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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
e 1.2 Soil Formations and Types
o 1.2.1 Residual and Transported Soils
o 1.2.2 Major Soil Orders
e 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
e 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 classificationyit 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 equipyou 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:
e SLO 1.1 define soil classification and explain its importance,
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e SLO 1.2 describe the major soil formations and types,
e SLO 1.3 analyse the principles of recognised soil classification systems,

e 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.

HIERARCHICAL LEVELS OF SOIL CLASSIFICATION: USDA SYSTEM
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soil classification hierarchy diagram OER

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.

BENEFITS OF SOIL CLASSIFICATION: AGRICULTURE,
ENVIRONMENT, AND LAND USE
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Caption: Box 1.1 Selected benefits of soil classification
e Provides a common language for soil scientists and land managers
e Predicts soil behaviour underdifferent conditions
e Guides.agricultural and forestry practices
e Supports environmental conservation and land use planning

Fill in the blank: Soilclassification supports
application.

planning by guiding crop selection and fertiliser

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.

— COMPARISON OF RESIDUAL AND TRANSPORTED SOIL FORMATION PROCESSES.
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PARENT ROCK+—¢ PROCESSES
(PHYSICAL & CHEMICAL) iy 3
Characteristics: Transported from source area;
! Layered or stratified deposits;
! ertical Scale (approx.) Boundaries with underlying material are sharp or unconformable.

EDUCATIONAL DIAGRAM - OER RESOURCE - [lllustrator Name/Date]

residual vs transported soils diagram OER

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

Fillin 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.

SELECTED USDA SOIL ORDERS: KEY FEATURES AND EXAMPLE REGIONS.

SOIL ORDER KEY FEATURES EXAMPLE REGIONS DIAGNOSTIC HORIZONS / PROCESSES
L « Deep, dark A-horizon } X U.S. Great Plains (e.g., lowa, |~ ! ~||* Mollic epipedon
' Mollisols | - High organic matter )/ G35 | Kansas), Argentine Pampas, " ||e Melanization
« Fertile, granular structure The Grassland Soils. | Eurasian Steppes { « Calcification
‘ L  Moderately leached S Eastern United States, [ |+ Argillic horizon
Alfisols « Argillic (clay-rich) subsoil (Bt) Western Europe, parts of o 7|1+ llluviation of clay
* High base status The Deciduous Forest Soils. | Australia and Africa L ]+ Weathering of minerals
1"+ Highly weathered ) =— il AT
Ultisols » Red/yellow color due to iron oxides ‘ ro, |Southeastern United States, \ : eg”;ga%roﬁand'c ji
« Low base status Amazon Basin, Southeast Asia 3 « Ferralitization
« Acidic The Humid Tropical/Subtropical Forest Smls
« Acidic, coniferous forest soils Northern United States (e.g., 77 |* Spodic horizon
’ Spodosols « Distinctive spodic horizon (jlluvial /8 | New England, Great Lakesg v | | Podzolization
organic matter and iron/aluminum oxidesyhe Coniferous Forest Soils. | Scandinavia, Canada, Russia | * » Cheluviation
= Sias | * Dry climate soils Sahara Desert, Mojave Desert . » Calcic, Gypsic, or Salic horizon
jj Aridisols | - EL D e B ) A (SW USA), Gobi Desert, « Salinization
| sgﬁ::’;‘:&l‘]"(’:‘o‘:ﬂ:‘%ﬂs (calcic, gypsic The Desert Soils. | Australian Outback « Limited weathering
« Permafrost within 100 cm / = | Alaska, Northern Canada, dorta vt | |+ Permafrost
| Gelisols + Cryoturbation (frost churning) T ‘ Siberia, Antarctica S * ||+ Cryoturbation
» Organic matter accumulation The Permafrost Soils. * Gelic materials
Entisols * Recent, undeveloped soils "___ | Nile River Valley, Rocky [ Ochric epipedon
. + No diagnostic horizons other than an ochric epipedon Mountains, recently glaciated | |» Little to no profile development
« Found in diverse environments (floodplains, s](Eeq i !Ranlnnn 4 Sols | AT€3S, shifting sand dunes |+ Recent deposition
: Inceptlsols : g;nggn‘:g';;%:';,,m vt sle | Appalachian Mountains, . « Cambic horizon
g neract |« More developed than Ensols but lacking mature features Pacific Northwest, Andes o ||+ Weathering
{503 cambichorizon) | of others Mountains, Himalayan foothllls1 * ||* Weak horizonation
« Often in mountainous areas or young landforms . The Embryonic Soils. |
DATA SOURCE: USDA-NRCS SOIL TAXONOMY. DESIGNED FOR EDUCATIONAL PURPOSES (OER). USDA soil orders summary table OER |

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 Tropicalregions
Aridisols Dry, desert soils Arid climates

Fillin 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. Whatis 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.

USDA SOIL TAXONOMY HIERARCHY: ORDER TO SERIES.
LoDl ORDER e [@ @ @ k) 2 @ & © @}
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EDUCATIONAL DIAGRAM - OER RESOURCE - NOT FOR COMMERCIAL USE

USDA soil taxonomy hierarchy diagram OER

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

Fillin 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 ondiagnostic 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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WORLD SOIL DISTRIBUTION ACCORDING TO WRB REFERENCE GROUPS
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Image showing global soil distribution map based on WRB Caption: Plate 1.1 Global soil
distribution using WRB system

Fillin 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.

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



g

EXAMPLES OF LOCAL SOIL CLASSIFICATION SYSTEMS:
CULTURAL & TRADITIONAL KNOWLEDGE

'f' INDIGENOUS

AUSTRALIAN
(e.g., Kulin Nation)

water relationships, and
suitability for specific
plants/uses.
« Egadji (Watery/Wet Soils)
* Tjeerng (Red/Earth Soils)
* Bial (Stony/Hard Soils)
¢ Murnong (Yams/Food

Focus on landscape position,

iTRADITIONAL

CHINESE
(e.g., “Yu Gong" System)

Historically based on soil
color, texture, structure,
and fertility, often linked to
taxation.

. Ye)llow Loamy Soil (Huang
Ni

* Red Clay Soil (Hong Ni)

« White Saline Soil (Bai Jiang)

e Purple Sandy Soil (Zi Sha)

AFRICAN
TRADITIONAL
(e.g., Yoruba, Nigeria)
Based on agricultural
potential, texture, and color,

often oral traditions passed
down through generations.

o |lé Pupa (Red Soils - Good

for Yams)

« |le Dudu (Black Soils - Very

Fertile)

« |le Yanrin (Sandy Soils -

Poor Drainage)

ANCIENT

* ROMAN

(e.g., Columella's Writings)
Detailed classification for
agricultural management,

considering color, weight,
texture, and water content.

» Terra Pinguis (Rich/Fat
Soils)

» Terra Macra (Lean/Thin So

» Terra Rubrica (Red Soils)

« Terra Argillosa (Clay Soils)

Soils)
. o I1¢ Ok
i v I h il (Ssotitllsn)y/Barren )
EDUCATIONAL RESOURCE - OER - UNDERSTANDING CULTURAL SOIL KNOWLEDGE g

local soil classification systems examples OER

Caption: Box 1.2 Examples of local soil classification systems

e Nigerian soil classification system (tropical focus)

¢ Indian soil classification (monsoon-influenced soils)

e Russian soil classification (permafrost and steppe soils)

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

Pilot questions 1.3

1.4 Practical Applications Of Soil Classification

1. Whatisthe starting point of the USDA Soil Taxonomy hierarchy?

2. How doesthe 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.

1.4.1 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

HE
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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.

&2 CROP SUITABILITY FOR SANDY, CLAY, AND LOAMY SOILS: AN EDUCATIONAL GUIDE ¢°#

~
Fam—o
Fine Particles

Balanced Particles
Good Permeability Low Permeability,
Excellent Water High Water

39| Holding Holding

CHARACTERISTICS: Drains quickly, warms
up fast, low nutrient content, easy to work.

CHARACTERISTICS: Ideal structure, retains CHARACTERISTICS: Poor drainage, slow to warm,
. moisture but drains well, nutrient-rich, versatile. heavy & dense, nutrient-rich but locked.

CROPS SUITED: CROPS SUITED: CROPS SUITED:
Carrots (Daucus carota)- = A DS« Tomatoes (Solanum lycopersicum) - Cabbage (Brassica oleracea) -
deep rO((JtS i NP é high yield @ moisture loving
Potatoes (Solanum tuberosum) Bell Peppers (Capsicum annuum) - Broccoli (Brassica oleracea) -
" loose tubers consistent moisture tolerant
Lettuce (Lactuca sativa) - shallow roots ‘e\ Corn (Zea mays) - nutrient demand <% Rice (Oryza sativa) - aquatic
2 Peanuts (Arachis hypogaea) - pods # Wheat (Triticum spp.) - root depth * Kale (Brassica oleracea) - resilient

J J/ s

4\0 2{ %  EDUCATIONAL DIAGRAM - OER - SOIL CLASSIFICATION CROP SUITABILITY %2 & & &£

soil classification crop suitability diagram OER

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

Fillin 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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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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 APPLICATIONS OF SOIL CLASSIFICATION —y

% AGRICULTURAL SUITABILITY: Match % EROSION CONTROL: Implement targeted

B CONSTRUCTION SUITABILITY: Assess CARBON SEQUESTRATION PLANNING:
soil strength for building foundations @@ Identify soils with high potential for

(&= based on soil permeability.

WASTE DISPOSAL SITING: Identify
m locations for leatins for landfills to

IN LAND USE AND CONSERVATION.

LAND USE PLANNING {J‘Q‘ SOIL & ENVIRONMENTAL AO
& MANAGEMENT : CONSERVATION

crops to soil types for optimized yields. conservation practices on erodible soils.

and infrastructure. organic carbon storage.

IRRIGATION & DRAINAGE DESIGN: Plan «é POLLUTION REMEDIATION: Predict
efficient water management systems contaminant movement and design
cleanup strategies.
«» HABITAT PROTECTION: Preserve
Y unique soil ecosystems that
support specific biodiversity.

protect groundwater.

NS

&

EDUCATIONAL RESOURCE - OER - UNDERSTANDING OUR SOIL
% soil classification land use conservation OER

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

Fillin the blank: Fertile soils'may be reserved for , while fragile soils are better suited for
forestry or conservation.

Pilot questions 1.4

1.

2.

How does soil classification assist in agricultural planning?

Which soil' property is most linked to erosion risk?

Why is soil.classification important in environmental management?
Give one example of how soil classification supports land use planning.

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, andland
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

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

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

o 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.

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

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

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

e . 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. Okxisols.

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.

-

o)
MET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS



e |t guides crop selection and fertiliser application.
e Prevents erosion and supports conservation.
e Soil texture and fertility.
e Provides sustainable land use guidance.
e Residual soils form in place, transported soils are moved.
e Water, wind, ice, gravity.
e Okxisols.
o Mollisols are fertile grassland soils.
o Entisols are young soils with little profile development.
e Orders.
e WRB s globally harmonised, USDA is detailed and hierarchical.
e Chernozems, Ferralsols, Podzols.
e They provide localised guidance.
o Nigeria, India, Russia.
e Guides crop selection and irrigation.
e Organic matter.
e Identifies risks and supports conservation.
e Urban planning, forestry, conservation.
e Fragile soils.
References and Attributions [Series 1]

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

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

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

o Crop suitability diagram: Suggested Al prompt “Create a labelled diagram showing crop
suitability for sandy, clay, and loamy soils”.

-
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e Soil erosion image: Suggested Al prompt “Generate an image showing soil erosionin a
degraded agricultural landscape”.

¢ Boxes and tables summarising benefits and applications: Suggested Al prompts for text-
based summaries.

e 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
e 2.1 Physical properties of soil
o 2.1.1 Soil texture
o 2.1.2 Soil structure
o 2.1.3 Soil colour
e 2.2 Chemical properties of soil
o 2.2.1SoilpH
o 2.2.2 Soil organic matter

o 2.2.3 Soil nutrients

2.3 Biological properties of soil
o | 2.3 Soil microorganisms
o. 2.3.2Soilfauna
¢ 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 practicalissues 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:
e SLO 2.1 describe the physicalproperties of soil, including texture, structure, and colour,
e SLO 2.2 explain the chemical properties of soil, including pH, organic matter, and nutrients,
e SLO 2.3 analyse thebiological properties of soil, focusing on microorganisms and fauna,

e SLO 2.4 evaluate the functional implications of soil characteristics in relation to fertility,
water retention, and erosionsusceptibility.

2.1 Physical Properties Of Soil
2.1.1 Soil texture

Soil texture refersto the relative proportion of sand, silt, and clay particles in a soil. These
particles differ in size: sand is coarse, siltis 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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SOIL TEXTURE TRIANGLE: PROPORTIONS OF SAND, SILT, AND CLAY.

100% 0%

| san

SILT

10% : ‘ : 100%
100% 90% 80% 30% 40% 50% 60%  70%  80%  90%  100%

<4— PERCENT SAND ———
EDUCATIONAL DIAGRAM - OER - SOIL SCIENCE

soil texture triangle diagram OER

Diagram showing soil texture triangle with sand, silt, and clay proportions Caption: Figure 2.1 Soil
texture triangle

Fillin 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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TYPES OF SOIL STRUCTURE: AN EDUCATIONAL OER GUIDE
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COMMON LOCATION: A-horizons (topsoil)
CHARACTERISTICS: High organic matter, excellent drainage, and aeration.

COMMON LOCATION: B-horizons (subsoil)
CHARACTERISTICS: Moderate permeability, less porous than granular.

Good for root growth. S .
FORMED BY: Bioiogical activity, plant roots. FORMED BY: Clay movement (illuviation), cycles of wetting and drying.
A & J
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PRISMATIC STRUCTURE PLATY STRUCTURE
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COMMON LOCATION: B-horizons (subsail, especially natric) COMMON LOCATION: E-horizons, compacted layers

CHARACTERISTICS: Can impede vertical water movement if densely packed. CHARACTERISTICS: Impedes vertical root penetration and water movement.
FORMED BY: Shrink-swell clays, distinct vertical stresses. FORMED BY: Compaction (traffic, machinery), natural cementation, or ice lens formation.
N J \ J

EDUCATIONAL RESOURCE - OER - UNIVERSITY SOIL SCIENCE

types of soil structure OER

Image showing different soil structures (granular, blocky, prismatic, platy) Caption: Plate 2.1 Types
of soil structure

Fillin 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. Itis influenced by organic
matter, mineral content, andmoisture. 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 colouris commonly assessed using the Munsell Soil Colour Chart,
which provides a standardised way of describing hues, values, and chroma.
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SOIL COLOUR VARIATIONS:
INFLUENCE OF ORGANIC MATTER AND MINERALS
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primary color hues (Red, Yellow, White, Gray).

Humus masks mineral colors.

EDUCATIONAL DIAGRAM - OER - SOIL SCIENCE

soil colour variations diagram OER
Diagram showing soil colour variations with organic matterand mineral content Caption: Figure 2.2
Soil colour variations

Fillin 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 colourusually indicate?

5. Which.chartis 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 0to 14. ApH 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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SOIL pH SCALE AND NUTRIENT AVAILABILITY RANGES
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o o I
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Potassium (K) T A
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Magnesium () — ] Aicie
Sulfur (8)
MICRONUTRIENTS Ion(Fe) — Gl ) T
2 i) Roots healthy
H Cat 5 Manganese (Mn) = 1 “Slightiy Acid to Neutral"
HJCa
e g™ Boron (B)
i Y Copper () (. AVAILABILITY:
o o e | Zinc (Zn) — G e s
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B ———— EDUCATIONAL DIAGRAM - OER RESOURCE - lllustrator Name/Date] a

— Sz = =
s0il pH nutrient availability diagram OER

Diagram showing soil pH scale with nutrient availability ranges Caption: Figure 2.3 Soil pH and
nutrient availability

Fillin the blank: A soil with a pH of 7 is considered
2.2.2 Soil organic matter

Soil organic matter consists of decomposed plantand 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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COMPARISON: SOIL RICH VS. POOR IN ORGANIC MATTER
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EDUCATIONAL OER RESOURCE - UNDERSTANDING SOIL HEALTH
soil organic matter comparison DER

Image showing soilrich in organic matter compared to poor soil Caption: Plate 2.2 Soil organic
matter content

Fillin 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, phasphorus, 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.

Humic Acid Role in Plants at Differen

s N @ B
Seedling Stage Mid-Growth
| Boos1 germination & Enhance nutrient
e 1004 growth uprake & vigor
Sof deench of seed Foliar apeay or sl
on sook applicaton
- 7 - 7

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

Fillin 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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SOIL MICROORGANISMS: KEY ROLES IN NUTRIENT CYCLING &
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Diagram showing different types of soil microorganisms and their roles Caption: Figure 2.4 Soil
microorganisms and their functions

Fillin 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

Fillin the blank: Earthworms improve soil structure by creating that enhance water
infiltration.

Pilot questions 2.3
1. Name two types of soil microorganisms.
2. Whatrole 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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Eou FERTILITY DIAGRAM: Key Factors and Interactions |
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Diagram showing relationship between soil properties and fertility Caption: Figure 2.5 Soil
properties influencing fertility
Fillin 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

Fillin the blank: Loamy soils strike a balance between water

2.4.3 Soil erosion susceptibility

and drainage.

Soil erosion susceptibility refers to the likelihood of soil being removed by agents such as water
orwind. 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.
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FACTORS INFLUENCING SOIL EROSION SUSCEPTIBILITY
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Caption: Box 2.1 Factors influencing soil erosion susceptibility
e Soil texture (sandy soils prone to wind erosion)
e Soil structure (stable aggregates resist erosion)
o Vegetation cover (roots bind soil particles)

e Slope (steeper slopes increase erosion risk)

Fillin the blank: Sandy soils'are more proneto_____ erosion.

Pilot questions 2.4
1.. Whatis 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

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



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

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

o Soilfauna: Larger organisms in the soil, such as earthworms.and insects, that improve
structure and nutrient cycling.

o Soil fertility: The ability of soil to supply essential hutrients for plant growth.

e 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.

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

e 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.

o Soil texture: The relative proportion of sand, silt, and clay particles in soil.
o Soilwater retention: The capacity of soil to hold water for plant use.
Concept Check Questions [Series 2]

Objective questions

1. Soiltexture is determined by the proportions of , silt, and clay. (Linked to SLO 2.1)
2. Asoilwith 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
proneto 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]
e Sand, silt, clay.

e Loamy soil.

-
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e Granular, blocky.
e Iron oxides.
e Munsell Soil Colour Chart.
e Acidity or alkalinity.
e Lime.
e Organic matter.
e Nitrogen, phosphorus.
e They are essential for plant processes despite small amounts.
o Bacteria, fungi.
e Convert nitrogen into usable forms.
e Earthworms.
e By creating channels.
e Moisture, temperature, pH.
e Ability to provide nutrients.
e Texture influences retention.
o Loamy soils balance retention and drainage.
e Vegetation cover, soil structure.
e Sandy soils.
References and Attributions [Series 2]

e Soil texture triangle: Suggested Al prompt “Create a labelled soil texture triangle showing
sand, silt; and clay proportions™.

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

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

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

e Soil organic matter comparison: Suggested Al prompt “Generate an image comparing soil
rich in organic matter with soil poor in organic matter”.

-
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e Soil nutrients table: Suggested Al prompt “Generate a table summarising major soil
nutrients, their type, and role in plants”.

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

e Soilfaunaimage: Suggested Al prompt “Generate an image showing earthworms and other
soil fauna within a soil profile”.

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

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

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

e Open Educational Resources (OER) search strings provided fordiagrams, 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 43.1.1 Macronutrients: nitrogen, phosphorus, potassium
o ' 3.1.2 Secondary nutrients: calcium, magnesium, sulphur
e 3.2 Micronutrients in soil
o 3.2.1Iron, manganese, zinc, copper
o 3.2.2 Boron, molybdenum, chlorine
e 3.3 Soil chemical reactions
o 3.3.1lon exchange capacity
o 3.3.2 Soil buffering and pH regulation
e 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:

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

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

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

e 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.
o 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).

FACTORS INFLUENCING SOIL EROSION SUSCEPTIBILITY

(_ AN OER EDUCATIONAL RESOURCE )

~

(D CLIMATE & WEATHER (Driver) @ SOIL CHARACTERISTICS (Resistance)

z /..J

. PRECIPITATION INTENSITY: High-intensity rainfall  TEXTURE: Sandy soils are more erodible than clay.
dislodges soil particles.

« RAINFALL AMOUNT: Total volume affects saturation and runoff. » STRUCTURE: Aggregated soil is more stable.

« WIND SPEED & DIRECTION: Erosive force, especially in dry areas » ORGANIC MATTER: Binds particles, improves infiltration.
in tmperature.  INFILTRATION CAPACITY: Higher rate reduces surface runoff.

| * TEMPERATURE: Freeze-thaw cycles weaken soil structure. | | * LANDSCAPE POSITION: Crest vs. Valley. )

(G \‘} Y {Q N\
4 TOPOGRAPHY & SLOPE (Energy) L 8 VEGETATION & LAND USE (Protection)
oP o

E STEEPNESS: Steeper slopes increase runoff velocity « COVER DENSITY: Dense cover protects soil from
and erosion power. 5 raindrop impact.
 SLOPE LENGTH: Longer slopes accumulate more runoff. [4g)e ROOT SYSTEMS: Roots bind soil together.

o ’,
 ASPECT: Direction of slope affects vegetation and moisture. >> 7777/ *+ LAND MANAGEMENT PRACTICES: Contour
;/// plowing, terracing reduce erosion.

 LANDSCAPE POSITION: Crest vs. Valley. /7 \] » DEFORESTATION/OVERGRAZING: Removes

protective cover, increases susceptibility.
S CLIMATE & Emc:/ RESISATION |
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Caption: Table 3.1Roles 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

Fillin 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).

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

ROLES OF SECONDARY NUTRIENTS: CALCIUM, MAGNESIUM, AND SULPHUR IN PLANT HEALTH

[ SECTION1 SECTION 2 SECTION3
CALCIUM (Ca) - Cell Wall Strengthening MAGNESIUM (Mg) - Chlorophyll Structure SULPHUR (8) - Protein Synthesis
CALCIUM ROLE: Essential component of the MAGNESIUM ROLE: Central atom within the SULPHUR ROLE: Key component of amino
middle lamella, forming calcium pectate, which acts Ll | chlorophyll molecule. Essential for light harvesting acids (Cysteine, Methionine) and co-enzymes.
as ‘mortar’ between cells to maintain structural /and photosynthesis. Vital for protein stru and function.

integrity and rigidity.

mRNA

l E ‘ IRNA

Polypeptide Chain

Calcium Pectate
(Cememlng Agenl

- s “8=g# 3‘

X Hydrocarbon Tail X ( /
Calcium Pectate  Plasma Membrane Middle Lamella y " Chloroplast $-Containing Amino Acid ¢ g Dlsulphlde

(Cementing Agent) Thylakoid Membrane (Cysteine/Methionine) Bond

CALCIUM ROLE: N SULPHUR ROLE:

Essential component of the middle lamella, forming MAGNESIIUM within the chlorophy!l molecule. Key component of amino acids (Cysteine, Methionine)

calcium pectate, which acts as "mortar” between cells Essential for light harvesting and photosynthesis. and co-enzymes. Vital for protein structure and function.

to maintain structural integrity and rigidity.

Result: Strong, upright stems and healthy tissue structure. Result: Efficient Photosynthesis and Deep Green Color. gf:;“ g':ml?: protein folding, enzyme activity, and

CREATED FOR OPEN EDUCATIONAL USE (<

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

Fillin 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./ Whatrole 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

3.2.1Iron, 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).

e lronis essential for chlorophyll formation and enzyme activity. Deficiency often causes

interveinal chlorosis (yellowing between leaf veins).

e Manganese supports photosynthesis and nitrogen metabolism. Deficiency maydead to

mottled leaves.

e Zinc is important for enzyme activation and hormone regulation. Deficiency results in

stunted growth and small leaves.

e Copperaidsin lignin synthesis and reproductive growth. Deficiency can cause dieback of

shoots.

5 SOIL MICRONUTRIENTS: ROLES AND DEFICIENCY SYMPTOMS N
MICRONUTRIENT PRIMARY ROLES IN KEY DEFICIENCY SYMPTOMS DETAILED SYMPTOMS ILLUSTRATIVE
(Element & Symbol) PLANT HEALTH (Overall Plant) (Leaf Level) DEFICIENCY ICON

Essential for chlorophyll Yellowing between green veins

IRON (Fe)

synthesis, photosynthesis,
respiration, and electron transport.
A catalyst for many enzymes.

Interveinal chlorosis of
young, developing leaves;
stunted growth.

(interveinal chlorosis) on the newest
leaves; veins remain green. Severe
cases lead to bleached, white leaves.

MANGANESE (Mn) | Involved in photosynthesis Interveinal chlorosis, often | Interveinal chlorosis on young and
(splitting water), respiration, and | starting on middle leaves; | middle leaves, similar to Iron but
Mn enzyme activation. may appear as spots or often with small, dark, necrotic
(Manganese) 7' /AN"™ | Helps in lignin synthesis. necrotic areas. spots (pinprick necrosis) within the
) yellow areas.
ZINC (Zn) Critical for protein synthesis, Stunted growth ("little Interveinal chlorosis on young

- hormone regulation (auxin), and | leaf"), reduced interode | leaves; leaves become small, narrow,
| Zn enzyme activity. Essential for | length (rosetting), severe | @nd distorted (sickle-leaf); %
! (Zinc) internode elongation. chlorosis. shortened stem internodes lead to a >

bushy appearance.

4| COPPER(Cu)

Essential for lignin synthesis (cell
wall strength), enzyme activity

Dieback of young shoots,

Young leaves may become dark
green and twisted or curled, followed

> o wilting, curling of leaves i f i
3l cu % (polyphenol oxidase), and g, g s by necrosis (death) of the leaf tips
; b poor reproductive growth. | and margins; new growth may
(Copper) photosynthesis/respiration. wither and die back.
2 J
A Y =
¥ %‘go > CREATED FOR OPEN EDUCATIONAL USE - CC BY-SA : @*i

Caption: Table 3.2 Roles/of selected micronutrients

Micronutrient Role in plants

Iron
Manganese
Zinc

Copper

Chlorophyll formation

Lignin synthesis, reproduction

Deficiency symptom

Interveinal chlorosis

Photosynthesis, nitrogen metabolism Mottled leaves
Enzyme activation, hormone regulation Stunted growth

Shoot dieback
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Fillin 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).

o Boronis critical for cell wall formation and reproductive growth. Deficiency can lead to
poor fruit and seed development.

o 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.

ROLES OF MICRONUTRIENTS: BORON, MOLYBDENUM, AND CHLORINE IN PLANT HEALTH

(" : i s e 5 i)
BORON (B) - Cell Wall Formation MOLYBDENUM (Mo) - Nitrogen Fixation CHLORINE (Cl) - Osmotic Regulation
@ ‘ @ @ Guard Cell
< - - B ® R 4
s
Stoma
(Open/Closed)
N, N Open Stoma . Closed Stoma
Boratelon Pec':in (as  Pactin e \ ﬁ;«z,ﬂosﬁ,heric C|.Chlozlcnlg]lon Stgr;a;al
Chain i olybdenum Nit
S LA Atom (Mo) ) S \
Iron Atom S
(Fe) 657 Water
NH; = Influx/Efflux /
T
Borate-Pectin Cross-links Iron Atom  ATPInput  ni, I0pet p,§§§3[e ¢l Vacuole Stomatal H*-ATPase
(Reticulation) (Fe) {Ammonia) koec’ease Pore Pump
BORON ROLE: Essential for cross-linking pectin MOLYBDENUM ROLE: Key component of Nitrogenase enzyme CHLORINE ROLE: Requlates turgor pressure in guard cells
polysaccharides, providing structural integrity and rigidity in symbiotic nitrogen-fixing bacteria (e.g,, Rhizobia). Essential for stomatal movement and maintains cation balance. Also
to the primary cell wall. for converting atmospheric N; into plant-usable Ammonia. involved in photosynthesis (water splitting).
L Result: Strong, stable cell structure and healthy growth. s;;:l:;igffective symbiotic nitrogen fixation and protein Result: Optimized stomatal control and water use efficiency.
= J
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Diagram showing roles of boron, molybdenum, and chlorine in plant growth Caption: Figure 3.2
Roles of boron, molybdenum, and chlorine

Fillin 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
3.3.1lon exchange capacity

lon 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.

CATION EXCHANGE CAPACITY (CEC): Nutrient Availability to Plant Roots
THE SOIL COLLOID-ROOT INTERFACE

\ @ (Ca?)Calcium (Ca, tightly held) ION EX%ZHAN)GE SITE
(] k ] CATID oom
® (17D — Magnesium N e 7
y (M) Hap = 0

SOIL COLLOID
(Clay/Humus complex,
Negative Charge) (¢

Potassium (K*) (ca2? PLANT ROOT HAIR HopAME
: Active uptake PLANT ROOT HAIR
(K*, Ca™, Mg?)
THE CATION EXCHANGE PROCESS
ROOT INTERACTION (Root Exudation) CATION EXCHANGE & UPTAKE

. : s : X x NUTRIENT
Soil colloids (clay/humus) hold Plant roots release H* ions H* ions displace nutrient cations, ABSORBED
cations like a magnet. into the soil solution. which are then absorbed by the root.
() [ca? (Calcium)] @) [Mg?* (Magnesium)] @ [K* (Potassium)] ~ @ [H* (Hydrogen)] 2ol
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Diagram showing cation exchange process in soil particles Caption: Figure 3.3 Cation exchange
capacity in soil

Fill in the blank: Saoils 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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pH Regulation Mechanism
AN OER EDUCATIONAL RESOURCE

(High Buffering Capacity)
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exchange sites. P
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Image showing soil buffering effect on pH stability Caption: Plate 3.1 Soil buffering capacity and pH
regulation

Fillin 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 componentsiincrease 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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S10) (Y AR (IR o0l [N R'A Distinctive Causes and Effects on Plant Health and Soil Structure
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1. SALINITY (HIGH SOLUBLE SALTS) 2. SODICITY (HIGH EXCHANGEABLE SODIUM)
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Total Soluble
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Acg‘,: ‘{gﬁ’.‘cﬂ{?” imbalances, and specific ion toxicity dispersion, surface crusting, poor infiltration, waterlogging,
(Ck, Nat). and root asphyxiation.

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 absorbpollutants) or soil washing.
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SOIL CONTAMINATION: HEAVY METALS FROM INDUSTRIAL WASTE
,
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Image showing polluted soil with industrial waste Caption: Plate 3.2 Soil contamination by heavy
metals

Fillin the blank: The process of using plants to absorb pollutants from soilis called
Pilot questions 3.4

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

2. How does salinity affectplant 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

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

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

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

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

e Salinity: The accumulation of soluble salts in soil that hinders water uptake by plants.
¢ Sodicity: Excessive sodium levelsiin soil that damage structure and reduce infiltration.

o 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.

e 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 examplesof ___ . (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
to SLO 3.3)

. (Linked

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

-

o)
MET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS



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. lron.
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. Basicresponse: 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 wateruptake, 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.
e Supports root development and energy transfer.
e | Potassium deficiency.
e Calcium, magnesium, sulphur.
e . Magnesium.
e _ |ron, manganese, zinc, copper.
e Interveinal chlorosis.
e Zinc.

e It supports nitrogen fixation.

o)
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e Chlorine.
¢ Cation exchange capacity.
e Clay and organic matter.
e |t stabilises soil conditions for plant growth.
e Clay minerals and organic matter.
e Maintains stable pH.
e Salinity is salt accumulation, sodicity is excess sodium.
e Itreduces water uptake.
o Dispersion of soil particles.
e |Lead, cadmium.
e Phytoremediation.
References and Attributions [Series 3]

e Macronutrients table: Suggested Al prompt “Generate a table summarising nitrogen,
phosphorus, and potassium roles and deficiency symptoms™.

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

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

e Boron, molybdenum, chlorine diagram: Suggested Al prompt “Create a labelled diagram
showingboron in cell wall formation, molybdenum in nitrogen fixation, and chlorine in
osmotic regulation”.

e _Cation exchange diagram: Suggested Al prompt “Create a labelled diagram showing cation
exchange between soil particles and plant roots”.

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

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

¢ Heavy metals contamination image: Suggested Al prompt “Generate an image showing soil
contaminated by heavy metals from industrial waste”.

-
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e 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
e 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
e 4.2 Soil sampling and preparation
o 4.2.1 Methods of soil sampling
o 4.2.2 Handling and preparation of soil samples
e 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
e 4.4 Laboratory methods of analysis
o 4.4.1 Chemicalanalysis of soil nutrients
o /4.4.2 Plant tissue nutrient analysis
o " 4.4.3 Interpretation of laboratory results
e 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 planttissue 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:
e SLO 4.1 explain the principles and objectives of soil and plant tissue analysis,
o SLO 4.2 demonstrate appropriate methods for soil sampling and preparation,
e SLO 4.3 apply correct techniques for plant tissue sampling and preparation,

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

e 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
inplants, 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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IMPORTANCE OF SOIL AND PLANT TISSUE ANALYSIS

Benefits for Agriculture and the Environment

AN OER EDUCATIONAL RESOURCE

( FERTILIZER EFFICIENCY |, \UTRENT
MANAGEMENT ANALYSIS IN-SEASON
— 7 PLAN (Pre-Planting) (In-Season) ADJUSTMENTS
@ FERTILIZER @ E :
APPLICATION
OPTIMIZED FERTILIZER USE (In-Season) MAXIMIZED YIELD POTENTIAL
Reduced Waste & Cost Enhanced Crop Health & Quality
Nutrient Balance Corrects Nutrient Deficiencies
Improved ROI Increased Profitability
NUTRIENT UPTAKE NUTRIERT
3 | RECOMMERDATIN ) i
§ Vs = e
= Data-Driven Recommendations Data-Driven Recommendations
Targeted Nutrient Application ~ Targeted Nutrient Application
L BEFORE ANALYSIS APPLICATION ) Rate, Timing, Placement Rate, Timing, Placement NO ANALYSIS WITH ANALYSIS )

ENVIRONMENTAL PROTECTION s

PREVENTS NUTRIENT RUNOFF & LEACHING

Protects Water Quality (Groundwater, Streams) [f3

Reduces Greenhouse Gas Emissions
Sustalnable Farming Practices

(Gomom]
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

Fillin 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.
e 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.

o . Environmental protection: Preventing nutrient leaching and pollution.
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> OBJECTIVES OF SOIL AND PLANT TISSUE TESTING [ s oer eoucationas resource ¢ <

A Tool for Sustainable Agriculture

~

SOIL HEALTH MONITORING W

CORE OBJECTIVES

i $ NUTRIENT ASSESSMENT
+ Determine available nutrient levels in
soil and plant.

« Identify deficiencies or toxicities. |/
//

___ FERTILIZER GUIDANCE
@&l * Provide site-specific fertilizer recommendations
9 ) (rate, timing, placement).

+ Optimize nutrient use efficiency.

ﬁ SOIL HEALTH MONITORING

+ Assess long-term changes in soil quality.
CROP DIAGNOSIS
« Investigate poor crop performance or

s unexplained symptoms.

Excess
Runoff Risk

+ Evaluate organic matter, pH, and biological activity.
+ Distinguish between nutrient disorders and other
stresses.

) ‘ ENVIRONMENTAL PROTECTION
R e B . TZCSS® + Minimize nutrient runoff and leaching risks.
otected

Runoff Risk « Ensure sustainable agricultural practices.

Waterway

\
\ =

Caption: Box 4.1 Objectives of soil and plant tissue testing

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

Pilot questions 4.1
1. Why s soil and plant tissueanalysis important in agriculture?
2. How does analysis helpreduce 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 diaghosis?
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.

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

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

o 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.
z . AN OER EDUCATIONAL RESOURCE
L R r
SOIL SAMPLING METHODS: Four Key Techniques
e ~
1. RANDOM SAMPLING © = Sample Point 2. SYSTEMATIC (GRID) SAMPLING
5 == —@
%l ° n o |® “ ol Ptomtsd chosen completely o Paints taken at regular,
-, T RIS atrandom. - fixed intervals.
= s ; oo * Good for uniform fields. « |deal for creating nutrient
£ & ° i o May miss local variations. | |= = imet:’sive a}[‘d coztly. o
= : s S t —
> ° ° ® o o ° °
O ° °
° B ° o 5 .' . ¢ ke
.
° o o - . . . .
0 5% 3 ° . SN
101 100m._
3. STRATIFIED RANDOM SAMPLING 4. COMPOSITE (BULK) SAMPLING
; * Field divided into * Multiple subsamples X
homogeneous ‘strata’. collected. =<l \ BPEATN
 Random points within * Subsampies are mixed to \V \;_\ 2 X

each stratum. create ONE representative ok e 0 N\

sample for the area. Aol I \

* Reduces variability, » Cost-effective, provides an Iy -7 -
accounts for field average value forthefield. | .-4== | "l W\ COMPOSITE
features. s e B AP SAMPLE

» Does not show field variabilty. 7 "T @ = Sample Point
AN OER EDUCATIONAL RESOURCE )

.
Diagram showing different soil sampling methods (random, systematic, stratified, composite)

Caption: Figure 4.2 Methods of soil sampling

Fillin 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 samplesto prevent microbial activity from altering nutrient levels.

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

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

e Storage: Keep samples in clean, airtight containers until analysis.
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SOIL SAMPLE PREPARATION STEPS: Drying, Grinding, Sieving, Labelling | ***™“"* 555,

~{___1.DRYING % 2. GRINDING ?[4.LABELLING&ST0RAGEJ

mple 10
e [ :4“1.

Goal: Remove excess Goal: Reduce particle size Goal: Separate fine earth Goal: Maintain sample
(<2mm) from coarse

moisture. and break up clods. fragments (>2mm). integrity and traceability.
Method: Air-dry in a Method: Crush dried soil Method: Place ground soil Method: Clearly label all
ventilated area or use a gently (avoiding particle onto a stack of sieves samples with unique
low-temperature oven destruction) using a mortar and (typically 2mm first) and shake. identifiers immediately. Store
(35-40°C). pestle or mechanical grinder. Collect the <2mm fraction. in appropriate, sealed containers.
Crucial for consistent Passes soil through a 2mm Remavestocks.androots. Essential for record-keeping.
analysis. screen later.

\E J V. J \ / o J

CREATED FOR OPEN EDUCATIONAL USE [EODO]

Image showing soil sample preparation steps (drying, grinding, sieving, labelling) Caption: Plate 4.1
Handling and preparation of soil samples

Fillin 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. Whatis the purpose of stratified sampling?
3. What does composite sampling involve?
4. Why should soil' samples be air-dried before analysis?

5. Whatinformation 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.

o Leaf sampling: The most common method, as leaves are metabolically active and show
nutrient imbalances quickly.
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o 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.

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

~———{ PLANT TISSUE SAMPLING TECHNIQUES: Leaf, Petiole, and Whole Plant. |———

1.LEAF TISSUESAMPLING | [ 2. PETIOLE TISSUE SAMPLING | [ 3. WHOLE PLANT TISSUE SAMPLING

TARGET TISSUE: TARGET TISSUE: TARGET TISSUE:
[ Recently fully expanded leaf f Petiole (leaf stalk) of the most V1-V3 stage f Entire above-ground portion
(blade only). recently fully expanded leaf. 'V of the plant.

&> SAMPLING POINT
(Avoid midrib)

SAMPLING POINT
), ~@> (Remove leaf blade)

SAMPLING AREA:

SAMPLING AREA: SAMPLING AREA:
Interveinal tissue Whole petiole Stem and leaves
o Collect 10-20 representative leaves. ‘=i * Collect 10-20 petioles. — e Collect 5-10 representative plants.
o Rinse if dusty (optional). ¢ Remove leaf blade immediately. * Remove roots and soil. WHOLE
e Place in paper bag. « Keep cool, deliver fresh. * |deal for 913”)’ gl;owﬂ;lstages SAMPLE
.g., pre- - ).
 JEL . (e.g., pre-tassel/pre-flower)
GENERAL GUIDELINES: LAB PREPARATION: i
Timing is critical; Sample at the same time of day; :> Dlry slamgles (gr sean ft';Sh LaIbeIT gaena‘#‘%ens
Avoid diseased plants; Consult specific crop quideli Eeary( ate, Crop, |ef Sample Type),

OER EDUCATIONAL RESOURCE )

N

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

Fillin 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.

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

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

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

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

o Storage: Keep samples in clean, airtight containers until laboratory testing.
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Cleaning, Drying, Grinding, Labelling

ﬂ1 cmnmc&f 2. DRYING B @3 GRINDING g B

PLANT TISSUE SAMPLE PREPARATION STEPS:J AN OER EDUCATIONAL RESOURCE

clean tools

Goal: Remove external Goal: Remove moisture to Goal: Homogenize the sample Goal: Maintain sample integrity

contaminants (soil, dust, stabilize sample and stop and reduce particle size for and traceability.

residues). enzymatic activity. analysis.

Method: Gently wipe or rinse Method: Air-dry or oven-dry at Method: Use a clean mortar and Method: Clearly label all vials

with distilled water. Avoid 60-70°C (140-158°F) for pestle or mechanical grinder. with unique i_dentifiers, Record

prolonged soaking. 24-48 hours. Aim for a fine, uniform powder. sample details in a log.

Use powder-free gloves. Crucial for consistent weight. Clean equipment between Store in aoppropriate conditions
samples to prevent cross- (e.g.,-80°C freezer for long-term).
contamination.

. 4 70 NS S AAN J
AN OER EDUCATIONAL RESOURCE CREATED FOR OPEN EDUCATIONAL USE [ D&

Image showing preparation steps for plant tissue samples (cleaning, drying, grinding, labelling)
Caption: Plate 4.2 Handling and preparation of plant tissue samples

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

Pilot questions 4.3
1. Whatis 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 stepsinpreparing 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:

e Colorimetric analysis: Measuring nutrient concentration based on colour changes in
chemicalreactions.

e Spectrophotometry: Using light absorption to quantify nutrient levels.
e Titration: Determining nutrient concentration by neutralising reactions.

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

SOIL NUTRIENT ANALYSIS LABORATORY METHODS: ANOEREDLICAHINAE RES0UREE
Colorimetry, Spectrophotometry, Titration, Flame Photometry RO223

1. COLORIMETRY 2. SPECTROPHOTOMETRY | 3. TITRATION 4. FLAME PHOTOMETRY

Measures specific wavelength of light Determines unknown concentration by Atoms are excited in flame, emitting light
5?31953'!"!92;:15 absorbed b;’ﬁo,ored so.uné’n 9 adding known velume of titrant until reaction at characteristic wavelengths e
P)' to fom?co gig- compietes (encpol) Digital Readout
I Ul
Soil Extract complex Light Monachromator el Photocell giial Keacol
Reavert SOttt Digital Readout Titrant, Endpoint signaled Soil extract m—
Intensity of color e.g. EDTA by color change of Nebulizer
propertional to =% E}nom“"'a ariiicator Emitted | Photocell
nutrient concen- * Detector L » * Light =
Intensity of color || fration O Nat Filter
\/ Monochromator . A
fg‘ﬁﬁéﬂ?a' - isolates specific Flask Soil Extract Flame ‘l ﬁ l) tie
concentration — wavelenan for higher + Indicator ¥
for higher precision Air-Acetylene
4 e § ~ 1 Flame
Visual or basic "v i Beer-Lambert Law: B/ \ 1. Initial 2. Mid.point 3. Endpoint e : ;
electronic L Abserbance is directly 2 = (yellow) (changing)  (pink, permanent Light intensity proportional
gog;g:t"ssg;ldards Color Intensity proportional to Vs, bases, te c'olnce;l\lra'zlog of 'alkal!
: vs. Concentration Viavelength Scan carbonates, etc. metals (Na, K, Ca, etc.)
\ J u J . J
COMPARISON OF METHODS
Method Colorimetry Spectrophotometry Titration Flame Photometry
Principle Light Absorption (Visual/Basic) |Light Absorption (Advanced) Chemical Reaction (Endpoint) Light Emission
Common Soil Nutrients P,NO; P, NO;, K Exchangeable Bases K, Na, Ca, Li
v z Exchangeable Bases (Ca, Mg), z 2
Precision Low-Moderate High [geabe Bases (Ca. M0 Moderate-High High
Equipment Cost Low Moderate-High Low Low Moderate-High

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

Fillin 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.

e  Dry ashing: Burning plant material to ash, then dissolving it for nutrient measurement.
e Wetdigestion: Using acids to break down tissue for analysis.
e Atomic absorption spectroscopy: Measuring micronutrients like zinc, copper, and iron.

¢ Inductively coupled plasma (ICP): Advanced method for multi-element analysis.
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PLANT TISSUE NUTRIENT ANALYSIS LABORATORY OER

SAMPLE DIGESTION

1. PREPARATION
Grind & Weigh Sample v[":‘ 4

2
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spirates

SPECTROSCOPY ANALYSIS

5. SAMPLE INTRODUCTION
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sl (Microwave or
i‘“’.{;‘{ ’.ﬁ;\ﬁ Hot Block)

./
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= & Coolaiute || RESULTS & INTERPRETATION Eemympaeeerrerey |
K—t=—%q) to Volume Sample 99,00

i = — 56,90

Nutrieent \
/\ |

Optimal ranges
|

ACCURATE NUTRIENT MANAGEMENT

Image showing plant tissue nutrient analysis in laboratory Caption: Plate 4.3 Plant tissue nutrient
analysis

Fillin 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.

o 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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INTERPRETATION OF SOIL AND TISSUE ANALYSIS RESULTS: AN OER EDUCATIONAL RESOURCE
A Guide to Nutrient Management Decisions .00

2. TOXICITY DETECTION

« |dentify excessive nutrient levels that can
harm plant growth.

« Detect potentially toxic elements (e.g., Boron, i
Aluminum in acid soils, heavy metals).

« Pinpoint nutrient imbalances causing antagonistic
effects. »
DECISION/MAKING]: Y,

4. SOIL MANAGEMENT GUIDANCE U:\"f

C
~J7

plant tissue.

» Relate visual symptoms (e.g., chlorosis, necrosis) to
specific nutrient shortfalls (e.g., N, P, K).

» Confirm hidden hunger before yield loss occurs.

ANALYSIS
o ]
@ 3. FERTILIZER RECOMMENDATION *

« Translate analysis data into site-specific nutrient
application rates.

« Determine the correct timing and placement of fertilizer.

« Calculate amounts for Nitrogen, Phosphorus, Potassium,
and micronutrients based on target yield and crop
needs.

« Guide long-term soil health and fertility strategies.

* Provide lime requirements for pH adjustment.

« Suggest practices to improve organic matter,
structure, and nutrient holding capacity.

» Recommend erosion control and cover cropping
based on soil test results.

. J/

OER GVl

Caption: Box 4.2 Key steps in interpreting laboratory results

Fillin 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 usedtomeasure potassium and sodium levels?
3. Whatis 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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SOIL ANALYSIS LEADING TO FERTILISER RECOMMENDATIONS AN OPEN EDUCATIONAL RESOURCE (OER)

N\

: 7 T
1. SOIL SAMPLING 2. LABORATORY 3. INTERPRETATION & 4. FERTILISER
ANALYSIS RECOMMENDATION APPLICATION PLAN

N
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GROWTH & YIELD
. - S RECOMHENDATION ENGINE 4. FERTILISER TYPE )
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L or custom blend).

J
7o FERTILISER AMOUNT

AGRONOMIC DECISION MAKING

Sample fields Analyze for key nutrients <, Agronomist compares Calculate precise rate -
uniformly or by zone. & (N, P, K, pH, Organic soil test levels to crop (Ibsfacre or kg/ha) for SUSTAINABLE
Matter). requirements. ::gg.“u‘"e"‘ based on AGRICULTURE
S
Mix composite Determine nutrient Considers target yield,
sample and air dry. G availability (e.g., 6 crap type, and soil (©) FERTILISER TIMING
- : Mehlich-3 tesl?. properties. g Schedule application for
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: oy (V) i Generates specific - ﬁ Pre-plant, Side-dress,
i @ ‘ \;; @ nutrient needs. Split application).
& a2 © {L’J \ J . J

HER
Diagranﬁ showing how analysis results guide fertiliser recommendations Caption: Figure 4.5
Fertiliser recommendations based on analysis

Fillin 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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« Goal: Improve organic matter and soil
structure.

« Benefits: Enhances water holding capacity,

boosts microbial activity, slow-release

nutrients.

 Goal: Raise soil pH in acidic soils.

« Benefits: Improves nutrient availability
(especially P, Ca, Mg), reduces aluminum
toxicity.

3. IMPROVED SOIL HEALTH &
CROP PRODUCTIVITY

\ ¥ 4 &
BEFORE MAMAGERENT AFTER NANABEMENT

o Increased Water Infiltration
* Reduced Nutrient Runoif
« Enhanced Biodiversity

« Application: Surface applied or tilled in.
7 & J/

« Application: Broadcast or incorporated. * Higher Crop Yields
N

Image showing soil management practices (compost addition, liming, cover cropping) Caption:
Plate 4.4 Soil management practices guided by analysis

Fillin the blank: If soil analysis shows low arganic 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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CROP HEALTH MONITORING BENEFITS: AN OER EDUCATIONAL RESOURCE

A GUIDE FOR SUSTAINABLE AGRICULTURE Clainiaca

EARLY DETECTION PREVENTION OF YIELD LOSSES

« Identify stresses before visible symptoms (e.g., nutrient deficiency,
pest infestation, disease).

« Real-time data collection using sensors and imagery.

« Proactive rather than reactive management.

* Minimize crop damage and death.

* Minimize crop damage * Optimize harvest timing. ~

anc.cedi » Protect food security and farm profitability. )
< S\
» Assess nutrient uptake and  Assess nutrient uptake and crop response. L
Crop response. * Fine-tune application rates and timing.

 Reduce environmental impact from over-application. 5

I T S e « Build healthier soil over time. ’
p axegdia t:l'ven S fecusmns * Make data-driven decisions for sustainable practices. |J
oF:sustainable practices, « Ensure consistent and improved yields for future

seasions. seasons.

- - — J

— _ — iy

Caption: Box 4.3 Benefits of crop health monitoring
e Early detection of nutrient deficiencies
e Prevention of yield losses
o Evaluation of fertiliser effectiveness
e 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 dofertiliser recommendations benefit farmers?
2. Nameone'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. Listtwo 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
o Composite sampling: Mixing several subsamples to form one representative soil sample.
e 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.
e Leaf sampling: Collecting leaves to assess plant nutrient status.

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

e Soil buffering capacity: Ability of soil to resist changes in pH.
o Spectrophotometry: Measuring nutrient concentration by light absorption.
¢ Stratified sampling: Dividing a field into zones and sampling each separately.
o Wetdigestion: 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)

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.

2.

3.

Composite.
Leaf.

Potassium.

Short-answer questions

4.

5.

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

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.

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.

o)
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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 Al prompt “Create a labelled diagram showing soil and
plant tissue analysis benefits: fertiliser efficiency, crop yield, environmental protection”.

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

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

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

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

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

e Planttissue analysis image: Suggested Al prompt “Generate an image showing laboratory
plant tissue nutrient analysis using spectroscopy and digestion methods”.

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

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

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

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

e Open Educational Resources (OER) search strings provided for diagrams, tables, and maps
(e.g., “soil sampling methods diagram OER”, “planttissue 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 5.2.3Water use efficiency
e 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
e 5.4 1Irrigation 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 b5.5.3 Sustainable water use in agriculture

Introduction

The interaction between plants, soils, and wateris fundamentalto 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, andwater 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 considerirrigation 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:
e SLO 5.1 describe soil-water fundamentals, including moisture forms and water potential,

e SLO 5.2 explain plant water relations, including absorption, transpiration, and water use
efficiency,

-
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e SLO 5.3 analyse the soil-plant-atmosphere continuum and its role in water movement,

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

e 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:

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

e Capillary water: Water held in smallpores by surface tension. This is the main source of
water available to plants.

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

FORMS OF SOIL MOISTURE: FORMS OF SOIL MOISTURE:

OVERVIEW OF SOIL WATER
-

RAIN

INFILTRATION

Water table
(B Horizon) “

Parent
Material
(C Horizon)

INFILTRATION

TOTAL SOIL WATER
Unavailabl
bk Water
(Capillary) (Hygroscopic)

Drainable

Water
(Gravitational)

Gravitational, Capillary, and Hygroscopic Water

Draining
Water

Downward )
Movement Ly
due to Gravity ™ & 1

OCCURRENCE: Temporarily occupies

MICRO-SCALE VIEW: PORE SPACE & WATER FORMS w
1. GRAVITATIONAL WATER 2. CAPILLARY WATER 3. HYGROSCOPIC WATER

SOIL PARTICLES Soil Particle
P CLAY PARTICLE
o _ (Aggregates) (S'wiaclrinpgrrgss)paces Surface

0@ LARGE P Lhe « ' W

i A ater Held by
P )MACROPOEES > , Adhesion &
% ¢ 3 O Cohesion

(Capillarity)
WATER FILMS

Water Adsorbed
/ 1o Surface
TIGHTLY BOUND
A WATERFILM
(0-15 bars)

Unavailable
Water

CLAY HUMUS
PARTICLE  COLLOID

PORE SPACES 1|
FIELD CAPACITY

E -
SATURATION PERMANENT WILTING
(Field Capacity Exceeded) (Ideal for Growth) POINT (PWP)

OCCURRENCE: Adsorbed as a very

' OCCURRENCE: Held in micropores '
large pores after heavy rain or ,' against gravity by surface tension. N thin film (1-few molecules thick)
irrigation. Moves freely downward. P oves in all directions. # strongly held by surface forces.
AVAILABILITY TO PLANTS: dddd AVAILABILITY TO PLANTS: - AVAILABILITY TO PLANTS:
Generally unavailable, drains 4 d d PRIMARY SOURCE OF PLANT- UNAVAILABLE TO PLANTS
\below the root zone quickly, AVAILABLE WATER (Held beyond -31 bars) 5
SUMMARY TABLE

[ForM oF wATER |  PoRESIZE | ENERGY STATE [ syaiLaiLITY |  DURATION

| Gravitational Large Low/<0.3 bar Quick Unavailabi

| Capillary  Small __Medium 0.3 10-31 bars Available

|__Hygroscopic Surface | High/>-31bars| P L il

oRom

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

Forms of soil moisture

Fillin 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.
e 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).

AN OER EDUCATIONAL RESOURCE

SOIL WATER MOVEMENT: Infiltration, Percolation, and Capillary Rise

Rainwater entering
soil surface

Surface Pores —eeg ! v | Infiltration Rate
i (In/Hr)
Infiltration " Initial
- Rate (In/Hr) — Wetting
g : Front
=] 2. PERCOLATION &
DRAINAGE > Infiltration
-1 Water-Filled Matric Potential (Downward into soil)
S i : Saturated or = mﬂffé?ﬁom soil
: 3 illary Ri
é Bercoliaion , 7 : Unsaaturated Flow — gm Lpliion
WaterFilled
Gravitational 3. CAPILLARY RISE & GROUNDWATER
Water Movement Sol Particles TR . S
o (Aggregates) e Capillary potential
E o Wda;‘lef held "5 .\ (negative pressure)
(0] i v \ : X
3 g‘_ Water table a coe'fe'g?o:" (A 7 Capillary potential

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

Fillin'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 upwardthrough the
xylem vessels.

AN OER EDUCATIONAL RESOURCE
[@Nole)

1. ROOT HAIR ABSORPTION 2. UPWARD MOVEMENT THROUGH XYLEM 3. TRANSPIRATION & LEAFEXIT | | ol
0l
APOPLAST PATHWAY ¥, ~0.3 MP:
Soil (Cell Walls) , Transpirtion ety
Water (H,0) | poot Hair ) Yylem (Water Vapor Loss) ‘
> (Vessel Elements) Root Hair
Phloem (¥,=-0.6 HPa)
\ Root to Shoot 3 . \
Transport § ( ) \ Stem Xylem
= 4. | Y- < ($,=-10 HPa)
X ’ L Water | /| ¢
Cﬁl‘u&n
¢ Leaf Xylem
oy Xylem Ending "’a‘(e,{:é?""’ (¥,--15 HPa)
A Lignifie
. | I Cell Wall (
MECHANISMS: HIGH v&nsn LOW WATER .- OVERVIEW:
« Dsmosis ( TOTEMIAL  osis POIENTAL Water evaporates from mesophyll cell walls | |
« Diffusion s PN S | | [ FORCES: into substomatal air spaces, then diffuses out
([P abioE e} Vontcel) | ‘ Transpiration Pull(Main Force),  Cohesion & quﬁ'o ;’,L?‘v‘v’:t‘::im‘s‘:f:'“ “tension” that pulls ﬁl}rr:olf)gw:)
SYMPLAST PATHWAY Cohesion (Water-Water) sdhesion g T S| [ : T
(Cytoplasm/Plasmodesmata) (\ Roat Pressure (Minor Force) COHESION 1

WATER POTENTIAL GRADIENT =
(Soil > Root > Stem > Leaf > Atmosphere) )

' CREATED FOR OPEN EDUCATIONAL USE

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

Fillin 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:

e Cooling the plant
e Driving upward water movement (transpiration pull)
o Facilitating nutrient transport

Factors influencing transpiration include temperature, humidity, wind, and stomatal opening.
Excessive transpiration can lead to water stress.
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AN DER EDUCATIONAL RESOURCE

THE TRANSPIRATION PROCESS IN PLANTS: Water Movement and Loss

PLANT WATER TRANSPORT

1.S0IL TO ROOT 2.R00T TO SHOOT 3.LEAFTO ATMOSPHERE  rgyspigarion
(A LEAF CROSS-SECTION (Water Vapor Loss)
X Upper Epidermis\.( - ey = Guard Cells
Palisade

Mesophyll { Nt 4 4
- ‘ Spongy NG
? | ) Mesophyl 3 (B)
S A s STOMATAL COMPLEX
&V'eml | Transoih Vasouian (Guard Cells)
‘essel ranspiration g
=, (10) ol (Xylem) 2 D\ TRANSPIRATION
ST . ==/ Lower Epidermis s \ (Water Vapor Loss)
> | ¥ & 7. / \‘-‘ =
i / Lower Epidermis // Substomatal Guard Cells SN GuandCells |
h > — Air Space Stoma (Pore)
1] | Factors affecting Stoma (Pore) <& :
Stomatal Opening Thickeneed Cell Wall
= Chloroplasts
€0, ) Water Vapor
st Torm Thickened (H,0) Loss
A
. WaterStaEus J CellWall " open Closed

/" TRANSPIRATION OVERVIEW '
o OVERALL: Water evaporates from mesophyll cells into the substomatal air space and diffuses out of stomata.
« MAIN DRIVERS: Transpiration Pull (tension), Cohesion-Tension Theory

« FACTORS INFLUENCING: Light, Temperature, Humidity, Wind, Soil Water

* FUNCTION: Nutrient transport, cooling, turgor maintenance

Image showing transpiration process in leaves Caption: Plate 5.2 Transpiration and water loss in
plants

Fillin the blank: Transpiration mainly occurs through openings in leaves called
5.2.3 Water use efficiency

Water use efficiency (WUE) is theratio 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:
e Selecting drought-tolerant crop varieties
e Practising mulching to reduce evaporation
e Usingefficientirrigation methods (e.g., drip irrigation)

¢ _Managing stomatal regulation through breeding or agronomy
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STRATEGIES TO IMPROVE WATER USE EFFICIENCY (WUE):

A GUIDE FOR SUSTAINABLE AGRICULTURE A\ccesucatona. " Goee
3 .

DROUGHT-TOLERANT CROPS MULCHING

= Apply organic or synthetic materials to the soil
4 surface.

Reduces evaporation from the soil.
o Suppresses weed growth that competes for water.
 Moderates soil temperature.

« Select crop varieties with genetic traits
for water stress resistance.

= Deeper root systems access more soil
Euﬂsture by .

« Enhanced physiological mechanisms to
reduce water loss.

DRIP IRRIGATION ):

o Deliver water directly to the root zone of o Deliver water directly to the root zone of plants.

plants. » Minimizes water loss through evaporation and runoff.
» Minimizes water losss through evaporation « High application uniformity and efficiency (90%#+).
and runoff. = Allows for precise nutrient application (fertigation).
STOMATAL REGULATION ) Ji
Understand plant mechanisms to control water vapor loss (transpiration).
Use of anti-transpirants (when applicable) to temporarily close stomata.
= Select crops with naturally efficient stomatal control under stress. J
. J

Caption: Box 5.1 Strategies to improve water use efficiency

Fillin the blank: Water use efficiency isthe ratio-of crop yield to the amountof __ consumed.
Pilot questions 5.2

1. How doroot hairs aid water absorption?

2. What process allows water to enter plant roots?

3. Name two functionsof transpiration.

4. Which environmental factor influences transpiration rate?

5. Define water use efficiency.

5.3 Soil-Plant-Atmosphere Continuum (SPAC)

5.31

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.

SOIL-PLANT-ATMOSPHERE CONTINUUM (SPAC): A Continuous Water Pathway ™ ™*"*gxoren

1. SOIL TO ROOTS 2.ROOTS TO XYLEM | 3.XYLEMTOLEAVES | | 4.LEAVES TO ATMOSPHERE |
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Root Hair Vascular A\ I\
Epidermis Stem Xylem |, Cylinder l 8
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Leaf Vein Mesophyll
(Xylem) Cells

Radial Transport < 3
to Xylem B - ll Water Vapor Cells

’ Water Vapor
(H,0)

High Water Potential (Soil) ) Root Pressure

Low Water Potential (Root) (minor contributor) Capillartion Pull
L

Substomatal

Soil Moisture => Root Hairs =}> Root Cortex = Root Xylem =p> Stem Xylem =}> Leaf Xylem => Mesophyll Cells => Air Spaces

=> Stomata =}> Atmosphere

) CREATED FOR OPEN EDUCATIONAL USE

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

Fillin 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.

e Plant physiology, including root pressure, capillary action, and hormonal regulation (e.g.,
abscisic acid), also influences water movement in SPAC.
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THE STOMATA: REGULATORS OF TRANSPIRATION: AN OER EDUCATIONAL RESOURCE

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

\

\'«\\i 1. Gas Exchange (CO; intake, O, release)

— — J )

J

Fillin the blank: Tiny pores on leaf surfaces that regulate water lossarecalled ____
Pilot questions 5.3

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

2. Name two pathways of water movementin SPAC.

3. What process drives upward water movement in plants?

4. Whatrole 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:

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

o Sprinkler irrigation: Water is sprayed over crops like rainfall. Suitable for many soils and
crops, but can be costly.
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e Dripirrigation: Water is delivered directly to plant roots through pipes and emitters. Highly

efficient, reduces evaporation and water loss.

COMPARATIVE ANALYSIS OF IRRIGATION METHODS: Surface, Sprinkler, and Drip Q="

1. SURFACE IRRIGATION

METHOD: Water is applied and distributed over the soll surface
by gravity.

COMMON TYPES: Furrow, Basin, Border.

DISADVANTAGES: High water loss (evaporation, deep
percolation), low unitormity, high labor.

SUITABILITY: Row craps, orchards on level ground.

ADVANTAGES: Low initial cost, easy to manage on suitable land.

2. SPRINKLER IRRIGATION

lg%ﬂl(l)nz Water is sprayed over the soil surface to simulate
rainiatl.
COMMON TYPES: Center Pivot, Linear Move, Solid Set, Hand

VS'NTAGES: I;l‘i]gh uniformity, applicable to varied terrain,

can be automated; freeze protection.

DISADVANTAGES: Moderate to high energy cost, wind drift,
initial cost, evaporation from canopy.

SUITABILITY: Most crops and soils, especially rolling land.

3. DRIP IRRIGATION (Trickle)

ME‘lnzig)D: Water is applied slowly directly to the soil surface or
1001 20Ne.

COMMON TYPES: Surface Drip, Subsurface Drip (SDI).
ADVANTAGES: Highest water use efficiency (low loss), reduces
weed growth, can apply fertilizer (fertigation), saves water.
DISADVANTAGES: High initial investment, clogging of emitters,
requires maintenance and fiftration.

SUITABILITY: High-value row crops, orchards, vineyards,
g crops.
SUMMARY COMPARISON TABLE

WATER APPLICATION EFFICIENCY  Low (50-70%) Low (50-70%)  Moderate-High (70-85%)  Very High (90-95%) Low (50-70%)  Moderate-High (70-85%) Very High (30-95%)
INITIAL COST Low. Low Moderate-High High Low Moderate-High High
 ENERGY COST Low Low Moderate-High Moderate-High Low Moderate-High Moderate-High
| LABOR REQUIREMENT High High Moderate (requires maintenance) High Moderate (requires maintenance)
 SUITABILITY TO SLOPING LAND Low Low High Very High Low High Very High
EVAPORATION LOSS High High Mod: Very Low High Mod Veylow

@®(® Open Educational Resource | CC BY-SA | Created for Agricultural Education.
Diagram comparing surface, sprinkler, and drip irrigation methods Caption: Figure 5.4 Irrigation
methods

Fillin 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:
e Soil moisture levels
e [ Cropgrowth stage
e Weather conditions
e |rrigation system capacity

Techniques such as soil moisture sensors, evapotranspiration models, and crop water
requirement charts are used to improve efficiency.
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AN OER EDUCATIONAL RESOURCE
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Image showmg irrigation scheduling using soil moisture sensors and charts Captlo‘n Plate 5.4
Irrigation scheduling and efficiency

Fillin 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:
e Mulching toreduce evaporation
o Deficitirrigation (controlled water supply to conserve resources)
¢ Use of drought-tolerant crop varieties

o _Timely irrigation during critical growth stages (e.g., flowering, grain filling)

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



STRATEGIES FOR MANAGING WATER STRESS IN PLANTS: s oee eoucariowa: resource

A Guide for Sustainable Agriculture S

MULCHING DEFICIT IRRIGATION

= Apply organic or synthetic materials to
soil surface.

= Reduces evaporation from the soil.
o Suppresses weed growth.

« Regulates soil temperature and improves
moisture retention.

= Apply water below full crop requirements.
| = Targets specific non-critical growth stages.
o Optimizes water use efficiency.

* Minimizes yield impact while saving
significant water.

» Select crop varieties bred for water
stress resistance.

= Deeper root systems access more soil
moisture. — e

« Enhanced physiological mechanisms to = Schedule irrigation based on crop water needs.

reduce water loss. * Monitor soil moisture levels and weather data.
« Ensure yield stability under limited = Apply water at critical growth stages (e.g.,
water availability. flowering, grain fill).
« Prevents over-watering and under-watering. )
N j‘oén"— J

Caption: Box 5.2 Strategies for managing water stress

Fillin 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 methodis the most efficient?
3. What factors influence irrigation scheduling?
4. Name one technique used.toiimprove irrigation efficiency.

5. Listtwo'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:

e Mulching to reduce evaporation
o Rainwater harvesting for supplemental irrigation
e Conservation tillage to improve infiltration

o Use of drought-tolerant crop varieties

WATER CONSERVATION PRACTICES IN AGRICULTURE ™™™ geg;

2. RAINWATER HARVESTING 3. CONSERVATION TILLAGE

PRECIPITATION STORAGE TANK CONVENTIONAL  CONSERVATION TILLAGE
TILLAGE (No-Till)

1. MULCHING

H ot
1
| CONSERVATION TILLAGE (No-TIll)

DEFINITION: Application of organic or synthetic DEFINITION: Collection and storage of runoff for DEFINITION: Methods that leave crop residue

water | materials to soll surface. agricultural use. on the soil surface. Willers
retained| - BENEFITS: Reduces evaporation, suppresses BENEFITS: Provides supplementary irrigation, BENEFITS: Increases water infiltration, reduces | better
film weeds, moderates soil temperature, improves reduces reliance on groundwater, contrals erosion. runoff and erosion, enhances soil organic betfer
soil structure. COMPONENTS: Catchment area, conveyance, matter, saves fuel.
TYPES: Straw, bark, plastic film. * storage, distribution. TYPES: No-till, strip-till, mulch-till.
> OVERALL GOAL: Improve water use efficiency (WUE), enhance <
soil health, and ensure sustainable crop production.
@ SUSTAINABILITY ‘ SOIL HEALTH QQQ YIELD IMPROVEMENT

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

Fillin 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.

Impactsinclude:
o Reduced soil moisture due to higher evaporation
e Increased water stress in crops

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

CLIMATE CHANGE IMPACTS: Plant-Soil-Water Relations

Drought, Flooding, and Heat Stress - An OER Educational Diagram

DROUGHT

(Reduced Precipitation)

Climate Factor:
Reduced Rainfall &
Increased ET

Plant Response:
Wilted

Stunted Growth
Stomatal Closure
Low WUE

Soil Response:

Dry

Compacted

= Low Moisture Retention
Reduced Microbial Activity

Water Response:
Low Water Table
Increased Evaporation
Limited Infiltration

HEAT STRESS

= (Increased Temperature)

Climate Factor:
Increased Temp &
Atmospheric Demand (VPD)

,  Plant Response:

‘;‘“,4 Leaf Scorch
CLIMATE \2 ~>High Transpiration

Protein Denaturation
CHANGE Reduced Yield
Increased Temp
Precip Extremes

C0; Soil Response:

Soil Warming
Altered Decomposition

ﬁ

A

Water Response:
Higher Plant Water Demand
Faster Surface Water Depletion

Increased Surface Evaporation

~

FLOODING
(Excess Precipitation) e
S % Climate Factor: ==
Intense Precipitation
& Runoff

Plant Response:
S ) Waterlogged Roots
[ Hypoxia/Anoxia

‘ Runoff

Root Rot

S

k._‘ 6 High Water Table

Soil Response:
Saturated

Anaerobic Conditions
Soil Compaction & Erosion
Nutrient Loss

Yellowing Leaves

Water Response:

Surface Water Accumulation
Leaching of Pollutants

)

Climate Factor:
o

Reduced Rainfall f Plant Response: Yy Proteinienaturation ,3;‘ Reduced Yield ]

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

Fillin the blank: Increased frequency of droughts and floods is a result of

5.5.3 Sustainable water use in agriculture

change.

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

Strategies include:

e Integrated water resource management (IWRM)

Recycling wastewater for agriculture

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

Policy frameworks supporting conservation and equitable distribution
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Far UG STRATEGIES FOR SUSTAINABLE WATER USE IN
AGRICULTURE: A GUide fOI‘ OER v ozrebucationaL resource mem

INTEGRATED WATER RESOURCES MANAGEMENT (IWRM)

4. © Holistic approach to water planning & management.
N7 * Considers all water sources (surface, ground).
« Balances social, economic, and environmental needs.
« Stakeholder participation and transboundary cooperation.

DRIP IRRIGATION

 Apply water directly to the plant's root zone. Minimizes water loss through
ev:(ajporation and runoff. Highest applicationificiency (90-95%).
 Reduces weed growth and fertilizer growth and fertilizer needs.

WASTEWATER RECYCLING

» Treat and reuse municipal, industrial, or agricultural wastewater.
e Provides a reliable alternative water source.

» Reduces pollution of natural water bodies.

e Strict treatment standards for safe use.

POLICY FRAMEWORKS

« Establish laws, regulations, and incentives.

* Define water rights and allocation.

= Promote water pricing and conservation policies.
= Enforce sustainable practices and compliance. 4

Caption: Box 5.3 Strategies for sustainable water use in agriculture

Fillin the blank: Recycling__ for agricultureiis one strategy forsustainable water use.
Pilot questions 5.5

1. Name two water conservationpractices in agriculture.

2. How does climate change affect soil moisture?

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

4. Define sustainable water use in agriculture.

5. Listtwo 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
e Capillary water: Soil water held in small pores, available to plants.
o Gravitational water: Water that drains freely through large pores, unavailable to plants.
o Hygroscopic water: Thin film of water bound to soil particles, unavailableto plants.
e Soil water potential: Energy status of water in soil, determining movement and availability.
e Transpiration: Loss of water vapour from plant leaves through stomata.
o Water use efficiency (WUE): Ratio of crop yield to water consumed.

o 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.
o 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 useiscalled_______ 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. Listtwo factors influencing irrigation scheduling. (Linked to SLO 5.4)

-

o)
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. How does climate change affect soil moisture? (Linked to SLO 5.5)

Long-answer questions

11

12

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

. 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.

2.

3.

4.

5.

Capillary.
Osmosis.
Stomata.
Drip.

Rainwater.

Short-answer questions

6.

7.

8.

9.

10

Gravitational, capillary, hygroscopic.

Cooling the plant, driving upward water movement, facilitating nutrient transport.
Continuous pathway of water from soil through plants into the atmosphere.

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

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

Long-answer questions

11

12.

-

. 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.

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.

o)
MET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS



Answers to Pilot Questions [Series 5]

e Capillary water.

¢ Osmosis.

e Cooling, transpiration pull.

e Humidity, temperature.

e Ratio of yield to water consumed.

e SPAC describes continuous water movement soil > plant > atmosphere.

e Soiltoroots, xylem to leaves.

e Transpiration pull.

e Stomata regulate water loss.

e Abscisic acid.

e Surface, sprinkler, drip.

e Dripirrigation.

e Soil moisture, crop stage.

e Soil moisture sensors.

e Mulching, deficitirrigation.

¢ Mulching, rainwater'harvesting.

e Higher evaporation reduces soil moisture.

e Increased water stress.

o Efficient water use balancing productivity and conservation.

e Drip.irrigation, wastewater recycling.
References and Attributions [Series 5]

e Soilmoisture diagram: Al prompt “Create a labelled diagram showing gravitational,
capillary, hygroscopic water in soil pores.”

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

o Root absorption diagram: Al prompt “Create a labelled diagram showing water absorption
by root hairs and upward movement through xylem.”

-

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



e Transpiration image: Al prompt “Generate an image showing transpiration from stomata in
leaves with arrows indicating water loss.”

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

e SPAC diagram: Al prompt “Create a labelled diagram showing soil-plant-atmosphere
continuum.”

e Stomataimage: Al prompt “Generate an image showing stomata opening and closing
regulating water vapour loss.”

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

e lrrigation scheduling image: Al prompt “Generate an image showing irrigation scheduling
with soil moisture sensors and crop water requirement charts.”

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

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

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

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

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

-
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