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Series 1: Principles of Irrigation 
Series outline 

• 1.1 Forms of Irrigation 

o 1.1.1 Surface Irrigation 

o 1.1.2 Sprinkler Irrigation 

o 1.1.3 Drip Irrigation 

o 1.1.4 Other Methods 

• 1.2 Costs and Profitability 

o 1.2.1 Capital Investment 

o 1.2.2 Operating Costs 

o 1.2.3 Profitability Analysis 

• 1.3 Application to Crops 

o 1.3.1 Field Crops 

o 1.3.2 Horticultural Crops 

o 1.3.3 Critical Growth Stages 

• 1.4 Maintenance of Irrigation Equipment 

o 1.4.1 Routine Maintenance 

o 1.4.2 Troubleshooting Common Problems 

o 1.4.3 Long-Term Sustainability 

 

 

Introduction 
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Irrigation has long been recognised as a vital practice in agriculture, especially in regions where 
rainfall is unreliable or insufficient. By providing water directly to crops, irrigation enables farmers 
to achieve consistent yields and supports the possibility of all-year-round production. This Series 
introduces you to the fundamental principles of irrigation, helping you appreciate its role in modern 
crop production and its contribution to food security. 

The aim of this Series is to equip you with the knowledge and skills to identify, evaluate, and apply 
different irrigation methods, while also considering their economic viability and technical 
sustainability. 

We shall commence this Series by examining the various forms of irrigation that are commonly 
practised. Next, we will analyse the costs and profitability associated with irrigation systems. 
Following that, we will explore how irrigation is applied to different crops, with emphasis on critical 
growth stages. Finally, we will conclude by studying the maintenance of irrigation equipment, 
ensuring that learners understand how to sustain irrigation systems effectively. 

Series Learning Outcomes 

Upon completing this Series, you should be able to: 

• SLO 1.1 define the major forms of irrigation and explain their distinguishing features, 

• SLO 1.2 analyse the costs and profitability of irrigation systems, 

• SLO 1.3 apply irrigation principles to different crops, with emphasis on critical growth 
stages, and 

• SLO 1.4 demonstrate appropriate maintenance practices for irrigation equipment. 

 

1.1 Forms of Irrigation 

1.1.1 Surface irrigation 

Surface irrigation refers to the practice of applying water directly over the soil surface, allowing it 
to infiltrate and reach plant roots. It is one of the oldest and most widely used methods, often 
involving furrows, basins, or border strips. This method is simple and inexpensive, but it requires 
level land and careful water management to avoid wastage. 

Fill in the blank: Surface irrigation is most effective when the land is ______. 
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Diagram showing furrow and basin irrigation methods. Figure 1.1: Basic forms of surface irrigation  

1.1.2 Sprinkler irrigation 

Sprinkler irrigation is a method where water is distributed through pipes and sprayed into the air, 
falling like rainfall over crops. It is suitable for uneven terrain and can be used for a wide range of 
crops. Sprinklers help reduce soil erosion compared to surface irrigation, but they require higher 
energy input and regular maintenance. 

Fill in the blank: Sprinkler irrigation distributes water by spraying it into the ______. 
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Image of a field under sprinkler irrigation. Plate 1.1: Sprinkler irrigation in practice  

1.1.3 Drip irrigation 

Drip irrigation involves delivering water directly to the root zone of plants through a network of 
pipes and emitters. This method is highly efficient, minimising evaporation and runoff losses. It is 
particularly useful for horticultural crops and areas with limited water supply. However, it requires 
careful installation and regular monitoring to prevent clogging. 

Fill in the blank: Drip irrigation delivers water directly to the ______ zone of plants. 
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Diagram showing drip irrigation layout with pipes and emitters. Figure 1.2: Drip irrigation system 
layout  

1.1.4 Other methods 

Other irrigation methods include subsurface irrigation, where water is applied below the soil 
surface, and manual irrigation, where water is supplied using buckets or watering cans. These 
methods are less common but may be suitable in specific contexts, such as small-scale farming or 
areas with unique soil conditions. 

Fill in the blank: Subsurface irrigation applies water below the ______ surface. 

Box 1.1: Comparison of irrigation methods 

Method Key feature Suitability 

Surface Water flows over soil Large, level fields 

Sprinkler Water sprayed like rainfall Uneven terrain 

Drip Water delivered to roots Water-scarce areas 

Subsurface Water applied underground Special soil conditions 
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Pilot questions 1.1 

1. Which irrigation method applies water directly over the soil surface? 

2. Which method distributes water by spraying it into the air? 

3. Which irrigation system is most efficient in water-scarce areas? 

4. What is the main limitation of drip irrigation? 

5. Which irrigation method is most suitable for large, level fields? 

 

1.2 Costs and Profitability 

1.2.1 Capital investment 

Capital investment refers to the initial expenditure required to establish an irrigation system. This 
includes costs of land preparation, purchase of pumps, pipes, sprinklers, or drip lines, and 
installation expenses. The level of investment varies depending on the type of irrigation system 
chosen. For example, surface irrigation requires less capital compared to drip irrigation, which 
demands more sophisticated equipment. 

Fill in the blank: Capital investment in irrigation includes the purchase of ______ and installation 
expenses. 

Table 1.1: Typical capital investment for irrigation systems Description of table: A comparative 
table showing estimated costs for surface, sprinkler, and drip irrigation systems.  

1.2.2 Operating costs 
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Operating costs are the recurring expenses incurred during the functioning of an irrigation system. 
These include fuel or electricity for pumps, labour for operation and maintenance, and costs of 
repairs or replacement of parts. Operating costs can significantly influence the choice of irrigation 
method, as systems like sprinklers and drip irrigation often require higher energy inputs compared 
to surface irrigation. 

Fill in the blank: Operating costs in irrigation include fuel, labour, and ______ of parts. 

Diagram showing breakdown of operating costs in irrigation systems. Figure 1.3: Components of 
operating costs in irrigation  

1.2.3 Profitability analysis 

Profitability analysis involves evaluating whether the benefits of irrigation outweigh the costs. This 
is usually assessed by comparing increased crop yields and income against the combined capital 
and operating costs. Profitability depends on crop type, market demand, and efficiency of water 
use. Farmers must carefully analyse these factors before investing in irrigation systems. 

Fill in the blank: Profitability analysis compares increased crop yields and income against ______ 
and operating costs. 
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Box 1.2: Key factors influencing profitability of irrigation 

Pilot questions 1.2 

1. What does capital investment in irrigation include? 

2. Which irrigation system generally requires the highest capital investment? 

3. What are the main components of operating costs in irrigation? 

4. Why do operating costs influence the choice of irrigation method? 

5. What factors determine the profitability of irrigation systems? 

 

1.3 Application to Crops 

1.3.1 Field crops 

Field crops such as maize, rice, and wheat often require irrigation to supplement rainfall, 
especially during dry spells. Irrigation ensures that these crops receive adequate water during 
critical growth stages, thereby stabilising yields. The choice of irrigation method depends on crop 
type, soil condition, and available resources. 

Fill in the blank: Irrigation stabilises yields of field crops by providing water during ______ growth 
stages. 
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Image of maize field under surface irrigation. Plate 1.2: Irrigation of maize field  

1.3.2 Horticultural crops 

Horticultural crops include vegetables, fruits, and flowers, which often have higher water 
demands and require precise irrigation. Drip irrigation is particularly effective for these crops, as it 
delivers water directly to the root zone, reducing wastage and improving quality. Proper irrigation 
scheduling enhances both yield and market value. 

Fill in the blank: Drip irrigation is particularly effective for ______ crops due to its precision. 
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Diagram showing drip irrigation applied to tomato plants. Figure 1.4: Drip irrigation for horticultural 
crops  

1.3.3 Critical growth stages 

Critical growth stages are specific phases in crop development when water supply is most 
essential. For example, maize requires sufficient water during tasselling and grain filling, while rice 
needs water during transplanting and flowering. Failure to irrigate at these stages can lead to 
significant yield losses. 

Fill in the blank: Rice requires sufficient water during ______ and flowering stages. 

Crop Critical Growth Stages 

Maize tasselling and grain filling 

Rice transplanting and flowering 

Wheat heading and grain filling 

Tomato flowering and fruit development 

Box 1.3: Examples of critical growth stages for selected crops 

Pilot questions 1.3 
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1. Why is irrigation important for field crops such as maize and rice? 

2. Which irrigation method is most suitable for horticultural crops? 

3. What is the main advantage of drip irrigation for vegetables and fruits? 

4. At which growth stage does maize require sufficient water? 

5. What happens if crops are not irrigated during their critical growth stages? 

 

1.4 Maintenance of Irrigation Equipment 

1.4.1 Routine maintenance 

Routine maintenance refers to the regular activities carried out to keep irrigation systems 
functioning effectively. These include cleaning filters, checking pipes for leaks, lubricating moving 
parts, and ensuring pumps are in good working condition. Routine maintenance helps prevent 
breakdowns and prolongs the lifespan of equipment. 

Fill in the blank: Routine maintenance of irrigation systems includes cleaning ______ and checking 
pipes for leaks. 

Diagram showing routine maintenance tasks for irrigation equipment. Figure 1.5: Routine 
maintenance activities for irrigation systems  

1.4.2 Troubleshooting common problems 

Troubleshooting involves identifying and resolving issues that may arise during irrigation. Common 
problems include blocked emitters in drip systems, uneven water distribution in sprinklers, and 
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pump failures. Farmers must learn to detect these problems early and apply corrective measures 
to avoid crop stress. 

Fill in the blank: Blocked ______ are a common problem in drip irrigation systems. 

Image of a farmer repairing a blocked drip emitter. Plate 1.3: Troubleshooting drip irrigation 
equipment  

1.4.3 Long-term sustainability 

Long-term sustainability in irrigation equipment maintenance refers to practices that ensure 
systems remain functional over many years. This includes adopting preventive maintenance 
schedules, using durable materials, and training operators in proper handling. Sustainable 
maintenance reduces costs and enhances the reliability of irrigation systems. 

Fill in the blank: Long-term sustainability in irrigation equipment requires preventive ______ 
schedules. 
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Box 1.4: Principles of sustainable irrigation equipment maintenance 

Pilot questions 1.4 

1. What activities are included in routine maintenance of irrigation systems? 

2. Which common problem occurs in drip irrigation systems? 

3. Why is troubleshooting important in irrigation management? 

4. What practices contribute to long-term sustainability of irrigation equipment? 

5. How does preventive maintenance reduce costs in irrigation systems? 

 

Series summary 

This Series introduced you to the fundamental principles of irrigation, highlighting its importance as 
a reliable alternative to rain-fed agriculture. We began by exploring the different forms of irrigation, 
including surface, sprinkler, drip, and other methods, noting their features and suitability. Then we 
examined the costs and profitability of irrigation systems, distinguishing between capital 
investment and operating costs, and considering how these influence farmers’ decisions. 
Following that, we studied the application of irrigation to crops, focusing on field and horticultural 
crops as well as their critical growth stages. Finally, we discussed the maintenance of irrigation 
equipment, emphasising routine care, troubleshooting, and long-term sustainability. 

By completing this Series, you should now be able to define the major forms of irrigation, analyse 
the costs and profitability of irrigation systems, apply irrigation principles to different crops with 
attention to critical growth stages, and demonstrate appropriate maintenance practices for 
irrigation equipment, as outlined in the Series Learning Outcomes. 
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Glossary of terms 

• Capital investment: The initial expenditure required to establish an irrigation system, 
including equipment and installation costs. 

• Critical growth stages: Specific phases in crop development when water supply is most 
essential for yield. 

• Drip irrigation: A system that delivers water directly to the root zone of plants through pipes 
and emitters. 

• Field crops: Large-scale crops such as maize, rice, and wheat grown for staple food 
production. 

• Horticultural crops: High-value crops including vegetables, fruits, and flowers that often 
require precise irrigation. 

• Long-term sustainability: Practices that ensure irrigation systems remain functional and 
reliable over many years. 

• Operating costs: Recurring expenses such as fuel, labour, and repairs needed to run 
irrigation systems. 

• Profitability analysis: Evaluation of whether the benefits of irrigation outweigh its costs, 
based on yields and market demand. 

• Routine maintenance: Regular activities such as cleaning filters and checking pipes to 
keep irrigation systems effective. 

• Sprinkler irrigation: A system that sprays water into the air, simulating rainfall over crops. 

• Surface irrigation: A method where water flows over the soil surface to reach plant roots. 

• Troubleshooting: Identifying and resolving problems in irrigation systems, such as blocked 
emitters or pump failures. 

Concept check questions [Series 1] 

Objective questions 

1. (Linked to SLO 1.1) Which irrigation method delivers water directly to the root zone? 

2. (Linked to SLO 1.2) Which type of cost includes fuel and labour expenses? 

3. (Linked to SLO 1.3) At which growth stage does maize require sufficient water? 

4. (Linked to SLO 1.4) Which maintenance activity helps prevent clogging in drip irrigation 
systems? 

Short-answer questions 
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5. (Linked to SLO 1.1) Explain one advantage of sprinkler irrigation compared to surface 
irrigation. 

6. (Linked to SLO 1.2) Distinguish between capital investment and operating costs in 
irrigation. 

7. (Linked to SLO 1.3) Why are critical growth stages important in irrigation scheduling? 

8. (Linked to SLO 1.4) Describe one practice that contributes to long-term sustainability of 
irrigation equipment. 

Long-answer questions 

9. (Linked to SLO 1.2) Analyse the profitability of irrigation systems by considering crop type, 
market demand, and efficiency of water use. 

10. (Linked to SLO 1.3) Apply irrigation principles to both field and horticultural crops, 
highlighting differences in water requirements and suitable methods. 

Answers to Concept Check Questions [Series 1] 

Objective questions 

1. Drip irrigation. 

2. Operating costs. 

3. Tasselling and grain filling. 

4. Cleaning filters. 

Short-answer questions 

5. Sprinkler irrigation can be used on uneven terrain, unlike surface irrigation which requires 
level land. 

6. Capital investment refers to initial setup costs, while operating costs are recurring 
expenses during system use. 

7. Critical growth stages are periods when water supply directly affects yield, so irrigation 
must be prioritised. 

8. Preventive maintenance schedules and use of durable materials. 

Long-answer questions 

9. Basic response: Profitability depends on whether increased yields and income outweigh 
capital and operating costs. Value-added response: Outstanding learners may also 
consider external factors such as government subsidies, climate variability, and 
technological innovations that influence profitability. 
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10. Basic response: Field crops like maize and rice require irrigation during critical growth 
stages, while horticultural crops benefit from precise methods such as drip irrigation. 
Value-added response: Outstanding learners may further evaluate how irrigation 
scheduling differs between staple crops and high-value crops, and how market demand 
influences irrigation decisions. 

Answers to Pilot Questions [Series 1] 

• Surface irrigation 

• Sprinkler irrigation 

• Drip irrigation 

• Clogging of emitters 

• Large, level fields 

• Land preparation, pumps, pipes, sprinklers, drip lines, installation 

• Drip irrigation 

• Fuel, labour, repairs 

• Because they affect affordability and sustainability 

• Crop type, market demand, efficiency of water use 

• To stabilise yields during critical growth stages 

• Drip irrigation 

• Precision water delivery to roots 

• Tasselling and grain filling 

• Significant yield losses 

• Cleaning filters, checking pipes, lubricating parts, pump care 

• Blocked emitters 

• To prevent crop stress and system failure 

• Preventive schedules, durable materials, operator training 

• By reducing breakdowns and prolonging equipment life 

References and Attributions [Series 1] 

• FAO (Food and Agriculture Organization). Irrigation in Practice: Principles and Management. 

• Hillel, D. (2008). Introduction to Environmental Soil Physics. Academic Press. 
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• Michael, A. M. (2010). Irrigation Theory and Practice. Vikas Publishing House. 

• OER Commons. Open Educational Resources on Irrigation Systems. 

• Figure 1.1, Plate 1.1, Figure 1.2, Plate 1.2, Figure 1.4, Plate 1.3: Suggested AI prompts 
provided for generation of diagrams and images. 

• Table 1.1, Box 1.2, Box 1.3, Box 1.4: Suggested AI prompts for tabular and boxed content. 

• All illustration placeholders are designed for later refinement using AI tools or sourcing 
from OER repositories. 
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Introduction 

Water is the lifeblood of crop production, yet its movement through soil, uptake by plants, and 
interaction with the atmosphere is complex. Understanding these relationships is essential for 
effective irrigation management, as they determine how much water crops need, when they need 
it, and how efficiently it can be used. This Series will guide you through the science of soil-water-
plant-atmosphere interactions, helping you connect theory with practical irrigation decisions. 

The aim of this Series is to enable you to analyse the dynamics of soil-water-plant relationships and 
apply this knowledge to assess crop water requirements and irrigation scheduling. 

We shall commence this Series by examining soil-water dynamics, including soil moisture, 
infiltration, percolation, and evaporation. Next, we will explore plant-water relations, focusing on 
root absorption, transpiration, and water use efficiency. Following that, we will study atmosphere-
water interactions, considering meteorological factors, evapotranspiration, and climatic 
influences on irrigation. Finally, we will conclude by assessing crop water requirements, looking at 
methods of assessment, critical growth stages, and irrigation scheduling. 

Series Learning Outcomes 

Upon completing this Series, you should be able to: 

• SLO 2.1 define soil moisture, infiltration, percolation, and evaporation, and explain their 
role in soil-water dynamics, 

• SLO 2.2 describe how plants absorb water, explain the process of transpiration, and 
evaluate water use efficiency, 

• SLO 2.3 analyse atmosphere-water interactions by identifying meteorological factors, 
explaining evapotranspiration, and evaluating climatic influences on irrigation, 

• SLO 2.4 apply methods of assessing crop water requirements, identify critical growth 
stages for water supply, and design appropriate irrigation schedules. 

 

2.1 Soil-Water Dynamics 

2.1.1 Soil moisture 

Soil moisture refers to the amount of water held in the soil that is available for plant use. It is 
influenced by soil texture, structure, and organic matter content. Sandy soils tend to drain quickly, 
while clay soils retain water for longer periods. Understanding soil moisture is crucial for irrigation 
scheduling, as it determines when and how much water should be applied to crops. 

Fill in the blank: Clay soils retain water for longer periods compared to ______ soils. 
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Diagram showing soil moisture levels in sandy, loamy, and clay soils. Figure 2.1: Soil moisture 
retention across soil types  

2.1.2 Infiltration and percolation 

Infiltration is the process by which water enters the soil surface, while percolation refers to the 
downward movement of water through soil layers. Both processes are essential for replenishing 
groundwater and ensuring that plant roots have access to sufficient water. Factors such as soil 
compaction, organic matter, and rainfall intensity affect infiltration and percolation rates. 

Fill in the blank: The downward movement of water through soil layers is called ______. 
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Diagram showing infiltration at the soil surface and percolation through soil layers. Figure 2.2: 
Infiltration and percolation processes  

2.1.3 Evaporation and retention 

Evaporation is the process by which water is lost from the soil surface into the atmosphere, while 
retention refers to the soil’s ability to hold water for plant use. High evaporation rates reduce soil 
moisture availability, especially in hot and windy climates. Retention depends on soil type and 
organic matter, with loamy soils generally offering the best balance between drainage and water-
holding capacity. 

Fill in the blank: Loamy soils offer the best balance between drainage and ______ capacity. 
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[

Box 2.1: Factors influencing soil water retention 

Pilot questions 2.1 

1. Which soil type retains water for longer periods? 

2. What is the process by which water enters the soil surface? 

3. What is the downward movement of water through soil layers called? 

4. Which soil type provides the best balance between drainage and retention? 

5. Name two factors that influence infiltration and percolation rates. 

 

2.2 Plant-Water Relations 

2.2.1 Water absorption by roots 

Water absorption is the process by which plant roots take up water from the soil. Root hairs play a 
critical role by increasing the surface area for absorption. Water moves into roots mainly through 
osmosis, driven by differences in water potential between the soil and the root cells. Efficient 
absorption depends on healthy root systems and adequate soil moisture. 

Fill in the blank: Water moves into roots mainly through the process of ______. 
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Diagram showing water absorption by root hairs. Figure 2.3: Water absorption through root hairs  

2.2.2 Transpiration process 

Transpiration is the loss of water vapour from plant leaves through small openings called stomata. 
This process helps regulate plant temperature and facilitates the upward movement of water and 
nutrients from roots to leaves. Transpiration rates are influenced by environmental factors such as 
temperature, humidity, and wind. 

Fill in the blank: Transpiration occurs through small openings in leaves called ______. 
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Image of stomata on a leaf surface under a microscope. Plate 2.1: Stomata on a leaf surface  

2.2.3 Water use efficiency 

Water use efficiency (WUE) refers to the ratio of crop yield to the amount of water used. High WUE 
means that crops produce more yield per unit of water consumed. Improving WUE involves 
selecting suitable crop varieties, adopting efficient irrigation methods such as drip irrigation, and 
managing soil moisture effectively. 

Fill in the blank: Water use efficiency is the ratio of crop yield to the amount of ______ used. 

Box 2.2: Strategies to improve water use efficiency 

Pilot questions 2.2 

1. What structures in roots increase the surface area for water absorption? 

2. Through which process does water move into roots? 
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3. What is transpiration, and through which structures does it occur? 

4. Name two environmental factors that influence transpiration rates. 

5. How can farmers improve water use efficiency in crop production? 

 

2.3 Atmosphere-Water Interactions 

2.3.1 Meteorological factors 

Meteorological factors such as temperature, humidity, wind speed, and solar radiation strongly 
influence the rate at which water is lost from soil and plants. High temperatures and strong winds 
increase evaporation and transpiration, while high humidity reduces them. Farmers must consider 
these factors when planning irrigation schedules to avoid under- or over-watering crops. 

Fill in the blank: High ______ reduces evaporation and transpiration rates. 

Diagram showing the influence of temperature, humidity, and wind on water loss. Figure 2.4: 
Meteorological factors affecting water loss  

2.3.2 Evapotranspiration 

Evapotranspiration (ET) is the combined process of water loss from soil through evaporation and 
from plants through transpiration. ET is a key measure used to estimate crop water requirements. It 
varies with crop type, growth stage, and climatic conditions. Accurate estimation of ET helps 
farmers schedule irrigation more effectively. 

Fill in the blank: Evapotranspiration is the combined process of evaporation and ______. 
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Diagram showing components of evapotranspiration (soil evaporation and plant transpiration). 
Figure 2.5: Components of evapotranspiration  

2.3.3 Climatic influences on irrigation 

Climatic influences determine how much water crops require and when irrigation should be 
applied. In arid climates, irrigation must be frequent due to high evaporation rates, while in humid 
climates, irrigation may be supplementary. Seasonal variations, such as dry and wet seasons, also 
affect irrigation planning. Farmers must adapt irrigation practices to local climate conditions to 
optimise water use. 

Fill in the blank: In arid climates, irrigation must be ______ due to high evaporation rates. 

Climate Type Influence on Irrigation Practices 

Arid 
Climates 

Due to high rates of evaporation and minimal precipitation, crops require 
frequent irrigation to meet their water needs. Systems that minimize water 

loss (e.g., drip irrigation) are crucial in these regions. 

Humid 
Climates 

Rainfall often meets most crop water requirements. However, irrigation 
may still be needed on a supplementary basis during dry spells or at critical 

growth stages to ensure optimal yields. 
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Climate Type Influence on Irrigation Practices 

Seasonal 
Variations 

Even within a specific climate, distinct wet and dry seasons significantly 
alter irrigation needs. The dry season often requires intensive and frequent 

irrigation compared to the wet season, when rainfall may be sufficient. 

Box 2.3: Climatic influences on irrigation practices 

Pilot questions 2.3 

1. Which meteorological factors influence evaporation and transpiration rates? 

2. What does evapotranspiration measure? 

3. How does high humidity affect water loss from soil and plants? 

4. Why is evapotranspiration important in irrigation scheduling? 

5. How do climatic conditions influence irrigation practices in arid and humid regions? 

 

2.4 Assessment of Crop Water Requirements 

2.4.1 Methods of assessment 

Methods of assessment are techniques used to determine how much water crops need at 
different stages of growth. Common methods include direct soil moisture measurement using 
tensiometers, estimating evapotranspiration rates, and crop coefficient approaches. These 
methods help farmers avoid both under-irrigation, which stresses crops, and over-irrigation, which 
wastes water and damages soil. 

Fill in the blank: A tensiometer is used to measure ______ moisture directly in the soil. 
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Diagram showing a tensiometer measuring soil moisture. Figure 2.6: Soil moisture measurement 
using a tensiometer  

2.4.2 Critical growth stages 

Critical growth stages are periods in crop development when water supply is most essential for 
yield formation. For example, maize requires water during tasselling and grain filling, while wheat 
needs irrigation at heading and grain filling. Supplying water at these stages ensures maximum 
productivity and prevents irreversible yield losses. 

Fill in the blank: Maize requires irrigation during tasselling and ______ filling stages. 
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Box 2.4: Examples of critical growth stages for selected crops 

2.4.3 Scheduling irrigation 

Scheduling irrigation refers to planning when and how much water to apply to crops. Effective 
scheduling is based on soil moisture levels, crop water requirements, and climatic conditions. 
Techniques include fixed interval scheduling, soil moisture-based scheduling, and 
evapotranspiration-based scheduling. Proper scheduling improves water use efficiency and 
reduces costs. 

Fill in the blank: Scheduling irrigation involves planning when and how much ______ to apply to 
crops. 

Table 2.1: Irrigation scheduling techniques 

Technique Description Advantage Disadvantage 

Fixed interval (or 
Time-based) 

Water is applied at 
predetermined, set 
times (e.g., every 3 
days) and for a set 
duration, regardless 
of current 
conditions. 

Simple and low-
cost to 
implement; 
does not require 
technical 
sensors or data 
analysis. 

Often leads to 
over-irrigation 
during wet periods 
or under-irrigation 
during dry/hot 
spells. 
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Technique Description Advantage Disadvantage 

Soil moisture-based 

Water is applied 
only when the soil 
moisture content or 
tension falls below 
a specific threshold 
(set by sensors or 
"feel"). 

Directly 
measures the 
water available 
to plants, 
preventing crop 
stress; can 
significantly 
improve water 
efficiency. 

Requires the 
installation and 
maintenance of 
sensors (which 
can be expensive 
or technically 
demanding); 
placement is 
critical. 

Evapotranspiration-
based (ET-based) 

Water application is 
calculated to 
replace the water 
lost through crop 
evap 

  

Pilot questions 2.4 

1. What instrument is used to measure soil moisture directly? 

2. Why are critical growth stages important in irrigation planning? 

3. At which growth stages does wheat require irrigation? 

4. What is irrigation scheduling? 

5. Name two techniques used for scheduling irrigation. 

 

Series summary 

This Series focused on the intricate relationships between soil, water, plants, and the atmosphere, 
which form the foundation of effective irrigation management. We began by studying soil-water 
dynamics, including soil moisture, infiltration, percolation, and evaporation, to understand how 
water behaves in different soil types. Next, we explored plant-water relations, examining how roots 
absorb water, how transpiration occurs, and how water use efficiency can be improved. We then 
considered atmosphere-water interactions, looking at meteorological factors, evapotranspiration, 
and climatic influences on irrigation. Finally, we assessed crop water requirements, covering 
methods of measurement, critical growth stages, and irrigation scheduling techniques. 

By completing this Series, you should now be able to define key soil-water processes, describe 
plant-water relations, analyse atmosphere-water interactions, and apply methods to assess crop 
water requirements and design irrigation schedules, as outlined in the Series Learning Outcomes. 
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Glossary of terms 

• Atmosphere-water interactions: The influence of meteorological and climatic factors on 
soil and plant water use. 

• Critical growth stages: Specific phases in crop development when water supply is most 
essential for yield. 

• Evaporation: The process by which water is lost from the soil surface into the atmosphere. 

• Evapotranspiration (ET): The combined process of water loss from soil through 
evaporation and from plants through transpiration. 

• Infiltration: The process by which water enters the soil surface. 

• Percolation: The downward movement of water through soil layers. 

• Plant-water relations: The processes by which plants absorb, use, and lose water. 

• Scheduling irrigation: Planning when and how much water to apply to crops. 

• Soil moisture: The amount of water held in the soil that is available for plant use. 

• Transpiration: The loss of water vapour from plant leaves through stomata. 

• Water use efficiency (WUE): The ratio of crop yield to the amount of water used. 

Concept check questions [Series 2] 

Objective questions 

1. (Linked to SLO 2.1) Which soil type retains water for longer periods? 

2. (Linked to SLO 2.2) Through which structures does transpiration occur? 

3. (Linked to SLO 2.3) What does evapotranspiration measure? 

4. (Linked to SLO 2.4) Which instrument is used to measure soil moisture directly? 

Short-answer questions 

5. (Linked to SLO 2.1) Explain the difference between infiltration and percolation. 

6. (Linked to SLO 2.2) Why are root hairs important in water absorption? 

7. (Linked to SLO 2.3) How does high humidity affect evaporation and transpiration rates? 

8. (Linked to SLO 2.4) Why are critical growth stages important in irrigation planning? 

Long-answer questions 

9. (Linked to SLO 2.3) Analyse how meteorological factors influence irrigation scheduling in 
arid and humid climates. 
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10. (Linked to SLO 2.4) Apply different methods of assessing crop water requirements and 
evaluate their effectiveness in improving irrigation efficiency. 

Answers to Concept Check Questions [Series 2] 

Objective questions 

1. Clay soils. 

2. Stomata. 

3. Combined water loss from soil and plants. 

4. Tensiometer. 

Short-answer questions 

5. Infiltration is water entering the soil surface, while percolation is water moving downward 
through soil layers. 

6. Root hairs increase the surface area for water absorption. 

7. High humidity reduces evaporation and transpiration rates. 

8. They are periods when water supply directly affects yield formation. 

Long-answer questions 

9. Basic response: In arid climates, irrigation must be frequent due to high evaporation, while 
in humid climates, irrigation is supplementary. Value-added response: Outstanding 
learners may also consider seasonal variations, crop type, and local weather forecasting in 
irrigation scheduling. 

10. Basic response: Methods include soil moisture measurement, evapotranspiration 
estimates, and crop coefficient approaches. Value-added response: Outstanding learners 
may evaluate how combining these methods with modern technologies such as remote 
sensing and automated sensors enhances efficiency. 

Answers to Pilot Questions [Series 2] 

• Clay soils 

• Infiltration 

• Percolation 

• Loamy soils 

• Soil compaction, organic matter 

• Root hairs 
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• Osmosis 

• Transpiration through stomata 

• Temperature, humidity, wind 

• Efficient irrigation methods, crop varieties 

• Temperature, humidity, wind speed, solar radiation 

• Evapotranspiration 

• It reduces water loss 

• It estimates crop water requirements 

• Arid climates require frequent irrigation; humid climates need supplementary irrigation 

• Tensiometer 

• They ensure maximum yield and prevent losses 

• Heading and grain filling 

• Planning when and how much water to apply 

• Fixed interval, soil moisture-based, evapotranspiration-based 

References and Attributions [Series 2] 

• FAO (Food and Agriculture Organization). Crop Water Requirements and Irrigation 
Scheduling. 

• Hillel, D. (2008). Introduction to Environmental Soil Physics. Academic Press. 

• Michael, A. M. (2010). Irrigation Theory and Practice. Vikas Publishing House. 

• OER Commons. Open Educational Resources on Soil-Water-Plant Relationships. 

• Figure 2.1, Figure 2.2, Figure 2.4, Figure 2.5, Figure 2.6: Suggested AI prompts for diagrams 
of soil moisture, infiltration, meteorological factors, evapotranspiration, and tensiometers. 

• Plate 2.1: Suggested AI prompt for microscopic image of stomata. 

• Table 2.1, Box 2.1, Box 2.2, Box 2.3, Box 2.4: Suggested AI prompts for tabular and boxed 
content. 

• All illustration placeholders are designed for later refinement using AI tools or sourcing 
from OER repositories. 
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Series 3: Crop Water Requirements 
Series outline 

• 3.1 Factors influencing crop water needs 

o 3.1.1 Soil type and texture 

o 3.1.2 Crop type and growth stage 

o 3.1.3 Climatic conditions 

• 3.2 Methods of estimating crop water requirements 

o 3.2.1 Evapotranspiration-based methods 

o 3.2.2 Crop coefficient approach 

o 3.2.3 Soil moisture measurement 

• 3.3 Crop water requirement in practice 

o 3.3.1 Irrigation scheduling based on crop needs 

o 3.3.2 Case studies of selected crops 

o 3.3.3 Challenges in meeting crop water requirements 

• 3.4 Improving water use efficiency in crops 

o 3.4.1 Agronomic practices 

o 3.4.2 Technological innovations 

o 3.4.3 Policy and management strategies 

 

Introduction 

Water is the single most limiting factor in crop production across many regions, and understanding 
how much water crops need is essential for efficient irrigation. This Series will help you connect the 
science of crop water requirements with practical decision-making in the field. By examining the 
factors that influence water needs, the methods used to estimate them, and the strategies for 
improving efficiency, you will gain the skills to manage irrigation in a way that supports both 
productivity and sustainability. 

The aim of this Series is to enable you to evaluate crop water requirements, apply appropriate 
estimation methods, and design irrigation practices that optimise water use efficiency. 
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We shall commence this Series by studying the factors that influence crop water needs, including 
soil type, crop type, and climatic conditions. Next, we will explore methods of estimating crop 
water requirements, such as evapotranspiration-based approaches, crop coefficients, and soil 
moisture measurement. Following that, we will consider crop water requirement in practice, 
focusing on irrigation scheduling, case studies of selected crops, and challenges faced by farmers. 
Finally, we will conclude by examining strategies for improving water use efficiency, including 
agronomic practices, technological innovations, and policy measures. 

Series Learning Outcomes 

Upon completing this Series, you should be able to: 

• SLO 3.1 analyse the factors influencing crop water needs, including soil type, crop type, 
and climatic conditions, 

• SLO 3.2 apply methods of estimating crop water requirements such as evapotranspiration-
based approaches, crop coefficients, and soil moisture measurement, 

• SLO 3.3 evaluate crop water requirement in practice by designing irrigation schedules, 
interpreting case studies, and identifying challenges, 

• SLO 3.4 propose strategies to improve water use efficiency through agronomic practices, 
technological innovations, and policy measures. 

 

3.1 Factors Influencing Crop Water Needs 

3.1.1 Soil type and texture 

Soil type and texture determine how water is stored and made available to crops. Sandy soils 
drain quickly and hold little water, while clay soils retain water for longer but may restrict root 
penetration. Loamy soils, with a balanced mix of sand, silt, and clay, provide the most favourable 
conditions for crop growth. Understanding soil type helps farmers decide on irrigation frequency 
and volume. 

Fill in the blank: Loamy soils provide the most favourable conditions because they balance ______, 
silt, and clay. 
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Diagram showing water retention in sandy, loamy, and clay soils. Figure 3.1: Water retention across 
soil types  

3.1.2 Crop type and growth stage 

Crop type and growth stage influence water requirements significantly. Staple crops such as 
maize and rice require large amounts of water during critical growth stages, while horticultural 
crops like tomatoes and peppers need precise irrigation for quality production. Water demand also 
varies across growth stages, with flowering and grain filling being particularly sensitive periods. 

Fill in the blank: Flowering and ______ filling are critical stages requiring adequate water supply. 



 

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

Box 3.1: Examples of crop water needs by growth stage 

3.1.3 Climatic conditions 

Climatic conditions such as temperature, humidity, wind speed, and rainfall patterns directly 
affect crop water needs. In arid climates, crops require frequent irrigation due to high evaporation 
rates, while in humid climates, irrigation may only supplement rainfall. Seasonal variations also 
play a role, with dry seasons demanding more irrigation compared to wet seasons. 

Fill in the blank: In arid climates, crops require ______ irrigation due to high evaporation rates. 

Table 3.1: Influence of climate on crop water needs 

Climate Type Water Requirement Irrigation Strategy 

Arid High Frequent irrigation 

Humid Moderate Supplementary irrigation 

Seasonal (dry) High Increased irrigation 

Seasonal (wet) Low Reduced irrigation 

 

Pilot questions 3.1 
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1. Which soil type drains quickly and holds little water? 

2. Which soil type provides the most favourable conditions for crop growth? 

3. At which growth stages do crops like maize and wheat require more water? 

4. How do climatic conditions influence crop water requirements in arid regions? 

5. Why do humid climates often require only supplementary irrigation? 

 

3.2 Methods of Estimating Crop Water Requirements 

3.2.1 Evapotranspiration-based methods 

Evapotranspiration (ET)-based methods estimate crop water requirements by calculating the 
combined water loss from soil evaporation and plant transpiration. These methods often use 
reference evapotranspiration (ETo) data, adjusted with crop-specific factors. ET-based approaches 
are widely used because they provide a realistic measure of crop water demand under varying 
climatic conditions. 

Fill in the blank: Evapotranspiration combines water loss from soil and ______. 

Diagram showing components of evapotranspiration (soil evaporation and plant transpiration). 
Figure 3.2: Components of evapotranspiration-based estimation  

3.2.2 Crop coefficient approach 

The crop coefficient (Kc) approach adjusts reference evapotranspiration (ETo) to reflect the water 
needs of specific crops at different growth stages. Each crop has a set of coefficients that vary with 
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its development, from initial growth to maturity. Multiplying ETo by Kc gives the actual crop 
evapotranspiration (ETc), which is used to estimate water requirements. 

Fill in the blank: Actual crop evapotranspiration (ETc) is calculated by multiplying ETo by ______. 

Table 3.2: Example crop coefficients (Kc) for selected crops 

 

3.2.3 Soil moisture measurement 

Soil moisture measurement involves directly assessing the amount of water available in the soil 
for crops. Instruments such as tensiometers, neutron probes, and modern sensors provide 
accurate readings. Farmers use these measurements to decide when irrigation is necessary, 
ensuring crops receive water only when soil moisture falls below a critical threshold. 

Fill in the blank: A tensiometer is used to measure soil ______ directly. 
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Image of a tensiometer installed in a crop field. Plate 3.1: Soil moisture measurement using a 
tensiometer  

Pilot questions 3.2 

1. What does evapotranspiration measure? 

2. How is actual crop evapotranspiration (ETc) calculated? 

3. What is the role of crop coefficients in estimating water requirements? 

4. Name one instrument used to measure soil moisture directly. 

5. Why is soil moisture measurement important in irrigation scheduling? 

 

3.3 Crop Water Requirement in Practice 

3.3.1 Irrigation scheduling based on crop needs 

Irrigation scheduling involves applying water to crops at the right time and in the right quantity, 
based on their water requirements. Scheduling can be guided by soil moisture levels, crop growth 
stages, or evapotranspiration data. Proper scheduling ensures crops receive adequate water 
without wastage, improving both yield and efficiency. 

Fill in the blank: Irrigation scheduling ensures crops receive adequate water without ______. 

Table 3.3: Irrigation scheduling approaches 
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Approach Basis Advantage 

Fixed interval Regular time periods Simple to apply 

Soil moisture-based Threshold soil moisture levels Prevents crop stress 

ET-based Evapotranspiration estimates Matches crop demand 

 

3.3.2 Case studies of selected crops 

Case studies illustrate how crop water requirements vary across different crops. For example, rice 
requires continuous flooding during much of its growth, while maize needs irrigation during 
tasselling and grain filling. Tomatoes, on the other hand, benefit from precise drip irrigation to 
maintain fruit quality. These examples show how crop-specific needs guide irrigation practices. 

Fill in the blank: Rice requires continuous ______ during much of its growth. 

Box 3.2: Crop-specific irrigation practices 

3.3.3 Challenges in meeting crop water requirements 

Challenges in meeting crop water requirements include limited water availability, climate 
variability, poor infrastructure, and lack of farmer knowledge. In many regions, competition for 
water between agriculture and other sectors further complicates irrigation planning. Addressing 
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these challenges requires efficient water management, adoption of modern technologies, and 
supportive policies. 

Fill in the blank: Limited water availability and climate ______ are major challenges in meeting crop 
water requirements. 

Diagram showing challenges in meeting crop water requirements (climate variability, limited water, 
poor infrastructure). Figure 3.3: Challenges in meeting crop water requirements  

Pilot questions 3.3 

1. What is the purpose of irrigation scheduling? 

2. Which crop requires continuous flooding during growth? 

3. At which growth stages does maize require irrigation? 

4. Why is drip irrigation important for tomato production? 

5. Name two challenges farmers face in meeting crop water requirements. 

 

3.4 Improving Water Use Efficiency in Crops 

3.4.1 Agronomic practices 

Agronomic practices such as mulching, crop rotation, and intercropping help conserve soil 
moisture and improve water use efficiency. Mulching reduces evaporation, while crop rotation and 
intercropping optimise root systems and water uptake. These practices are cost-effective and 
widely applicable in smallholder farming systems. 
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Fill in the blank: ______ reduces evaporation by covering the soil surface with organic or synthetic 
materials. 

Box 3.3: Agronomic practices for water efficiency 

3.4.2 Technological innovations 

Technological innovations such as drip irrigation, sprinkler systems, and automated soil moisture 
sensors enhance water use efficiency by delivering precise amounts of water directly to crops. 
These technologies reduce wastage and improve yields, especially in water-scarce regions. 
Adoption of modern irrigation systems is key to sustainable agriculture. 

Fill in the blank: Drip irrigation delivers water directly to the crop ______ zone. 
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Diagram showing drip irrigation system delivering water to plant roots. Figure 3.4: Drip irrigation 
system for efficient water use  

3.4.3 Policy and management strategies 

Policy and management strategies play a crucial role in improving water use efficiency. These 
include government support for efficient irrigation technologies, water pricing policies to 
encourage conservation, and farmer training programmes. Effective management ensures that 
water resources are used sustainably while maintaining agricultural productivity. 

Fill in the blank: Water pricing policies encourage farmers to practise water ______. 

Strategy Description Benefit 

Government 
support 

Subsidies for efficient irrigation 
systems 

Increased adoption 

Water pricing Charges based on water use 
Encourages 

conservation 

Farmer training Education on efficient practices Improved management 

Table 3.4: Policy and management strategies for water efficiency 

Pilot questions 3.4 

1. What agronomic practice reduces evaporation from the soil surface? 
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2. Which irrigation technology delivers water directly to the root zone? 

3. Why are technological innovations important for water use efficiency? 

4. How do water pricing policies influence farmer behaviour? 

5. Name one policy strategy that supports adoption of efficient irrigation systems. 

 

Series summary 

This Series examined the concept of crop water requirements, linking scientific principles with 
practical irrigation management. We began by analysing the factors that influence crop water 
needs, including soil type, crop type, and climatic conditions. We then explored methods of 
estimating crop water requirements, focusing on evapotranspiration-based approaches, crop 
coefficients, and soil moisture measurement. Following that, we considered crop water 
requirement in practice, looking at irrigation scheduling, crop-specific case studies, and the 
challenges farmers face. Finally, we discussed strategies for improving water use efficiency, 
highlighting agronomic practices, technological innovations, and policy measures. 

By completing this Series, you should now be able to analyse the factors influencing crop water 
needs, apply estimation methods, evaluate crop water requirements in practice, and propose 
strategies to improve water use efficiency, as outlined in the Series Learning Outcomes. 

Glossary of terms 

• Agronomic practices: Farming techniques such as mulching and crop rotation that help 
conserve soil moisture. 

• Crop coefficient (Kc): A factor used to adjust reference evapotranspiration to reflect crop-
specific water needs. 

• Crop water requirement: The amount of water needed by a crop to achieve optimum 
growth and yield. 

• Evapotranspiration (ET): The combined process of water loss from soil through 
evaporation and from plants through transpiration. 

• Irrigation scheduling: Planning when and how much water to apply to crops. 

• Soil moisture measurement: Direct assessment of water available in the soil using 
instruments such as tensiometers. 

• Technological innovations: Modern tools such as drip irrigation and soil moisture sensors 
that improve water use efficiency. 

• Water use efficiency (WUE): The ratio of crop yield to the amount of water used. 

Concept check questions [Series 3] 
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Objective questions 

1. (Linked to SLO 3.1) Which soil type drains quickly and holds little water? 

2. (Linked to SLO 3.2) What does evapotranspiration measure? 

3. (Linked to SLO 3.2) How is actual crop evapotranspiration (ETc) calculated? 

4. (Linked to SLO 3.4) Which irrigation technology delivers water directly to the root zone? 

Short-answer questions 

5. (Linked to SLO 3.1) Why are loamy soils considered favourable for crop growth? 

6. (Linked to SLO 3.2) What is the role of crop coefficients in estimating water requirements? 

7. (Linked to SLO 3.3) Why is drip irrigation important for tomato production? 

8. (Linked to SLO 3.4) How do water pricing policies encourage conservation? 

Long-answer questions 

9. (Linked to SLO 3.3) Evaluate the challenges farmers face in meeting crop water 
requirements and suggest possible solutions. 

10. (Linked to SLO 3.4) Propose strategies to improve water use efficiency, combining 
agronomic practices, technological innovations, and policy measures. 

Answers to Concept Check Questions [Series 3] 

Objective questions 

1. Sandy soils. 

2. Combined water loss from soil and plants. 

3. By multiplying reference evapotranspiration (ETo) by crop coefficient (Kc). 

4. Drip irrigation. 

Short-answer questions 

5. Loamy soils balance sand, silt, and clay, providing good drainage and retention. 

6. Crop coefficients adjust reference evapotranspiration to reflect crop-specific needs. 

7. Drip irrigation ensures precise water delivery, improving fruit quality and reducing disease. 

8. Water pricing policies make farmers more conscious of water use, encouraging 
conservation. 

Long-answer questions 
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9. Basic response: Farmers face challenges such as limited water availability, climate 
variability, and poor infrastructure. Solutions include efficient irrigation methods and better 
water management. Value-added response: Outstanding learners may also suggest 
integrating modern technologies, government support, and farmer training programmes to 
address these challenges sustainably. 

10. Basic response: Strategies include mulching, drip irrigation, and farmer training. Value-
added response: Outstanding learners may propose combining agronomic practices with 
advanced technologies like automated sensors and supportive policies such as subsidies 
and water pricing reforms. 

Answers to Pilot Questions [Series 3] 

• Sandy soils 

• Loamy soils 

• Flowering and grain filling 

• Frequent irrigation 

• Because rainfall supplements crop water needs 

• Evapotranspiration 

• By multiplying ETo by Kc 

• Crop coefficients adjust water needs by growth stage 

• Tensiometer 

• To prevent crop stress and optimise irrigation 

• To avoid wastage 

• Rice 

• Tasselling and grain filling 

• To maintain fruit quality 

• Limited water availability, climate variability 

• Mulching 

• Drip irrigation 

• They reduce wastage and improve yields 

• They encourage conservation 

• Government subsidies 
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References and Attributions [Series 3] 
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• Hillel, D. (2008). Introduction to Environmental Soil Physics. Academic Press. 
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• All illustration placeholders are designed for later refinement using AI tools or sourcing 
from OER repositories. 

 

 

 

Series 4: Management of Irrigated Crops 
Series outline 

• 4.1 Crop establishment under irrigation 

o 4.1.1 Land preparation 

o 4.1.2 Seed selection and planting 

o 4.1.3 Early crop care 

• 4.2 Nutrient and water management 

o 4.2.1 Fertiliser application strategies 

o 4.2.2 Integration of water and nutrients 

o 4.2.3 Monitoring crop growth 

• 4.3 Pest, disease, and weed control 

o 4.3.1 Common pests and diseases 

o 4.3.2 Weed management practices 
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o 4.3.3 Integrated pest management 

• 4.4 Harvesting and post-harvest management 

o 4.4.1 Harvest timing 

o 4.4.2 Post-harvest handling 

o 4.4.3 Storage and marketing 

 

Introduction 

Managing irrigated crops requires a holistic approach that integrates land preparation, water and 
nutrient management, pest and disease control, and post-harvest practices. Irrigation provides 
crops with the water they need, but without proper management, yields may not reach their 
potential and resources may be wasted. This Series will guide you through the essential practices 
for establishing, maintaining, and harvesting irrigated crops, ensuring both productivity and 
sustainability. 

The aim of this Series is to enable you to apply effective crop management practices under 
irrigation, from establishment to post-harvest, while optimising water and nutrient use. 

We shall commence this Series by examining crop establishment under irrigation, including land 
preparation, seed selection, and early crop care. Next, we will explore nutrient and water 
management, focusing on fertiliser application, integration of water and nutrients, and monitoring 
crop growth. Following that, we will study pest, disease, and weed control, considering common 
threats, management practices, and integrated pest management. Finally, we will conclude with 
harvesting and post-harvest management, covering harvest timing, handling, storage, and 
marketing. 

Series Learning Outcomes 

Upon completing this Series, you should be able to: 

• SLO 4.1 explain crop establishment practices under irrigation, including land preparation, 
seed selection, and early crop care, 

• SLO 4.2 apply nutrient and water management strategies, integrating fertiliser use with 
irrigation and monitoring crop growth, 

• SLO 4.3 evaluate pest, disease, and weed control practices, including integrated pest 
management approaches, 

• SLO 4.4 design harvesting and post-harvest management plans, including harvest timing, 
handling, storage, and marketing. 

 

4.1 Crop Establishment under Irrigation 
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4.1.1 Land preparation 

Land preparation is the first step in establishing irrigated crops. It involves clearing the field, 
ploughing, levelling, and constructing irrigation channels. Proper land preparation ensures uniform 
water distribution, reduces runoff, and improves soil structure for root development. 

Fill in the blank: Proper land preparation ensures uniform ______ distribution across the field. 

Diagram showing land preparation steps: ploughing, levelling, and irrigation channel construction. 
Figure 4.1: Land preparation for irrigated crops 

4.1.2 Seed selection and planting 

Seed selection and planting are critical for successful crop establishment. High-quality seeds 
with good germination rates should be chosen, and planting methods must align with irrigation 
practices. For example, rice requires transplanting in flooded fields, while maize and wheat are 
sown directly into prepared soil. Correct spacing ensures efficient water use and healthy crop 
growth. 

Fill in the blank: Rice requires ______ in flooded fields during establishment. 
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Box 4.1: Seed selection and planting practices 

4.1.3 Early crop care 

Early crop care includes practices such as gap filling, thinning, and weed control to ensure 
uniform crop stands. Adequate irrigation during the early stages is vital for seedling establishment. 
Farmers must also protect young crops from pests and diseases, as early damage can reduce 
yields significantly. 

Fill in the blank: Adequate ______ during the early stages is vital for seedling establishment. 
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Image showing farmers irrigating and weeding young crops. Plate 4.1: Early crop care under 

irrigation  

Pilot questions 4.1 

1. What is the purpose of land preparation in irrigated farming? 

2. Which crop requires transplanting in flooded fields? 

3. Why is correct spacing important during planting? 

4. Name two practices involved in early crop care. 

5. Why is adequate irrigation critical during the early stages of crop growth? 

 

4.2 Nutrient and Water Management 

4.2.1 Fertiliser application strategies 

Fertiliser application strategies are essential for ensuring crops under irrigation receive balanced 
nutrition. Fertilisers can be applied through broadcasting, side-dressing, or fertigation (applying 
fertiliser through irrigation water). The choice of method depends on crop type, soil fertility, and 
irrigation system. Fertigation is particularly efficient because it delivers nutrients directly to the root 
zone along with water. 

Fill in the blank: Fertigation involves applying fertiliser through ______ water. 
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Diagram showing fertigation system delivering nutrients through irrigation water. Figure 4.2: 
Fertiliser application through fertigation  

4.2.2 Integration of water and nutrients 

Integration of water and nutrients ensures crops receive both resources in the right proportions. 
Over-irrigation can leach nutrients away, while under-irrigation limits nutrient uptake. Farmers 
must synchronise water application with fertiliser schedules to maximise efficiency. This 
integration improves crop yield and reduces environmental impacts such as nutrient runoff. 

Fill in the blank: Over-irrigation can cause nutrients to be ______ away from the root zone. 
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Box 4.2: Benefits of integrating water and nutrient management 

4.2.3 Monitoring crop growth 

Monitoring crop growth involves assessing plant health, nutrient status, and water use efficiency. 
Tools such as leaf colour charts, soil tests, and remote sensing technologies help farmers track 
crop performance. Regular monitoring allows timely adjustments in irrigation and fertiliser 
application, preventing deficiencies or excesses. 

Fill in the blank: Leaf ______ charts are used to assess plant nutrient status. 
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Image showing farmer using a leaf colour chart to monitor crop nutrient status. Plate 4.2: 
Monitoring crop growth with leaf colour chart  

Pilot questions 4.2 

1. What is fertigation, and why is it efficient? 

2. How does over-irrigation affect nutrient availability? 

3. Name two benefits of integrating water and nutrient management. 

4. What tool can farmers use to assess plant nutrient status? 

5. Why is monitoring crop growth important in irrigated farming? 

 

4.3 Pest, Disease, and Weed Control 

4.3.1 Common pests and diseases 

Common pests and diseases affect irrigated crops differently depending on crop type and 
environment. For example, rice is prone to stem borers and blast disease, while maize often suffers 
from armyworms and leaf blight. Tomatoes are vulnerable to whiteflies and bacterial wilt. 
Identifying these threats early is crucial for effective management. 

Fill in the blank: Rice is commonly affected by stem ______ and blast disease. 
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Diagram showing examples of pests and diseases in rice, maize, and tomato. Figure 4.3: Common 
pests and diseases in irrigated crops  

4.3.2 Weed management practices 

Weed management practices include manual weeding, mechanical cultivation, and chemical 
herbicides. Weeds compete with crops for water, nutrients, and sunlight, reducing yields. In 
irrigated systems, weeds can also block water channels. Integrated weed management combines 
cultural, mechanical, and chemical methods to achieve effective control. 

Fill in the blank: Weeds compete with crops for water, nutrients, and ______. 
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Box 4.3: Weed management practices 

4.3.3 Integrated pest management 

Integrated pest management (IPM) combines biological, cultural, mechanical, and chemical 
methods to control pests and diseases sustainably. Biological control uses natural predators, 
while cultural practices include crop rotation and resistant varieties. Chemical pesticides are 
applied only when necessary, reducing environmental harm. IPM ensures long-term crop health 
and productivity. 

Fill in the blank: Integrated pest management combines biological, cultural, mechanical, and 
______ methods. 

Table 4.1: Components of integrated pest management (IPM) 

Method Example Benefit 

Biological Natural predators (ladybirds, parasitoids) Reduces pest populations 

Cultural Crop rotation, resistant varieties Prevents pest buildup 

Mechanical Traps, barriers Immediate control 

Chemical Targeted pesticide use Effective when necessary 
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Pilot questions 4.3 

1. Name two common pests or diseases affecting rice and maize. 

2. Why are weeds harmful in irrigated farming systems? 

3. What is integrated weed management? 

4. Which methods are combined in integrated pest management? 

5. Give one example of a biological control method in IPM. 

 

4.4 Harvesting and Post-Harvest Management 

4.4.1 Harvest timing 

Harvest timing is critical to ensure maximum yield and quality. Crops harvested too early may 
have low yields, while late harvesting can lead to losses due to pests, diseases, or spoilage. Each 
crop has specific indicators for maturity, such as grain hardness in cereals or colour change in 
fruits. 

Fill in the blank: Harvesting crops too ______ can result in low yields and poor quality. 

Diagram showing indicators of crop maturity (grain hardness, fruit colour, leaf drying). Figure 4.4: 
Indicators of crop maturity for harvesting  

4.4.2 Post-harvest handling 

Post-harvest handling includes cleaning, sorting, grading, and packaging of harvested crops. 
Proper handling reduces losses and maintains quality for market. For perishable crops like 
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tomatoes, careful handling prevents bruising, while cereals require drying to safe moisture levels 
before storage. 

Fill in the blank: Cereals must be ______ to safe moisture levels before storage. 

Box 4.4: Post-harvest handling practices 

4.4.3 Storage and marketing 

Storage and marketing ensure harvested crops reach consumers in good condition. Storage 
facilities must protect crops from pests, moisture, and temperature fluctuations. Marketing 
involves linking farmers to buyers, cooperatives, or markets to maximise profits. Efficient storage 
and marketing reduce post-harvest losses and improve farmer income. 

Fill in the blank: Storage facilities must protect crops from pests, moisture, and ______ 
fluctuations. 

Table 4.2: Storage and marketing strategies 

Strategy Description Benefit 

Improved storage Use of silos, cold rooms Reduces losses 

Cooperative marketing Farmers sell collectively Better prices 

Direct market links Farmers connect to buyers Increased income 
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Pilot questions 4.4 

1. Why is harvest timing important? 

2. What are two indicators of crop maturity? 

3. Why must cereals be dried before storage? 

4. Name two post-harvest handling practices. 

5. How does cooperative marketing benefit farmers? 

 

Series summary 

This Series focused on the management of irrigated crops, covering the entire cycle from 
establishment to post-harvest. We began with crop establishment under irrigation, including land 
preparation, seed selection, and early crop care. Next, we examined nutrient and water 
management, highlighting fertiliser application strategies, integration of water and nutrients, and 
monitoring crop growth. We then studied pest, disease, and weed control, with emphasis on 
common threats, weed management practices, and integrated pest management. Finally, we 
explored harvesting and post-harvest management, including harvest timing, handling, storage, 
and marketing. 

By completing this Series, you should now be able to explain crop establishment practices, apply 
nutrient and water management strategies, evaluate pest and weed control methods, and design 
harvesting and post-harvest management plans. 

Glossary of terms 

• Fertigation: Application of fertiliser through irrigation water. 

• Integrated pest management (IPM): A sustainable approach combining biological, 
cultural, mechanical, and chemical methods to control pests. 

• Land preparation: Activities such as ploughing, levelling, and channel construction before 
planting. 

• Post-harvest handling: Processes such as cleaning, sorting, grading, and packaging to 
maintain crop quality. 

• Storage facilities: Structures like silos or cold rooms that protect crops from pests, 
moisture, and temperature fluctuations. 

• Weed management: Practices to control weeds that compete with crops for water, 
nutrients, and sunlight. 

Concept check questions [Series 4] 
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Objective questions 

1. (Linked to SLO 4.1) What is the purpose of land preparation in irrigated farming? 

2. (Linked to SLO 4.2) Fertigation involves applying fertiliser through what medium? 

3. (Linked to SLO 4.3) Which methods are combined in integrated pest management? 

4. (Linked to SLO 4.4) Why must cereals be dried before storage? 

Short-answer questions 

5. (Linked to SLO 4.1) Why is correct spacing important during planting? 

6. (Linked to SLO 4.2) How does over-irrigation affect nutrient availability? 

7. (Linked to SLO 4.3) Why are weeds harmful in irrigated farming systems? 

8. (Linked to SLO 4.4) How does cooperative marketing benefit farmers? 

Long-answer questions 

9. (Linked to SLO 4.2) Analyse the importance of integrating water and nutrient management 
in irrigated farming. 

10. (Linked to SLO 4.3) Evaluate the role of integrated pest management in sustainable crop 
production. 

Answers to Concept Check Questions [Series 4] 

Objective questions 

1. To ensure uniform water distribution and improve soil structure. 

2. Irrigation water. 

3. Biological, cultural, mechanical, and chemical methods. 

4. To reduce moisture content and prevent spoilage. 

Short-answer questions 

5. Correct spacing ensures efficient water use and healthy crop growth. 

6. Over-irrigation leaches nutrients away from the root zone. 

7. Weeds compete with crops for water, nutrients, and sunlight, reducing yields. 

8. Cooperative marketing allows farmers to sell collectively, securing better prices. 

Long-answer questions 

9. Basic response: Integration ensures crops receive both water and nutrients in the right 
proportions, improving yield. Value-added response: Outstanding learners may also 
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discuss reduced environmental impacts, synchronisation of fertiliser schedules, and 
improved nutrient uptake efficiency. 

10. Basic response: IPM reduces reliance on chemical pesticides and ensures sustainable pest 
control. Value-added response: Outstanding learners may highlight the balance between 
ecological preservation, cost-effectiveness, and long-term crop health. 

Answers to Pilot Questions [Series 4] 

• Uniform water distribution 

• Rice 

• Efficient water use and healthy growth 

• Gap filling, thinning, weed control 

• Adequate irrigation 

• Fertigation; it delivers nutrients directly to roots 

• Nutrients leached away 

• Improved uptake, reduced leaching 

• Leaf colour chart 

• Prevents deficiencies and excesses 

• Stem borers, blast disease; armyworms, leaf blight 

• Compete for water, nutrients, sunlight 

• Combination of cultural, mechanical, chemical methods 

• Biological, cultural, mechanical, chemical 

• Ladybirds as natural predators 

• Harvest timing ensures yield and quality 

• Grain hardness, fruit colour 

• To prevent spoilage 

• Cleaning, sorting, grading, packaging 

• Better prices 

References and Attributions [Series 4] 

• FAO (Food and Agriculture Organization). Management of Irrigated Crops. 

• Hillel, D. (2008). Introduction to Environmental Soil Physics. Academic Press. 
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• OER Commons. Open Educational Resources on Irrigated Crop Management. 

• Figure 4.1, Figure 4.2, Figure 4.3, Figure 4.4: Suggested AI prompts for diagrams of land 
preparation, fertigation, pests/diseases, and crop maturity indicators. 

• Plate 4.1, Plate 4.2: Suggested AI prompts for images of early crop care and monitoring crop 
growth. 

• Table 4.1, Table 4.2; Box 4.1, Box 4.2, Box 4.3, Box 4.4: Suggested AI prompts for tabular 
and boxed content. 

• All illustration placeholders are designed for later refinement using AI tools or sourcing 
from OER repositories. 

 

 

 

Series 5: Irrigation Challenges and Solutions 
Series outline 

• 5.1 Technical and environmental challenges 

o 5.1.1 Water scarcity 

o 5.1.2 Soil salinity and waterlogging 

o 5.1.3 Climate variability 

• 5.2 Socio-economic and institutional challenges 

o 5.2.1 High costs of irrigation infrastructure 

o 5.2.2 Farmer knowledge and training gaps 

o 5.2.3 Policy and governance issues 

• 5.3 Technological and management solutions 

o 5.3.1 Efficient irrigation methods 

o 5.3.2 Use of modern technologies 

o 5.3.3 Integrated water resource management 

• 5.4 Policy and community-based solutions 

o 5.4.1 Government support and subsidies 
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o 5.4.2 Farmer cooperatives and community initiatives 

o 5.4.3 Education and capacity building 

 

Introduction 

Irrigation systems face a wide range of challenges that affect their efficiency, sustainability, and 
long-term viability. These challenges can be technical, environmental, socio-economic, or 
institutional in nature. Farmers often struggle with water scarcity, soil salinity, and climate 
variability, while also dealing with high infrastructure costs, limited knowledge, and policy gaps. 

This Series will help you understand the major obstacles to effective irrigation and explore practical 
solutions. By examining both technological innovations and community-based approaches, you 
will gain insights into how irrigation systems can be managed sustainably to support agricultural 
productivity. 

We shall commence this Series by studying technical and environmental challenges such as water 
scarcity, soil salinity, and climate variability. Next, we will explore socio-economic and institutional 
challenges, including infrastructure costs, farmer knowledge gaps, and policy issues. Following 
that, we will consider technological and management solutions, focusing on efficient irrigation 
methods, modern technologies, and integrated water resource management. Finally, we will 
conclude with policy and community-based solutions, including government support, farmer 
cooperatives, and education initiatives. 

Series Learning Outcomes 

Upon completing this Series, you should be able to: 

• SLO 5.1 analyse technical and environmental challenges in irrigation, including water 
scarcity, soil salinity, and climate variability, 

• SLO 5.2 evaluate socio-economic and institutional challenges such as infrastructure costs, 
farmer knowledge gaps, and policy issues, 

• SLO 5.3 propose technological and management solutions, including efficient irrigation 
methods and integrated water resource management, 

• SLO 5.4 recommend policy and community-based solutions, including government 
support, farmer cooperatives, and education initiatives. 

 

5.1 Technical and Environmental Challenges 

5.1.1 Water scarcity 

Water scarcity is one of the most pressing challenges in irrigation. Limited water availability due to 
droughts, overuse of rivers, or declining groundwater levels reduces the reliability of irrigation 
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systems. Farmers must often compete with other sectors such as industry and domestic use, 
making efficient water allocation critical. 

Fill in the blank: Water scarcity occurs when water demand exceeds ______ supply. 

Diagram showing causes of water scarcity (drought, overuse, declining groundwater). Figure 5.1: 
Causes of water scarcity in irrigation  

5.1.2 Soil salinity and waterlogging 

Soil salinity and waterlogging are common problems in irrigated fields. Excessive irrigation or 
poor drainage can lead to waterlogging, which suffocates plant roots. Salinity occurs when salts 
accumulate in the soil due to evaporation or poor-quality irrigation water. Both conditions reduce 
crop yields and soil fertility. 

Fill in the blank: Soil salinity occurs when salts ______ in the soil due to evaporation. 
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Box 5.1: Effects of soil salinity and waterlogging 

5.1.3 Climate variability 

Climate variability affects irrigation by altering rainfall patterns, increasing temperatures, and 
intensifying extreme events such as floods and droughts. These changes make irrigation planning 
unpredictable, forcing farmers to adapt with flexible strategies. Climate variability also influences 
crop water requirements, often increasing demand in hotter seasons. 

Fill in the blank: Climate variability makes irrigation planning ______ due to unpredictable rainfall 
patterns. 

Table 5.1: Impacts of climate variability on irrigation 

Factor Impact on irrigation Example 

Rainfall variability Unpredictable water supply Delayed planting 

Rising 
temperatures 

Increased crop water 
demand 

Higher irrigation frequency 

Extreme events Damage to infrastructure 
Flooded canals, drought 
losses 

Pilot questions 5.1 

1. What is water scarcity, and what causes it? 
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2. How does waterlogging affect plant roots? 

3. What leads to soil salinity in irrigated fields? 

4. Why does climate variability make irrigation planning difficult? 

5. Name one impact of rising temperatures on crop water requirements. 

 

5.2 Socio-Economic and Institutional Challenges 

5.2.1 High costs of irrigation infrastructure 

High costs of irrigation infrastructure remain a major barrier for farmers, especially smallholders. 
Building canals, pumps, and storage facilities requires significant investment. Many farmers 
cannot afford modern irrigation systems without external support, leading to reliance on less 
efficient traditional methods. 

Fill in the blank: High costs of irrigation infrastructure often force farmers to rely on ______ 
methods. 

Diagram showing cost comparison between traditional and modern irrigation systems. Figure 5.2: 
Cost challenges in irrigation infrastructure  

5.2.2 Farmer knowledge and training gaps 

Farmer knowledge and training gaps limit the effective use of irrigation systems. Without proper 
training, farmers may over-irrigate or under-irrigate, leading to poor yields and wasted resources. 
Extension services and training programmes are essential to bridge these gaps and improve water 
management skills. 
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Fill in the blank: Lack of farmer training often leads to ______ irrigation practices. 

Box 5.2: Effects of farmer knowledge gaps 

5.2.3 Policy and governance issues 

Policy and governance issues affect irrigation management at national and local levels. Weak 
policies, poor enforcement, and lack of coordination between agencies often result in inefficient 
water use. Farmers may also face unclear water rights or inadequate support from government 
institutions. Strong governance is needed to ensure equitable and sustainable irrigation practices. 

Fill in the blank: Weak policies and poor ______ often result in inefficient water use. 

Table 5.2: Policy and governance challenges in irrigation 

Challenge Example Impact 

Weak policies Lack of water allocation rules Inefficient use 

Poor enforcement Illegal water abstraction Resource depletion 

Lack of 
coordination 

Multiple agencies with overlapping 
roles 

Confusion and 
inefficiency 

 

Pilot questions 5.2 
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1. Why are high infrastructure costs a challenge for farmers? 

2. What happens when farmers lack proper irrigation training? 

3. Name two effects of farmer knowledge gaps. 

4. How do weak policies affect irrigation management? 

5. Give one example of poor governance in irrigation systems. 

 

5.3 Technological and Management Solutions 

5.3.1 Efficient irrigation methods 

Efficient irrigation methods such as drip irrigation, sprinkler systems, and alternate wetting and 
drying (AWD) in rice fields help conserve water while maintaining crop yields. These methods 
reduce wastage by delivering water directly to the root zone or by optimising application timing. 

Fill in the blank: Drip irrigation delivers water directly to the crop ______ zone. 

Diagram showing drip irrigation system delivering water to plant roots. Figure 5.3: Efficient irrigation 
methods  

5.3.2 Use of modern technologies 

Modern technologies such as soil moisture sensors, remote sensing, and automated irrigation 
systems improve water management. Sensors provide real-time data on soil moisture, while 
remote sensing helps monitor crop health and water use efficiency. Automation ensures timely 
irrigation, reducing human error. 
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Fill in the blank: Soil moisture ______ provide real-time data to guide irrigation decisions. 

Box 5.3: Modern technologies in irrigation 

5.3.3 Integrated water resource management 

Integrated water resource management (IWRM) promotes the coordinated use of water, land, 
and related resources to maximise efficiency and sustainability. It involves balancing agricultural 
needs with domestic, industrial, and environmental demands. IWRM encourages stakeholder 
participation and long-term planning to ensure equitable water distribution. 

Fill in the blank: Integrated water resource management balances agricultural needs with ______ 
and environmental demands. 

Table 5.3: Principles of integrated water resource management 

Principle Description Benefit 

Coordination Aligning water use across sectors Reduces conflict 

Sustainability Long-term planning for resource use Protects environment 

Participation Involving stakeholders in decisions Ensures equity 

 

Pilot questions 5.3 
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1. Name two efficient irrigation methods. 

2. What role do soil moisture sensors play in irrigation? 

3. How does automation improve irrigation management? 

4. What is the purpose of integrated water resource management? 

5. Name one principle of IWRM. 

 

5.4 Policy and Community-Based Solutions 

5.4.1 Government support and subsidies 

Government support and subsidies play a vital role in helping farmers adopt modern irrigation 
technologies. Subsidies reduce the cost of equipment such as pumps, drip systems, and 
sprinklers, making them more accessible. Governments may also provide credit facilities and 
grants to encourage sustainable irrigation practices. 

Fill in the blank: Government subsidies reduce the cost of irrigation ______ for farmers. 

Diagram showing government support measures (subsidies, credit facilities, grants). Figure 5.4: 
Government support for irrigation  

5.4.2 Farmer cooperatives and community initiatives 

Farmer cooperatives and community initiatives strengthen irrigation management by pooling 
resources and sharing knowledge. Cooperatives can collectively invest in infrastructure, negotiate 
better prices, and manage water distribution more equitably. Community-based initiatives also 
promote local participation and accountability in irrigation projects. 
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Fill in the blank: Farmer cooperatives allow members to pool ______ for collective investment in 
irrigation. 

Box 5.4: Benefits of farmer cooperatives in irrigation 

5.4.3 Education and capacity building 

Education and capacity building ensure farmers and communities have the skills to manage 
irrigation systems effectively. Training programmes, extension services, and demonstration farms 
help farmers adopt best practices. Capacity building also empowers communities to take 
ownership of irrigation projects, ensuring sustainability. 

Fill in the blank: Capacity building empowers communities to take ______ of irrigation projects. 

Table 5.4: Education and capacity building strategies 

Strategy Description Benefit 

Training programmes Workshops for farmers Improved skills 

Extension services Field visits and advice Practical guidance 

Demonstration farms Showcasing best practices Encourages adoption 

 

Pilot questions 5.4 
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1. How do government subsidies support farmers in irrigation? 

2. What is one benefit of farmer cooperatives? 

3. Why are community initiatives important in irrigation management? 

4. What role do extension services play in capacity building? 

5. How does education contribute to sustainable irrigation practices? 

 

Series summary 

This Series examined the challenges and solutions in irrigation systems, highlighting both 
technical and socio-economic dimensions. We began with technical and environmental 
challenges such as water scarcity, soil salinity, and climate variability. We then explored socio-
economic and institutional challenges, including high infrastructure costs, farmer knowledge gaps, 
and policy issues. Following that, we studied technological and management solutions, focusing 
on efficient irrigation methods, modern technologies, and integrated water resource management. 
Finally, we concluded with policy and community-based solutions, including government support, 
farmer cooperatives, and education initiatives. 

By completing this Series, you should now be able to analyse irrigation challenges, evaluate socio-
economic and institutional barriers, propose technological solutions, and recommend policy and 
community-based strategies for sustainable irrigation. 

Glossary of terms 

• Water scarcity: A condition where water demand exceeds available supply. 

• Soil salinity: Accumulation of salts in the soil, reducing fertility. 

• Waterlogging: Excess water in soil that suffocates plant roots. 

• Climate variability: Changes in rainfall, temperature, and extreme events affecting 
irrigation. 

• Fertigation: Application of fertiliser through irrigation water. 

• Integrated water resource management (IWRM): Coordinated use of water, land, and 
related resources for sustainability. 

• Farmer cooperatives: Groups of farmers pooling resources for collective irrigation 
management. 

• Capacity building: Training and education to improve irrigation management skills. 

Concept check questions [Series 5] 

Objective questions 
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1. (Linked to SLO 5.1) What causes water scarcity in irrigation systems? 

2. (Linked to SLO 5.1) Soil salinity occurs when salts do what in the soil? 

3. (Linked to SLO 5.2) Why are high infrastructure costs a challenge for farmers? 

4. (Linked to SLO 5.3) Which irrigation method delivers water directly to the root zone? 

5. (Linked to SLO 5.4) What role do farmer cooperatives play in irrigation management? 

Short-answer questions 

6. (Linked to SLO 5.1) How does climate variability affect irrigation planning? 

7. (Linked to SLO 5.2) What are two effects of farmer knowledge gaps? 

8. (Linked to SLO 5.3) How do soil moisture sensors improve irrigation management? 

9. (Linked to SLO 5.4) Why is capacity building important for sustainable irrigation? 

Long-answer questions 

10. (Linked to SLO 5.2) Evaluate the socio-economic and institutional challenges farmers face 
in irrigation management. 

11. (Linked to SLO 5.3 & 5.4) Propose a combined strategy of technological and community-
based solutions to address irrigation challenges. 

Answers to Concept Check Questions [Series 5] 

Objective questions 

1. Droughts, overuse of rivers, and declining groundwater. 

2. Accumulate due to evaporation. 

3. They prevent smallholders from adopting modern systems. 

4. Drip irrigation. 

5. They pool resources and manage water collectively. 

Short-answer questions 

6. It makes planning unpredictable due to rainfall changes and extreme events. 

7. Over-irrigation causing wastage; under-irrigation leading to crop stress. 

8. They provide real-time data to guide irrigation decisions. 

9. It equips farmers with skills and ensures community ownership of projects. 

Long-answer questions 
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10. Basic response: Farmers face challenges such as high costs, lack of training, and weak 
policies. Value-added response: Outstanding learners may also discuss governance 
issues, limited access to credit, and institutional inefficiencies. 

11. Basic response: Combining drip irrigation with farmer cooperatives improves efficiency and 
equity. Value-added response: Outstanding learners may propose integrating modern 
technologies like sensors with government subsidies and community training programmes 
for long-term sustainability. 

Answers to Pilot Questions [Series 5] 

• Demand exceeds supply 

• Accumulate 

• Traditional methods 

• Inefficient irrigation practices 

• Over-irrigation, under-irrigation 

• Poor enforcement 

• Drip irrigation, sprinkler systems 

• Real-time monitoring 

• Balances agricultural, domestic, industrial needs 

• Coordination, sustainability, participation 

• Equipment 

• Resources 

• Ownership 

• Improved skills, practical guidance, adoption 

• Sustainable practices 

References and Attributions [Series 5] 
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• Box 5.1, Box 5.2, Box 5.3, Box 5.4; Table 5.1, Table 5.2, Table 5.3, Table 5.4: Suggested AI 
prompts for tabular and boxed content. 

• All illustration placeholders are designed for later refinement using AI tools or sourcing 
from OER repositories. 

 

 


