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Series 1: Soil Classification 
Series outline 

• 1.1 Fundamentals of Soil Classification 

o 1.1.1 Definition of Soil Classification 
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o 1.1.2 Importance of Soil Classification 

• 1.2 Soil Formations and Types 

o 1.2.1 Residual and Transported Soils 

o 1.2.2 Major Soil Orders 

• 1.3 Soil Classification Systems 

o 1.3.1 USDA Soil Taxonomy 

o 1.3.2 FAO/World Reference Base 

o 1.3.3 Local and Regional Systems 

• 1.4 Practical Applications of Soil Classification 

o 1.4.1 Agricultural Planning 

o 1.4.2 Environmental Management 

o 1.4.3 Land Use and Conservation 

 

 

Introduction 

Soils form the very foundation of agriculture, forestry, and environmental management. Without a 
clear system of classification, it would be difficult to compare soils across regions, predict their 
behaviour, or make informed decisions about land use. Soil classification provides a structured 
way of grouping soils based on their properties and origins, making it easier for scientists, farmers, 
and policymakers to communicate and apply knowledge effectively. 

The aim of this Series is to equip you with the ability to recognise, define, and apply soil 
classification systems, while appreciating their practical importance in agriculture, land 
management, and conservation. 

We shall commence this Series by examining the fundamentals of soil classification, including its 
definition and importance. Next, we will explore soil formations and types, focusing on residual and 
transported soils as well as major soil orders. Following that, we will study the different soil 
classification systems, such as USDA Soil Taxonomy, FAO/World Reference Base, and regional 
approaches. Finally, we will conclude by considering the practical applications of soil 
classification in agriculture, environmental management, and land conservation. 

Series Learning Outcomes 

Upon completing this Series, you should be able to: 

• SLO 1.1 define soil classification and explain its importance, 
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• SLO 1.2 describe the major soil formations and types, 

• SLO 1.3 analyse the principles of recognised soil classification systems, 

• SLO 1.4 evaluate the practical applications of soil classification in agriculture, 
environmental management, and land use. 

 

1.1 Fundamentals Of Soil Classification 

1.1.1 Definition of soil classification 

Soil classification is the systematic arrangement of soils into categories based on their properties, 
origin, and behaviour. It provides a framework that allows scientists, farmers, and land managers 
to describe soils in a consistent way. By grouping soils according to shared characteristics, 
classification makes it easier to predict how soils will respond to management practices, climate, 
and cropping systems. 

 

Diagram showing hierarchical levels of soil classification Caption: Figure 1.1 Soil classification 
hierarchy  

Fill in the blank: Soil classification is the systematic arrangement of soils into ______ based on their 
properties and origin. 

1.1.2 Importance of soil classification 

The importance of soil classification lies in its ability to support decision-making in agriculture, 
forestry, and environmental management. For example, knowing whether a soil is sandy, clayey, or 
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loamy helps determine its suitability for crops, irrigation, or construction. Classification also aids in 
comparing soils across regions, predicting their fertility, and planning conservation strategies. 

Agricultural planning benefits from soil classification because it guides crop selection and 
fertiliser application. Environmental management relies on classification to assess erosion risks, 
pollution potential, and land degradation. In addition, classification supports land use planning, 
ensuring that soils are used sustainably and productively. 

Caption: Box 1.1 Selected benefits of soil classification 

• Provides a common language for soil scientists and land managers 

• Predicts soil behaviour under different conditions 

• Guides agricultural and forestry practices 

• Supports environmental conservation and land use planning  

Fill in the blank: Soil classification supports ______ planning by guiding crop selection and fertiliser 
application. 

Pilot questions 1.1 

1. Soil classification is defined as the systematic arrangement of soils based on which 
factors? 

2. Why is soil classification considered essential for agricultural planning? 

3. Name two environmental benefits of soil classification. 

4. Which soil property is most useful in predicting crop suitability? 
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5. How does soil classification support land use planning? 

1.2 Soil Formations And Types 

1.2.1 Residual and transported soils 

Residual soils are those that remain in place after the weathering of parent rock. They develop 
directly above the rock from which they are formed and often reflect the mineral composition of 
that rock. For example, granite tends to produce sandy residual soils, while basalt produces clay-
rich soils. 

Transported soils are those that have been moved from their place of origin by agents such as 
water, wind, ice, or gravity. These soils are deposited in new locations, often far from their parent 
material. River alluvium, wind-blown loess, and glacial till are common examples. 

Diagram showing residual soil formation above parent rock and transported soil deposition by river 
Caption: Figure 1.2 Residual and transported soils  

Fill in the blank: Soils that remain in place after weathering of parent rock are called ______ soils. 

1.2.2 Major soil orders 

Globally, soils are grouped into broad categories known as soil orders, which represent the 
highest level of classification in systems such as USDA Soil Taxonomy. Each order is defined by 
distinctive properties and formation processes. For instance, Entisols are young soils with little 
profile development, while Oxisols are highly weathered tropical soils rich in iron and aluminium 
oxides. 

These orders provide a useful way to compare soils across regions and climates. They also help 
predict soil behaviour, fertility, and management needs. For example, Mollisols are fertile 
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grassland soils suitable for agriculture, whereas Aridisols are dry desert soils requiring irrigation for 
crop production. 

Caption: Table 1.1 Selected soil orders and their characteristics 

Soil order Key features Example region 

Entisols Young, little profile development River floodplains 

Mollisols Fertile, dark surface horizon Prairies and grasslands 

Oxisols Highly weathered, rich in oxides Tropical regions 

Aridisols Dry, desert soils Arid climates 

Fill in the blank: Highly weathered tropical soils rich in iron and aluminium oxides are classified as 
______. 

Pilot questions 1.2 

1. What distinguishes residual soils from transported soils? 

2. Name two agents responsible for transporting soils. 

3. Which soil order is most common in tropical regions? 

4. Why are Mollisols considered highly suitable for agriculture? 

5. What is the defining characteristic of Entisols? 
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1.3 Soil Classification Systems 

1.3.1 USDA soil taxonomy 

The USDA Soil Taxonomy is a widely used system developed in the United States to classify soils 
based on measurable properties such as texture, structure, and horizon development. It is 
hierarchical, beginning with broad categories called orders, which are then subdivided into 
suborders, great groups, subgroups, families, and series. This system is highly detailed and allows 
for precise identification of soils across diverse landscapes. 

Diagram showing hierarchical levels of USDA Soil Taxonomy Caption: Figure 1.3 USDA Soil 
Taxonomy hierarchy  

Fill in the blank: The USDA Soil Taxonomy begins with broad categories called ______. 

1.3.2 FAO/World Reference Base 

The FAO/World Reference Base (WRB) is an international soil classification system designed to 
harmonise soil descriptions across countries. Unlike USDA Soil Taxonomy, which is highly detailed, 
WRB focuses on diagnostic horizons, properties, and materials that can be recognised globally. It 
provides a common language for soil scientists worldwide, making international collaboration and 
comparison easier. 

For example, WRB uses reference groups such as Chernozems, Ferralsols, and Podzols, each 
defined by specific diagnostic features. This system is particularly useful in global soil mapping and 
environmental assessments. 
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Image showing global soil distribution map based on WRB Caption: Plate 1.1 Global soil 
distribution using WRB system  

Fill in the blank: The FAO/World Reference Base uses diagnostic ______ to define soil groups. 

1.3.3 Local and regional systems 

In addition to global systems, many countries have developed local and regional soil 
classification systems tailored to their specific conditions. These systems often reflect unique 
soil types, climatic influences, and land use practices. For instance, Nigeria has its own soil 
classification framework that considers tropical conditions and local agricultural needs. 

Local systems are valuable because they provide practical guidance for farmers and land 
managers working within specific regions. They also complement international systems by offering 
more context-specific information. 
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Caption: Box 1.2 Examples of local soil classification systems 

• Nigerian soil classification system (tropical focus) 

• Indian soil classification (monsoon-influenced soils) 

• Russian soil classification (permafrost and steppe soils)  

 

Fill in the blank: Local soil classification systems are valuable because they provide ______ 
guidance for farmers and land managers. 

Pilot questions 1.3 

1. What is the starting point of the USDA Soil Taxonomy hierarchy? 

2. How does the FAO/World Reference Base differ from USDA Soil Taxonomy? 

3. Give one example of a WRB reference group. 

4. Why are local soil classification systems important? 

5. Mention one country that has developed its own soil classification system. 

 

1.4 Practical Applications Of Soil Classification 

1.4.1 Agricultural planning 

Soil classification plays a vital role in agricultural planning, which refers to the process of 
selecting crops, designing irrigation systems, and applying fertilisers based on soil properties. For 
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example, sandy soils are suitable for crops that require good drainage, while clay soils may need 
careful management to avoid waterlogging. By classifying soils, farmers can make informed 
decisions that improve yields and reduce costs. 

Diagram showing crop suitability based on soil types Caption: Figure 1.4 Soil classification in 
agricultural planning  

Fill in the blank: Sandy soils are suitable for crops that require good ______. 

1.4.2 Environmental management 

In environmental management, soil classification helps identify areas at risk of erosion, pollution, 
or degradation. For instance, soils with low organic matter are more prone to erosion, while certain 
clay-rich soils may retain pollutants for long periods. Classifying soils allows policymakers and 
conservationists to design strategies that protect ecosystems and maintain soil health. 
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Image showing soil erosion in a degraded landscape Caption: Plate 1.2 Soil erosion and 
environmental management  

Fill in the blank: Soils with low ______ matter are more prone to erosion. 

1.4.3 Land use and conservation 

Soil classification also informs land use and conservation, ensuring that soils are used 
sustainably. For example, fertile soils may be reserved for agriculture, while fragile soils are better 
suited for forestry or conservation. Classification helps balance human needs with environmental 
protection, guiding decisions about urban expansion, reforestation, and protected areas. 
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Caption: Box 1.3 Applications of soil classification in land use and conservation 

• Guides sustainable agricultural practices 

• Supports reforestation and afforestation projects 

• Informs urban planning and infrastructure development 

• Protects fragile ecosystems through conservation policies  

Fill in the blank: Fertile soils may be reserved for ______, while fragile soils are better suited for 
forestry or conservation. 

 

Pilot questions 1.4 

1. How does soil classification assist in agricultural planning? 

2. Which soil property is most linked to erosion risk? 

3. Why is soil classification important in environmental management? 

4. Give one example of how soil classification supports land use planning. 

5. What type of soils are better suited for conservation rather than agriculture? 

 

Series Summary 

This Series has introduced you to the fundamentals of soil classification, emphasising its 
importance as a foundation for soil science and land management. We began by defining soil 
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classification and explaining why it is essential for agriculture, environmental management, and 
conservation. We then explored soil formations and types, distinguishing between residual and 
transported soils, and examined major soil orders that provide a global framework for categorising 
soils. Following that, we studied soil classification systems, including the USDA Soil Taxonomy, the 
FAO/World Reference Base, and local or regional approaches. Finally, we considered practical 
applications of soil classification in agricultural planning, environmental management, and land 
use conservation. 

By completing this Series, you should now be able to define soil classification and explain its 
importance (SLO 1.1), describe soil formations and types (SLO 1.2), analyse recognised soil 
classification systems (SLO 1.3), and evaluate practical applications of soil classification in 
agriculture, environmental management, and land use (SLO 1.4). These skills provide a strong 
foundation for the rest of the course. 

Glossary of Terms 

• Agricultural planning: The process of selecting crops, designing irrigation, and applying 
fertilisers based on soil properties. 

• Environmental management: The practice of protecting ecosystems and soil health 
through conservation and sustainable use. 

• FAO/World Reference Base (WRB): An international soil classification system that uses 
diagnostic horizons and properties to harmonise soil descriptions globally. 

• Residual soils: Soils that remain in place after the weathering of parent rock, reflecting the 
mineral composition of that rock. 

• Soil classification: The systematic arrangement of soils into categories based on their 
properties, origin, and behaviour. 

• Soil orders: The highest level of soil classification in systems such as USDA Soil Taxonomy, 
defined by distinctive properties and formation processes. 

• Transported soils: Soils moved from their place of origin by agents such as water, wind, 
ice, or gravity. 

• USDA Soil Taxonomy: A hierarchical soil classification system developed in the United 
States, beginning with orders and subdividing into finer categories. 

Concept Check Questions [Series 1] 

Objective questions 

1. Soil classification is defined as the systematic arrangement of soils based on their ______. 
(Linked to SLO 1.1) 

2. Which soil order is highly weathered and rich in iron and aluminium oxides? (Linked to SLO 
1.2) 
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3. The FAO/World Reference Base uses diagnostic ______ to define soil groups. (Linked to SLO 
1.3) 

Short-answer questions 

4. Explain one difference between residual and transported soils. (Linked to SLO 1.2) 

5. Why are local soil classification systems important for farmers? (Linked to SLO 1.3) 

Long-answer questions 

6. Analyse the strengths and limitations of USDA Soil Taxonomy compared to the FAO/World 
Reference Base. (Linked to SLO 1.3) 

7. Evaluate how soil classification supports sustainable land use and conservation practices. 
(Linked to SLO 1.4) 

Answers to Concept Check Questions [Series 1] 

Objective questions 

1. Properties, origin, and behaviour. 

2. Oxisols. 

3. Horizons. 

Short-answer questions 

4. Residual soils remain above parent rock, while transported soils are moved by agents such 
as water or wind. 

5. They provide context-specific guidance tailored to local conditions and agricultural needs. 

Long-answer questions 

6. Basic response: USDA Soil Taxonomy is detailed and hierarchical, while WRB is simpler and 
globally harmonised. Value-added response: USDA Soil Taxonomy allows precise 
identification but can be complex, whereas WRB facilitates international collaboration but 
may lack local specificity. Together, they complement each other in global and regional soil 
studies. 

7. Basic response: Soil classification guides sustainable agriculture, forestry, and 
conservation by matching land use to soil properties. Value-added response: Beyond 
guiding land use, soil classification helps prevent degradation, supports climate adaptation 
strategies, and informs policies for balancing human needs with environmental protection. 

Answers to Pilot Questions [Series 1] 

• Arrangement of soils based on properties, origin, and behaviour. 
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• It guides crop selection and fertiliser application. 

• Prevents erosion and supports conservation. 

• Soil texture and fertility. 

• Provides sustainable land use guidance. 

• Residual soils form in place, transported soils are moved. 

• Water, wind, ice, gravity. 

• Oxisols. 

• Mollisols are fertile grassland soils. 

• Entisols are young soils with little profile development. 

• Orders. 

• WRB is globally harmonised, USDA is detailed and hierarchical. 

• Chernozems, Ferralsols, Podzols. 

• They provide localised guidance. 

• Nigeria, India, Russia. 

• Guides crop selection and irrigation. 

• Organic matter. 

• Identifies risks and supports conservation. 

• Urban planning, forestry, conservation. 

• Fragile soils. 

References and Attributions [Series 1] 

• USDA Soil Taxonomy hierarchy: Suggested AI prompt “Create a labelled diagram showing 
USDA Soil Taxonomy hierarchy from order to series”. 

• WRB global soil distribution map: Suggested AI prompt “Generate a world map showing soil 
distribution according to WRB reference groups”. 

• Residual vs transported soils diagram: Suggested AI prompt “Create a labelled diagram 
comparing residual soil formation above parent rock with transported soil deposition by 
river”. 

• Crop suitability diagram: Suggested AI prompt “Create a labelled diagram showing crop 
suitability for sandy, clay, and loamy soils”. 
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• Soil erosion image: Suggested AI prompt “Generate an image showing soil erosion in a 
degraded agricultural landscape”. 

• Boxes and tables summarising benefits and applications: Suggested AI prompts for text-
based summaries. 

• Open Educational Resources (OER) search strings provided for diagrams, tables, and maps 
(e.g., “soil classification hierarchy diagram OER”, “USDA soil orders summary table OER”). 

 

 

 

Series 2: Soil Characteristics 
Series outline 

• 2.1 Physical properties of soil 

o 2.1.1 Soil texture 

o 2.1.2 Soil structure 

o 2.1.3 Soil colour 

• 2.2 Chemical properties of soil 

o 2.2.1 Soil pH 

o 2.2.2 Soil organic matter 

o 2.2.3 Soil nutrients 

• 2.3 Biological properties of soil 

o 2.3.1 Soil microorganisms 

o 2.3.2 Soil fauna 

• 2.4 Functional implications of soil characteristics 

o 2.4.1 Soil fertility 

o 2.4.2 Soil water retention 

o 2.4.3 Soil erosion susceptibility 
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Introduction 

Soils are not uniform; they possess a wide range of characteristics that determine their behaviour, 
fertility, and suitability for different uses. These characteristics can be physical, chemical, or 
biological, and together they influence how soils interact with plants, water, and the environment. 
Understanding soil characteristics is essential for effective agricultural planning, environmental 
management, and conservation. 

The aim of this Series is to enable you to identify, describe, and evaluate the physical, chemical, 
and biological properties of soils, and to apply this knowledge to practical issues such as fertility, 
water retention, and erosion control. 

We shall commence this Series by examining the physical properties of soil, including texture, 
structure, and colour. Next, we will explore chemical properties such as pH, organic matter, and 
nutrients. Following that, we will consider biological properties, focusing on soil microorganisms 
and fauna. Finally, we will conclude with the functional implications of soil characteristics, 
including fertility, water retention, and susceptibility to erosion. 

Series Learning Outcomes 

Upon completing this Series, you should be able to: 

• SLO 2.1 describe the physical properties of soil, including texture, structure, and colour, 

• SLO 2.2 explain the chemical properties of soil, including pH, organic matter, and nutrients, 

• SLO 2.3 analyse the biological properties of soil, focusing on microorganisms and fauna, 

• SLO 2.4 evaluate the functional implications of soil characteristics in relation to fertility, 
water retention, and erosion susceptibility. 

 

2.1 Physical Properties Of Soil 

2.1.1 Soil texture 

Soil texture refers to the relative proportion of sand, silt, and clay particles in a soil. These 
particles differ in size: sand is coarse, silt is medium, and clay is fine. Texture influences water 
retention, drainage, aeration, and nutrient availability. For instance, sandy soils drain quickly but 
hold little water, while clay soils retain water but may become waterlogged. Loamy soils, which are 
a balanced mix of sand, silt, and clay, are often considered ideal for agriculture. 
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Diagram showing soil texture triangle with sand, silt, and clay proportions Caption: Figure 2.1 Soil 
texture triangle  

Fill in the blank: A balanced mix of sand, silt, and clay is called ______ soil. 

2.1.2 Soil structure 

Soil structure describes the arrangement of soil particles into aggregates or clumps. These 
aggregates influence porosity, permeability, and root penetration. Common structural forms 
include granular, blocky, prismatic, and platy. Granular structures are favourable for plant growth 
because they allow good aeration and water movement, while platy structures may restrict root 
development. 
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Image showing different soil structures (granular, blocky, prismatic, platy) Caption: Plate 2.1 Types 
of soil structure  

Fill in the blank: Soil structure that allows good aeration and water movement is called ______ 
structure. 

2.1.3 Soil colour 

Soil colour is an important indicator of soil properties and conditions. It is influenced by organic 
matter, mineral content, and moisture. Dark soils usually contain high organic matter, while red or 
yellow soils often indicate the presence of iron oxides. Grey or bluish soils may suggest poor 
drainage and waterlogging. Soil colour is commonly assessed using the Munsell Soil Colour Chart, 
which provides a standardised way of describing hues, values, and chroma. 
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Diagram showing soil colour variations with organic matter and mineral content Caption: Figure 2.2 
Soil colour variations  

Fill in the blank: Dark soils usually contain high levels of ______ matter. 

Pilot questions 2.1 

1. What three particle types determine soil texture? 

2. Which soil texture is considered ideal for agriculture? 

3. Name two common soil structural forms. 

4. What does red soil colour usually indicate? 

5. Which chart is used to standardise soil colour descriptions? 

 

2.2 Chemical Properties Of Soil 

2.2.1 Soil pH 

Soil pH is a measure of the acidity or alkalinity of soil, expressed on a scale from 0 to 14. A pH of 7 
is neutral, values below 7 indicate acidity, and values above 7 indicate alkalinity. Soil pH affects 
nutrient availability and microbial activity. For example, acidic soils may limit the availability of 
phosphorus, while alkaline soils can restrict iron uptake. Farmers often adjust soil pH using lime to 
reduce acidity or sulphur to increase acidity. 
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Diagram showing soil pH scale with nutrient availability ranges Caption: Figure 2.3 Soil pH and 
nutrient availability  

Fill in the blank: A soil with a pH of 7 is considered ______. 

2.2.2 Soil organic matter 

Soil organic matter consists of decomposed plant and animal residues, living organisms, and 
humus. It improves soil fertility, structure, and water-holding capacity. Organic matter also 
supports microbial activity, which in turn enhances nutrient cycling. Dark soils often indicate high 
organic matter content, which is beneficial for crop growth. 
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Image showing soil rich in organic matter compared to poor soil Caption: Plate 2.2 Soil organic 
matter content  

Fill in the blank: Dark soils usually indicate high levels of ______. 

2.2.3 Soil nutrients 

Soil nutrients are chemical elements essential for plant growth. They are classified into 
macronutrients, such as nitrogen, phosphorus, and potassium, and micronutrients, such as iron, 
zinc, and copper. Macronutrients are required in larger amounts, while micronutrients are needed 
in smaller quantities but are equally important. Deficiencies or excesses of nutrients can lead to 
poor crop performance. 

 

Caption: Table 2.1 Major soil nutrients and their roles 
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Nutrient Type Role in plants 

Nitrogen Macronutrient Promotes leaf growth 

Phosphorus Macronutrient Supports root development 

Potassium Macronutrient Enhances disease resistance 

Iron Micronutrient Essential for chlorophyll formation 

Zinc Micronutrient Supports enzyme activity 

Fill in the blank: Nitrogen promotes ______ growth in plants. 

Pilot questions 2.2 

1. What does soil pH measure? 

2. Which soil amendment is commonly used to reduce acidity? 

3. What does dark soil colour usually indicate? 

4. Name two macronutrients essential for plant growth. 

5. Why are micronutrients important despite being required in small amounts? 

 

2.3 Biological Properties Of Soil 

2.3.1 Soil microorganisms 

Soil microorganisms are microscopic living organisms such as bacteria, fungi, and actinomycetes 
that inhabit the soil. They play a crucial role in nutrient cycling, organic matter decomposition, and 
soil fertility. For example, nitrogen-fixing bacteria convert atmospheric nitrogen into forms that 
plants can use, while fungi help break down complex organic materials. The presence and activity 
of microorganisms are influenced by soil moisture, temperature, and pH. 
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Diagram showing different types of soil microorganisms and their roles Caption: Figure 2.4 Soil 
microorganisms and their functions  

Fill in the blank: Nitrogen-fixing bacteria convert atmospheric ______ into forms usable by plants. 

2.3.2 Soil fauna 

Soil fauna refers to larger living organisms in the soil, including earthworms, insects, nematodes, 
and burrowing animals. These organisms improve soil structure, aeration, and nutrient availability. 
Earthworms, for instance, create channels that enhance water infiltration and mix organic matter 
into the soil. Soil fauna also contribute to pest control and the breakdown of organic residues. 
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Image showing earthworms and other soil fauna in soil profile Caption: Plate 2.3 Soil fauna in 
action  

Fill in the blank: Earthworms improve soil structure by creating ______ that enhance water 
infiltration. 

Pilot questions 2.3 

1. Name two types of soil microorganisms. 

2. What role do nitrogen-fixing bacteria play in soil fertility? 

3. Give one example of soil fauna and its function. 

4. How do earthworms improve soil structure? 

5. Which factors influence the activity of soil microorganisms? 

 

2.4 Functional Implications Of Soil Characteristics 

2.4.1 Soil fertility 

Soil fertility refers to the ability of soil to provide essential nutrients in adequate amounts for plant 
growth. Fertile soils usually contain sufficient macronutrients such as nitrogen, phosphorus, and 
potassium, as well as micronutrients like iron and zinc. Fertility is also influenced by soil texture, 
structure, pH, and organic matter. For example, loamy soils with balanced texture and high organic 
matter are generally more fertile than sandy soils. 
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Diagram showing relationship between soil properties and fertility Caption: Figure 2.5 Soil 
properties influencing fertility  

Fill in the blank: Fertile soils usually contain sufficient ______ such as nitrogen, phosphorus, and 
potassium. 

2.4.2 Soil water retention 

Soil water retention is the capacity of soil to hold water for plant use. It depends largely on soil 
texture and structure. Clay soils retain water due to their fine particles, but may restrict drainage, 
while sandy soils drain quickly and hold little water. Loamy soils strike a balance, retaining enough 
water while allowing adequate drainage. Organic matter also improves water retention by 
increasing soil porosity. 
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Image comparing water retention in sandy, clay, and loamy soils Caption: Plate 2.4 Soil water 
retention in different textures  

Fill in the blank: Loamy soils strike a balance between water ______ and drainage. 

2.4.3 Soil erosion susceptibility 

Soil erosion susceptibility refers to the likelihood of soil being removed by agents such as water 
or wind. It is influenced by soil texture, structure, vegetation cover, and slope. Sandy soils are more 
prone to wind erosion, while silty soils may be easily washed away by water. Good soil structure 
and vegetation cover reduce erosion risks by binding particles together and protecting the surface. 



 

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

Caption: Box 2.1 Factors influencing soil erosion susceptibility 

• Soil texture (sandy soils prone to wind erosion) 

• Soil structure (stable aggregates resist erosion) 

• Vegetation cover (roots bind soil particles) 

• Slope (steeper slopes increase erosion risk)  

 

 

 

Fill in the blank: Sandy soils are more prone to ______ erosion. 

Pilot questions 2.4 

1. What is soil fertility and which nutrients are most important? 

2. How does soil texture influence water retention? 

3. Why are loamy soils considered ideal for water management? 

4. Name two factors that reduce soil erosion susceptibility. 

5. Which type of soil is most prone to wind erosion? 

 

Series Summary 
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This Series has explored the diverse characteristics of soil, highlighting their importance in 
determining soil behaviour, fertility, and suitability for different uses. We began with physical 
properties such as texture, structure, and colour, which influence drainage, aeration, and nutrient 
availability. We then examined chemical properties, including soil pH, organic matter, and 
nutrients, which directly affect fertility and plant growth. Following that, we considered biological 
properties, focusing on microorganisms and fauna that drive nutrient cycling and improve soil 
structure. Finally, we discussed the functional implications of these characteristics, linking them 
to fertility, water retention, and erosion susceptibility. 

By completing this Series, you should now be able to describe physical properties (SLO 2.1), 
explain chemical properties (SLO 2.2), analyse biological properties (SLO 2.3), and evaluate the 
functional implications of soil characteristics (SLO 2.4). These outcomes provide you with practical 
skills for managing soils effectively in agriculture, conservation, and environmental planning. 

Glossary of Terms 

• Soil colour: The visible appearance of soil influenced by organic matter, minerals, and 
moisture. 

• Soil fauna: Larger organisms in the soil, such as earthworms and insects, that improve 
structure and nutrient cycling. 

• Soil fertility: The ability of soil to supply essential nutrients for plant growth. 

• Soil microorganisms: Microscopic organisms such as bacteria and fungi that decompose 
organic matter and recycle nutrients. 

• Soil nutrients: Chemical elements required for plant growth, including macronutrients and 
micronutrients. 

• Soil organic matter: Decomposed plant and animal residues that improve fertility, 
structure, and water retention. 

• Soil pH: A measure of soil acidity or alkalinity on a scale of 0–14. 

• Soil structure: The arrangement of soil particles into aggregates that affect porosity and 
permeability. 

• Soil texture: The relative proportion of sand, silt, and clay particles in soil. 

• Soil water retention: The capacity of soil to hold water for plant use. 

Concept Check Questions [Series 2] 

Objective questions 

1. Soil texture is determined by the proportions of ______, silt, and clay. (Linked to SLO 2.1) 

2. A soil with pH 7 is considered ______. (Linked to SLO 2.2) 

3. Nitrogen-fixing bacteria convert atmospheric ______ into usable forms. (Linked to SLO 2.3) 
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Short-answer questions 

4. Explain one way soil organic matter improves fertility. (Linked to SLO 2.2) 

5. How do earthworms contribute to soil structure? (Linked to SLO 2.3) 

Long-answer questions 

6. Analyse how soil texture and structure influence water retention and drainage. (Linked to 
SLO 2.4) 

7. Evaluate the role of soil characteristics in reducing erosion susceptibility. (Linked to SLO 
2.4) 

Answers to Concept Check Questions [Series 2] 

Objective questions 

1. Sand. 

2. Neutral. 

3. Nitrogen. 

Short-answer questions 

4. Organic matter improves fertility by releasing nutrients during decomposition and 
enhancing soil structure. 

5. Earthworms create channels that improve aeration, water infiltration, and mix organic 
matter into the soil. 

Long-answer questions 

6. Basic response: Soil texture determines water-holding capacity, with clay retaining more 
water and sand draining quickly. Soil structure influences porosity and permeability, 
affecting how water moves through soil. Value-added response: Loamy soils balance 
texture and structure, providing optimal water retention and drainage. Stable aggregates 
improve infiltration and reduce waterlogging, supporting sustainable crop growth. 

7. Basic response: Soil characteristics such as stable structure and vegetation cover reduce 
erosion risks. Value-added response: Texture influences susceptibility, with sandy soils 
prone to wind erosion and silty soils vulnerable to water erosion. Organic matter and 
biological activity strengthen aggregates, while conservation practices enhance resilience. 

Answers to Pilot Questions [Series 2] 

• Sand, silt, clay. 

• Loamy soil. 
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• Granular, blocky. 

• Iron oxides. 

• Munsell Soil Colour Chart. 

• Acidity or alkalinity. 

• Lime. 

• Organic matter. 

• Nitrogen, phosphorus. 

• They are essential for plant processes despite small amounts. 

• Bacteria, fungi. 

• Convert nitrogen into usable forms. 

• Earthworms. 

• By creating channels. 

• Moisture, temperature, pH. 

• Ability to provide nutrients. 

• Texture influences retention. 

• Loamy soils balance retention and drainage. 

• Vegetation cover, soil structure. 

• Sandy soils. 

References and Attributions [Series 2] 

• Soil texture triangle: Suggested AI prompt “Create a labelled soil texture triangle showing 
sand, silt, and clay proportions”. 

• Soil structure images: Suggested AI prompt “Generate an image showing granular, blocky, 
prismatic, and platy soil structures”. 

• Soil colour variations: Suggested AI prompt “Create a diagram showing soil colour 
variations influenced by organic matter and minerals”. 

• Soil pH diagram: Suggested AI prompt “Create a labelled diagram showing soil pH scale 
and nutrient availability ranges”. 

• Soil organic matter comparison: Suggested AI prompt “Generate an image comparing soil 
rich in organic matter with soil poor in organic matter”. 
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• Soil nutrients table: Suggested AI prompt “Generate a table summarising major soil 
nutrients, their type, and role in plants”. 

• Soil microorganisms diagram: Suggested AI prompt “Create a labelled diagram showing 
soil microorganisms such as bacteria, fungi, and actinomycetes with their roles in nutrient 
cycling”. 

• Soil fauna image: Suggested AI prompt “Generate an image showing earthworms and other 
soil fauna within a soil profile”. 

• Soil fertility diagram: Suggested AI prompt “Create a labelled diagram showing how soil 
texture, pH, and organic matter influence fertility”. 

• Soil water retention image: Suggested AI prompt “Generate an image comparing water 
retention in sandy, clay, and loamy soils”. 

• Soil erosion susceptibility box: Suggested AI prompt “Generate a text box summarising 
factors influencing soil erosion susceptibility”. 

• Open Educational Resources (OER) search strings provided for diagrams, tables, and maps 
(e.g., “soil texture triangle diagram OER”, “soil nutrients roles table OER”). 

 

 

 

Series 3: Chemical Components Of Soil 
Series outline 

• 3.1 Major soil elements 

o 3.1.1 Macronutrients: nitrogen, phosphorus, potassium 

o 3.1.2 Secondary nutrients: calcium, magnesium, sulphur 

• 3.2 Micronutrients in soil 

o 3.2.1 Iron, manganese, zinc, copper 

o 3.2.2 Boron, molybdenum, chlorine 

• 3.3 Soil chemical reactions 

o 3.3.1 Ion exchange capacity 

o 3.3.2 Soil buffering and pH regulation 

• 3.4 Soil contaminants and chemical imbalances 
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o 3.4.1 Salinity and sodicity 

o 3.4.2 Heavy metals and pollutants 

 

 

Introduction 

Soils are more than just a physical medium; they are complex chemical systems that provide 
plants with essential nutrients and regulate environmental processes. The chemical components 
of soil determine its fertility, influence crop productivity, and affect how soils respond to 
management practices. A clear understanding of these components is critical for sustainable 
agriculture, soil conservation, and environmental protection. 

The aim of this Series is to help you identify and explain the major and minor chemical components 
of soil, analyse the chemical reactions that occur within soils, and evaluate the impact of 
contaminants and imbalances on soil health and productivity. 

We shall commence this Series by examining the major soil elements, focusing on macronutrients 
such as nitrogen, phosphorus, and potassium, as well as secondary nutrients like calcium, 
magnesium, and sulphur. Next, we will explore micronutrients, including iron, manganese, zinc, 
copper, boron, molybdenum, and chlorine. Following that, we will study soil chemical reactions, 
such as ion exchange capacity and buffering processes that regulate pH. Finally, we will conclude 
with soil contaminants and chemical imbalances, considering issues such as salinity, sodicity, and 
heavy metal pollution. 

Series Learning Outcomes 

Upon completing this Series, you should be able to: 

• SLO 3.1 describe the major soil elements, including macronutrients and secondary 
nutrients, 

• SLO 3.2 explain the role of micronutrients in soil fertility and plant growth, 

• SLO 3.3 analyse soil chemical reactions, including ion exchange capacity and buffering 
processes, 

• SLO 3.4 evaluate the impact of soil contaminants and chemical imbalances such as 
salinity, sodicity, and heavy metals. 

 

3.1 Major Soil Elements 

3.1.1 Macronutrients: nitrogen, phosphorus, potassium 

Macronutrients are nutrients required by plants in relatively large amounts. The three primary 
macronutrients are nitrogen (N), phosphorus (P), and potassium (K). 
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• Nitrogen promotes leafy growth and is a key component of chlorophyll, the molecule 
responsible for photosynthesis. 

• Phosphorus supports root development and energy transfer within plants. 

• Potassium enhances disease resistance, water regulation, and overall plant vigour. 

Deficiencies in these macronutrients often result in visible symptoms such as yellowing leaves 
(nitrogen deficiency), poor root growth (phosphorus deficiency), or weak stems (potassium 
deficiency). 

Caption: Table 3.1 Roles of primary macronutrients 

Nutrient Role in plants Deficiency symptom 

Nitrogen Promotes leafy growth Yellowing leaves 

Phosphorus Supports root development Poor root growth 

Potassium Enhances disease resistance Weak stems 

Fill in the blank: ______ is the macronutrient that promotes leafy growth and is a key component of 
chlorophyll. 

3.1.2 Secondary nutrients: calcium, magnesium, sulphur 

Secondary nutrients are required in moderate amounts compared to macronutrients, but they are 
still essential for plant health. The key secondary nutrients are calcium (Ca), magnesium (Mg), 
and sulphur (S). 

• Calcium strengthens cell walls and aids root development. 
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• Magnesium is central to the chlorophyll molecule and supports photosynthesis. 

• Sulphur is vital for protein synthesis and enzyme function. 

Deficiencies in secondary nutrients can cause problems such as blossom-end rot in tomatoes 
(calcium deficiency), interveinal chlorosis in leaves (magnesium deficiency), or pale, stunted 
growth (sulphur deficiency). 

Diagram showing roles of calcium, magnesium, and sulphur in plant growth Caption: Figure 3.1 
Roles of secondary nutrients  

Fill in the blank: ______ is the secondary nutrient central to the chlorophyll molecule and supports 
photosynthesis. 

Pilot questions 3.1 

1. Name the three primary macronutrients. 

2. What role does phosphorus play in plant growth? 

3. Which macronutrient deficiency causes weak stems? 

4. Identify the three secondary nutrients. 

5. Which secondary nutrient is central to the chlorophyll molecule? 

 

3.2 Micronutrients In Soil 

3.2.1 Iron, manganese, zinc, copper 
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Micronutrients are nutrients required in small amounts but are vital for plant growth and 
development. Among the most important are iron (Fe), manganese (Mn), zinc (Zn), and copper 
(Cu). 

• Iron is essential for chlorophyll formation and enzyme activity. Deficiency often causes 
interveinal chlorosis (yellowing between leaf veins). 

• Manganese supports photosynthesis and nitrogen metabolism. Deficiency may lead to 
mottled leaves. 

• Zinc is important for enzyme activation and hormone regulation. Deficiency results in 
stunted growth and small leaves. 

• Copper aids in lignin synthesis and reproductive growth. Deficiency can cause dieback of 
shoots. 

Caption: Table 3.2 Roles of selected micronutrients 

Micronutrient Role in plants Deficiency symptom 

Iron Chlorophyll formation Interveinal chlorosis 

Manganese Photosynthesis, nitrogen metabolism Mottled leaves 

Zinc Enzyme activation, hormone regulation Stunted growth 

Copper Lignin synthesis, reproduction Shoot dieback 
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Fill in the blank: Deficiency of ______ often causes interveinal chlorosis in leaves. 

3.2.2 Boron, molybdenum, chlorine 

Other essential micronutrients include boron (B), molybdenum (Mo), and chlorine (Cl). 

• Boron is critical for cell wall formation and reproductive growth. Deficiency can lead to 
poor fruit and seed development. 

• Molybdenum is required for nitrogen fixation and enzyme activity. Deficiency may cause 
yellowing and poor nodulation in legumes. 

• Chlorine regulates osmotic and ionic balance in plants. Deficiency is rare but can result in 
wilting and reduced growth. 

Diagram showing roles of boron, molybdenum, and chlorine in plant growth Caption: Figure 3.2 
Roles of boron, molybdenum, and chlorine  

Fill in the blank: ______ is the micronutrient critical for cell wall formation and reproductive growth. 

Pilot questions 3.2 

1. Name four key micronutrients required by plants. 

2. What deficiency symptom is associated with iron? 

3. Which micronutrient supports enzyme activation and hormone regulation? 

4. Why is molybdenum important for legumes? 

5. Which micronutrient regulates osmotic and ionic balance in plants? 
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3.3 Soil Chemical Reactions 

3.3.1 Ion exchange capacity 

Ion exchange capacity refers to the ability of soil to hold and exchange cations (positively charged 
ions) and anions (negatively charged ions). The most commonly discussed measure is cation 
exchange capacity (CEC), which indicates how many nutrient cations such as calcium, 
magnesium, potassium, and ammonium a soil can retain and make available to plants. Soils with 
high clay and organic matter content generally have higher CEC, meaning they can store more 
nutrients. 

Diagram showing cation exchange process in soil particles Caption: Figure 3.3 Cation exchange 
capacity in soil  

Fill in the blank: Soils with high clay and organic matter content generally have higher ______. 

3.3.2 Soil buffering and pH regulation 

Soil buffering capacity is the ability of soil to resist changes in pH when acids or bases are added. 
This property is important because it stabilises soil conditions for plant growth and microbial 
activity. Buffering is influenced by soil composition, particularly clay minerals and organic matter. 
For example, soils with high buffering capacity can maintain stable pH even when fertilisers or 
pollutants are introduced. 
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Image showing soil buffering effect on pH stability Caption: Plate 3.1 Soil buffering capacity and pH 
regulation  

Fill in the blank: Soil buffering capacity refers to the ability of soil to resist changes in ______. 

Pilot questions 3.3 

1. What does cation exchange capacity (CEC) measure? 

2. Which soil components increase CEC? 

3. Why is soil buffering capacity important? 

4. Name one factor that influences soil buffering capacity. 

5. How does buffering capacity affect soil pH stability? 

 

3.4 Soil Contaminants And Chemical Imbalances 

3.4.1 Salinity and sodicity 

Soil salinity refers to the accumulation of soluble salts in the soil, while sodicity refers to 
excessive sodium levels. Both conditions negatively affect plant growth and soil structure. Saline 
soils hinder water uptake by plants due to osmotic stress, while sodic soils cause dispersion of soil 
particles, leading to poor infiltration and crusting. These problems are common in arid and semi-
arid regions where irrigation practices are poorly managed. 
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Diagram showing effects of salinity and sodicity on soil and plants Caption: Figure 3.4 Effects of 
salinity and sodicity  

Fill in the blank: Excessive sodium levels in soil are referred to as ______. 

3.4.2 Heavy metals and pollutants 

Heavy metals and pollutants such as lead, cadmium, arsenic, and industrial chemicals can 
contaminate soils. These substances may originate from mining, industrial waste, pesticides, or 
sewage sludge. Heavy metals are toxic to plants, animals, and humans, and they persist in soils for 
long periods. Contaminated soils often require remediation techniques such as phytoremediation 
(using plants to absorb pollutants) or soil washing. 
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Image showing polluted soil with industrial waste Caption: Plate 3.2 Soil contamination by heavy 
metals  

Fill in the blank: The process of using plants to absorb pollutants from soil is called ______. 

Pilot questions 3.4 

1. What is the difference between soil salinity and sodicity? 

2. How does salinity affect plant water uptake? 

3. What problem does sodicity cause in soil structure? 

4. Name two heavy metals that can contaminate soil. 

5. What remediation technique uses plants to absorb pollutants? 

 

Series Summary 

This Series has examined the chemical components of soil, emphasising their importance for 
fertility, productivity, and environmental sustainability. We began with the major soil elements, 
focusing on macronutrients such as nitrogen, phosphorus, and potassium, and secondary 
nutrients like calcium, magnesium, and sulphur. We then explored micronutrients, including iron, 
manganese, zinc, copper, boron, molybdenum, and chlorine, highlighting their roles and deficiency 
symptoms. Following that, we studied soil chemical reactions, particularly ion exchange capacity 
and buffering processes that regulate pH. Finally, we considered soil contaminants and chemical 
imbalances, such as salinity, sodicity, and heavy metals, which pose challenges to soil health. 
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By completing this Series, you should now be able to describe major soil elements (SLO 3.1), 
explain the role of micronutrients (SLO 3.2), analyse soil chemical reactions (SLO 3.3), and 
evaluate the impact of contaminants and imbalances (SLO 3.4). These outcomes equip you with 
the knowledge to manage soils effectively and address chemical challenges in agriculture and 
conservation. 

Glossary of Terms 

• Cation exchange capacity (CEC): The ability of soil to hold and exchange positively 
charged ions such as calcium and potassium. 

• Heavy metals: Toxic elements like lead, cadmium, and arsenic that contaminate soil and 
harm plants and animals. 

• Macronutrients: Nutrients required in large amounts, including nitrogen, phosphorus, and 
potassium. 

• Micronutrients: Nutrients required in small amounts, such as iron, zinc, and copper, but 
essential for plant growth. 

• Salinity: The accumulation of soluble salts in soil that hinders water uptake by plants. 

• Sodicity: Excessive sodium levels in soil that damage structure and reduce infiltration. 

• Soil buffering capacity: The ability of soil to resist changes in pH when acids or bases are 
added. 

• Soil contaminants: Substances such as pollutants or heavy metals that degrade soil 
quality. 

• Secondary nutrients: Nutrients required in moderate amounts, including calcium, 
magnesium, and sulphur. 

Concept Check Questions [Series 3] 

Objective questions 

1. Nitrogen, phosphorus, and potassium are examples of ______. (Linked to SLO 3.1) 

2. Which micronutrient deficiency causes interveinal chlorosis? (Linked to SLO 3.2) 

3. Cation exchange capacity measures the ability of soil to hold and exchange ______. (Linked 
to SLO 3.3) 

Short-answer questions 

4. Explain one role of calcium in plant growth. (Linked to SLO 3.1) 

5. Why is molybdenum important for legumes? (Linked to SLO 3.2) 

Long-answer questions 
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6. Analyse how cation exchange capacity influences soil fertility. (Linked to SLO 3.3) 

7. Evaluate the impact of salinity and sodicity on soil health and crop productivity. (Linked to 
SLO 3.4) 

Answers to Concept Check Questions [Series 3] 

Objective questions 

1. Macronutrients. 

2. Iron. 

3. Cations. 

Short-answer questions 

4. Calcium strengthens cell walls and aids root development. 

5. Molybdenum supports nitrogen fixation and enzyme activity, which are vital for legumes. 

Long-answer questions 

6. Basic response: CEC determines how many nutrient cations soil can retain and supply to 
plants. Higher CEC means better nutrient availability. Value-added response: Soils rich in 
clay and organic matter have high CEC, which enhances fertility and reduces nutrient 
leaching. This supports sustainable crop production and soil management. 

7. Basic response: Salinity reduces water uptake, while sodicity damages soil structure. Both 
hinder plant growth. Value-added response: Salinity causes osmotic stress, leading to 
reduced yields, while sodicity disperses soil particles, lowering infiltration and aeration. 
Effective irrigation management and soil amendments are needed to mitigate these issues. 

Answers to Pilot Questions [Series 3] 

• Nitrogen, phosphorus, potassium. 

• Supports root development and energy transfer. 

• Potassium deficiency. 

• Calcium, magnesium, sulphur. 

• Magnesium. 

• Iron, manganese, zinc, copper. 

• Interveinal chlorosis. 

• Zinc. 

• It supports nitrogen fixation. 
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• Chlorine. 

• Cation exchange capacity. 

• Clay and organic matter. 

• It stabilises soil conditions for plant growth. 

• Clay minerals and organic matter. 

• Maintains stable pH. 

• Salinity is salt accumulation, sodicity is excess sodium. 

• It reduces water uptake. 

• Dispersion of soil particles. 

• Lead, cadmium. 

• Phytoremediation. 

References and Attributions [Series 3] 

• Macronutrients table: Suggested AI prompt “Generate a table summarising nitrogen, 
phosphorus, and potassium roles and deficiency symptoms”. 

• Secondary nutrients diagram: Suggested AI prompt “Create a labelled diagram showing 
calcium strengthening cell walls, magnesium in chlorophyll, and sulphur in protein 
synthesis”. 

• Micronutrients table: Suggested AI prompt “Generate a table summarising iron, 
manganese, zinc, and copper roles and deficiency symptoms”. 

• Boron, molybdenum, chlorine diagram: Suggested AI prompt “Create a labelled diagram 
showing boron in cell wall formation, molybdenum in nitrogen fixation, and chlorine in 
osmotic regulation”. 

• Cation exchange diagram: Suggested AI prompt “Create a labelled diagram showing cation 
exchange between soil particles and plant roots”. 

• Soil buffering image: Suggested AI prompt “Generate an image showing soil buffering 
capacity maintaining stable pH despite acid addition”. 

• Salinity and sodicity diagram: Suggested AI prompt “Create a labelled diagram showing 
salinity reducing water uptake and sodicity causing soil dispersion”. 

• Heavy metals contamination image: Suggested AI prompt “Generate an image showing soil 
contaminated by heavy metals from industrial waste”. 
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• Open Educational Resources (OER) search strings provided for diagrams, tables, and maps 
(e.g., “macronutrients nitrogen phosphorus potassium roles OER”, “soil salinity sodicity 
diagram OER”). 

 

 

 

Series 4: Soil and Plant Tissue Analysis 
Series outline 

• 4.1 Principles of soil and plant tissue analysis 

o 4.1.1 Importance of analysis in agriculture 

o 4.1.2 Objectives of soil and tissue testing 

• 4.2 Soil sampling and preparation 

o 4.2.1 Methods of soil sampling 

o 4.2.2 Handling and preparation of soil samples 

• 4.3 Plant tissue sampling and preparation 

o 4.3.1 Techniques for tissue sampling 

o 4.3.2 Handling and preparation of plant tissue samples 

• 4.4 Laboratory methods of analysis 

o 4.4.1 Chemical analysis of soil nutrients 

o 4.4.2 Plant tissue nutrient analysis 

o 4.4.3 Interpretation of laboratory results 

• 4.5 Application of analysis results 

o 4.5.1 Fertiliser recommendations 

o 4.5.2 Soil management practices 

o 4.5.3 Monitoring crop health 

 

 

Introduction 
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Soil and plant tissue analysis are essential tools for modern agriculture. They provide accurate 
information about nutrient availability in soils and nutrient status in plants, enabling farmers and 
agronomists to make informed decisions about fertiliser use, soil management, and crop health 
monitoring. Unlike visual observation alone, laboratory analysis offers precise data that can guide 
sustainable practices and improve productivity. 

The aim of this Series is to equip you with knowledge of the principles, sampling techniques, 
laboratory methods, and practical applications of soil and plant tissue analysis. By mastering these 
skills, you will be able to interpret analytical results and apply them to real-world agricultural 
management. 

We shall commence this Series by examining the principles of soil and plant tissue analysis, 
including their importance and objectives. Next, we will explore soil sampling and preparation, 
followed by plant tissue sampling and preparation. We will then study laboratory methods of 
analysis, focusing on chemical testing and interpretation of results. Finally, we will conclude with 
the application of analysis results in fertiliser recommendations, soil management, and crop 
health monitoring. 

Series Learning Outcomes 

Upon completing this Series, you should be able to: 

• SLO 4.1 explain the principles and objectives of soil and plant tissue analysis, 

• SLO 4.2 demonstrate appropriate methods for soil sampling and preparation, 

• SLO 4.3 apply correct techniques for plant tissue sampling and preparation, 

• SLO 4.4 describe laboratory methods for analysing soil and plant nutrients and interpret 
results, 

• SLO 4.5 evaluate the application of analysis results in fertiliser recommendations, soil 
management, and crop health monitoring. 

 

4.1 Principles of Soil and Plant Tissue Analysis 

4.1.1 Importance of analysis in agriculture 

Soil and plant tissue analysis are vital for ensuring efficient and sustainable agricultural 
practices. They provide accurate information about nutrient availability in soils and nutrient status 
in plants, helping farmers avoid over- or under-application of fertilisers. This reduces costs, 
prevents environmental pollution, and improves crop yield and quality. Analysis also supports 
long-term soil health by guiding balanced nutrient management. 
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Diagram showing the importance of soil and plant tissue analysis in agriculture (fertiliser efficiency, 
crop yield, environmental protection) Caption: Figure 4.1 Importance of soil and plant tissue 
analysis  

Fill in the blank: Soil and plant tissue analysis helps farmers avoid over- or under-application of 
______. 

4.1.2 Objectives of soil and tissue testing 

The objectives of soil and tissue testing include: 

• Nutrient assessment: Determining the levels of essential nutrients in soil and plants. 

• Fertiliser guidance: Providing recommendations for fertiliser type and quantity. 

• Soil health monitoring: Tracking changes in soil properties over time. 

• Crop diagnosis: Identifying nutrient deficiencies or toxicities in plants. 

• Environmental protection: Preventing nutrient leaching and pollution. 
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Caption: Box 4.1 Objectives of soil and plant tissue testing  

Fill in the blank: One objective of soil and tissue testing is to provide ______ recommendations for 
crops. 

Pilot questions 4.1 

1. Why is soil and plant tissue analysis important in agriculture? 

2. How does analysis help reduce environmental pollution? 

3. Name two objectives of soil and tissue testing. 

4. What does nutrient assessment involve? 

5. How does tissue analysis assist in crop diagnosis? 

4.2 Soil Sampling and Preparation 

4.2.1 Methods of soil sampling 

Soil sampling is the first step in soil analysis and must be done carefully to ensure accurate 
results. The method chosen depends on the purpose of the test, the type of crop, and the variability 
of the field. 

• Random sampling: Collecting samples from random spots across the field to represent 
average conditions. 

• Systematic sampling: Following a grid or pattern to ensure uniform coverage. 

• Stratified sampling: Dividing the field into zones based on soil type, slope, or crop history, 
then sampling each zone separately. 
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• Composite sampling: Mixing several subsamples from a field to form one representative 
sample. 

Diagram showing different soil sampling methods (random, systematic, stratified, composite) 
Caption: Figure 4.2 Methods of soil sampling  

Fill in the blank: Mixing several subsamples from a field to form one representative sample is called 
______ sampling. 

4.2.2 Handling and preparation of soil samples 

After collection, soil samples must be handled and prepared properly to avoid contamination 
and ensure reliable analysis. 

• Drying: Air-dry samples to prevent microbial activity from altering nutrient levels. 

• Grinding and sieving: Crush clods and pass soil through a sieve to obtain uniform particle 
size. 

• Labelling: Clearly mark samples with location, depth, and date of collection. 

• Storage: Keep samples in clean, airtight containers until analysis. 
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Image showing soil sample preparation steps (drying, grinding, sieving, labelling) Caption: Plate 4.1 
Handling and preparation of soil samples  

Fill in the blank: Soil samples should be ______-dried to prevent microbial activity from altering 
nutrient levels. 

Pilot questions 4.2 

1. Name two methods of soil sampling. 

2. What is the purpose of stratified sampling? 

3. What does composite sampling involve? 

4. Why should soil samples be air-dried before analysis? 

5. What information should be included when labelling soil samples? 

 

4.3 Plant Tissue Sampling and Preparation 

4.3.1 Techniques for tissue sampling 

Plant tissue sampling involves collecting parts of plants (such as leaves, stems, or petioles) to 
determine their nutrient status. Proper sampling ensures that laboratory results accurately reflect 
the plant’s condition. 

• Leaf sampling: The most common method, as leaves are metabolically active and show 
nutrient imbalances quickly. 
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• Petiole sampling: Often used in crops like grapes or tomatoes, where petioles provide 
reliable nutrient indicators. 

• Whole plant sampling: Used for small plants or seedlings to assess overall nutrient status. 

• Stage-specific sampling: Collecting tissues at specific growth stages (e.g., flowering, 
fruiting) for accurate diagnosis. 

Diagram showing different plant tissue sampling techniques (leaf, petiole, whole plant) Caption: 
Figure 4.3 Techniques for plant tissue sampling  

Fill in the blank: The most common method of plant tissue sampling is ______ sampling. 

4.3.2 Handling and preparation of plant tissue samples 

After collection, plant tissue samples must be handled carefully to avoid contamination and 
nutrient loss. 

• Cleaning: Remove dust or soil particles without washing away nutrients. 

• Drying: Air-dry or oven-dry samples to preserve nutrient composition. 

• Grinding: Crush dried tissues into fine powder for uniform analysis. 

• Labelling: Clearly mark samples with crop type, plant part, and date of collection. 

• Storage: Keep samples in clean, airtight containers until laboratory testing. 
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Image showing preparation steps for plant tissue samples (cleaning, drying, grinding, labelling) 
Caption: Plate 4.2 Handling and preparation of plant tissue samples  

Fill in the blank: Plant tissue samples should be oven- or ______-dried to preserve nutrient 
composition. 

Pilot questions 4.3 

1. What is the most common method of plant tissue sampling? 

2. Why is petiole sampling useful in crops like grapes? 

3. What does stage-specific sampling involve? 

4. Name two steps in preparing plant tissue samples for analysis. 

5. Why is labelling important in tissue sample preparation? 

 

 

 

 

4.4 Laboratory Methods of Analysis 

4.4.1 Chemical analysis of soil nutrients 
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Chemical analysis of soil nutrients involves laboratory procedures to determine the availability of 
essential elements such as nitrogen, phosphorus, potassium, calcium, and magnesium. Common 
methods include: 

• Colorimetric analysis: Measuring nutrient concentration based on colour changes in 
chemical reactions. 

• Spectrophotometry: Using light absorption to quantify nutrient levels. 

• Titration: Determining nutrient concentration by neutralising reactions. 

• Flame photometry: Measuring potassium and sodium levels by flame emission. 

Diagram showing laboratory methods for soil nutrient analysis Caption: Figure 4.4 Chemical 
analysis of soil nutrients  

Fill in the blank: Flame photometry is commonly used to measure ______ and sodium levels in soil. 

4.4.2 Plant tissue nutrient analysis 

Plant tissue nutrient analysis determines the concentration of nutrients within plant parts, 
usually leaves or petioles. This helps identify deficiencies or toxicities not visible to the eye. 

• Dry ashing: Burning plant material to ash, then dissolving it for nutrient measurement. 

• Wet digestion: Using acids to break down tissue for analysis. 

• Atomic absorption spectroscopy: Measuring micronutrients like zinc, copper, and iron. 

• Inductively coupled plasma (ICP): Advanced method for multi-element analysis. 
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Image showing plant tissue nutrient analysis in laboratory Caption: Plate 4.3 Plant tissue nutrient 
analysis  

Fill in the blank: Atomic absorption spectroscopy is used to measure micronutrients such as 
______, copper, and iron. 

4.4.3 Interpretation of laboratory results 

Interpretation of laboratory results is critical for translating data into practical 
recommendations. Results are compared against established nutrient sufficiency ranges for 
specific crops. 

• Deficiency diagnosis: Identifying nutrients below critical levels. 

• Toxicity detection: Recognising nutrients present in harmful concentrations. 

• Fertiliser recommendation: Suggesting appropriate fertiliser type and rate. 

• Soil management guidance: Advising on practices to improve soil health. 
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Caption: Box 4.2 Key steps in interpreting laboratory results  

Fill in the blank: Laboratory results are compared against established nutrient ______ ranges for 
specific crops. 

Pilot questions 4.4 

1. Name two methods of chemical analysis for soil nutrients. 

2. Which method is used to measure potassium and sodium levels? 

3. What is the purpose of plant tissue nutrient analysis? 

4. Name one advanced method for multi-element analysis in plant tissues. 

5. What are laboratory results compared against to determine nutrient sufficiency? 

 

4.5 Application of Analysis Results 

4.5.1 Fertiliser recommendations 

Fertiliser recommendations are one of the most practical outcomes of soil and plant tissue 
analysis. By comparing nutrient levels against crop requirements, agronomists can suggest the 
right type, amount, and timing of fertiliser application. This ensures efficient nutrient use, reduces 
waste, and improves crop yield. 
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Diagram showing how analysis results guide fertiliser recommendations Caption: Figure 4.5 
Fertiliser recommendations based on analysis  

Fill in the blank: Fertiliser recommendations are based on comparing nutrient levels against ______ 
requirements. 

4.5.2 Soil management practices 

Soil management practices are guided by analysis results to maintain or improve soil health. For 
example, if analysis shows low organic matter, practices such as adding compost or cover crops 
may be recommended. If pH is too acidic, liming may be advised. These practices ensure long-term 
productivity and sustainability. 
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Image showing soil management practices (compost addition, liming, cover cropping) Caption: 
Plate 4.4 Soil management practices guided by analysis  

Fill in the blank: If soil analysis shows low organic matter, adding ______ may be recommended. 

4.5.3 Monitoring crop health 

Monitoring crop health through plant tissue analysis allows early detection of nutrient 
deficiencies or toxicities. This helps farmers take corrective measures before yield losses occur. 
Regular monitoring also tracks the effectiveness of fertiliser programs and soil amendments, 
ensuring crops remain healthy throughout the growing season. 
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Caption: Box 4.3 Benefits of crop health monitoring 

• Early detection of nutrient deficiencies 

• Prevention of yield losses 

• Evaluation of fertiliser effectiveness 

• Long-term crop productivity 

Fill in the blank: Monitoring crop health through tissue analysis allows early detection of nutrient 
______. 

Pilot questions 4.5 

1. How do fertiliser recommendations benefit farmers? 

2. Name one soil management practice guided by analysis results. 

3. What corrective measure may be advised if soil pH is too acidic? 

4. Why is crop health monitoring important? 

5. List two benefits of monitoring crop health through tissue analysis. 

 

Series Summary 

This Series has explored the principles, methods, and applications of soil and plant tissue 
analysis. We began with the importance and objectives of analysis, highlighting its role in guiding 
fertiliser use, soil management, and environmental protection. We then examined soil sampling 
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methods (random, systematic, stratified, composite) and preparation steps such as drying, 
grinding, and labelling. Next, we studied plant tissue sampling techniques (leaf, petiole, whole 
plant, stage-specific) and preparation procedures. Following that, we covered laboratory methods 
of analysis, including chemical testing of soil nutrients, plant tissue nutrient analysis, and 
interpretation of results. Finally, we discussed the application of analysis results in fertiliser 
recommendations, soil management practices, and crop health monitoring. 

By completing this Series, you should now be able to explain principles and objectives (SLO 4.1), 
demonstrate soil sampling methods (SLO 4.2), apply plant tissue sampling techniques (SLO 4.3), 
describe laboratory methods and interpret results (SLO 4.4), and evaluate applications of analysis 
results (SLO 4.5). These skills are essential for modern, sustainable agriculture. 

Glossary of Terms 

• Composite sampling: Mixing several subsamples to form one representative soil sample. 

• Dry ashing: Burning plant tissue to ash for nutrient measurement. 

• Fertiliser recommendation: Guidance on type, amount, and timing of fertiliser application 
based on analysis. 

• Flame photometry: Laboratory method for measuring potassium and sodium levels. 

• Leaf sampling: Collecting leaves to assess plant nutrient status. 

• Nutrient sufficiency range: Established concentration levels of nutrients considered 
adequate for crop growth. 

• Soil buffering capacity: Ability of soil to resist changes in pH. 

• Spectrophotometry: Measuring nutrient concentration by light absorption. 

• Stratified sampling: Dividing a field into zones and sampling each separately. 

• Wet digestion: Using acids to break down plant tissue for nutrient analysis. 

Concept Check Questions [Series 4] 

Objective questions 

1. Mixing several subsamples to form one representative soil sample is called ______ 
sampling. (Linked to SLO 4.2) 

2. The most common method of plant tissue sampling is ______ sampling. (Linked to SLO 4.3) 

3. Flame photometry is commonly used to measure ______ and sodium levels in soil. (Linked 
to SLO 4.4) 

Short-answer questions 

4. Why is soil and plant tissue analysis important in agriculture? (Linked to SLO 4.1) 
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5. Name two steps in preparing plant tissue samples for analysis. (Linked to SLO 4.3) 

Long-answer questions 

6. Analyse how soil sampling methods influence the accuracy of analysis results. (Linked to 
SLO 4.2) 

7. Evaluate the role of analysis results in guiding fertiliser recommendations and soil 
management practices. (Linked to SLO 4.5) 

Answers to Concept Check Questions [Series 4] 

Objective questions 

1. Composite. 

2. Leaf. 

3. Potassium. 

Short-answer questions 

4. It ensures efficient fertiliser use, reduces costs, prevents pollution, and improves crop 
yield. 

5. Cleaning, drying, grinding, labelling, and storage. 

Long-answer questions 

6. Basic response: Proper sampling methods ensure that soil samples represent the true 
conditions of the field. Random or systematic sampling avoids bias, while stratified 
sampling accounts for variability. Value-added response: Composite sampling reduces 
variability by combining subsamples, while stratified sampling ensures differences in soil 
type or slope are captured. Accurate sampling prevents misleading results and supports 
reliable recommendations. 

7. Basic response: Analysis results guide fertiliser type and quantity, and soil management 
practices such as liming or compost addition. Value-added response: Fertiliser 
recommendations based on analysis improve nutrient efficiency, while soil management 
practices maintain long-term fertility. Monitoring crop health through tissue analysis 
ensures corrective measures are taken early, sustaining productivity. 

Answers to Pilot Questions [Series 4] 

• Fertiliser. 

• Nutrient assessment, fertiliser guidance. 

• Determining nutrient levels. 

• Identifying deficiencies. 
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• Random, systematic. 

• To account for variability in soil type. 

• Mixing subsamples. 

• To prevent microbial activity. 

• Location, depth, date. 

• Leaf sampling. 

• Petiole sampling. 

• Specific growth stages. 

• Cleaning, drying. 

• To identify crop and sample details. 

• Colorimetric, spectrophotometry. 

• Flame photometry. 

• To detect deficiencies or toxicities. 

• ICP. 

• Nutrient sufficiency ranges. 

• Crop requirements. 

• Compost. 

• Deficiencies. 

References and Attributions [Series 4] 

• Importance diagram: Suggested AI prompt “Create a labelled diagram showing soil and 
plant tissue analysis benefits: fertiliser efficiency, crop yield, environmental protection”. 

• Objectives box: Suggested AI prompt “Generate a text box summarising objectives of soil 
and plant tissue testing”. 

• Soil sampling methods diagram: Suggested AI prompt “Create a labelled diagram showing 
random, systematic, stratified, and composite soil sampling methods”. 

• Soil sample preparation image: Suggested AI prompt “Generate an image showing soil 
sample preparation steps: drying, grinding, sieving, labelling”. 

• Plant tissue sampling diagram: Suggested AI prompt “Create a labelled diagram showing 
leaf, petiole, and whole plant tissue sampling methods”. 
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• Plant tissue preparation image: Suggested AI prompt “Generate an image showing plant 
tissue sample preparation steps: cleaning, drying, grinding, labelling”. 

• Soil nutrient analysis diagram: Suggested AI prompt “Create a labelled diagram showing 
soil nutrient analysis methods: colorimetry, spectrophotometry, titration, flame 
photometry”. 

• Plant tissue analysis image: Suggested AI prompt “Generate an image showing laboratory 
plant tissue nutrient analysis using spectroscopy and digestion methods”. 

• Interpretation box: Suggested AI prompt “Generate a text box summarising deficiency 
diagnosis, toxicity detection, fertiliser recommendation, and soil management guidance”. 

• Fertiliser recommendation diagram: Suggested AI prompt “Create a labelled diagram 
showing soil analysis leading to fertiliser type, amount, and timing recommendations”. 

• Soil management practices image: Suggested AI prompt “Generate an image showing soil 
management practices such as compost addition, liming, and cover cropping”. 

• Crop health monitoring box: Suggested AI prompt “Generate a text box summarising 
benefits of crop health monitoring”. 

• Open Educational Resources (OER) search strings provided for diagrams, tables, and maps 
(e.g., “soil sampling methods diagram OER”, “plant tissue nutrient analysis laboratory 
OER”). 

 

 

 

Series 5: Plant–Soil–Water Relationships 
Series outline 

5.1 Soil–water fundamentals 

o 5.1.1 Soil moisture forms: gravitational, capillary, hygroscopic 

o 5.1.2 Soil water potential and movement 

• 5.2 Plant water relations 

o 5.2.1 Water absorption by roots 

o 5.2.2 Transpiration and water loss 

o 5.2.3 Water use efficiency 

• 5.3 Soil–plant–atmosphere continuum (SPAC) 
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o 5.3.1 Pathways of water movement 

o 5.3.2 Role of stomata and plant physiology 

• 5.4 Irrigation and water management 

o 5.4.1 Irrigation methods: surface, sprinkler, drip 

o 5.4.2 Scheduling and efficiency 

o 5.4.3 Managing water stress 

• 5.5 Environmental and sustainability aspects 

o 5.5.1 Water conservation practices 

o 5.5.2 Impact of climate change on plant–soil–water relations 

o 5.5.3 Sustainable water use in agriculture 

 

Introduction 

The interaction between plants, soils, and water is fundamental to agricultural productivity and 
ecosystem sustainability. Water is the medium through which nutrients move in soil, and it is 
essential for plant physiological processes such as photosynthesis, transpiration, and nutrient 
transport. Soil properties determine how water is stored and made available to plants, while plants 
regulate water use through root absorption and stomatal control. 

This Series focuses on the dynamic relationships among soil, plants, and water, exploring how 
these interactions influence crop growth, irrigation practices, and sustainable resource 
management. By understanding these relationships, you will be able to optimise water use, 
improve soil health, and enhance plant productivity under varying environmental conditions. 

We shall commence this Series by examining soil–water fundamentals, including soil moisture 
forms and water potential. Next, we will explore plant water relations, focusing on absorption, 
transpiration, and water use efficiency. We will then study the soil–plant–atmosphere continuum 
(SPAC), which integrates water movement from soil through plants into the atmosphere. Following 
that, we will consider irrigation and water management practices. Finally, we will conclude with 
environmental and sustainability aspects, including conservation practices and the impact of 
climate change. 

Series Learning Outcomes 

Upon completing this Series, you should be able to: 

• SLO 5.1 describe soil–water fundamentals, including moisture forms and water potential, 

• SLO 5.2 explain plant water relations, including absorption, transpiration, and water use 
efficiency, 
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• SLO 5.3 analyse the soil–plant–atmosphere continuum and its role in water movement, 

• SLO 5.4 evaluate irrigation methods, scheduling, and water stress management, 

• SLO 5.5 assess environmental and sustainability aspects of plant–soil–water relationships, 
including conservation and climate change impacts. 

 

 

 

5.1 Soil–Water Fundamentals 

5.1.1 Soil moisture forms: gravitational, capillary, hygroscopic 

Soil water exists in different forms depending on how tightly it is held by soil particles: 

• Gravitational water: Water that drains freely through large pores after rainfall or irrigation. 
It is not available to plants because it moves too quickly. 

• Capillary water: Water held in small pores by surface tension. This is the main source of 
water available to plants. 

• Hygroscopic water: A thin film of water tightly bound to soil particles. It is unavailable to 
plants because roots cannot absorb it. 

Diagram showing gravitational, capillary, and hygroscopic water in soil pores Caption: Figure 5.1 
Forms of soil moisture  

Fill in the blank: The main source of water available to plants is ______ water. 
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5.1.2 Soil water potential and movement 

Soil water potential refers to the energy status of water in soil, which determines its movement 
and availability to plants. Water moves from areas of higher potential (wetter soil) to lower potential 
(drier soil). 

Key components include: 

• Matric potential: Attraction of water to soil particles. 

• Gravitational potential: Movement of water downward due to gravity. 

• Osmotic potential: Effect of dissolved salts on water movement. 

Water movement in soil occurs through infiltration (entry of water into soil), percolation 
(downward movement), and capillary rise (upward movement into drier zones). 

Image showing soil water movement processes (infiltration, percolation, capillary rise) Caption: 
Plate 5.1 Soil water potential and movement  

Fill in the blank: Water moves from areas of higher potential (wetter soil) to areas of ______ 
potential (drier soil). 

Pilot questions 5.1 

1. Name the three forms of soil moisture. 

2. Which form of soil water is available to plants? 

3. What does soil water potential describe? 

4. Name one component of soil water potential. 
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5. What process describes the entry of water into soil? 

 

5.2 Plant Water Relations 

5.2.1 Water absorption by roots 

Plants absorb water primarily through their root hairs, which increase the surface area in contact 
with soil moisture. Water enters roots by osmosis, moving from soil (higher water potential) into 
root cells (lower water potential). This absorbed water is then transported upward through the 
xylem vessels. 

Diagram showing water absorption by root hairs and movement into xylem Caption: Figure 5.2 
Water absorption by roots  

Fill in the blank: Water enters plant roots by the process of ______. 

5.2.2 Transpiration and water loss 

Transpiration is the process by which water evaporates from plant leaves, mainly through 
stomata. It serves several functions: 

• Cooling the plant 

• Driving upward water movement (transpiration pull) 

• Facilitating nutrient transport 

Factors influencing transpiration include temperature, humidity, wind, and stomatal opening. 
Excessive transpiration can lead to water stress. 
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Image showing transpiration process in leaves Caption: Plate 5.2 Transpiration and water loss in 
plants  

Fill in the blank: Transpiration mainly occurs through openings in leaves called ______. 

5.2.3 Water use efficiency 

Water use efficiency (WUE) is the ratio of crop yield (or biomass produced) to the amount of water 
consumed. High WUE means plants produce more yield per unit of water used. 

Strategies to improve WUE include: 

• Selecting drought-tolerant crop varieties 

• Practising mulching to reduce evaporation 

• Using efficient irrigation methods (e.g., drip irrigation) 

• Managing stomatal regulation through breeding or agronomy 
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Caption: Box 5.1 Strategies to improve water use efficiency  

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

Pilot questions 5.2 

1. How do root hairs aid water absorption? 

2. What process allows water to enter plant roots? 

3. Name two functions of transpiration. 

4. Which environmental factor influences transpiration rate? 

5. Define water use efficiency. 

 

5.3 Soil–Plant–Atmosphere Continuum (SPAC) 

5.3.1 Pathways of water movement 

The soil–plant–atmosphere continuum (SPAC) describes the continuous pathway of water from 
soil, through plants, and into the atmosphere. Water moves along a gradient of decreasing 
potential: 

• Soil to roots: Water enters root hairs by osmosis. 

• Roots to xylem: Water moves through root cortex into xylem vessels. 

• Xylem to leaves: Capillary action and transpiration pull drive upward movement. 

• Leaves to atmosphere: Water exits through stomata as vapour. 
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This continuum ensures that plants can absorb water and nutrients while regulating temperature 
and maintaining physiological balance. 

Diagram showing SPAC: soil → roots → xylem → leaves → atmosphere Caption: Figure 5.3 Pathways 
of water movement in SPAC  

Fill in the blank: Water moves upward in plants due to transpiration ______. 

5.3.2 Role of stomata and plant physiology 

Stomata are tiny pores on leaf surfaces that regulate gas exchange and water loss. Their opening 
and closing control the rate of transpiration and photosynthesis. 

• When stomata are open, water vapour escapes, creating a transpiration pull that draws 
water upward. 

• When stomata close, water loss is reduced, helping plants conserve moisture during 
stress. 

• Plant physiology, including root pressure, capillary action, and hormonal regulation (e.g., 
abscisic acid), also influences water movement in SPAC. 



 

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

Image showing stomata opening and closing, with arrows indicating water vapour loss Caption: 
Plate 5.3 Role of stomata in SPAC  

Fill in the blank: Tiny pores on leaf surfaces that regulate water loss are called ______. 

Pilot questions 5.3 

1. What does the soil–plant–atmosphere continuum (SPAC) describe? 

2. Name two pathways of water movement in SPAC. 

3. What process drives upward water movement in plants? 

4. What role do stomata play in SPAC? 

5. Which hormone helps regulate stomatal closure during water stress? 

 

5.4 Irrigation and Water Management 

5.4.1 Irrigation methods: surface, sprinkler, drip 

Different irrigation methods are used to supply water to crops depending on soil type, crop needs, 
and resource availability: 

• Surface irrigation: Water flows across the field by gravity (furrow, basin, or border 
irrigation). Simple but often inefficient. 

• Sprinkler irrigation: Water is sprayed over crops like rainfall. Suitable for many soils and 
crops, but can be costly. 
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• Drip irrigation: Water is delivered directly to plant roots through pipes and emitters. Highly 
efficient, reduces evaporation and water loss. 

Diagram comparing surface, sprinkler, and drip irrigation methods Caption: Figure 5.4 Irrigation 
methods  

Fill in the blank: The most efficient irrigation method that delivers water directly to plant roots is 
______ irrigation. 

5.4.2 Scheduling and efficiency 

Irrigation scheduling involves determining the right time and amount of water to apply. Efficient 
scheduling ensures crops receive adequate water without waste. 

Factors influencing scheduling include: 

• Soil moisture levels 

• Crop growth stage 

• Weather conditions 

• Irrigation system capacity 

Techniques such as soil moisture sensors, evapotranspiration models, and crop water 
requirement charts are used to improve efficiency. 
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Image showing irrigation scheduling using soil moisture sensors and charts Caption: Plate 5.4 
Irrigation scheduling and efficiency  

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

5.4.3 Managing water stress 

Water stress occurs when plants do not receive enough water to meet their physiological needs. It 
reduces growth, yield, and quality. 

Management strategies include: 

• Mulching to reduce evaporation 

• Deficit irrigation (controlled water supply to conserve resources) 

• Use of drought-tolerant crop varieties 

• Timely irrigation during critical growth stages (e.g., flowering, grain filling) 
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Caption: Box 5.2 Strategies for managing water stress  

Fill in the blank: Applying water during critical growth stages such as flowering is a strategy to 
manage ______ stress. 

Pilot questions 5.4 

1. Name the three main irrigation methods. 

2. Which irrigation method is the most efficient? 

3. What factors influence irrigation scheduling? 

4. Name one technique used to improve irrigation efficiency. 

5. List two strategies for managing water stress in crops. 

 

 

 

 

 

 

 

5.5 Environmental and Sustainability Aspects 
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5.5.1 Water conservation practices 

Water conservation practices are essential for reducing water use while maintaining crop 
productivity. Common practices include: 

• Mulching to reduce evaporation 

• Rainwater harvesting for supplemental irrigation 

• Conservation tillage to improve infiltration 

• Use of drought-tolerant crop varieties 

Diagram showing water conservation practices in agriculture (mulching, rainwater harvesting, 
conservation tillage) Caption: Figure 5.5 Water conservation practices  

Fill in the blank: Collecting and storing rainfall for later use is called ______ harvesting. 

5.5.2 Impact of climate change on plant–soil–water relations 

Climate change significantly affects plant–soil–water interactions. Rising temperatures, altered 
rainfall patterns, and increased frequency of droughts or floods disrupt water availability and crop 
productivity. 

Impacts include: 

• Reduced soil moisture due to higher evaporation 

• Increased water stress in crops 

• Greater variability in irrigation needs 
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• Risk of soil degradation from extreme weather events 

Image showing climate change impacts on soil water and crops (drought, flooding, heat stress) 
Caption: Plate 5.5 Climate change impacts on plant–soil–water relations  

Fill in the blank: Increased frequency of droughts and floods is a result of ______ change. 

5.5.3 Sustainable water use in agriculture 

Sustainable water use ensures that water resources are managed efficiently for current and 
future generations. It balances productivity with environmental protection. 

Strategies include: 

• Integrated water resource management (IWRM) 

• Adoption of efficient irrigation systems (e.g., drip irrigation) 

• Recycling wastewater for agriculture 

• Policy frameworks supporting conservation and equitable distribution 
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Caption: Box 5.3 Strategies for sustainable water use in agriculture  

Fill in the blank: Recycling ______ for agriculture is one strategy for sustainable water use. 

Pilot questions 5.5 

1. Name two water conservation practices in agriculture. 

2. How does climate change affect soil moisture? 

3. What is one impact of climate change on crop water relations? 

4. Define sustainable water use in agriculture. 

5. List two strategies for sustainable water use. 

 

Series Summary 

This Series examined the dynamic interactions among soil, plants, and water. We began with soil–
water fundamentals, covering soil moisture forms (gravitational, capillary, hygroscopic) and water 
potential/movement. We then studied plant water relations, including absorption by roots, 
transpiration, and water use efficiency. Next, we explored the soil–plant–atmosphere continuum 
(SPAC), highlighting pathways of water movement and the role of stomata. We followed with 
irrigation and water management, discussing methods, scheduling, and strategies for managing 
water stress. Finally, we addressed environmental and sustainability aspects, focusing on 
conservation practices, climate change impacts, and sustainable water use in agriculture. 
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By completing this Series, you should now be able to describe soil–water fundamentals (SLO 5.1), 
explain plant water relations (SLO 5.2), analyse SPAC (SLO 5.3), evaluate irrigation methods and 
water stress management (SLO 5.4), and assess sustainability aspects (SLO 5.5). 

Glossary of Terms 

• Capillary water: Soil water held in small pores, available to plants. 

• Gravitational water: Water that drains freely through large pores, unavailable to plants. 

• Hygroscopic water: Thin film of water bound to soil particles, unavailable to plants. 

• Soil water potential: Energy status of water in soil, determining movement and availability. 

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

• Water use efficiency (WUE): Ratio of crop yield to water consumed. 

• SPAC (Soil–Plant–Atmosphere Continuum): Continuous pathway of water from soil 
through plants into the atmosphere. 

• Irrigation scheduling: Determining the right time and amount of water to apply. 

• Water stress: Condition when plants lack sufficient water for physiological needs. 

• Integrated Water Resource Management (IWRM): Coordinated approach to managing 
water sustainably. 

Concept Check Questions [Series 5] 

Objective questions 

1. The main source of water available to plants is ______ water. (Linked to SLO 5.1) 

2. Water enters plant roots by the process of ______. (Linked to SLO 5.2) 

3. Tiny pores on leaf surfaces that regulate water loss are called ______. (Linked to SLO 5.3) 

4. The most efficient irrigation method that delivers water directly to plant roots is ______ 
irrigation. (Linked to SLO 5.4) 

5. Collecting and storing rainfall for later use is called ______ harvesting. (Linked to SLO 5.5) 

Short-answer questions 

6. Name the three forms of soil moisture. (Linked to SLO 5.1) 

7. State two functions of transpiration. (Linked to SLO 5.2) 

8. What does SPAC describe? (Linked to SLO 5.3) 

9. List two factors influencing irrigation scheduling. (Linked to SLO 5.4) 
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10. How does climate change affect soil moisture? (Linked to SLO 5.5) 

Long-answer questions 

11. Analyse how soil water potential influences water movement and availability to plants. 
(Linked to SLO 5.1) 

12. Evaluate the role of irrigation scheduling and water stress management in sustainable 
agriculture. (Linked to SLO 5.4 & 5.5) 

Answers to Concept Check Questions [Series 5] 

Objective questions 

1. Capillary. 

2. Osmosis. 

3. Stomata. 

4. Drip. 

5. Rainwater. 

Short-answer questions 

6. Gravitational, capillary, hygroscopic. 

7. Cooling the plant, driving upward water movement, facilitating nutrient transport. 

8. Continuous pathway of water from soil through plants into the atmosphere. 

9. Soil moisture levels, crop growth stage, weather conditions, irrigation system capacity. 

10. It reduces soil moisture due to higher evaporation and increases water stress. 

Long-answer questions 

11. Basic response: Soil water potential describes the energy status of water in soil. Water 
moves from higher to lower potential, influencing availability to plants. Value-added 
response: Matric potential holds water to soil particles, gravitational potential drives 
downward movement, and osmotic potential affects water movement in saline soils. 
Together, these determine infiltration, percolation, and capillary rise, directly impacting 
plant water uptake. 

12. Basic response: Irrigation scheduling ensures crops receive adequate water, while water 
stress management prevents yield losses. Value-added response: Efficient scheduling 
using sensors and models reduces waste, while strategies like mulching, deficit irrigation, 
and drought-tolerant crops conserve water. Together, they promote sustainable agriculture 
by balancing productivity with resource conservation. 
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Answers to Pilot Questions [Series 5] 

• Capillary water. 

• Osmosis. 

• Cooling, transpiration pull. 

• Humidity, temperature. 

• Ratio of yield to water consumed. 

• SPAC describes continuous water movement soil → plant → atmosphere. 

• Soil to roots, xylem to leaves. 

• Transpiration pull. 

• Stomata regulate water loss. 

• Abscisic acid. 

• Surface, sprinkler, drip. 

• Drip irrigation. 

• Soil moisture, crop stage. 

• Soil moisture sensors. 

• Mulching, deficit irrigation. 

• Mulching, rainwater harvesting. 

• Higher evaporation reduces soil moisture. 

• Increased water stress. 

• Efficient water use balancing productivity and conservation. 

• Drip irrigation, wastewater recycling. 

References and Attributions [Series 5] 

• Soil moisture diagram: AI prompt “Create a labelled diagram showing gravitational, 
capillary, hygroscopic water in soil pores.” 

• Soil water movement image: AI prompt “Generate an image showing infiltration, 
percolation, and capillary rise in soil water movement.” 

• Root absorption diagram: AI prompt “Create a labelled diagram showing water absorption 
by root hairs and upward movement through xylem.” 
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• Transpiration image: AI prompt “Generate an image showing transpiration from stomata in 
leaves with arrows indicating water loss.” 

• WUE box: AI prompt “Generate a text box summarising strategies to improve water use 
efficiency.” 

• SPAC diagram: AI prompt “Create a labelled diagram showing soil–plant–atmosphere 
continuum.” 

• Stomata image: AI prompt “Generate an image showing stomata opening and closing 
regulating water vapour loss.” 

• Irrigation methods diagram: AI prompt “Create a labelled diagram comparing surface, 
sprinkler, and drip irrigation methods.” 

• Irrigation scheduling image: AI prompt “Generate an image showing irrigation scheduling 
with soil moisture sensors and crop water requirement charts.” 

• Water stress box: AI prompt “Generate a text box summarising strategies for managing 
water stress.” 

• Water conservation diagram: AI prompt “Create a labelled diagram showing mulching, 
rainwater harvesting, conservation tillage.” 

• Climate change image: AI prompt “Generate an image showing drought, flooding, heat 
stress impacts.” 

• Sustainable water use box: AI prompt “Generate a text box summarising strategies for 
sustainable water use.” 

• OER search strings provided for diagrams and illustrations (e.g., “soil moisture forms 
diagram OER”, “irrigation methods diagram OER”). 

 

 


