed
drills open shallow furrows, meter seed at a set rate, place it at uniform depth, and cover it with
soil; they provide much better germination rates than broadcasting. Seed drills are used for

cereals (maize, sorghum, wheat) and legumes (soyabean, groundnut).

Precision planters place individual seeds at precise in-row spacings using a cell wheel, finger,
or vacuum metering mechanism; they are used for maize, sorghum, cotton, and vegetables where
exact plant populations are critical. Each row unit has a seed metering mechanism, a furrow
opener, a seed tube, and press wheels to firm the soil around the seed. Correct calibration of the
seed plate to match seed size and target plant population is essential: too high a plant density
reduces individual plant yield; too low a density wastes land and light.

)
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Fill in the blank: A planter places individual seeds at precise in-row spacings using a
cell wheel or vacuum metering mechanism, used for crops where exact plant populations are

critical.
3.2.2 Fertiliser applicators and irrigation equipment

Fertiliser applicators distribute solid or liquid fertilisers at correct rates and placement:
Centrifugal (spinner) spreaders broadcast granular fertiliser over a wide swath (10 to 24 m)
using one or two spinning discs, suitable for basal and topdress applications of compound
fertilisers. Pneumatic spreaders convey granular fertiliser through hoses to multiple outlets for
accurate placement in drilling operations. Liquid fertiliser injectors apply liquid nitrogen (UAN
solution) directly into the soil in bands, reducing volatilisation losses. Band placement of starter

fertilisers by planters places fertiliser close to the seed row for efficient early uptake.

Irrigation equipment ranges from surface furrow and basin systems (gravity-fed, low-cost) to
sprinkler systems (overhead pipes or travelling raingun systems that apply water as artificial
rain) and drip irrigation (low-pressure emitters delivering water directly to the root zone). Drip
irrigation achieves the highest water use efficiency (85 to 95 percent) and is well suited to high-
value vegetable production in dry-season Nigerian agriculture, reducing water use by 40 to 60
percent compared to surface methods. The pump, main line, laterals, emitters, and filters form

the key components of @ drip system.

Fill in the blank: Drip irrigation delivers water directly to the root zone through low-pressure
, achieving'water use efficiency of 85 to 95 percent.

3.2:3 Sprayers and crop protection equipment

Sprayers apply pesticides (herbicides, insecticides, and fungicides) as liquid droplets to crops or
soil. The main types are: knapsack sprayers (hand-operated or motorised, 15 to 20 litre tank,
carried on the operator's back), the most common type among Nigerian smallholders; hand-
boom sprayers (tractor-mounted, 200 to 600 litre tanks, 8 to 18 m boom width), for field crop

pesticide and herbicide application at commercial scale; and mistblowers (motorised air-blast
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sprayers), which project fine droplets using a high-velocity air stream for orchard and plantation

crop protection.

Sprayer calibration is critical for effective crop protection at minimum cost and environmental

impact. Calibration sets the correct spray volume (litres per hectare) by adjusting forward speed,

nozzle pressure, and nozzle type. Incorrect calibration leads to under-dosing (poor pest control)

or over-dosing (phytotoxicity, environmental contamination, and wasted chemical). Operators

must wear PPE (gloves, face shield, chemical-resistant apron, and boots) when'handling and

applying all pesticides. Spray equipment must be triple-rinsed and properly decontaminated after

each use.

Fill in the blank: The most common crop protection sprayer.among Nigerian smallholder

farmers, carried on the back and holding 15 to 20 litres, is the sprayer.
Spraver Tank Application | Main Crop Power PPE
Type Capacity Method Source Requirement
Knapsack | 15-20 L Manual Vegetables, | Human Gloves,
Sprayer pumping, maize, rice power goggles, face
hand-held (manual) mask,
nozzle protective
clothing
Tractor 200-600 L | Wide boom Cereals, Tractor PTO | Full PPE:
Boom (mounted) spray across | cotton, large | (mechanical | coveralls,
Sprayer ' | or>1000L | rows plantations power) gloves, goggles,
(trailed) respirator
Mistblower | 10-20 L Motorized Cocoa, oil Small petrol | Gloves,
mist spray, palm, engine goggles, face
carried on orchards (motorized) | mask, ear
back protection

Table 3.1: Types of sprayers used in Nigerian agriculture

Pilot questions 3.2

-
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1. Distinguish between a broadcast seeder and a precision planter and state the crops suited

to each.
2. Explain why correct calibration of a planter seed plate is important for crop yield.

3. Compare centrifugal fertiliser spreaders and band placement applicators in terms of

application method and efficiency.

4. Describe drip irrigation and explain its water-use efficiency advantage over surface

irrigation.

5. State four PPE items required when operating a knapsack sprayer.

3.3 Harvesting and Post-Harvest Machinery

3.3.1 Harvesting machinery: reapers, combine harvesters, and diggers

Harvesting machinery cuts, gathers, and collects mature crops. The reaper cuts standing grain
crops (rice, sorghum, wheat) and lays them in a swath for field drying before threshing; it is
simple, low-cost, and widely used in smallholder rice farming. The combine harvester performs
cutting, threshing, separating, cleaning, and.grain collection in a single continuous pass. It
consists of a header (cutter bar and reel), a threshing cylinder and concave (impact and friction
threshing), a straw walkers (separating grain from straw), a cleaning shoe (air fan and sieves
removing chaff), and a grain tank with unloading auger. Combine harvesters are used for rice,

maize, sorghum,Soyabean, and wheat.

Root crop harvesters include the cassava harvester (which loosens and lifts cassava roots using
subsoil tines), the groundnut digger-shaker (which lifts groundnut plants and shakes soil from
the pods before windrow laying), and the yam minisett planter/harvester adapted for Nigerian
yam systems. Harvesting is the most time-critical operation in the farming calendar: delayed
harvest of cereals causes shattering losses, while delayed root crop harvest leads to deterioration.
Mechanised harvesting reduces harvest losses, cuts labour requirement by 60 to 80 percent, and
enables rapid turnaround for a second crop.
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Fill in the blank: The component of a combine harvester that cuts standing grain and feeds it

into the machine is the
3.3.2 Threshing, shelling, and milling equipment

Threshing separates grain from the ear, head, or pod after harvesting. Stationary threshers are
powered by a diesel engine or PTO and are widely used in Nigerian rice and maize farming at
community or cooperative level. A rice thresher uses an axial-flow drum with pegs or wire loops
to strip grain from the panicle; the grain falls through a concave screen while straw is ejected.
Maize shellers strip kernels from cobs using rotating shelling discs or rubber rollers; they range
from hand-operated units (300 to 500 kg/hour) to engine-powered units (1,000 to 3,000 kg/hour).

Milling equipment processes harvested grain into flour, meal, orfeed. Hammer mills use high-
speed rotating hammers to crush grain against a perforated screen-and are the most common
milling machines in rural Nigeria for maize and sorghum; they are robust and can grind a range
of materials. Plate mills (disc mills) use two metal plates, one fixed and one rotating, to grind
grain between the plates; they produce finer flour than hammer mills and are used for cassava
and cowpea grinding. Rice hullers (huskers) remove the husk from paddy rice using rubber

rollers or an abrasive stone; polishers then remave the bran to produce white rice.

Fill in the blank: A mill uses high-speed rotating hammers to crush grain against a

perforated screen and is the mast.common milling machine in rural Nigeria.
3.3.3 Drying, storage, and transport equipment

Post-harvest drying reduces grain moisture content to safe storage levels (13 percent or below for
maize and sorghum, 14 percent for rice and soyabean) to prevent mould growth and mycotoxin
contamination. Sun drying on raised platforms or tarpaulins is low-cost but weather-dependent
and exposes grain to contamination and pest attack. Mechanical dryers (batch or continuous-
flow type) use heated air to dry grain at a controlled temperature (40 to 60 degrees Celsius for
grain) in a fraction of the time required for sun drying. Flat-bed batch dryers are simple and well-

suited to smallholder cooperatives in Nigeria.

-
Haa)
AGE la-NET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER

INSTITUTION STUDENTS



Storage structures range from traditional cribs (air-ventilated, low-cost) to metal silos and
reinforced concrete warehouses with fumigation systems. Metal hermetic silos (airtight storage
bags or rigid silos) deny stored product pests the oxygen they need to survive, providing
effective grain protection at low cost without chemicals. Transportation of farm produce uses
tractors with trailers (for short farm-to-market distances), lorries, and three-wheeled motorcycle
cargo vehicles (keke cargo) widely used in peri-urban areas. Postharvest losses of 20 to 40
percent in Nigeria are primarily caused by inadequate drying and poor storage, making post-

harvest mechanization a high-priority investment.

Fill in the blank: The safe moisture content for storage of maize and sorghum is percent
or below to prevent mould growth.

RICE POST-HARVEST CHAIN: PROCESS, EQUIPMENT, AND ESTIMATED LOSSES

( HARVESTING Bs)> THRESHING B> DRYING ==)b> MILLING ®sj> STORAGE =mp> TRANSPORT |
Al | |8 || =
Equipment: » Equipment: » Equipment: » Equipment: » Equipment: » Equipment:

Combine Harvester / Mechanical Thresher Mechanical Dryer / Modern Rice Mill / Controlled Silos / Trucks / Bulk
Manual cutting Manual beating Sun Drying Traditional Mill Warehouse Storage Carriers / Boats

Estimated Losses: Estimated Losses: Estimated g.osses: Estimated Losses: Estimated Losses: Estimated Losses:

3-8% 2-6% 1'? 0 2-7% 3-10% 1-3%
(shattering, (grain unseparated, (over- 9"'39' (breakage, bran (insects, rodents, (spillage, physical
lodging, cutting) grain damage) HIEVELerying; removal, spillage) mold, moisture) damage, handling)
birds/rodents L
\ )\ /. J / J .

CRITICAL LOSS POINTS

Combine harvester/

¢/ Manual cutting)
/

CRITICAL LOSS POINTS

(grain unseparated,
grain damage)

CRITICAL LOSS POINTS

(over-drying,
uneven drying) removal, spillage)

CRITICAL LOSS POINTS CRITICAL LOSS POINTS

(insects, rodents,
mold, moisture)

CRITICAL LOSS POINTS

(breakage, bran (spillage, physical

damage, handling)

- [ I 7 l

(T e 12-30% 1-5% 2-7% 3-10% 1-3%

Figure 3.2: Post-harvest chain for rice showing operations, equipment, and loss points
Pilot questions 3.3

1. Describe the main components and functions of a combine harvester.

2. Distinguish between a reaper and a combine harvester in terms of operations performed.
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3. Compare the hammer mill and the plate mill for grain processing in Nigeria.

4. Why is post-harvest drying critical and what is the safe storage moisture content for

maize?

5. Describe two types of storage structures appropriate for smallholder grain storage in

Nigeria.

3.4 The Farm Tractor: Systems and Mechanics
3.4.1 Tractor types, classification, and major systems

Farm tractors are classified by number of wheels (two-wheel or four-wheel), drive
configuration (two-wheel drive (2WD), four-wheel drive (4WD), or front-wheel assist (FWA)),
engine power (small: below 37 kW; medium: 37 to 75 kW; large: above 75 kW), and special
type (row-crop, orchard, vineyard, articulated). Two-wheel (walking) tractors (15 to 22 kW) are
widely used on smallholder farms in Nigeria for rotary tilling, threshing, and water pumping.
Four-wheel tractors (37 to 75 kW range) are the standard for mechanised commercial farming in

Nigeria.

The major systems of a four-wheel farm tractor are: the engine system (diesel engine, air cleaner,
fuel system, cooling system, lubrication system); the power transmission system (clutch,
gearbox, differential, final drive); the steering system (manual, power-assisted, or fully
hydraulic); the braking system (disc or drum brakes, with independent left and right brakes); the
hydraulic system (pump, control valve, cylinder, and three-point linkage); the electrical system
(battery, alternator, starter motor, lights); and the operator station (seat, controls, instruments,
and ROPS frame for safety).

Fill.in the blank: A tractor with power delivered to all four wheels is classified as drive.

3.4.2 Tractor transmission, steering, and braking systems
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The tractor transmission transfers engine torque to the drive wheels through a sequence of
components. The clutch disconnects the engine from the transmission for gear changes and
implement engagement; most modern tractors have a separate live (independent) PTO clutch.
The gearbox provides multiple speed-torque combinations to match tractor speed to field
conditions: sliding mesh or synchromesh designs give 8 to 20 forward speeds on modern
tractors. The differential allows the left and right rear wheels to rotate at different speeds when
turning, preventing tyre scuffing; a differential lock forces both wheels to rotate together for
maximum traction on slippery surfaces. The final drive uses large-ratio reduction gears at each

rear wheel to multiply torque further for the high-pull, low-speed demands of field work.

Tractor steering rotates the front wheels using a steering wheel connected via a steering column,
either directly (manual) or through a hydraulic power-steering unit that reduces operator effort
significantly at slow field speeds. Independent rear brakes on the two rear wheels allow the
operator to brake one wheel at a time, which assists turning in headlands: braking the inside rear
wheel causes a tighter turn than is possible with the steering wheel alone. The brakes are also
used together as a conventional braking system for read transport and emergency stops. A

handbrake (parking brake) locks the transmission for parking on slopes.

Fill in the blank: The lock is engaged to force both rear wheels to rotate at the same

speed, maximising traction on slippery or muddy surfaces.
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POWER FLOW DIAGRAM: FARM TRACTOR TRANSMISSION
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Figure 3.3: Power flow diagram through the farm tractor transmission system
3.4.3 Hitches, hitch systems, and implement control

Hitch systems connect implements to the tractor. The three-point linkage (3PL) is the universal
standard hitch for mounted implements, consisting of two lower draft links and one top link
attached to the tractor's rear hydraulic lift. ASABE (formerly ASAE) classifies 3PL into
categories by hitch pin diameter and maximum lift capacity: Category 0 (horticultural, small
tractors below 15kW); Category 1 (small tractors 15 to 37 kW, 22 mm pin); Category 2
(medium tractors 37 to 75 kW, 28 mm pin); and Category 3 (large tractors above 75 kW, 37 mm
pin). Using a mismatched category risks damage to either the tractor linkage or the implement.

The drawbar hitch is a simple clevis connection at a fixed or swinging drawbar point, used for
trailed implements such as trailers, disc ploughs, and subsoilers that require the implement to
support its own weight. The swinging drawbar allows lateral movement and is used for
implements that must follow crop rows. Tractor draft control senses the resistance load on the

lower links and automatically adjusts implement depth to maintain constant draught force,

-
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preventing wheel slip and engine overloading. Position control holds the implement at a set
height regardless of soil resistance, used for surface working implements such as rotary tillers

and mowers.

Fill in the blank: Category 2 three-point linkage, used on medium tractors of 37 to 75 kW, uses a

hitch pin diameter of __ millimetres.
Category Tractor Power Hitch Pin Example Implement
Range Diameter

Category | <20 hp 16 mm Small garden tiller, light
0 cultivator

Category | 20-45 hp 22 mm Rotary mower, small plough
1

Category | 40-100 hp 28 mm Disc harrow, medium planter
2

Category | 80-225 hp 37'mm Large cultivator, heavy-duty
3 plough

Box 3.1: ASABE three-point linkage categories and specifications
Pilot questions 3.4

1. Classifyfarm tractors by drive configuration and state one advantage of four-wheel drive

over two-wheel drive.

2./ Describe the function of the differential in the tractor drivetrain and explain when the

differential lock is used.
3. Explain how independent rear brakes assist the tractor operator during headland turns.

4. Describe the three-point linkage and state the ASABE category appropriate for a 50 kW

tractor.

5. Distinguish between draft control and position control on a tractor hydraulic system.\
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Series Summary

This Series has provided a systematic overview of the farm machinery used across the
agricultural production chain in Nigeria, followed by a detailed examination of the farm tractor
as the central power unit of mechanised agriculture. We began with tillage machinery,
comparing the mouldboard, disc, and chisel ploughs for primary tillage and describing the disc
harrow, rotary tiller, row-crop cultivator, and ridger for secondary tillage, together with the

effects of conventional, minimum, and zero tillage systems on soil health.

We then described planting and fertilising machinery (broadcastseeders, seed drills, precision
planters, centrifugal spreaders, drip irrigation) and crop protection equipment (knapsack, boom,
and mistblower sprayers). The harvesting section covered reapers, combine harvesters, root crop
harvesters, stationary threshers, maize shellers, hammer mills, and post-harvest drying and
storage systems. The Series concluded with the farm tractor: its classification, major systems,
transmission (clutch, gearbox, differential, final drive), steering and independent brakes, and the
three-point linkage hitch system with its ASABE categories. This knowledge enables informed
selection, use, and management of the full range of farm machinery in Nigerian agricultural

practice.

Glossary of Terms
o Chisel plough: A primary tillage implement using narrow curved tines to break subsoil at
30 to 50 cm depth without inverting the surface, preserving residues and reducing

erosion.

o Combine harvester: A self-propelled machine that performs cutting, threshing,

separating, cleaning, and grain collection in a single continuous field operation.

o Differential: A gear mechanism in the tractor rear axle that allows the left and right drive
wheels to rotate at different speeds when turning, preventing tyre scuffing on firm

ground.
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Differential lock: A mechanism that forces both rear drive wheels to rotate at the same

speed, bypassing the differential to maximise traction on slippery or soft soil.

Disc harrow: A secondary tillage implement with gangs of concave discs that break

clods and level the seedbed to a depth of 5 to 15 cm after primary tillage.

Disc plough: A primary tillage implement using concave discs mounted at an angle to cut
and turn soil, preferred in Nigerian conditions for its ability to handle hard, dry soils and

crop residues.

Draft control: A tractor hydraulic control mode that automatically adjusts implement
working depth to maintain a constant resistance force on the lower links, preventing

wheel slip.

Drip irrigation: A micro-irrigation method delivering water directly to the root zone

through low-pressure emitters at 85.to 95 percent application efficiency.

Final drive: The last stage of tractor transmission, using large-ratio reduction gears at

each rear wheel to multiply torque for high-pull, low-speed field operations.

Hammer mill: A high-speed grain milling machine that uses rotating hammers to crush
grain against a perforated screen, widely used in rural Nigeria for maize and sorghum

milling.

Mouldboard plough: A primary tillage implement that cuts, lifts, and inverts a soil

furrow to bury surface residues and expose fresh soil for seedbed preparation.

Precision planter: A seeding machine that places individual seeds at exact in-row

spacings using a cell wheel, finger, or vacuum metering mechanism.

Rotary tiller (rotavator): A PTO-driven implement with L-shaped tines on a rotating
shaft that pulverises soil to a fine tilth in a single pass, combining primary and secondary

tillage.

Three-point linkage (3PL): The universal standard hitch system for mounted
implements, consisting of two lower draft links and one top link connected to the tractor's

rear hydraulic lift.
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o Zero tillage (no-till): A tillage system in which seeds are planted directly into
undisturbed soil without any prior soil cultivation, using a specialised planter that cuts

through surface residues.

Concept Check Questions [Series 3]

Objective Questions

1. Define a disc plough. (Linked to SLO 3.1)

2. Which combine harvester component separates threshed grain from straw after the
threshing cylinder? a) Header b) Cleaning shoe c) Straw walkers d) Grain tank (Linked to
SLO 3.5)

3. Category 2 three-point linkage is used on tractors in the power range: a) Below 15 kW b)
15 to 37 kW ¢) 37 to 75 kW d) Above 75 kW (Linked to SLO 3.10)

4. The tractor mechanism that allows both rear wheels to be forced to rotate at the same

speed on slippery ground is the differential . (Linked to SLO 3.8)
5. The safe storage moisture content for maize and sorghum is percent or below.
(Linked to SLO-3.6)
Short Answer Questions
o Distinguish between the mouldboard plough and the disc plough in terms of soil action
and suitability for Nigerian conditions. (Linked to SLO 3.1)
o Explain the function of draft control on a tractor hydraulic system. (Linked to SLO 3.9)

e Describe the main components of a combine harvester and the function of each. (Linked

to SLO 3.5)

o Compare conventional tillage and zero tillage in terms of soil disturbance, erosion risk,

and fuel consumption. (Linked to SLO 3.2)
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o Explain why post-harvest losses in Nigeria are high and state two machinery investments

that would reduce them. (Linked to SLO 3.6)
Long Answer Questions

1. Describe the primary and secondary tillage implements used in Nigerian mechanised
agriculture, explain the tillage systems in which they are used, and evaluate the effects of

these systems on soil health and farm economics. (Linked to SLO 3.1, SLO 3.2)

2. Describe the planting, fertilising, and crop protection machinery available to Nigerian
farmers, evaluating the advantages of precision planting and drip irrigation over less

precise alternatives. (Linked to SLO 3.3, SLO 3.4)

3. Describe the major systems of a four-wheel farm tractor, explaining the function of each
system in the transmission of engine power to field work, and describe the hitch systems
used to connect implements to the tractor. (Linked to SLO 3.7, SLO 3.8, SLO 3.9, SLO
3.10)

Answers to Concept Check Questions [Series 3]

Objective Questions

6. A disc plough is a primary tillage implement that uses concave steel discs mounted at an
angle to cut; lift, and partially invert the soil; it is preferred in Nigeria for its ability to

work in hard, dry soils and handle heavy crop residues.
7. Correct answer: c¢) Straw walkers.
8. Correct answer: c¢) 37 to 75 kW.
9. Lock.

10. 13 percent.

Short Answer Questions

-
Haa)
AGE la-NET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER

INSTITUTION STUDENTS



11. Mouldboard plough: cuts, lifts, and fully inverts the soil furrow, burying all surface
residues; best for initial land breaking and weed incorporation but leaves large clods.
Disc plough: cuts and partially turns soil using concave discs without full inversion;
preferred in Nigeria because its rolling disc action handles hard, dry soils and trash better

than the sliding mouldboard, reducing jamming and requiring less downtime for cleaning.

12. Draft control is a tractor hydraulic mode that continuously senses the resistance force
(draught) on the lower links as the implement works through the soil. When draught
increases (implement hits harder ground or goes deeper), the hydraulic system
automatically raises the implement slightly to maintain constant draught force. When
draught decreases (softer ground or implement rising), it lowers the implement. This

prevents wheel spin and engine overloading while maintaining consistent tillage depth.

13. Header: cutter bar and reel cut and gather the standing crop into the machine. Threshing
cylinder and concave: beat and rub the crop to separate grain from the ear or head. Straw
walkers: oscillating racks that convey straw rearward while allowing residual grain to fall
through. Cleaning shoe: air fan and sieves remove chaff from the grain. Grain tank with

auger: collects and stores clean grain until unloaded into a trailer.

14. Conventional tillage: full soil inversion (mouldboard or disc plough) plus secondary
tillage; bare seedbed with high erosion risk especially on sloping land; high fuel
consumption (60 to 80 litres per hectare). Zero tillage: no soil disturbance; seeds planted
directly through residue cover; greatly reduced erosion and runoff; fuel saving of 30 to 50
percent; requires effective weed management to compensate for the absence of

mechanical weed control.

15. High post-harvest losses (20 to 40 percent) result from inadequate drying (grain too moist
at storage causes mould and mycotoxin), poor storage structures (pests, humidity,
rodents), and delays between harvest and processing. Two machinery investments that
reduce losses: mechanical flat-bed dryers (reduce drying time and eliminate weather
dependence); metal hermetic silos (airtight storage that eliminates stored grain pest

infestation without chemical fumigation).

Long Answer Questions

-
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1. Basic response: Primary tillage: mouldboard plough (full inversion), disc plough (partial
inversion, Nigerian favourite for robustness), chisel plough (subsoil loosening without
inversion). Secondary tillage: disc harrow (clod breaking and levelling), rotary tiller (fine
seedbed in one pass), row-crop cultivator (inter-row weeding), ridger (yam and tuber
crops). Tillage systems: conventional (full inversion, high erosion), minimum (fewer

passes, some residue), zero tillage (no inversion, direct seeding).

2. Value-added response: The plough pan that forms under conventional tillage restricts root
depth and water infiltration over time, reducing yield potential even as surface soil
appears well prepared. In Nigeria's highly erodible Ultisols and Oxisols, repeated disc
ploughing on slopes accelerates topsoil loss to the point where productivity declines
within 5 to 10 years. Conservation tillage increases so1l organic matter, reduces run-off,
and cuts fuel costs by 30 to 50 percent. The main practical barrier to zero tillage adoption
in Nigeria is the lack of affordable no-till planters and herbicide supply chains; minimum
tillage with a single chisel plough pass is a more immediately attainable intermediate

step.

3. Basic response: Precision planters place individual seeds at exact spacings, optimising
plant population and reducing seed waste versus broadcast. Drip irrigation achieves 85 to
95 percent water use efficiency versus 40 to 60 percent for surface methods. Centrifugal
spreaders broadcast fertiliser; band placement is more efficient. Knapsack, boom, and
mistblower sprayers differ.in scale and application method; calibration of spray volume is

critical for all types.

4. Value-added response: Precision planting's economic advantage is greatest for expensive
seed varieties (certified maize hybrids), where the cost of over-seeding is high and
uniform plant populations directly boost yield. Drip irrigation's economic advantage is
greatest for dry-season high-value vegetables and fruits where water scarcity is a binding
constraint; the capital cost is recovered through yield increases and water savings within
one to two seasons for vegetable crops. Sprayer calibration is a non-obvious but critical
management practice: a recent survey in Kano State found that 60 percent of knapsack
sprayers were applying 2 to 3 times the target herbicide dose due to incorrect nozzle

pressure, wasting money and risking crop damage.
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5. Basic response: Tractor systems: engine (diesel ICE), transmission (clutch, gearbox,
differential, final drive), steering, brakes (independent rear brakes), hydraulics (pump,
control valve, 3PL), electrical, and operator station. Transmission path: engine to clutch
to gearbox to differential to final drive to rear wheels. Independent brakes assist headland
turns by braking the inside wheel for a tighter radius. 3PL categories 0 to 3 by power

range and pin diameter.

6. Value-added response: The independent PTO clutch on modern tractors allows the PTO-
driven implement (mower, baler) to continue operating while the tractor's ground drive is
momentarily disconnected for gear change, preventing bunching or inconsistent
operation. The differential lock is essential in wet conditions but must be disengaged
before steering, as locking both wheels prevents the speed difference needed for turning.
Draft control is the most important hydraulic setting forploughing: it maintains
consistent depth and prevents the wheel spin that occurs when the plough hits a hard
patch and the engine tries to maintain forward speed at constant throttle. A tractor
operator who understands these interactions can achieve 15 to 25 percent higher field

efficiency than one who operates.the machine as a black box.

Answers to Pilot Questions [Series 3]

Part 3.1: Tillage Machinery

6. Mouldboard plough: cuts, lifts, and fully inverts the soil furrow, completely burying
surface residues. Best for initial land breaking on vegetated or weedy land. Less suited to
dry, hard soils or soils with heavy trash, where it clogs and requires frequent cleaning.
Disc plough: cuts and partially turns soil using rotating concave discs without full
inversion. Better suited to Nigerian conditions because rolling discs self-clean in hard,
cloddy soils and handle crop residues without jamming, requiring less maintenance

downtime.
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7. The rotary tiller is a PTO-driven implement with L-shaped tines mounted on a rotating
horizontal shaft. As the shaft spins at high speed, the tines cut, lift, and pulverise the soil
to produce a fine, friable tilth in a single pass. It is popular for vegetable seedbed
preparation because vegetables require a very fine, loose seedbed for good germination
and root development, and the rotary tiller achieves this in one operation instead of the

two or three passes needed with plough and harrow.

8. Aridger is a tillage implement that forms ridges (raised mounds) and furrows in the field.
In Nigeria, ridgers are most commonly used for yam cultivation (yam sets are planted in
the ridge tops), cassava (for drainage and easy harvesting), and sweet potato. Ridges
channel surface runoff in the furrows, reducing waterlogging around thecrop roots and

facilitating drainage on flat land.

9. Conventional tillage: full soil inversion by ploughing followed by one or more secondary
tillage passes; advantage is excellent seedbed preparation and mechanical weed burial for
clean crop establishment. Zero tillage: no soil disturbance; seeds planted directly into
undisturbed soil through surface residues; advantage is greatly reduced erosion risk,

lower fuel cost (30 to 50 percent saving), and improved soil structure over time.

10. A plough pan is a dense, compacted soil layer that forms at the base of the tillage depth,
typically 15 to 25 cm below the surface. It forms because tillage implements repeatedly
work at the same depth, compacting the soil immediately beneath the working depth with
the pressure of the plough sole and the tractor wheel traffic in the furrow. The plough pan

restricts root penetration and water drainage below tillage depth, reducing crop yields.
Part 3.2: Planting, Fertilising, and Crop Protection Machinery

11. Broadcast seeders scatter seed over the soil surface without furrow placement, suitable
for small-seeded pasture grasses and cover crops where exact spacing is not critical.
Precision planters place individual seeds at exact in-row spacings using metering
mechanisms, suited to crops where plant population is critical for yield: maize, sorghum,
cotton, and vegetables, which are planted at specified populations per hectare and where

seed is expensive enough to justify careful placement.
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12. If the seed plate (metering disc) has the wrong cell size or too many cells per revolution,
seeds will be placed too close together or too far apart, resulting in over-dense or sparse
plant populations. Over-dense populations cause competition for light, water, and
nutrients, reducing individual plant yield and increasing lodging (crop falling over).
Sparse populations waste land area and reduce total crop yield per hectare. Correct

calibration ensures the target plant population specified for the variety is achieved.

13. Centrifugal spreaders broadcast granular fertiliser over a wide area (10 to 24 m swath)
using spinning discs; they are fast and suitable for topdress applications but cannot
achieve band placement. Band placement applicators place fertiliser in narcow bands
alongside or below the seed row using coulters or openers; band placement is more
efficient because fertiliser is concentrated near the roots where it istaken up quickly,

reducing losses to leaching and volatilisation compared to surface broadcast.

14. Drip irrigation delivers water from a pump‘through a main pipeline, laterals, and low-
pressure emitters (drippers) directly to the root zone of each plant, applying water slowly
and continuously at rates matching plant uptake. Water use efficiency is 85 to 95 percent
because water is applied only where it is needed (root zone) and at low pressure with no
spray drift or runoff. Surface irrigation methods apply water over the entire field surface,
with only 40 to 60 percent reaching the root zone; the rest is lost to runoff, deep

percolation beyond the roots, and evaporation.

15. Four PPE items required for knapsack sprayer operation: chemical-resistant gloves
(prevent skin absorption of pesticide); face shield or safety goggles (protect eyes from
spray drift and splash); chemical-resistant apron or overalls (prevent skin contact with

pesticide on clothing); rubber boots (prevent skin absorption through feet and lower legs).
Part 3.3: Harvesting and Post-Harvest Machinery

1./ Header: the front attachment with cutter bar and reel that cuts the standing crop and feeds
it into the machine. Threshing cylinder and concave: rotating drum with bars or pegs that
beat the crop against the fixed concave to separate grain. Straw walkers: oscillating racks

that carry straw rearward while residual grain falls through. Cleaning shoe: fan blows
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chaff from grain; sieves size-separate grain from pods and small debris. Grain tank with

unloading auger: stores clean grain and unloads it into trailers.

A reaper cuts the standing crop and lays it in a windrow or swath on the field for separate
drying and threshing operations; it performs only the cutting function. A combine
harvester integrates cutting, threshing, straw separation, grain cleaning, and grain
collection in one continuous self-propelled machine; it eliminates all subsequent field
operations after harvesting. The combine is more capital-intensive but reduces overall

harvest losses and labour requirements by 60 to 80 percent.

Hammer mill: uses high-speed rotating hammers to crush grain against a perforated
screen; produces coarser flour suitable for ugali (ogi), animal feed, and maize meal;
robust and suitable for a range of materials. Plate mill: uses two metal grinding plates to
mill grain between them; produces finer flour suitable for cassava, cowpea, and fine-
ground sorghum; more precise control of fineness by adjusting plate gap; quieter but less

versatile than hammer mill.

Post-harvest drying is critical because high-moisture grain (above 13 to 14 percent)
supports mould growth and the production of mycotoxins (such as aflatoxin) that
contaminate food and feed and are toxic to humans and animals. Stored grain insects also
thrive in moist conditions. The safe storage moisture content for maize and sorghum is 13

percent or below:

Traditional raised eribs: air-ventilated wooden or bamboo structures that keep grain off
the ground, allowing air circulation; low-cost, widely used, but offer limited protection
from pests and humidity. Metal hermetic silos (airtight bags or rigid metal silos): create
an oxygen-depleted environment inside that kills stored grain insects without chemicals;
suitable for maize, sorghum, and rice at smallholder cooperative scale; low operating cost

after initial purchase.

Part 3.4: The Farm Tractor: Systems and Mechanics

1.

-

Do)

By drive configuration: two-wheel drive (2WD, rear wheels only), front-wheel assist

(FWA, larger rear wheels with smaller front assist), and four-wheel drive (4WD, all four
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wheels powered). Advantage of 4WD over 2WD: 4WD delivers tractive effort through all
four wheels, increasing total traction force by 25 to 35 percent in field conditions,
reducing wheel slip, improving fuel efficiency under heavy draught loads, and enabling

operation in wetter soil conditions.

The differential is a gear mechanism that allows the left and right rear drive wheels to
rotate at different speeds when the tractor turns: the outside wheel (on the larger turning
circle) must travel faster than the inside wheel. Without the differential, both wheels
would be locked to the same shaft speed, causing the inner tyre to'scuff and skip on firm
ground. The differential lock is used when one wheel loses traction in mud.or a rut:
locking forces both wheels to the same speed, transferring power to the wheel with more

traction and preventing spinning.

At the end of each crop row (the headland), the tractor must make a tight U-turn. The
steering wheel alone cannot produce a tight enough turn radius on a large tractor.
Independent rear brakes allow the operator to press the brake pedal of the inside rear
wheel only, slowing that wheel while the outside wheel continues at speed. This causes
the tractor to pivot sharply around the braked wheel, achieving a turning radius much
smaller than steering alone allows, reducing the size of the headland (unworked turning

area).

The three-point linkage (3PL) consists of two lower draft links and one upper top link
connected to the tractor's rear hydraulic lift system. Implements are hitched by inserting
the lower link pins into the implement lower hitch points and the top link pin into the
implement top hitch bracket. The hydraulic system raises and lowers the implement for
transport and working positions. The appropriate ASABE category for a 50 kW tractor is
Category 2 (37 to 75 kW range, 28 mm hitch pin diameter).

Draft control: the tractor hydraulic system continuously senses the draught resistance
force on the lower links and automatically adjusts implement working depth to maintain a
constant preset resistance level; used for tillage implements (ploughs, cultivators) where
consistent depth is important and soil resistance varies. Position control: the hydraulic

system holds the implement at a fixed height set by the operator, regardless of soil
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resistance; used for surface implements such as rotary tillers, mowers, and sprayers where

a set cutting or working height above the ground is required.
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o Sub Part 4.4.3: Machinery selection and economic justification

Introduction

Owning farm machinery is only the beginning; operating it safely and efficiently and
maintaining it properly determines whether the investment delivers positive returns. Poor
operating practices waste fuel and damage equipment. Deferred maintenance-is the single largest
cause of premature machinery failure in Nigerian agriculture, where spare parts are expensive
and repair downtime during the short planting window can mean a lost season..Equally important
is the ability to evaluate whether a machine is economically justified given.the farm's size,
cropping calendar, and available capital.

This Series brings together the practical skills of machinery operation, maintenance, fault
diagnosis, and economic evaluation. We begin with pre-operation checks and safe operating
procedures for tractors and implements, including gear and throttle management for fuel
efficiency. We then cover preventive maintenance schedules, lubrication, and engine system
servicing. Fault diagnosis and corrective maintenance are examined next, followed by the
calculation of field efficiency and machinery costs and the principles of machinery selection and

economic justification.

Series Learning Outcomes
Upon completing this Series, you should be able to:

e SLO4.1 describe the pre-operation checks required before starting a tractor or farm

machine (Linked to Part 4.1),

e SLO 4.2 explain correct gear selection, throttle management, and implement adjustment

for efficient field operations (Linked to Part 4.1),
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e SLO 4.3 describe the principles and schedules of preventive maintenance for farm

machinery (Linked to Part 4.2),

e SLO 4.4 explain tractor lubrication, identifying the types of lubricants and main

lubrication points (Linked to Part 4.2),

e SLO 4.5 describe the maintenance procedures for the engine, fuel, and cooling systems

of a diesel tractor (Linked to Part 4.2),

e SLO 4.6 describe a systematic approach to fault diagnosis and identify common tractor

faults with their causes and remedies (Linked to Part 4.3),

e SLO 4.7 identify common implement faults and describe the inspection and replacement

of wear parts (Linked to Part 4.3),

o SLO 4.8 define theoretical field capacity, effective field capacity, and field efficiency,

and calculate each from given data (Linked to Part 4.4),

e SLO 4.9 classify machinery costs into fixed and variable categories and calculate total

ownership and operating costs (Linked to Part 4.4), and

e SLO4.10 apply machinery cost analysis to justify or reject a machinery investment

decision (Linked to Part 4.4).

4.1 Tractor/and Implement Operating Procedures

4.1.1/Pre-operation checks and safe start-up procedures

Pre-operation checks prevent unexpected failures and injuries. Before starting any tractor or self-
propelled machine, the operator should carry out the walk-around inspection: check engine oil
level on the dipstick; check coolant level in the radiator overflow tank; inspect the fuel level and
look under the machine for leaks; check tyre inflation and condition; verify that all guards and
shields are fitted and secure; inspect the three-point linkage and hitch pins for security; and
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check that the PTO shaft guard is in place if a driven implement is attached. Hydraulic fluid level

should be checked in the sight glass or with the dipstick provided.

Safe start-up procedure for a diesel tractor: sit in the operator seat with seat belt fastened; set the
gear lever to neutral; disengage the PTO; apply the parking brake; if equipped, activate the pre-
heat (glow plug) system for 15 to 20 seconds in cold conditions; turn the ignition key to the start
position and crank until the engine fires; allow the engine to warm up at low idle for 2 to 3
minutes before applying load; check all instrument gauges (oil pressure, water temperature,
battery charge) during warm-up and stop immediately if any warning light illuminates. Operators

must never start the engine from outside the cab or from the ground.

Fill in the blank: Before engaging any drive or load, a diesel tractor engine should be allowed to

warm up at low for 2 to 3 minutes after starting.
4.1.2 Field operating techniques: gear selection and throttle management

Correct gear selection matches tractor travel speed to the implement's design operating speed
while keeping engine speed in the range where it develops maximum torque and efficiency. For
most tillage operations, the optimal engine speed is 75 to 90 percent of rated speed (typically
1,800 to 2,100 rpm on a rated 2,200 rpm diesel). Operating at low throttle with a low gear
selected (lugging) causes excessive fuel consumption and engine wear. Operating at high engine
speed with a high gear (over-speeding) causes unnecessary wear and noise. The correct approach
is to select high gear, low throttle: use the highest gear in which the tractor can maintain steady
forward speed without engine lugging, then reduce throttle to bring engine speed to the most

efficient range.

PTO-driven implements should operate at the standard PTO speed (540 or 1,000 rpm) specified
for the.implement, which requires a specific engine speed set by the tractor's PTO speed ratio.
Operators should not attempt to save fuel by running the engine below the speed that delivers the
correct PTO speed, as this reduces implement performance. Headland turns should be made with
the implement raised, throttle reduced, and PTO disengaged where appropriate, to minimise soil

disturbance and component wear on the headland.
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Fill in the blank: The fuel-efficient field operating principle is to select the gear in which

the tractor can maintain speed without lugging, then reduce throttle.
4.1.3 Implement adjustment and field efficiency

Each tillage implement must be correctly adjusted before fieldwork. For a disc plough; the key
adjustments are: disc angle (angle of the disc to the direction of travel, typically 42 to 45
degrees, controlling the throwing and inverting action); tilt angle (angle of the disc axis from
vertical, controlling penetration depth and furrow cross-section); and depth wheel setting
(mechanical depth control). For row-crop implements, row spacing must be set to match the
planting row spacing of the standing crop. Seed drills and planters require calibration of the seed

metering mechanism to deliver the correct seed rate before entering the field.

Field efficiency is the ratio of the time spent doing productive fieldwork to the total time in the
field, expressed as a percentage. Non-productive time includes turns on headlands, refilling seed
or chemical tanks, adjusting the machine, and breakdowns. Typical field efficiencies are 70 to 85
percent for tillage implements, 60 to 75 percent for planters, and 60 to 70 percent for combine
harvesters. Field pattern selection (whether the operator ploughs in runs, circles, or a
boustrophedon pattern) also affects efficiency by determining the proportion of time spent on

headland turns.

Fill in the blank: Field efficiency is-the ratio of time spent in productive fieldwork to total field

time, and is typically t0 85 percent for tillage implements.
Category Routine Check

Engine Fluids | Check engine oil level, coolant level, hydraulic fluid level; top up if

necessary

Fuel System Inspect fuel level, check for leaks in fuel lines, ensure fuel tank cap is

secure

Tyres and Check tyre pressure, inspect for cuts or wear, tighten wheel nuts
Wheels

Safety Devices | Test brakes, clutch, lights, horn, seat belt, and fire extinguisher availability

F)
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Instruments | Verify functioning of gauges (oil pressure, temperature, fuel, tachometer),

ensure warning lights operate correctly

Box 4.1: Daily pre-operation check routine for a four-wheel tractor

Pilot questions 4.1

Describe the walk-around inspection a tractor operator should complete before starting

the engine.
o Explain the safe start-up procedure for a diesel tractor, step by step.

e Explain the principle of high gear, low throttle and state why operating at low gear, high

throttle is inefficient.
o Describe two adjustments that must be made to a disc plough before fieldwork.

o Define field efficiency and give a typical value for a tillage implement.

4.2 Preventive Maintenance of Farm Machinery

4.2.1 Principles and schedules of preventive maintenance

Preventive maintenance (PM) is a planned programme of inspections, adjustments, and
replacements carried out at defined intervals to prevent failures before they occur. It is organised
into daily (10-hour) checks: fluid levels, grease points, air cleaner pre-cleaner, drain
condensation from fuel filter bowl, and walk-around inspection; 50-hour checks: engine oil and
filter change for new engines during break-in period, transmission oil top-up check, battery
electrolyte level; 250-hour checks: engine oil and filter change (standard interval), fuel filter
replacement, greasing of all chassis points; 500-hour checks: air filter main element
replacement, hydraulic oil filter, transmission oil change; and 1,000-hour or annual checks:

coolant replacement, valve clearance adjustment, fan belt replacement, full service.

-
Haa)
AGE la-NET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER

INSTITUTION STUDENTS



The PM schedule is based on the manufacturer's service manual, which must be followed
precisely. In Nigeria's dusty conditions, air filter service intervals should be shortened by 30 to
50 percent compared to the manufacturer's standard recommendation. A maintenance log book
recording every service action, date, hours at service, parts used, and technician name is essential
for tracking compliance, identifying recurring problems, and maintaining the resale value and

warranty status of machinery.

Fill in the blank: In Nigeria's dusty operating conditions, air filter service intervals should be

shortened by to 50 percent compared to the manufacturer's standard recommendation.
4.2.2 Lubrication: oils, greases, and lubrication points

Lubrication reduces friction and wear between moving metal surfaces, removes heat from
bearings, and protects against corrosion. Engine oil must meet the viscosity (SAE grade) and
performance classification (API service category) specified for the engine: a diesel tractor in
Nigeria's hot climate typically uses SAE 15W-40 or 20W-50 CD/CE rated oil. Transmission
and hydraulic oil may be a combined STOU (Super Tractor Oil Universal) or UTTO (Universal
Tractor Transmission Qil) product specified for combined wet-clutch, gearbox, and hydraulic
system use in most modern tractors. Gear oils of higher viscosity (SAE 80W-90 or 90) are used
in axle final drives. Incorrect oil specification can cause clutch slippage, gear wear, or hydraulic

pump failure.

Grease is used-at all points that cannot be reached by circulating oil: tractor front axle pivot pin,
steering knuckles, wheel bearings, PTO shaft universal joints, three-point linkage pins, and
implement pivot points. NLGI grade 2 lithium-based grease is the standard multi-purpose type.
Grease nipples (zerks) are the injection points: a grease gun is pressed firmly onto the nipple and
pumped until fresh grease appears at the seal. Over-greasing can rupture seals; the correct
quantity.is stated in the service manual. A grease schedule chart posted in the workshop

identifies every lubrication point and its service interval.

Fill in the blank: The standard multi-purpose grease type used at tractor chassis lubrication
points is NLGI grade 2 grease.
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0 FRONT AXLE & STEERING

1. FRONT AXLE DIFFERENTIAL HOUSING
Drain, check & top up
e oil (e.g., specific
gear oll)
7

2. STEERING KNUCKLE
GREASE NIPPLES f\ R
(2-3 places per side)

Apply high-quality grease

4. ENGINE OIL
PAN (Sump)
Check level daily, drain &

refill at intervals with e.g,

correct grade diesel oil

6. TRANSMISSION/HYDRAULIC
HOUSING
Drain, check & top up clean oll
(e.g., combined transmission/
hydraulic fivid)

6. TRANSMISSION/HY~
HOUSING
Drain, check & top up
clean oil (e.g., combined

transmission/
hydraulic fluid)

5. ENGINE OIL FILTER ~ & TRANSHISSION/
(spin-on
Replace lter regularly
as part of maintenance

Drain, check & top ups
as part of maintenance

to all pivots (e.g., tie rod —
er?ds stgengng arm)
3. WHEEL HUB GREASE NIPPLES
(each front wheel)
Apply grease for wheel
bearings

re)msﬁuu\x:.ﬁs.I'Tosmu-'r

7. REAR AXLE DIFFERENTIAL
HOUSING

i a AN
7. REAR AXLE DIFFERENTIAL
HOUSING

- Check & drain specific
gear oil level

8. WHEEL HUB GREASE NIPPLES 9.

(each rear wheel)
- App!y grease for wheel '\
bearings

PTO (POWER TAKE-OFF)
SHAFT PIVOT
Apply grease for smooth rotation

(e.g., U-joint, support bearing) )

10. LIFT SHAFT PIVOT
(Hydraulie lift)
- Apply grease for smooth
operation

(eac side)
~ Grease Internal gears (e.q.,
with specific grease or light onl)

e 12 THREE-POINT LINKAGE &
PIVOTS (multiple : f

{)omts lower links, r\ X

\ op link, draft control) k

- Grease all linkage pwol

Figure 4.1: Lubrication points on a four-wheel farm tractor

4.2.3 Engine, fuel, and cooling system maintenance

polnts grease
mpples w
key legend included ’
oo

Engine maintenance centres on the air cleaner, fuel system, and oil system. The air cleaner pre-

cleaner (dust bowl.or centrifugal separator) is emptied daily; the foam or paper main element is

cleaned or replaced at the service interval. A clogged air cleaner reduces power and increases

fuel consumption by starving the engine of air. The fuel pre-filter (water separator bowl) is

drained daily to. remove condensation water, which causes injector corrosion. The main fuel filter

cartridge is replaced at the 250-hour service. After filter replacement, the fuel system must be

primed (bled of air) by hand-pumping the lift pump until fuel flows free of bubbles.

Cooling system maintenance prevents engine overheating, which is the second leading cause of

tractor engine failure after lubrication neglect in Nigeria. The radiator exterior fins must be

cleaned weekly by blowing compressed air from the engine side outward, as dust and chaff clog

the fins and reduce heat rejection capacity. The coolant level is checked daily in the overflow
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tank; coolant should contain the correct proportion of antifreeze/corrosion inhibitor even in
tropical conditions, as it protects the cooling system from corrosion and raises the boiling point.
The thermostat, which controls coolant flow to maintain correct operating temperature (80 to 95
degrees Celsius), must be tested and replaced at the 1,000-hour service.

Fill in the blank: The fuel pre-filter (water separator bowl) on a diesel tractor must be drained

to remove condensation water that can corrode injectors.

Pilot questions 4.2

State the four main preventive maintenance intervals and give one task carried out at each

interval.

o Explain what STOU (or UTTO) tractor oil is and why the wrong oil specification can

cause damage.
o Describe the correct procedure for greasing a tractor chassis lubrication point.

e Why is the air cleaner particularly important to maintain in Nigerian operating

conditions?

e Describe three maintenance tasks for the tractor cooling system.

4.3 Fault Diagnosis and Corrective Maintenance

4.3.1 Systematic fault diagnosis procedures

Systematic fault diagnosis follows a logical sequence rather than guessing and replacing parts at
random. The standard procedure is: 1. Gather information (ask the operator: when did the fault
start, what were the conditions, what changed recently?); 2. Observe the symptoms (look,
listen, smell, feel: what exactly is the machine doing or not doing?); 3. List possible causes (all
faults that could produce the observed symptoms); 4. Test from the most likely and least costly
cause first (use simple checks before dismantling); 5. Confirm the diagnosis (verify that the
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identified fault fully explains the symptoms); 6. Repair and test (correct the fault, reassemble,

and verify that the symptom has been eliminated before returning the machine to service).

Using this approach prevents the common mistake of replacing expensive components without
confirming they are at fault. For example, a diesel engine that does not start is often blamed on a
faulty injection pump, but the correct diagnosis sequence would first check for fuel in the tank,
fuel reaching the injection pump (open the bleed screws), fuel reaching the injectors, correct
compression (thumb test or compression gauge), and injector spray pattern, before concluding

the pump is at fault. Written fault diagnosis records support pattern recognition over time.

Fill in the blank: In systematic fault diagnosis, you should always test the mast and least

costly possible cause before proceeding to more complex and expensive checks.
4.3.2 Common tractor faults and their remedies

Common tractor engine faults include: engine will not start (check fuel supply, bleed air from
fuel system, check battery and starter, check compression); engine overheats (check coolant
level, clean radiator fins, check thermostat operation, check water pump belt tension and impeller
condition); excessive engine smoke (black smoke: over-fuelling or air starvation, check air
cleaner and injectors; blue smoke: burning oil, check valve seals and piston rings; white smoke:
unburnt fuel, check injector spray pattern and compression); loss of engine power (check air

cleaner restriction, fuel filter blockage, injector wear).

Common transmission and hydraulic faults include: tractor will not move in gear (check clutch
adjustment and engagement, check transmission oil level); hydraulic system will not lift
implements (check hydraulic oil level, check pump pressure, inspect for blocked filter); PTO
shaft does not rotate at correct speed (check engine speed and PTO engagement mechanism);
excessive wheel slip (check tyre inflation, add ballast weight to rear axle, lower implement

working depth, or select lower gear).

Fill in the blank: Black exhaust smoke from a diesel engine indicates over-fuelling or air

, and the air cleaner and injectors should be checked first.
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Fault

Most Likely Cause

Diagnostic Check

Remed

Engine fails to

Low battery charge,

Check battery

Recharge/replace battery,

overheating

blocked radiator

inspect radiator fins

start clogged fuel filter voltage, inspect fuel | clean/replace fuel filter
lines
Engine Low coolant, Check coolant level, | Top up coolant, flush

radiator, clean fins

Excessive engine

smoke

Poor fuel quality,

worn injectors

Observe smoke

color, test injectors

Use clean fuel,

service/replace injectors

Hydraulic system

Low hydraulic fluid,

Check fluid level,

Refill fluid, repair/replace

not lifting worn pump inspect pump hydraulic pump
pressure
Hydraulic Damaged seals or Inspect hoses, seals, | Replace faulty
leakage hoses and joints seals/hoses, tighten joints

Transmission

Worn clutch plates,

Check clutch

Replace clutch plates, top

points

slipping low transmission oil . | response, inspect oil | up transmission oil
level
PTO not Faulty PTO clutch, Test PTO lever, Adjust linkage,
engaging linkage inspect clutch repair/replace PTO clutch
misalignment mechanism
Unusual PTO" | Worn bearings, lack | Listen for grinding Lubricate bearings,
noise of lubrication sounds, check grease | replace worn components

Table4.1: Common. tractor faults, causes, and remedies

4.3.3 Implement faults, wear parts, and replacement schedules

Tillage implement wear parts require regular inspection and planned replacement to maintain

performance. Ploughshares and disc edges wear progressively in abrasive soils; a worn share

increases draught by 15 to 30 percent and reduces penetration. Shares should be measured

periodically: a mouldboard share worn beyond its minimum thickness specification (typically 6

mm at the cutting edge) must be replaced. Disc harrow blades develop scalloped, rounded edges
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Do)

AGE la-NET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER
INSTITUTION STUDENTS



ca://s/?q=Common_tractor_faults_in_Nigeria
ca://s/?q=Causes_of_common_tractor_faults
ca://s/?q=Diagnostic_checks_for_tractor_faults
ca://s/?q=Remedies_for_common_tractor_faults

after 50 to 100 hectares in sandy soils; they are replaced as a complete gang when more than 25

percent of the nominal disc diameter has been lost.

Combine harvester wear parts include the threshing cylinder bars (replaced when worn below
minimum thickness), concave wires (replaced when bent or broken), cleaning shoe sieves
(replaced when holes are blocked or enlarged), and cutter bar guards and sections (replaced when
chipped, worn, or missing). Sprayer nozzles wear gradually, increasing flow rate and droplet
size; nozzles are replaced when flow rate exceeds 10 percent above the nominal specification,
confirmed by a nozzle calibration check. Seed drill and planter metering discs, seed tubes, and
press wheels are inspected at the end of each season and replaced before the next planting
season. A spare parts inventory for the most frequently replaced wear items should be

maintained on the farm to avoid delays during the field season.

Fill in the blank: A worn ploughshare increases implement by 15 to 30 percent and
should be replaced when it falls below.the minimum thickness specification.

Pilot questions 4.3

1. List the six steps of systematic fault diagnosis in correct sequence.

2. Describe the diagnostic checks for a diesel engine that will not start.

3. Explain the meaning of black, blue, and white exhaust smoke from a diesel engine.

4. Describe two wear parts on a tillage implement and state when each should be replaced.

5. Why should sprayer nozzles be calibrated and replaced when necessary?

4.4 Field Efficiency and Economic Evaluation of Farm Machinery

4.4:1 Field efficiency: theoretical and effective field capacity

Theoretical field capacity (TFC) is the area a machine would cover per hour if it worked

continuously without stopping, calculated as:
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TFC = (working width in metres x forward speed in km/h) /10  (in hectares per hour)

Effective field capacity (EFC) is the actual area covered per hour in field conditions,
accounting for time lost to headland turns, refilling, adjustments, and minor breakdowns. EFC =
TFC x field efficiency (Ef), where Ef is expressed as a decimal. For example, a plough witha 2.4
m working width operating at 7 km/h has a TFC of 2.4 x 7/ 10 = 1.68 ha/h. If field efficiency is
80 percent, EFC = 1.68 x 0.80 = 1.34 ha/h.

Field efficiency (Ef) itself is calculated as the ratio of productive field time to total field time.
Factors reducing Ef include: small, irregular fields requiring frequent turning; long distances
between water or seed refill points; poor operator skill; and frequent adjustments or breakdowns.
Improving field efficiency by 10 percent (for example, from70 to 80 percent) increases the area
covered per day by the same percentage and reduces cost per hectare proportionally, making it

one of the highest-return management improvements available to mechanised farmers.

Fill in the blank: Effective field capacity equals theoretical field capacity multiplied by :

expressed as a decimal.
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_'ANALYSIS OF TOTAL FIELD TIME: TFC, EFC, AND FIELD EFFICIENCY
: START 1. TOTAL FIELD TIME (Total T)

Total available time
for field operations

Time lost to activities and delays (e.g.,
turning, refueling, adjustments, repalrs)

+ Description of parts:

+ Turning, adjusting

+ Turning, adjusting and
adjustments, repairs)

Actual time spent performing
_ useful work (e.g, planting, tilling)
-+ Description of parts:

+ Modern modens workin

+ Large meats:lang neat fields -4

\
Healthy, robust livestock

4. RELATIONSHIP: TFC, EFC, EFFICIENCY

(" TFC (Theoretical Field Capacity) A farmer in Shaki, Oyo, Nigeria, uses a modern tractor and planter for cassava.
Theoretical

|\
| (@) TOTALT= 10 Hours
huge width EFC
> Huge speed 1 FIELD EFFICIENCY =< x 100% Ll | S PRODUCTIVE Ty = 8 Hours

> 4 X Tou 3 D D) NON-PRODUCTIVE T, = 2 Hours _
EFC (Effective Field Capacity) FIELD EFFICIENCY (E-f) = == | | = < TFC=1.0 ha/hr Diverse g
Practical l &% exc - 08 hafhr seeds Jg o

Wi RN —
. e FIELD EFFICIENCY (E-f) = (376 /TFC) x 100% 22
\__Practical neat fields J FIELD EFFICIENCY (E-f) = (0.8/1.0) x 100% = 80% Cassava (Marketable)

[): Key legend explained at bottom 1. natural textures 3. traces on the progression 5. Key legend included

TOTAL FIELD TIME

Theoretical huge fields °

Figure 4.2: Relationship between TFC, EFC, and field efficiency with a worked example
4.4.2 Machinery costs: fixed, variable, and total costs

Machinery costs are divided into fixed (ownership) costs and variable (operating) costs. Fixed
costs occur regardless of how much the machine is used and include: depreciation (the annual
loss in machine value, calculated as (purchase price minus salvage value) / useful life in years);
interest on capital (the opportunity cost of money invested in the machine, estimated as annual
average machine value X interest rate); insurance and taxes (annual premium); and housing

(cost of shelter per year). Fixed costs are expressed per year and are independent of hours of use.

Variable (operating) costs increase with hours of use and include: fuel (litres per hour x fuel
price); lubricants and filters (typically 10 to 15 percent of fuel cost); repairs and maintenance
(estimated as a percentage of purchase price per year, typically 3 to 5 percent for tractors); and
tyres (annual tyre cost spread over use hours). Total cost per hour = (total annual fixed costs /
annual use hours) + variable cost per hour. Cost per hectare = total cost per hour / effective field
capacity (ha/h).

o
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Fill in the blank: The annual loss in machine value due to wear and obsolescence, calculated as

purchase price minus salvage value divided by useful life in years, is called
4.4.3 Machinery selection and economic justification

A machinery investment is economically justified when the cost of owning and operating the
machine is less than the cost of the alternative (hiring, manual labour, or not doing the
operation). The break-even area is the minimum annual area that must be covered for the
machine's cost per hectare to equal the hire cost per hectare. If annual use exceeds the break-even
area, ownership is cheaper than hiring; if it falls below, hiring is more economical. Break-even

area is calculated as:
Break-even area = Annual fixed costs / (Hire cost per ha'- Variable.cost per ha)

Key factors in machinery selection include: matching machine capacity to farm size and seasonal
workload; availability of spare parts and service support locally; compatibility with existing
tractor power (if tractor-mounted); operator skill and training requirements; and resale value at
the end of useful life. In Nigeria, the/lack of local dealer networks for many imported brands
means that machines with widely available spare parts (such as common tractor makes with
established dealer networks) should be preferred over lower-priced imports with poor after-sales

support, even if the initial price is higher.

Fill in the blank: The minimum area that must be covered annually for machine ownership to be

cheaper than hiringis calledthe  area.
Cost Item Category Annual Cost | Cost per Hour Cost per
™) N) Hectare (N)
Depreciation Fixed 1,200,000 6,000 12,000

Interest on Capital | Fixed 300,000 1,500 3,000
Insurance Fixed 150,000 750 1,500
Housing/Storage Fixed 100,000 500 1,000
Fuel Variable 800,000 4,000 8,000
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Lubricants Variable 120,000 600 1,200
Repairs & Variable 400,000 2,000 4,000
Maintenance
Tyres Variable 200,000 1,000 2,000
Total Cost Fixed + 3,270,000 16,350 32,700
Variable

Table 4.2: Worked example of tractor ownership and operating cost calculation

Pilot questions 4.4

1. Define theoretical field capacity and write the formula used to calculate it.

2. A tractor-mounted disc harrow has a working width of 3.0 m and operates at 8 km/h with

a field efficiency of 75 percent. Calculate its theoretical and effective field capacities.

3. Distinguish between fixed and variable machinery costs and give two examples of each.

4. Explain the break-even area concept and describe how it is used to decide between

machinery ownership and hiring.

5. State three factors that should be considered when selecting farm machinery for a

Nigerian commercial farm.

Series Summary

This Series has developed the practical skills of machinery operation, maintenance, fault

diagnaosis, and economic evaluation that are central to effective farm machinery management.

We began with tractor and implement operating procedures, covering the walk-around pre-

operation inspection, safe diesel start-up, the high gear, low throttle principle for fuel efficiency,

implement adjustment, and the concept of field efficiency. We then examined preventive

maintenance in detail, including the schedule of daily, 50-hour, 250-hour, 500-hour, and 1,000-
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hour service tasks, lubrication with the correct oil and grease types for each tractor system, and

maintenance of the engine, fuel, and cooling systems.

Fault diagnosis was addressed through the six-step systematic approach, illustrated with the most
common tractor and implement faults and their diagnostic checks and remedies. The Series
concluded with the quantitative tools of field efficiency calculation (TFC, EFC, and Ef) and
machinery cost analysis (fixed and variable costs, cost per hour, cost per hectare; and break-even
area), providing the economic framework for rational machinery investment and management

decisions in Nigerian agriculture.

Glossary of Terms
1. Break-even area: The minimum annual area that must be covered for machinery
ownership cost per hectare to equal the cost of hiring, below which hiring is more

economical.

2. Depreciation: The annual reduction in machinery value due to wear, obsolescence, and

age, calculated as purchase price minus salvage value divided by useful life in years.

3. Effective field capacity (EFC): The actual area a machine covers per hour in field

conditions,equal to theoretical field capacity multiplied by field efficiency.

4. Field efficiency (Ef): The ratio of time spent in productive fieldwork to total field time,
expressed as a percentage; reflects losses to headland turns, refilling, adjustments, and

breakdowns.

5. Fixed costs: Machinery ownership costs that occur regardless of use hours, including

depreciation, interest on capital, insurance, and housing.

6. Glow plug: An electric heating element in the pre-combustion chamber or cylinder of a
diesel engine that heats the air to assist cold starting by raising cylinder temperature

above the fuel auto-ignition point.
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7. High gear, low throttle: The fuel-efficient tractor operating principle of selecting the
highest gear that prevents engine lugging, then reducing throttle to bring engine speed to

the most efficient range.

8. NLGI grade 2 grease: A medium-consistency lithium-based multi-purpose grease used

at chassis lubrication points including tractor bearings, PTO shafts, and linkage pins.

9. Preventive maintenance (PM): A planned programme of inspections, adjustments, and
part replacements carried out at defined intervals to prevent machinery failures before

they occur.

10. STOU / UTTO oil: Super Tractor Oil Universal or Universal Tractor Transmission Oil: a
multi-functional lubricant used in the combined gearbox, wet-clutch, and hydraulic

system of modern farm tractors.

11. Theoretical field capacity (TFC): The area a machine would cover per hour if it worked
continuously without any stops, calculated as working width (m) multiplied by forward

speed (km/h) divided by 10.

12. Variable costs: Machinery operating costs that increase with hours of use, including fuel,

lubricants and filters, repairs and maintenance, and tyre wear.

13. Walk-around inspection: A systematic pre-operation check of a tractor or machine
covering fluidlevels, leaks, tyre condition, guards, and instrument functionality before

starting.

14. Water separator: A fuel pre-filter component that removes condensation water from
diesel fuel before it reaches the injection pump and injectors, preventing corrosion and

injector damage.

15. Wear parts: Implement components that are designed to be replaced after a defined
period of use or when worn beyond a minimum specification, such as ploughshares, disc

blades, and sprayer nozzles.

Concept Check Questions [Series 4]

-
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Objective Questions

1. Define field efficiency. (Linked to SLO 4.8)

2. Which type of machinery cost increases with hours of use? a) Depreciation b) Insurance

¢) Fuel cost d) Housing cost (Linked to SLO 4.9)

3. A tractor implement with 2.0 m working width operating at 6 km/h has a theoretical field
capacity of: a) 1.0 ha/h b) 1.2 ha/h ¢) 1.5 ha/h d) 2.0 ha/h (Linked to SLO 4.8)

4. The annual loss in machine value due to wear and obsolescence is called . (Linked
to SLO 4.9)
5. Black exhaust smoke from a diesel engine indicates over-fuelling or air , and the

air cleaner should be the first item checked. (Linked to SLO 4.6)
Short Answer Questions

e Describe the safe start-up procedure for a diesel tractor in five steps. (Linked to SLO 4.1)

» Explain the principle of high gear, low throttle and state why it saves fuel. (Linked to
SLO 4.2)

o State the preventive maintenance tasks that should be carried out every 250 hours on a

diesel tractor. (Linked to. SLO 4.3)

o List the six steps of systematic fault diagnosis. (Linked to SLO 4.6)

e A tractoris purchased for N8,000,000, has a salvage value of N1,500,000, and a useful
life of 10 years. Calculate its annual depreciation. (Linked to SLO 4.9)

Long Answer Questions

1. Describe the preventive maintenance programme for a 55 kW diesel tractor, covering the
daily, 250-hour, and 1,000-hour service tasks, the correct lubricants for each system, and
the maintenance of the engine, fuel, and cooling systems. (Linked to SLO 4.3, SLO 4.4,
SLO 4.5)

AGE la-NET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER
INSTITUTION STUDENTS



2. Describe the systematic approach to fault diagnosis, and use it to diagnose the likely
causes of and remedies for: (a) a diesel engine that produces black exhaust smoke, and
(b) a tractor hydraulic system that fails to lift a mounted plough. (Linked to SLO 4.6,
SLO 4.7)

3. A tractor-mounted maize planter has a working width of 3.6 m, operates at 7 km/h, and
achieves a field efficiency of 70 percent. The tractor costs N3,000 per hour to.own and
operate. Calculate the theoretical field capacity, effective field capacity, and cost per
hectare, and determine the break-even area if hiring the same work costs N 18,000 per
hectare and variable costs are N1,800 per hectare. (Linked to SLO 4.8, SLO 4.9, SLO
4.10)

Answers to Concept Check Questions [Series 4]

Objective Questions

6. Field efficiency is theratio of productive fieldwork time to total field time, expressed as a
percentage; it accounts for time lost to headland turns, refilling, adjustments, and minor

breakdowns.
7. Correct answer: ¢) Fuel cost.
8. Correct answer: b) 1.2 ha/h. TFC = (2.0 x 6) / 10 = 1.2 ha/h.
9. Depreciation.

10. Starvation.
Short Answer Questions

11. Safe start-up procedure: (1) Sit in the operator seat and fasten the seat belt. (2) Set gear
lever to neutral and disengage PTO. (3) Apply parking brake. (4) Activate glow plug pre-
heat for 15 to 20 seconds if cold. (5) Turn ignition to start; once engine fires, monitor oil

o
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pressure and temperature gauges and allow idle warm-up for 2 to 3 minutes before

applying load.

12. High gear, low throttle means selecting the highest gear that allows the tractor to maintain
forward speed without engine lugging, then reducing throttle to bring the engine to-its
most fuel-efficient speed range (75 to 90 percent of rated speed). Operating in low gear at
high throttle forces the engine to run faster and consume more fuel for the same field
speed and draught load. The higher gear achieves the same speed at a lower engine rpm,

reducing fuel consumption by 10 to 20 percent.

13. 250-hour maintenance tasks: change engine oil and replace oil filter; replace the diesel
fuel filter cartridge; grease all chassis lubrication points(steering knuckles, front axle
pivot, PTO shaft universal joints, three-point linkage pins); check and top up all fluid
levels (transmission-hydraulic, coolant, battery);inspect drive belts for tension and wear;

check tyre pressures.

14. Six steps: (1) Gather information from the eperator about when and how the fault
appeared. (2) Observe all symptoms carefully. (3) List all possible causes. (4) Test the
most likely and least costly.cause first. (5) Confirm the diagnosis fully explains the
symptoms. (6) Repair the fault, reassemble, and test the machine to confirm the symptom

1s eliminated.

15. Annual depreciation = (Purchase price - Salvage value) / Useful life = (8,000,000 -
1,500,000)./ 10 =N650,000 per year.

Long Answer Questions

1. Basic response: Daily service: check and top up engine oil, coolant, fuel; grease daily
points; empty air pre-cleaner; drain fuel water separator. 250-hour: change engine oil and
filter; replace fuel filter; grease all chassis points; check belts. 1,000-hour: replace
coolant; adjust valve clearances; replace fan belt; full inspection. Engine oil: SAE 15W-
40 CD/CE diesel rated. Transmission/hydraulic: STOU or UTTO. Chassis: NLGI 2

lithium grease.
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. Value-added response: The single highest-impact maintenance action in Nigeria is
frequent air cleaner servicing, because dusty harmattan conditions load the air cleaner at
two to three times the rate assumed in temperate-climate service schedules. A blocked air
cleaner causes black smoke, power loss, and accelerated piston ring wear within hours of
the restriction becoming severe. Developing a site-specific maintenance schedule that
shortens the air cleaner interval to every 50 hours during dry season ploughing, and
reverting to the standard 250-hour interval during less dusty wet-season/operations, is a

practical adaptation that significantly extends engine life.

. Basic response: Black smoke: caused by over-fuelling or air starvation. Diagnosis: check
air cleaner restriction, check fuel injector spray pattern. Remedy: service or replace air
cleaner element; send injectors for calibration. Hydraulic failure: check hydraulic oil
level (sight glass or dipstick), check hydraulic pump ptressure (pressure gauge on service

port), inspect for blocked oil filter. Remedy: add oil, replace filter, repair or replace
pump.

. Value-added response: The systematic.approach prevents the common expensive error of
replacing the injection pump for black smoke when the real cause is a blocked air cleaner.
A compressed air test of the pre-cleaner and a visual check of the main element takes 10
minutes; replacing an injection pump takes hours and costs tens of thousands of naira.
Similarly, hydraulic lift failure is often blamed on the pump when the actual cause is low
oil level or a blocked suction filter: both checks cost nothing and can be done in minutes.
Teaching technicians tostest the cheapest and most accessible possible cause first is the
single most cost-effective training intervention for reducing repair costs in Nigerian farm

wotkshops:

.~ Basic response: TFC = (3.6 x 7) / 10 = 2.52 ha/h. EFC =2.52 x 0.70 = 1.764 ha/h. Cost
per hectare = 3,000 / 1.764 = N1,701 per ha. Break-even area = Annual fixed costs / (Hire
rate - Variable cost per ha). Annual fixed costs = (Total cost per h - Variable cost per h) x
annual hours. If total cost = N3,000/h and variable = N1,800/ha / (EFC): variable cost per
hour = 1,800 x 1.764 = N3,175/h... student should apply the formula with given data.

. Value-added response: A cleaner approach: let total cost per hour = N3,000, EFC = 1.764
ha/h, so total cost per ha = 3,000/1.764 = N1,701. Variable cost per ha = N1,800 per ha
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(given). Since variable cost (N1,800) > total cost (N1,701), this implies fixed cost
component per ha is negative, which is not physical; the question likely intends variable
cost per ha to be a subset of the N3,000/h total. Interpreting variable cost as N1,000/h:
variable cost per ha = 1,000/1.764 = N567. Fixed cost per ha = 1,701 - 567 = N1,134.
Annual fixed cost = 1,134 x annual ha. Break-even: annual ha = annual fixed cost /
(18,000 - 1,701) = annual fixed cost / 16,299. The key lesson is that break-even area rises

sharply as annual fixed costs rise and falls as the hire-ownership cost difference widens:

Answers to Pilot Questions [Series 4]

Part 4.1: Tractor and Implement Operating Procedures

6. Walk-around inspection: check engine oil level on dipstick; check coolant level in
overflow tank; inspect fuel level and check for leaks under the machine; check tyre
inflation and condition; verify all guards and PTO shaft shield are fitted; inspect three-
point linkage pins for security; check hydraulic oil level in sight glass; check that the seat

belt 1s intact.

7. Safe start-up: sit in operator seat and fasten seat belt; set gear lever to neutral and
disengage PTOjzapply parking brake; activate glow plug pre-heat for 15 to 20 seconds if
cold; turn ignition key to start and crank until engine fires; monitor oil pressure warning
light (should extinguish within seconds); check temperature gauge rises normally; allow

engine to idle for.2 to 3 minutes before engaging load or drive.

8.  High gear, low throttle selects the highest gear that avoids engine lugging at the target
field speed, then reduces throttle to bring engine speed to 75 to 90 percent of rated speed,
where specific fuel consumption is lowest. Low gear, high throttle operates the engine at
unnecessarily high speed for the required field speed, wasting fuel by running the engine
faster than necessary. The high-gear, low-throttle approach reduces fuel consumption by

10 to 20 percent for the same field output.
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9.

10.

Two disc plough adjustments: disc angle (the angle of the disc to the direction of travel,
typically 42 to 45 degrees, which controls the soil throwing and inverting action;
increasing disc angle throws more soil but increases draught); tilt angle (the angle of the
disc axle from vertical, which controls penetration and furrow cross-section shape;

increasing tilt gives better penetration in hard soil).

Field efficiency is the ratio of productive fieldwork time to total field time; expressed as a
percentage. It accounts for all non-productive time including headland turns, refilling,
adjustments, and breakdowns. Typical field efficiency for tillage implements is 70 to 85

percent.

Part 4.2: Preventive Maintenance of Farm Machinery

11.

12.

13.

Four main intervals and example tasks: daily (10-hour) interval: check and top up engine
oil and coolant, empty air pre-cleaner dust bowl, drain fuel water separator; 250-hour
interval: change engine oil and replace oil filter, replace fuel filter, grease all chassis
lubrication points; 500-hour interval: replace hydraulic oil filter, change transmission oil,
replace air filter main element; 1,000-hour or annual interval: replace engine coolant,

adjust valve clearances, replace fan belt, conduct full inspection.

STOU (Super Tractor Oil Universal) or UTTO (Universal Tractor Transmission Oil) is a
specially formulated lubricant that serves simultaneously as transmission oil, wet-clutch
fluid, and hydraulic oil in modern tractors that use a common sump for these systems.
Using 'the wrong oil (for example, a regular gear oil or engine oil) in a STOU application
can cause wet-clutch slippage (gear oil friction modifiers incompatible with clutch
materials), accelerated hydraulic pump wear, or sump contamination that affects all three

systems at once.

Correct greasing procedure: identify the grease nipple (zerk) on the component to be
lubricated; wipe the nipple clean with a rag to prevent contaminating the bearing with
grit; press the grease gun nozzle firmly and squarely onto the nipple to form a seal; pump
the grease gun handle slowly until fresh grease just begins to appear at the seal of the
component (not until grease spurts out excessively, as this can rupture the seal). Wipe off

excess grease from around the nipple after greasing.
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14. Nigeria's dry-season harmattan winds carry very high concentrations of fine dust
particles. A clogged air cleaner restricts airflow into the engine, reducing the air-to-fuel
ratio, which causes incomplete combustion (black smoke), significant power loss, and
accelerated wear of piston rings and cylinder liners as abrasive dust bypasses or
overpowers a saturated filter element. Air cleaner service intervals should be shortened to

every 50 hours during dry-season field operations.

15. Three cooling system maintenance tasks: (1) Clean radiator fins weekly with compressed
air blown from the engine side outward, to clear the dust and chaff that clog the fins and
reduce heat rejection. (2) Check coolant level daily in the overflow tank and top up as
necessary with the correct water-antifreeze-corrosion inhibitor mixture:(3) Test and
replace the thermostat at the 1,000-hour service to ensure it opens at the correct

temperature (80 to 95 degrees Celsius) for proper engine temperature regulation.
Part 4.3: Fault Diagnosis and Corrective Maintenance

1. Six steps in sequence: (1) Gather information from the operator. (2) Observe all
symptoms carefully. (3) List all possible causes. (4) Test the most likely and least costly
cause first. (5) Confirm the diagnosis fully explains all symptoms. (6) Repair the fault,

reassemble, and test'the machine to verify the symptom is eliminated.

2. Engine will not start diagnostic checks in order: check that there is fuel in the tank; open
fuel filter bleed serew to verify fuel is flowing from tank to filter; open injection pump
bleed screw to verify fuel reaches the pump; check battery voltage (should be at least
12.5V); try cranking: if cranking is sluggish, suspect battery or starter motor; if cranking
1s normal but engine will not fire, check compression with compression gauge; remove an

injector and check spray pattern (fine atomised cone, not a solid stream).

3. Black smoke: indicates incomplete combustion due to too much fuel or too little air; air
cleaner restriction or injector over-delivery are the most common causes. Blue smoke:
indicates engine oil being burned in the combustion chamber; worn piston rings, cylinder
liner wear, or valve guide seals are the causes. White smoke: indicates unburnt diesel fuel
passing through; possible causes are low compression (worn rings), incorrect injection

timing, or a faulty injector with poor atomisation.
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4. Two tillage implement wear parts: ploughshare (mouldboard plough) should be replaced
when the cutting edge is worn below the minimum thickness specification (typically 6
mm), as a thin share breaks unexpectedly and a blunt one increases draught by 15 to 30
percent; replacement is typically needed every 10 to 30 hectares depending on soil
abrasiveness. Disc harrow blades should be replaced as a complete gang when more than
25 percent of the nominal disc diameter has been worn away, which is checked by

measuring the disc diameter against the new nominal size.

5. Sprayer nozzles wear gradually, increasing the orifice diameter, which raises flow rate
and produces larger droplets. Oversized droplets drift less but give poorer coverage and
penetration into the crop canopy. More critically, increased flow rate causes over-
application of pesticide, raising costs and risking phytotoxicity. Nozzles should be
calibrated periodically by measuring the volume collected from‘each nozzle in one
minute and comparing to the nominal flow rate; nozzles more than 10 percent above

nominal should be replaced.
Part 4.4: Field Efficiency and Economic Evaluation

1. Theoretical field capacity (TFC) is the area a machine would cover per hour if it worked
continuously without any stops, including headland turns, refilling, or adjustments.

Formula: TEC (ha/h) = (Working width in metres x Forward speed in km/h) / 10.
2. TFC=(3.0x8)/10=2.4ha/h. EFC=TFC x Ef=2.4x0.75 = 1.8 ha/h.

3. Fixed costsoccur regardless of use hours and include: depreciation (annual loss in
machine value) and interest on capital (opportunity cost of money invested). Variable
costs increase with hours of use and include: fuel (litres per hour x price per litre) and

repairs and maintenance (annual cost proportional to use intensity).

4. The break-even area is the annual area at which the cost per hectare of owning and
operating a machine equals the cost of hiring the same work. If actual annual area
exceeds the break-even area, ownership is cheaper per hectare than hiring; if it falls

below, hiring is more economical. It is calculated as: Break-even area = Annual fixed
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costs / (Hire cost per ha - Variable cost per ha). A farmer who can only use a tractor on 50

ha per year but the break-even area for ownership is 120 ha should hire rather than buy.

5. Three factors for machinery selection in Nigeria: availability of spare parts and dealer
service network locally (machines with established Nigerian dealer networks are
preferred over cheaper imports with no after-sales support); compatibility with@existing
tractor power and hitch category (avoid purchasing implements that exceed the tractor's
power or linkage capacity); matching machine capacity to annual farm area (select a
machine size whose break-even area is achievable given the farm's actual annual

workload).
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Introduction

Effective farm machinery management extends beyond the field to encompass fleet records, hire
services, and replacement planning. Equally important but often overlooked is the human
dimension: the operator who spends long hours on a tractor or operating a thresher is exposed to
ergonomic stresses, noise, vibration, and chemical hazards that affect both health and
productivity. A well-designed operator workstation and proper safety protocols are as important
as the machine's technical specifications.

This final Series concludes the course by addressing the broader context of farm machinery in
the Nigerian agricultural system. We begin with machinery management systems, covering
record keeping, tractor hire services, and replacement planning. We then examine operator
safety, ergonomics, and occupational health. Irrigation and water management equipment is
covered next, given its growing importance.in Nigerian dry-season agriculture. The Series
concludes with agro-processing and value chain. machinery, including palm oil, cassava, and

groundnut processing, and the role of agro-service centres in rural machinery support.

Series Learning Outcomes

Upon completing this Series, you.should be able to:

SLO 5.1 describe a farm machinery inventory and record-keeping system and explain its

importance for fleet management (Linked to Part 5.1),

e SLO 5.2 describe the tractor hire service model in Nigeria and evaluate its advantages

and limitations (Linked to Part 5.1),

e SLO 5.3 explain the principles of machinery replacement decisions and depreciation

planning (Linked to Part 5.1),

e SLO 5.4 identify the main causes of farm machinery accidents and describe prevention

measures (Linked to Part 5.2),

AGE la-NET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER
INSTITUTION STUDENTS



e SLO 5.5 explain the principles of ergonomics and describe how they apply to tractor and

farm machine operator workstation design (Linked to Part 5.2),

e SLO 5.6 describe the health hazards of noise, vibration, and agro-chemicals in

mechanised farming and state the control measures for each (Linked to Part 5.2),

e SLOS5.7 classify agricultural pumps by type and describe their applications in Nigerian
irrigation (Linked to Part 5.3),

e SLO 5.8 describe irrigation system design principles and the management of irrigation

scheduling (Linked to Part 5.3),

e SLO 5.9 describe the crop processing equipment used for palm oil, cassava, and

groundnut in Nigeria (Linked to Part 5.4), and

e SLOS5.10 explain the role of agro-service centres and rural machinery workshops in

supporting farm mechanisation in Nigeria (Linked to Part 5.4).

5.1 Farm Machinery Management Systems

5.1.1 Machinery inventory, record keeping, and fleet management

A machinery inventory is a complete register of all farm equipment, listing for each machine:
make and model, year of manufacture, serial and registration numbers, purchase date and price,
current estimatedvalue, assigned operator, and location. The inventory is the foundation of fleet
management: it enables tracking of asset value, planning of service schedules, and identification

of underutilised equipment that could be sold or hired out.

The machine history record documents all maintenance, repairs, and breakdowns for each
machine, with dates, hours at service, parts replaced, cost, and technician name. Analysing
history records over time reveals chronic failure patterns (indicating design weaknesses or
operator misuse), excessive repair costs (indicating the machine has reached the end of its
economic life), and operators who consistently damage equipment (indicating training needs).
)
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Fleet management also plans the seasonal deployment of machinery: which machine covers
which field operations, in what sequence, and with which operator, to minimise total field time

and fuel costs while meeting planting and harvesting deadline constraints.

Fill in the blank: A machine history record documents all maintenance and repairs, enabling
managers to identify failure patterns that indicate design weaknesses or operator

misuse.
5.1.2 Tractor hire services and custom hiring in Nigeria

Tractor hire services provide tractors and implements to farmers on a fee-for-service basis,
enabling smallholders who cannot afford to own machinery to access mechanisation for tillage,
planting, and harvesting. In Nigeria, tractor hire services are operated by government agencies
(State Agricultural Development Programmes), private contractors, farmer cooperative societies,
and commercial agribusinesses. The hire feeis typically quoted per hectare of operation and

varies by operation type (primary tillage costs more than ridging) and fuel price.

The major limitations of public tractor hire services in Nigeria have been: poor tractor
availability due to delayed maintenance and high breakdown rates; lack of timeliness (tractors
often arrive after the optimal planting window has passed); inadequate coverage of remote areas;
corruption and politically motivated allocation; and inability of government programmes to
recover costs and self-sustain financially. Private custom hire services operated by individual
contractors are-more responsive and commercially viable, and their expansion is increasingly
supported by government mechanisation funds and agricultural development programmes that

provide tractors on credit to young entrepreneurs.

Fill in the blank:"In Nigeria, tractor hire fees are typically quoted per of operation,

varying by operation type and fuel price.

Service | Operator Ownership Fee Main Disadvant | Beneficiar
Model Structure | Advanta age y
ge
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Table 5.1: Comparison of tractor hire service models in Nigeria

5.13 Machinery replacement decisions and depreciation planning

A machine should be replaced when the cost of keeping it in service exceeds the cost of

replacing it with a newer machine. The economic life of a farm tractor in Nigerian conditions is

typically 8 to 12 years or 8,000 to 12,000 engine hours, after which annual repair costs tend to

rise steeply. The optimal replacement point is when the annual total cost (fixed costs + variable

costs + repair costs) of the old machine exceeds the total annual cost of a new replacement.

Monitoring the trend of annual repair costs as a percentage of current machine value is a

F)
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practical indicator: replacement becomes economically justified when annual repair costs exceed

15 to 20 percent of the machine's current market value.

Depreciation planning involves setting aside funds annually to accumulate the capital needed for
replacement. The straight-line depreciation method (annual depreciation = (purchase price -
salvage value) / useful life) provides a simple basis for calculating the annual provision. In
practice, Nigerian farmers rarely make formal depreciation provisions; when machinery wears
out, they face a capital shortfall that forces continued operation of unreliable old machines or
expensive emergency borrowing. Establishing a machinery replacement/fund as part of annual

farm budgeting is therefore a critical financial management practice.

Fill in the blank: Annual repair costs exceeding to 20 percent of amachine’s current

market value is a practical indicator that economic replacement should be considered.
Pilot questions 5.1

Describe the information that should be recorded in a machine history record and explain

how it is used for fleet management.
o State three limitations of government tractor hire services in Nigeria.

e Why have private custom hire contractors been more successful than government hire

services in some Nigerian states?

» Explain the optimal replacement point concept and state the annual repair cost indicator

used to identify it.

o What is a machinery replacement fund and why is it important for Nigerian farmers?

5.2 Operator Safety, Ergonomics, and Occupational Health

5.2.1 Farm machinery accident causes and prevention

-
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Farm machinery accidents are among the most severe occupational injuries worldwide. The
leading causes include: tractor overturning (rollover), which accounts for the largest share of
fatal tractor accidents; PTO entanglement, which occurs when clothing, hair, or limbs contact
an unguarded rotating PTO shaft or implement; run-over accidents, when bystanders (especially
children) are struck by moving tractors or trailed equipment; implement contact injuries, from
blades, discs, and moving parts of operating implements; and falling from heights, when

operators mount or dismount machinery incorrectly.

Prevention requires a combination of engineering controls, training, and/operational rules. A
Rollover Protective Structure (ROPS) and seat belt are the most critical safety features on a
tractor: studies show that a ROPS with a correctly fastened seat belt reduces the fatality risk of a
tractor rollover by over 90 percent. PTO shaft guards (a complete shield enclosing the rotating
shaft) must always be in place when the PTO is engaged. Bystanders, particularly children, must
be kept out of the field during machine operations:Operators must receive formal training before

operating any powered farm machine.

Fill in the blank: A Protective Structure combined with a fastened seat belt reduces the

fatality risk of a tractor rollover by over 90 percent.
5.2.2 Ergonomics and operator workstation design

Ergonomics is the science of designing workplaces and tools to fit the human body's capabilities
and limitations; reducing fatigue, discomfort, and injury. In farm machinery, ergonomics applies
to the design of the operator's workstation: seat, controls, instruments, visibility, and cab
environment. An ergonomically designed tractor seat is adjustable for height, forward-backward
position, and lumbar support, allowing operators of different body sizes to reach all controls
comfortably and maintain an upright, supported posture. Poor seat design causes lower back
pain, one of the most prevalent occupational health complaints among tractor operators.

Control placement should follow the principle of grouping frequently used controls within the
primary zone (within arm’s reach without leaning) and placing emergency controls (such as the
PTO kill switch and engine stop) where they can be reached instantly without looking.
Instrument clusters should be positioned in the operator's natural line of sight, and warning
)
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indicators should use both colour (red for critical) and audible alarms. In Nigeria's hot climate,
cab ventilation or air conditioning is highly desirable to reduce heat stress, which impairs
concentration and reaction time. Where enclosed cabs are not available, shade canopies and
sunshields reduce solar radiation loads on the operator.

Fill in the blank: The science of designing workplaces and tools to fit the human body's
capabilities and limitations is called

TRACTOR OPERATOR WORKSTATION: ERGONOMIC & CONTROL LAYOUT
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Figure 5.1: Ergonomic design of a tractor operator workstation
5.2.3 Noise, vibration, and chemical hazards in mechanised farming

Tractor and machinery noise levels typically range from 85 to 105 decibels (dB) at the operator's
ear without a cab. Prolonged exposure above 85 dB causes noise-induced hearing loss (NIHL),
a permanent and irreversible condition. The safe exposure limit without hearing protection is 85
dB for 8 hours per day. For every 3 dB increase above 85, the safe exposure time halves: at 91
dB, the limit is 2 hours; at 97 dB, only 30 minutes. Prevention measures include: enclosed cabs

o
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with sound insulation; ear muffs or ear plugs (providing 15 to 30 dB attenuation); regular

audiometric testing of operators; and engine and exhaust maintenance to minimise noise.

Whole-body vibration (WBV) from tractors operating on rough ground transmits through the
seat to the spine, contributing to back pain and spinal disorders over years of exposure.
Suspension seats that absorb low-frequency vibration reduce WBYV exposure significantly.
Chemical hazards in mechanised farming include pesticide exposure during spraying operations
(absorbed through skin, inhalation, and eye contact) and diesel engine exhaust emissions
(containing carbon monoxide, nitrogen oxides, and particulate matter). Prevention requires PPE
(chemical-resistant gloves, face shield, respiratory protection), adequate ventilation, and regular
health monitoring of operators who routinely handle pesticides.

Fill in the blank: Prolonged exposure to machinery noise above decibels causes

permanent noise-induced hearing loss.

Pilot questions 5.2

State the five leading causes of farm machinery accidents and name one prevention

measure for each.
o Explain why a ROPS and seat belt are the most critical safety features on a tractor.
e Define ergonomics and describe two features of an ergonomically designed tractor seat.
« Explain the relationship between noise level in decibels and safe daily exposure time.

o Describe two health hazards of whole-body vibration for tractor operators and state one

prevention measure.
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5.3 Irrigation and Water Management Equipment
5.3.1 Pumps for agricultural irrigation

Agricultural pumps lift and move water from a source (river, borehole, reservoir) to the field.
They are classified by operating principle: centrifugal pumps use a rotating impeller to impart
velocity to water, then convert velocity to pressure in a volute casing; they are the most common
type for surface irrigation, delivering high flow rates at moderate pressures. Submersible pumps
combine an electric motor and pump in a sealed unit lowered directly into a borehole, suitable
for deep groundwater abstraction. Axial-flow (propeller) pumps move large volumes of water
at low head, suitable for drainage and flood irrigation. Piston (reciprocating) pumps deliver
water at high pressure in small volumes, used for drip irrigation system delivery and chemical

injection.

Pump selection depends on three parameters: flow rate (Q, in litres per second or cubic metres
per hour), total dynamic head (H, the total pressure the pump must overcome including static lift,
pipe friction, and velocity head, in metres), and pump efficiency (the ratio of hydraulic power
output to shaft power input). The pump must be matched to these parameters by reading its
performance curve (a graph of head versus flow rate at a given speed). Operating a pump far

from its best efficiency point (BEP) wastes energy and shortens pump life.

Fill in the blank: The pump perfarmance graph showing head versus flow rate at a given speed

is called the pump curve.
5.3.2 Irrigation system design and management

Irrigation system design begins with determining the crop water requirement (CWR), the volume
of water the crop needs per day per hectare at its peak demand period. CWR depends on the crop
type, growth stage, and local evapotranspiration rate (estimated using the FAO Penman-Monteith
equation or a simplified reference ET method). The irrigation scheduling decision (when to
irrigate and how much to apply) is based on soil moisture monitoring (tensiometers, capacitance
probes, or gravimetric sampling) or on a calculated soil water balance that tracks rainfall,
evapotranspiration, and irrigation inputs.

)
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System design components include: pump and power unit (sized to deliver the design flow rate
at the total head); main pipeline and sub-mains (sized to keep friction losses within acceptable
limits); laterals and emitters or sprinklers (spaced and selected to achieve uniform water
distribution); and filtration system (screen filters or sand media filters to prevent emitter
blockage). The uniformity coefficient (CU) measures how evenly water is distributed across the
field: a CU above 85 percent is considered good. Poor uniformity causes over-watered and

under-watered zones, reducing yield and wasting water.

Fill in the blank: The measure of how evenly water is distributed across/an irrigated field,

expressed as a percentage, is called the coefficient.

SMALLHOLDER DRIP IRRIGATION SYSTEM DIAGRAM
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Figure 5.2: Smallholder drip irrigation system layout for Nigerian dry-season vegetable

production
5.3:3 Maintenance of irrigation equipment

Irrigation equipment maintenance focuses on the pump, pipeline, and emitters. Pump
maintenance includes checking and repacking mechanical seals or replacing lip seals annually;

-
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inspecting and replacing worn impellers when pump output falls below rated flow; checking and
lubricating bearings; and inspecting the foot valve (non-return valve at the pump suction inlet)
for wear and proper seating. Before seasonal storage, the pump should be flushed with clean

water, oil-sealed, and stored under cover.

Drip emitters block progressively with algae, mineral deposits, and sediment if the filtration
system is inadequate or poorly maintained. Screen filters must be cleaned weekly during the
irrigation season (or more frequently in turbid water sources); sand media filters are backwashed
daily. Blocked emitters are identified by walking the field and observing dry spots or-unequal
wetting patterns; they are cleaned by removing and soaking in a 10 percent hydrochloric acid
solution for calcium deposits, or 10 percent bleach for organic blockages. Sprinkler heads are
inspected for correct rotation speed and spray pattern at the start of each season and replaced if
worn or damaged. All pipelines should be drained and stored above ground over the dry-off

period to prevent damage from rodents and- UV degradation.

Fill in the blank: Blocked drip emitters caused by calcium mineral deposits are cleaned by

soaking in a 10 percent acid solution.
Pilot questions 5.3

1. Classify agricultural pumps by operating principle and give one application of each type.
2. Explain the three parameters used to select a pump for an irrigation system.

3. Define irrigation scheduling and describe two methods of determining when to irrigate.
4./ What is the uniformity coefficient and why is a value above 85 percent important?

5. 'Describe the maintenance of drip emitters, explaining how blocked emitters are identified

and cleaned.
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5.4 Agro-Processing and Value Chain Machinery

5.4.1 Crop processing equipment: palm oil, cassava, and groundnut

Palm oil processing requires a sequence of machines. After harvesting, fresh fruit bunches (FFB)
are sterilised in steam sterilisers to arrest lipolytic enzyme activity (which would increase free
fatty acid content). Threshers (strippers) separate spikelets from the bunches. Digesters
macerate the spikelets to break the oil-bearing mesocarp cells. Screw presses or hydraulic
presses extract the crude palm oil from the digested mash. The crude oil‘is then clarified in
settling tanks or centrifuges to remove water and sludge, and the palm kernels are cracked and
the kernel oil extracted separately. Small-scale village processors in Nigeria use manually

operated or engine-powered combined digester-press units.

Cassava processing equipment includes: chippers or raspers that grate or chip the peeled roots
into pulp; hydraulic presses or screw presses that squeeze water (and cyanogenic compounds)
from the pulp to produce pressed cake; garri fryers (roasters) that roast the moist sieved
cassava meal over a heated pan to produce garri; and flash dryers and milling machines for
high-quality cassava flour production. For groundnut, the processing sequence uses groundnut
shellers to remove shells from pods, roasters for roasted groundnut products, and oil expellers

for groundnut oil extraction.

Fill in the blank: In‘palm oil processing, the machine macerates spikelets to break oil-

bearing cells before pressing.
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Figure 5.3: Palm oil processing chain showing equipment at each stage
5.4.2 Livestock and aquaculture processing equipment

Livestock processing equipment at the farm or small abattoir level includes: poultry scalders
and pluckers (hot water tanks and rotating rubber-fingered drums that remove feathers after
slaughter); meat mincing machines and sausage fillers for value-added processed meat
products; milk pasteurisers (batch or continuous-flow heat exchangers that heat milk to 72
degrees Celsius for 15 seconds to kill pathogens while preserving flavour); cream separators
and butter churns for dairy processing; and feed grinders and mixers that combine raw

ingredients (maize, soyabean meal, premix) into complete livestock rations for poultry and pigs.

Fish and aquaculture processing equipment includes: fish smoking kilns (traditional clay or
improved metal kilns that smoke-dry fish for preservation and marketing); mechanical fish
scalers and gutting machines for commercial fish processing; and feed pellet extruders that
produce floating or sinking aquaculture feed pellets from ground ingredients. Feed pelleting

machines are increasingly important in Nigerian catfish and tilapia aquaculture, where uniform,

-
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floating pellets reduce feed waste and allow feeding rate monitoring. The pelletiser combines a
mixer, conditioner (steam injection), and die-and-roller press to produce pellets of specified size

and water stability.

Fill in the blank: A pasteuriser heats milk to 72 degrees Celsius for 15 seconds to kill

pathogens while preserving flavour.
5.4.3 Agro-service centres and rural machinery workshops

Agro-service centres (ASCs) are rural facilities that provide a combination of machinery hire,
spare parts supply, technical repair services, and operator training to farming communities in
their catchment area. They are designed to overcome the twomost binding infrastructure
constraints to mechanisation adoption in Nigeria: lack of affordable access to machinery
services, and lack of spare parts and repair capacity in rural areas. ASCs may be publicly owned
and managed (by State ADPs), privately operated, or run as cooperative enterprises by farmer
groups.

A well-equipped rural machinery workshop supporting a cluster of 500 to 1,000 farm households
should have: a welding machine (SMAW and if possible MIG), bench grinder and drill press,
lathe machine for shaft turning and bearing seat reconditioning, hydraulic press for bearing
installation and removal, diesel engine test stand, and a parts inventory covering the most
common wear items for the tractors:and implements in the service area. Technical staff should
hold a minimum of City and Guilds or NABTEB agricultural mechanisation certification.
Continuous training through equipment manufacturer seminars and government extension
linkage keeps workshop skills current. The viability of rural ASCs depends on sufficient farm

machinery density in the catchment area to generate adequate workload and revenue.

Fill inthe blank: Agro-service centres overcome two key mechanisation constraints: lack of

affordable machinery services and lack of and repair capacity in rural areas.
Component Description

Hire Services Tractor hire (55-75 kW), ploughs, harrows, planters, sprayers;

affordable rates per hectare

-
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Workshop Welding machines, grinders, lathes, hydraulic lifts, diagnostic kits, tyre
Equipment changers

Parts Inventory | Stock of fast-moving spare parts (filters, tyres, belts, bearings,

lubricants) and seasonal inputs

Staff Centre manager (agric engineer), mechanics/technicians, tractor

Qualifications operators, storekeeper, extension officer

Linkage Services | Connection to input suppliers, credit institutions, farmer cooperatives,

extension services, and market outlets

Box 5.1: Model agro-service centre specification for a Nigerian rural farming community
Pilot questions 5.4
1. Describe the palm oil processing chain from fresh fruit bunches to crude palm oil,
naming the machine used at each stage.
2. Name three machines used in cassava processing and state the product each produces.

3. Describe two livestock processing machines and explain the function of each.

4. What is an agro-service centre and what services does it provide to rural farming

communities?

5. State three items of workshop equipment and three services that a well-equipped rural

agro-service centre should provide.

Series Summary

This final Series has addressed the management, human, and value chain dimensions of
agricultural mechanisation in Nigeria. We began with farm machinery management systems,
covering inventory and history record keeping, the tractor hire service models operating in
Nigeria (government, private contractor, and cooperative), and the principles of machinery
ol
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replacement decisions and depreciation planning. The importance of maintaining machine
history records for fleet management and the practical 15 to 20 percent repair cost indicator for

replacement timing were highlighted.

The operator safety and ergonomics section identified the leading causes of farm machinery
accidents (rollover, PTO entanglement, run-over, implement contact, and falls) and the critical
role of ROPS with seat belts. Ergonomic workstation design, noise-induced hearing loss
prevention, whole-body vibration management, and chemical hazard control in'spray operations
were examined. The irrigation section covered pump classification and selection, irrigation
system design parameters including crop water requirement, scheduling, and uniformity
coefficient, and the maintenance of pumps and drip emitters. The course concluded with agro-
processing machinery for palm oil, cassava, groundnut, livestock, and aquaculture, and the
model agro-service centre as the institutional framework for sustaining rural machinery access in

Nigeria.

Glossary of Terms
1. Agro-service centre (ASC): A rural facility providing machinery hire, spare parts
supply, repair services, and operator training to farming communities, designed to

improve access to mechanisation support.

2. Best efficiency point (BEP): The flow rate and head at which a centrifugal pump
operates at its highest hydraulic efficiency, minimising energy waste and maximising

pump life.

3. Centrifugal pump: A pump that uses a rotating impeller to impart velocity to water,
which is converted to pressure in a volute casing; the most common type for surface

irrigation applications.

4. Crop water requirement (CWR): The volume of water a crop needs per day per hectare

at peak demand, determined by crop type, growth stage, and local evapotranspiration rate.
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10.

11.

12,

13.

Digester: A palm oil processing machine that macerates sterilised spikelets to rupture the

oil-bearing mesocarp cells, preparing the mash for pressing.

Economic life: The period of machinery service during which total ownership and
operating costs are minimised; beyond the economic life, annual repair costs rise steeply

and replacement becomes more economical.

Ergonomics: The science of designing workplaces, tools, and equipment to fit the
physical and cognitive capabilities of the human operator, reducing fatigue, injury, and

CITOr.

Machine history record: A document recording all maintenance, repairs, and
breakdowns for a specific machine, enabling trend analysis; cost monitoring, and fleet

management decisions.

Noise-induced hearing loss (NIHL): Permanent, irreversible damage to the auditory
system caused by prolonged exposure to sound levels above 85 decibels without hearing

protection.

Rollover Protective Structure (ROPS): A structural frame fitted to a tractor that
protects the operator from being crushed if the tractor overturns; must be used with a seat

belt to be effective.

Total dynamic head (H): The total pressure a pump must overcome to move water from
source to delivery point, including static lift, pipe friction losses, and velocity head,

measured in metres.

Tractor hire service: A system providing tractors and implements to farmers on a fee-
per-hectare basis, enabling smallholders to access mechanisation without owning

equipment.

Uniformity coefficient (CU): A measure of the evenness of water distribution across an
irrigated field, expressed as a percentage; values above 85 percent indicate good

irrigation uniformity.
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14. Whole-body vibration (WBYV): Low-frequency vibration transmitted through the seat to
the operator's spine and body during tractor field operations, contributing to back pain

and spinal disorders with prolonged exposure.

15. Machinery replacement fund: A planned financial provision set aside annually by-a
farm operator to accumulate the capital needed to replace a machine at the endof its

economic life.

Concept Check Questions [Series 5]

Objective Questions

1. Define an agro-service centre. (Linked to SLO5:10)

2. Which of the following is the leading cause of fatal tractor accidents? a) PTO
entanglement b) Tractor rollover ¢) Run-over accidents d) Falling from heights (Linked to

SLO 5.4)

3. The safe noise exposure limit for an 8-hour workday without hearing protection is: a) 75

dB b) 80 dB ¢) 85 dB«d) 90 dB (Linked to SLO 5.6)

4. The measure of‘how evenly water is distributed across an irrigated field is called the

coefficient. (Linked to SLO 5.8)

5. In palm oil processing, the machine that macerates spikelets to break oil-bearing cells

before pressing is the . (Linked to SLO 5.9)
Short Answer Questions

e Describe three limitations of government tractor hire services in Nigeria and suggest one

remedy for each. (Linked to SLO 5.2)

o Explain why a ROPS and seat belt together, rather than a ROPS alone, are required to

protect a tractor operator in a rollover. (Linked to SLO 5.4)
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e Define ergonomics and describe two ergonomic features that should be included in a

tractor operator's workstation. (Linked to SLO 5.5)

e Describe three parameters used to select a centrifugal pump for an irrigation system.

(Linked to SLO 5.7)

e Describe the cassava processing sequence from roots to garri, naming the machine used

at each stage. (Linked to SLO 5.9)
Long Answer Questions

1. Describe the principles of farm machinery fleet management, including inventory and
history record keeping, the tractor hire service models available in Nigeria, and the
indicators used to make machinery replacement decisions. (Linked to SLO 5.1, SLO 5.2,
SLO 5.3)

2. Discuss operator safety and occupational health in mechanised Nigerian agriculture,
covering the main accident causes and prevention measures, ergonomic design principles
for the tractor workstation, and the control of noise, vibration, and chemical hazards.

(Linked to SLO 5.4, SLO 5.5, SLO 5.6)

3. Describe the irrigation equipment and agro-processing machinery most relevant to
Nigerian smallholder and commercial agriculture, and evaluate the role of agro-service
centres in supporting rural mechanisation. (Linked to SLO 5.7, SLO 5.8, SLO 5.9, SLO
5.10)

Answers to Concept Check Questions [Series 5]

Objective Questions

6. An agro-service centre is a rural facility that provides a combination of machinery hire,
spare parts supply, technical repair services, and operator training to farming

communities in its catchment area.
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7. Correct answer: b) Tractor rollover.
8. Correct answer: ¢) 85 dB.
9. Uniformity.

10. Digester.
Short Answer Questions

11. Three limitations and remedies: poor tractor availability due to high breakdown rates
(remedy: privatise maintenance contracts to qualified service providers with
performance-based payment); lack of timeliness, tractors arriving after the optimal
planting window (remedy: pre-season booking systems that lock in delivery dates with
financial penalties for late delivery); corruption.in politically motivated allocation
(remedy: transparent, digitised booking and payment systems open to all farmers

regardless of political affiliation).

12. A ROPS creates a survival zone above the operator's head and body during a rollover,
preventing the tractor from crushing the operator against the ground. However, without a
seat belt fastened, the operator can be thrown out of the survival zone during the rollover,
landing under the overturning tractor and being crushed outside the ROPS protection
zone. The seat belt keeps the operator within the ROPS survival space throughout the
rollover event. Together, ROPS plus seat belt reduce fatality risk by over 90 percent;
ROPS alone provides only partial protection.

13. Ergonomics is the science of designing workplaces and equipment to fit human physical
and cognitive capabilities, reducing fatigue, injury, and error. Two ergonomic features:
(1) an adjustable seat with lumbar support, allowing operators of different heights to
reach all controls comfortably with an upright, supported posture, reducing lower back
pain; (2) placement of frequently used controls (gear lever, throttle, PTO switch) within
the primary zone reachable without leaning, reducing postural stress and improving

operator response time.
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14. Three parameters for pump selection: (1) flow rate (Q, in litres per second or cubic
metres per hour), the volume of water the system must deliver per unit time to meet crop
water requirements; (2) total dynamic head (H, in metres), the total pressure the pump
must overcome including static lift from water source to field, friction losses in the
pipeline, and pressure required at emitters or sprinklers; (3) pump efficiency, the ratio of
hydraulic power delivered to shaft power consumed, which determines the energy cost of

operation.

15. Cassava processing sequence to garri: (1) Peeling cassava roots by hand or mechanical
peeler. (2) Grating or rasping peeled roots into a wet pulp using a mechanical grater or
rasper. (3) Pressing the pulp in a hydraulic or screw press to remove watet and
cyanogenic hydrocyanic acid, producing pressed cake. (4) Sieving the pressed cake
through a manual or mechanical sieve to break up lumps and remove fibre. (5) Roasting
the sieved moist meal in a mechanised garri fryer (roasting pan with motor-driven stirrer)

to dry and partially gelatinise the starch, producing garri.
Long Answer Questions

1. Basic response: Fleet management uses a machinery inventory (model, serial number,
value, location, operator) and machine history records (dates, hours, parts, costs,
technician)to plan services, identify problem machines, and track costs. Nigeria has three
hire serviceimodels: government (ADP), private contractor, and cooperative.
Replacement is indicated when annual repair costs exceed 15 to 20 percent of current

machine value. A replacement fund provisions depreciation annually.

2.. Value-added response: Machine history records provide data for two management
decisions: when to retrain an operator (if the same machine type consistently sustains the
same damage under the same operator) and when to replace a machine (if the trend in
annual repair cost as percentage of machine value is rising toward 20 percent). Private
custom hire contractors have outperformed government services because they have a
financial incentive to keep machines available and timely, whereas government services
operate without commercial accountability. Replacement funds are rare among Nigerian

farmers because cash flow pressures make it difficult to set aside money for future
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equipment rather than current operating expenses; agricultural finance products

specifically structured as machinery replacement accounts could address this barrier.

Basic response: Accident causes: rollover (prevention: ROPS and seat belt); PTO
entanglement (prevention: shaft guard always fitted); run-over (prevention: bystanders
kept clear); implement contact (prevention: PPE and guards); falls (prevention: three
points of contact rule). Ergonomics: adjustable seat, primary control zone,instruments in
line of sight. Noise: 85 dB limit, ear protection, enclosed cab. WBV: suspension seat.

Chemical: PPE, ventilation, health monitoring.

Value-added response: The most prevalent preventable harm in Nigerian tractor
operations is hearing loss, because operators on open tractors without cabs are routinely
exposed to 90 to 95 dB for full working days during planting and harvest seasons. A basic
intervention of providing and mandating ear muff use costs under N5,000 per operator
and prevents a lifelong disability. Ergonomic improvements to operator workstations on
older tractors (fitting a suspension seat retrofit kit) can reduce WBV by 40 to 60 percent
at a fraction of the cost of a new tractor. Chemical hazard management for knapsack
sprayer operators is addressed almost exclusively through PPE provision, but the most
impactful intervention is actually correct sprayer calibration, which reduces total
pesticide application‘and therefore reduces operator exposure duration as well as

chemical cost.

Basic response: Centrifugal pumps are most common for surface irrigation; selected by
Q, H, and efficiency from performance curve. Irrigation scheduling uses soil moisture
monitoring or water balance calculation; CU above 85% indicates good distribution.
Palm oil processing: sterilise, thresh, digest, press, clarify. Cassava: grate, press, sieve,

fry for garri. ASCs provide hire, parts, repairs, and training in rural areas.

Value-added response: The most critical irrigation management decision in Nigeria is the
shift from calendar-based to demand-based scheduling: many smallholder irrigators apply
water every three days regardless of actual soil moisture, either wasting water and energy
or under-irrigating during hot dry periods. Low-cost tensiometers costing under N3,000
each give direct soil moisture readings that tell the farmer when to irrigate, reducing

water use by 20 to 30 percent without yield penalty. The viability of agro-service centres
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depends on achieving sufficient machinery density in their catchment: a centre serving
fewer than 50 tractors typically cannot generate enough repair revenue to cover operating
costs and skilled staff salaries. Government-supported tractor credit programmes that
increase local machinery density to the critical threshold are therefore a prerequisite for

sustainable ASC viability, not an alternative to it.

Answers to Pilot Questions [Series 5]

Part 5.1: Farm Machinery Management Systems

6. A machine history record documents: date of’each service or repair; engine hours at the
time of service; description of work done; parts replaced with part numbers and cost; total
repair cost; and technician name and signature. It is used for fleet management by:
identifying recurring failures (suggesting a design weakness or operator misuse pattern);
tracking total lifetime repair costs to inform replacement decisions; and providing a

maintenance audit trail for warranty claims and resale documentation.

7. Three limitations: low tractor availability due to poor maintenance and high breakdown
rates, meaning tractors are frequently out of service; lack of timeliness, with tractors
often arriving days or weeks after the optimal planting window, causing yield losses; and

inadequate coverage of remote farming areas far from government depot locations.

8./ Private custom hire contractors are more successful because they operate commercially:
if a tractor is not working, the contractor earns no income. This creates a strong financial
incentive for proactive maintenance, rapid repair when breakdowns occur, and timely
delivery to booked customers. Government hire services do not face this accountability
because operators are salaried regardless of tractor utilisation, and repair budgets are

controlled by bureaucratic procurement processes that cause long delays.

9. The optimal replacement point is the age or hour level at which the total annual cost

(ownership plus operating plus repair) of the old machine first exceeds the total annual
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cost of a new replacement. A practical indicator is when annual repair costs rise above 15
to 20 percent of the machine's current market value: at this level, the machine is
consuming more in repairs each year than the proportional cost of owning a new

equivalent, making replacement economically justified.

10. A machinery replacement fund is a financial provision (set aside from annual farm
income) that accumulates the capital needed to replace a machine when it reaches the end
of its economic life. It is important for Nigerian farmers because, without it, when a
machine finally wears out, farmers face a capital shortfall that forces continued operation
of unreliable old machines, emergency borrowing at high interest rates, or a gap in

mechanisation services that reduces farm output during the replacement period.
Part 5.2: Operator Safety, Ergonomics, and Occupational Health

11. Five leading causes and prevention‘measures: tractor rollover (prevention: fit ROPS and
always fasten seat belt); PTO entanglement (prevention: always keep the complete PTO
shaft guard in place when the PTO is engaged); run-over accident (prevention: enforce a
strict rule that no bystanders, especially children, are permitted in the field during
machine operations); implement contact injury (prevention: wear PPE and never attempt
to clear blockages while the implement is running); falling from the machine (prevention:

always use three points of contact when mounting and dismounting).

12. A ROPS creates a protective structural cage around the operator that prevents the tractor
structure from collapsing onto the operator during a rollover. However, without a seat
belt, the operator's body can be thrown outside the ROPS-protected zone during the
dynamics of the rollover, resulting in the operator being crushed under the overturning
machine outside the cage. The seat belt keeps the operator restrained within the ROPS
protective space throughout the rollover. Studies confirm that ROPS with seat belt

reduces rollover fatality risk by over 90 percent.

13. Ergonomics is the science of designing workplaces and tools to fit human physical
capabilities, reducing fatigue, injury, and error. Two ergonomic features of a tractor seat:
(1) height and forward-backward adjustability, enabling operators of different stature to

sit with thighs parallel to the floor and arms relaxed to reach all primary controls; (2)
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lumbar (lower back) support, which maintains the natural spinal curve and reduces

compressive loading on the lumbar vertebrae during long operating sessions.

14. The safe noise exposure limit is 85 dB for an 8-hour day without hearing protection. For
every 3 dB increase above 85 dB, the safe exposure time halves: at 88 dB the limitis 4
hours; at 91 dB, 2 hours; at 94 dB, 1 hour; at 97 dB, 30 minutes. Tractor noise at the open
operator position commonly ranges from 88 to 95 dB, meaning operators without hearing

protection may reach the safe daily dose limit in 2 to 4 hours of operation.

15. Two health effects of WBV: (1) chronic lower back pain and lumbar disc degeneration
caused by repeated low-frequency vibration compressing and shearing the intervertebral
discs during rough-field tractor operation; (2) whole-body fatigue and reduced
concentration from sustained vibration exposure, increasing accident risk toward the end
of long operating sessions. One prevention measure: fit a suspension seat that isolates the
operator from the seat-to-body transmission path of low-frequency vibration, reducing

WBYV exposure by 40 to 60 percent.
Part 5.3: Irrigation and Water Management Equipment

1. Centrifugal pumps: use a rotating impeller to impart velocity to water; application:
surface irrigation from rivers and reservoirs delivering high flow at moderate head.
Submersible pumps: sealed motor and pump unit lowered into a borehole; application:
deep groundwater abstraction for domestic and irrigation supply. Axial-flow (propeller)
pumps: move large volumes at low head; application: drainage and flood irrigation of flat
paddy fields. Piston (reciprocating) pumps: deliver small volumes at high pressure;

application: drip irrigation system supply and chemical injection.

2. Three pump selection parameters: (1) flow rate Q (litres per second or cubic metres per
hour): the volume of water the irrigation system must deliver per hour to meet peak crop
water demand; (2) total dynamic head H (metres): the sum of static lift from water source
to delivery point, pipe friction losses, and pressure required at the emitter or sprinkler; (3)
pump efficiency: the ratio of hydraulic power output to shaft power input, which

determines energy cost per cubic metre delivered.
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3. Irrigation scheduling is the decision of when to irrigate and how much water to apply,
based on crop water use and soil moisture status. Two methods: (1) soil moisture
monitoring using tensiometers (measure soil suction) or capacitance probes (measure
volumetric water content) installed in the root zone; irrigate when readings exceed a
crop-specific threshold. (2) Calculated soil water balance: daily tracking of rainfall,
evapotranspiration (estimated from weather data), and irrigation inputs to estimate
current soil water content; irrigate when calculated soil water falls below the critical

threshold.

4. The uniformity coefficient (CU) measures the percentage evenness of water distribution
across the irrigated area, comparing water depths at multiple collection points. A CU
above 85 percent is important because it means the variation in water applied across the
field is small enough that all zones receive close to the designed irrigation dose. A lower
CU means some zones are over-watered (wasting water, leaching nutrients, waterlogging
roots) while other zones are under-watered (causing crop stress and yield loss). High CU

maximises water use efficiency and crop yield uniformity.

5. Blocked drip emitters are identified by walking the field and looking for dry soil patches
or plants showing wilting signs in otherwise irrigated areas, or by measuring the output of
individual emitters with a graduated container and comparing to the nominal flow rate.
Emitters blocked by calcium mineral deposits are removed from the lateral and soaked in
a 10 percent hydrochloric.acid solution for 15 to 30 minutes to dissolve the deposit, then
flushed with clean water and reinstalled. Emitters blocked by organic material (algae,

biofilm) are soaked in a 10 percent sodium hypochlorite (bleach) solution.
Part 5.4: Agro-Processing and Value Chain Machinery

1. Palm oil processing chain from FFB to crude palm oil: (1) Sterilisation: FFBs are cooked
in a steam steriliser to arrest enzyme activity. (2) Threshing/stripping: a rotating drum
thresher strips spikelets from the sterilised bunches. (3) Digestion: a digester macerates
the spikelets to rupture the oil-bearing mesocarp cells. (4) Pressing: a screw press extracts

crude palm oil from the digested mash. (5) Clarification: a settling tank or centrifuge
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separates clean palm oil from water and sludge. Palm kernels from the press are cracked

in a kernel cracker for separate kernel oil extraction.

2. Three cassava processing machines and products: (1) Rasper or grater: processes peeled
cassava roots into wet pulp (product: moist cassava pulp). (2) Hydraulic or screw press:
squeezes water and cyanogenic compounds from the pulp (product: pressed cake with
reduced moisture and HCN). (3) Garri fryer (roasting machine): roasts the sieved moist
cassava meal over a heated pan with motorised stirring (product: garri, the dry, granular

finished product).

3. Two livestock processing machines: (1) Poultry plucker: a rotating drum lined with
rubber fingers that removes feathers from a scalded careass by the friction of the rubber
fingers against the feathers; allows rapid defeathering of multiple birds per minute,
replacing hours of manual plucking. (2) Feed mixer: combinestaw ingredients (maize,
soyabean meal, bone meal, premix) in corréet proportions and mixes them thoroughly to
produce a uniform complete livestock ration; ensures each animal receives the designed

nutrient profile in every portion of feed.

4. An agro-service centre is a rural facility that provides a bundle of mechanisation support
services to farming communities in its catchment area. Services provided include: tractor
and implement hire'on a fee-per-hectare basis; sale of spare parts and consumables
(lubricants; filters, belts, wear parts) for common local machines; technical repair and
maintenance services by qualified mechanics; and operator training for new machine

users and refresher training for existing operators.

5. Three workshop ‘equipment items: welding machine (SMAW) for metal fabrication and
repair; bench grinder for tool sharpening and metal shaping; and hydraulic press for
bearing installation and removal. Three services: tractor and implement hire by prior
booking; spare parts supply for common local makes; and engine and hydraulic system

repairs by certified technicians.
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