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e Course code: CPS 307
¢ Course title: Vegetable and Orchard Crops Management

e Course credit load: 1

Series 1: Vegetable Seeds and Viability

Series outline
1.1 Seed Viability Concepts
o 1.1.1 Definition of seed viability
e 1.1.2 Importance of viable seeds in crop production
e 1.1.83 Principles underlying viability testing
1.2 Seed Testing Methods
e 1.2.1 Physical methods of viability testing
e 1.2.2 Physiological methods of viability testing
e 1.2.3 Practical examples of testing procedures
1.3 Factors Affecting Seed Viability
¢ 1.3.1 Environmentalinfluences (temperature, moisture, storage conditions)
e 1.3.2Biological influences (seed maturity, genetic factors)

¢ 1.3.3 Human practices (handling, storage, and transportation)

Introduction

Seeds are the foundation of all crop production, and their ability to germinate successfully
determines the productivity of vegetable farming. Farmers and horticulturists often face challenges
when seeds fail to sprout, leading to wasted resources and reduced yields. By learning how to
assess and maintain seed viability, you will be better prepared to ensure that every seed planted
has the potential to grow into a healthy crop. This Series therefore sets the stage for practical skills
that are essential in vegetable and orchard crop management.
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The aim of this Series is to equip you with the knowledge and skills required to define seed viability,
apply appropriate testing methods, and evaluate the factors that influence seed longevity and
performance.

We shall commence this Series by examining the concept of seed viability, including its definition,
importance, and underlying principles. Next, we will move on to methods of seed testing, where
you will explore both physical and physiological approaches to assessing viability. Finally, we will
conclude by analysing the factors that affect seed viability, such as environmental conditions,
biological influences, and human practices, thereby rounding off the Series with a comprehensive
understanding of how viability can be preserved and enhanced.

Series Learning Outcomes

Upon completing this Series, you should be able to:
e SLO 1.1 define seed viability and explain its importance in vegetable crop production,
e SLO 1.2 describe the principles underlying seed viability testing,

o SLO 1.3 demonstrate methods of seed viability testing using physical and physiological
approaches,

e SLO 1.4 analyse environmentalybiological, and human factors that affect seed viability.

1.1 Seed Viability Concepts
1.1.1 Definition of seed viability

Seed viability refers to the ability of a seed to germinate under favourable conditions. A viable seed
contains a living embryo that can develop into a healthy plant when provided with water, oxygen,
and suitable temperature. This.conceptis central to crop production because non-viable seeds will
not germinate, leading to poor crop stands and wasted resources.

Fillin the blank: A'seed is considered when it has the potential to germinate and produce a
healthy plant.
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A viable seed contains a living embryo capable of germination under
favorable conditions. The cotyledons provide necessary energy reserves.

Figure 1.1 Internal structure of a viable seed

Diagram showing the internal structure of a viable seed Caption: Figure 1.1 Internal structure of a
viable seed

1.1.2 Importance of viable seeds in crop production

Viable seeds are essential for successful vegetable farming because they ensure uniform

germination, healthy crop establishment, and higher yields. Farmers who use non-viable seeds risk
poor plant populations, uneven growth, and economic losses. In orchard crop management, viable
seeds are equally important for.establishing strong rootstocks and ensuring long-term productivity.

Fillin the blank: Using non-viable seeds often results in crop stands and reduced yields.
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Plate 1.1 Healthy seedlings from viable seeds
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Image of healthy vegetable seedlings emerging from viable seeds Caption: Plate 1.1 Healthy
seedlings from viable seeds

1.1.3 Principles underlying viability testing

The principles of seed viability testing are based on the biological processes of germination. A seed
must be alive, metabolically active, and capable of initiating growth when exposed to favourable
conditions. Testing methods aim to detect whether the embryo is functional and whether the seed
can absorb water and oxygen. These principles guide farmers and researchers in selecting seeds
that will perform well in the field.

Fillin the blank: Seed viability testing is based on the principle that a seed must be and
capable of initiating growth.
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Box 1.1 Principles of seed viability testing

' Living Embryo -'/\ﬁ
V= A seed must contain a living embryo.

°
o]

\ Metabolically Active :
((( ))) It must be metabolically active

(capable of respiration and enzyme activity).

Responsive to Conditions 0,

O+ e, -f

ProsesN
@ It must respond to favourable environmental
conditions (water, oxygen, temperature) for

germination.

Box 1.1 Principles of seed viability testing

Pilot questions 1.1

1.

2.

3.

Which term refers to the ability of a seed to germinate under favourable conditions?
Why are viable seeds important in vegetable crop production?

What is the consequence of planting non-viable seeds?

State one principle underlying seed viability testing.

Fillin the blank:'A viable seed must contain a embryo.

1.2 Seed Testing Methods

1.2.1 Physical methods of viability testing

Physical methods are approaches that rely on observable characteristics of seeds to determine
whether they are viable. These methods often involve examining the seed coat, size, colour, and
firmness. For example, seeds that are shrivelled, discoloured, or damaged are usually non-viable.
Farmers often use simple physical checks before planting to avoid wasting time and resources.

Fillin the blank: Seeds that are , discoloured, or damaged are usually non-viable.
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Plate 1.2 Comparison of viable and non-viable seeds

A. Viable Seeds (Healthy) B. Non-Viable Seeds (Damaged/Aged)

Plump, uniform, lustrous, healthy embryo Shrivelled, discoloured, cracked, damaged/missing embryo

metric

Image showing viable and non-viable vegetable seeds side by side Caption: Plate 1.2 Comparison
of viable and non-viable seeds

1.2.2 Physiological methods of viability testing

Physiological methods assess the internal biological activity of seeds. These methods include
germination tests, where seeds are placed in controlled conditions to observe sprouting, and
biochemical tests such as the tetrazolium test, which identifies living tissues by staining them red.
These methods provide more accurate results than physical checks because they directly measure
the seed’s ability to grow.

Fillin the blank: The test uses staining to identify living tissues in seeds.

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



1. Seed Selection & Preparation 2. Moistening & Rolling

Count 50 seeds randomly. Inspect for damage. ‘ Place seeds between moist paper towels.
Roll up loosely.

Germination paper

4. Evaluation & Counting

Count normal seedlings.
Calculate germination percentage.

Normal Seedling

:> (Healthy Shoot & RO(N ”‘(’;‘:’ .
Abnormal Seedling .—:{&)@? é%

3. Incubation
Incubate in controlled conditions
for 7-14 days.

Replicates A, B, C

— > ﬁ
| = ‘
J‘, > [ (i ) (Weak/Damaged) \%6 J@ l‘
‘{ = —:‘::—:,_;‘—_/ [ Hard Seed = i Dead Seed \/
/ (Not Germinated) (Mouldy) /

@%

Lab

Incubate in controlled conditions for 7-14 days. Count normal seedlings. Calculate germination percentage. |

Figure 1.2 Steps in a seed germination test

Diagram showing steps of a germination test in a laboratory setting Caption: Figure 1.2 Stepsin a
seed germination test

1.2.3 Practical examples of testing procedures

In practice, farmers and researchers combine physical and physiological methods to ensure
accuracy. For instance, they may first sort seeds by appearance, then conduct germination tests
on a sample batch. This combination saves time and resources while ensuring that only viable
seeds are planted. Practical testing is especially important in vegetable production, where uniform
germination is critical for nursery management.

Fillin the blank: Farmers often.combine and physiological methods to ensure accurate seed
viability testing.
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Box 1.2 Common seed viability testing procedures

¢ Visual Sorting

. Sorting seeds by physical appearance:
) Removing damaged, diseased, or
=7 empty seeds.

¢ Germination Test

Conducting germination tests:
Growing seeds in optimal conditions
(temperature, moisture) and counting
normal seedlings.

Tetrazolium (TZ) Test

Using tetrazolium staining: A rapid
chemical test that stains living tissues
in the embryo, indicating potential
viability.

Box 1.2 Common seed viability testing procedures
Pilot questions 1.2
1. Which method relies on observable characteristics such as seed coat and colour?
2. Whatis the main advantage of physiological methods over physical methods?
3. Name one biochemical test used to assess seed viability.
4. Why is it useful to combine physical and physiological methods in practice?

5. Fillin the blank:Uniform germination is critical for management.

1.3 Factors Affecting Seed Viability
1.3.1 Environmental influences

Environmental influences refer to external conditions such as temperature, moisture, and
storage environment that affect how long seeds remain viable. Seeds stored in high humidity or
fluctuating temperatures often lose viability quickly. Proper storage in cool, dry, and well-ventilated
conditions helps maintain seed quality for longer periods.

Fillin the blank: Seeds stored in conditions tend to lose viability quickly.
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A. Cool & Dry Storage B. Humid & Warm Storage
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Optimal conditions slow down seed metabolism, maintain High temperature and humidity accelerate seed ageing,
seed moisture content, and extend longevity. promote mould growth, and drastically reduce viability.

Figure 1.3 Effect of storage environment on seed viability

Diagram showing seed storage conditions (cool and dry vs humid and warm) Caption: Figure 1.3
Effect of storage environment on seed viability

1.3.2 Biological influences

Biological influences are factors inherent to the seed itself, such as maturity at harvest, genetic
composition, and seed type. Seeds harvested befare full maturity often have poor viability, while
genetically strong seeds tend to remain viable longer. The natural lifespan of different seed species
also varies, with some remaining viable for yearsand others losing viability within months.

Fillin the blank: Seeds harvested before full often have poor viability.
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Plate 1.3 Mature versus immature seeds

A. Mature Seeds (Healthy) B. Immature Seeds (Poorly Developed)

Plump, uniform, lustrous, healthy embryo Shrivelled, irregular, dull, underdeveloped embryo
memc
Image of mature vegetable seeds compared with i eMn Plate 1.3 Mature versus
|m’ature
1.3.3 Human practices

Human practices include handling, st tran rtation methods that directly influence
seed viability. Rough handling can da s, while poor packaging during transport may
expose seeds to moisture or pests. adopt careful handling and proper storage
practices are more likely to mai
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Box 1.3 Good practices for maintaining seed viability

(4 ) Handle Gently

.~ Handle seeds gently to avoid physical
damage (e.g., cracking, bruising,
embryo injury).

Store Airtight

Store seeds in airtight containers to
maintain constant low moisture
content and prevent rehydration.

Transport Carefully

Transport seeds in dry, cool, and
pest-free conditions to prevent expos-
o to high temperature, humidity, and
pests.

Box 1.3 Good practices for maintaining seed viability
Pilot questions 1.3
1. Which environmental factor most affects seed viability during storage?
2. Why do immature seeds often‘have poor viability?
3. How does genetic composition.influence seed viability?
4. Whatis one human practice that can reduce seed viability?

5. Fillin the blank: Proper storage in conditions helps maintain seed quality.

Series Summary

This Series has introduced you to the concept of seed viability, which is fundamental to successful
vegetable and orchard crop production. We began by defining seed viability and explaining why it is
crucial for ensuring healthy crop stands and economic sustainability. Then, we examined physical
and physiological methods of seed testing, highlighting practical procedures that farmers and
researchers use to determine whether seeds are capable of germination. Finally, we analysed the
environmental, biological, and human factors that influence seed viability, emphasising how
proper storage, handling, and seed maturity can preserve seed quality.

By completing this Series, you should now be able to define seed viability and explain its
importance, describe the principles of viability testing, demonstrate methods of seed testing, and
analyse the various factors that affect seed viability. These abilities directly align with the Series
Learning Outcomes (SLOs) and provide you with a strong foundation for managing vegetable and
orchard crops effectively.
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Glossary of Terms

o Biologicalinfluences: Internal seed factors such as maturity, genetic composition, and
species lifespan that affect viability.

¢ Environmental influences: External conditions including temperature, moisture, and
storage environment that impact seed viability.

¢ Physical methods: Approaches that assess seed viability based on observable
characteristics such as seed coat, colour, and size.

¢ Physiological methods: Techniques that measure biological activity within seeds, such as
germination tests or biochemical staining.

e Seed viability: The ability of a seed to germinate under favourable conditions.and produce
a healthy plant.

e Tetrazolium test: A biochemical test that stains living seed tissues red, indicating viability.
Concept Check Questions [Series 1]
Objective questions

1. Which term refers to the ability of a seed to germinate under favourable conditions? (Linked
to SLO 1.1)

2. Which test uses staining to identify living tissues'in seeds? (Linked to SLO 1.3)
3. Which environmental factor most affects seed viability during storage? (Linked to SLO 1.4)
Short-answer questions

4. Define seedviability and explain why it is important in vegetable crop production. (Linked to
SLO1.1)

5. Describe one physical method and one physiological method of seed viability testing.
(Linked to SLO 1.3)

6./ State two human practices that can reduce seed viability. (Linked to SLO 1.4)
Long-answer questions

7. Analyse the principles underlying seed viability testing and explain how they guide practical
testing procedures. (Linked to SLO 1.2, SLO 1.3)

8. Evaluate the combined effects of environmental, biological, and human factors on seed
viability, and propose strategies for maintaining viability in vegetable crop production.
(Linked to SLO 1.4)

Answers to Concept Check Questions [Series 1]
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Objective answers

1. Seed viability.

2. Tetrazolium test.

3. Moisture (humidity).
Short-answer answers

4. Seed viability is the ability of a seed to germinate under favourable conditions. Itis
important because viable seeds ensure healthy crop stands and higher yields.

5. Physical method: sorting seeds by appearance. Physiological method: germinationtestin
controlled conditions.

6. Rough handling and poor storage practices.

Long-answer answers

7. Basic response: Seed viability testing is based on the principle that seeds must contain a
living embryo, be metabolically active, and respond to favourable conditions. These
principles guide methods such as germination tests and tetrazolium staining. Value-added
response: Beyond the basics, these principles also highlight the importance of seed
physiology and environmental interactions. For example, metabolic activity can be
influenced by seed maturity and storage conditions, making testing essential for predicting
field performance.

8. Basic response: Environmentalfactors such as temperature and moisture, biological
factors such as seed maturity and genetics, and human practices such as handling and
storage all affect seed viability. Strategies include proper storage, careful handling, and
harvesting seeds at full maturity. Value-added response: Outstanding learners may also
consider integrating modern technologies such as controlled atmosphere storage, genetic
improvementfor seed longevity, and advanced packaging materials to further enhance
seed viability in commercial production.

Answers to Pilot Questions [Series 1]
Part1.1
e Ability to germinate under favourable conditions
¢ | Uniform crop stands and higheryields
e Poorcrop stands
¢ A seed must contain a living embryo

e Livingembryo
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Part1.2

Physical methods

They directly measure biological activity
Tetrazolium test

Saves time and ensures accuracy

Nursery management

Part1.3

Moisture (humidity)
Full maturity
Genetic composition
Rough handling

Cool, dry conditions

References and Attributions [Series 1]
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Suggested illustration sources:

o Figure 1.1 Internal structure of a viable seed (OER search string: “viable seed
structure diagram OER”).

o Plate 1.1 Healthy seedlings from viable seeds (OER search string: “healthy
vegetable seedlings germination OER”).

o Figure 1.2 Stepsin a seed germination test (OER search string: “seed germination
test diagram OER”).

o | Plate 1.2 Comparison of viable and non-viable seeds (OER search string: “viable vs
nonviable seeds OER”).

o Plate 1.3 Mature versus immature seeds (OER search string: “mature vs immature
seeds OER”).

o Figure 1.3 Effect of storage environment on seed viability (OER search string: “seed
storage conditions diagram OER”).

Boxes created from instructional content:
o Box 1.1 Principles of seed viability testing
o Box 1.2 Common seed viability testing procedures

o Box 1.3 Good practices for maintaining seed viability
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o Al prompt suggestions were provided for each illustration to support future generation
using Al tools.

Series 2: Nursery Establishment and Management

Series outline
2.1 Principles of nursery establishment
e 2.1.1 Definition and purpose of a nursery
e 2.1.2Importance of nursery practices in vegetable and.orchard crop production
e 2.1.3Site selection and preparation
2.2 Nursery management practices
e 2.2.1 Watering and nutrient management
o 2.2.2Weed, pest, and disease control.in nurseries
e 2.2.3Use of nursery tools and.equipment
2.3 Transplanting techniques
¢ 2.3.1Timing and preparation for transplanting
e 2.3.2 Methods of transplanting vegetable seedlings

e 2.3.3 Care of seedlings aftertransplanting

Introduction

Nursery establishment is a vital stage in vegetable and orchard crop production because it
provides a controlled environment where young plants can be nurtured before being transplanted
into the field. Farmers who neglect proper nursery practices often face poor crop establishment,
uneven growth, and reduced yields. By learning how to establish and manage nurseries effectively,
you will gain practical skills that ensure strong seedlings and successful crop production.

The aim of this Series is to equip you with the knowledge and skills required to establish nurseries,
manage them effectively, and apply transplanting techniques that support healthy crop
development.

We shall commence this Series by exploring the principles of nursery establishment, including the
definition, purpose, and site selection. Next, we will continue with nursery management practices,
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focusing on watering, nutrient management, pest control, and the use of tools. Finally, we will
conclude by examining transplanting techniques, where you will learn the timing, methods, and
care required to ensure seedlings thrive after being moved to the field.

Series Learning Outcomes

Upon completing this Series, you should be able to:
e SLO 2.1 define a nursery and explain its purpose in vegetable and orchard crop production,
e SLO 2.2 describe the principles of site selection and preparation for nursery establishment,

e SLO 2.3 demonstrate nursery management practices including watering, nutrient
management, and pest control,

e SLO 2.4 apply appropriate transplanting techniques to ensure healthy seedling
establishment in the field.

2.1 Principles of Nursery Establishment
2.1.1 Definition and purpose of a nursery

A nursery is a designated area where young plants are raised under controlled conditions before
being transplanted into the field. The purpose of a nursery is to provide seedlings with a favourable
environment for early growth, ensuring they are strong and healthy when moved to their permanent
location. Nurseries help farmers save resources, reduce risks of crop failure, and achieve uniform
crop stands.

Fillin the blank: A nursery is.a designated area where are raised under controlled conditions
before transplanting.
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Figure 2.1 Layout of a vegetable nursery

Diagram showing a simple vegetable nursery layout Caption: Figure 2.1 Layout of a vegetable
nursery

2.1.2 Importance of nursery practices in vegetable and orchard crop production

Nursery practices are important because they allow farmers to manage seedlings carefully during
their most vulnerable stage. By raising seedlings in nurseries, farmers can control watering,
nutrient supply, and protection from pests. This.results in higher survival rates and better crop
establishment. In orchard crop.production, nurseries are essential for propagating fruit trees and
ensuring uniform growth of rootstocks.

Fillin the blank: Nursery practices help farmers manage seedlings during their most stage.
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Plate 2.1 Healthy seedlings in nursery trays
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Plate 2.1 Healthy seedlings in nursery trays

Image of healthy seedlings growing in nursery trays Caption: Plate 2.1 Healthy seedlings in nursery
trays

2.1.3 Site selection and preparation

Site selection is critical for successful nursery establishment. A nursery should be located in an
accessible area with good drainage, fertile soil, and protection from strong winds. Preparation
involves clearing the site, levelling the ground, and setting up seedbeds or containers. Farmers may
also install shading structures to.protect seedlings from excessive sunlight. Proper site selection
and preparation ensure that seedlings grow in optimal conditions.

Fillin the blank: A nursery site should have good to prevent waterlogging and seedling
damage.
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Box 2.1 Key considerations for nursery site selection

Accessibility
. Close to a farm road or path for easy transport of
: materials and seedlings by farmers.

S Drainage & Soil v/f
Well-drained soil to prevent waterlogging, and
fertile soil rich in organic matter for healthy
plant growth.

, .« Wind Protection
<+, Located in an area sheltered from strong winds,
| 41 or protected by a natural or artificial windbreak.

« . Sunlight & Shading
»»  Adequate sunlight for healthy photosynthesis, with
: dg" options for controlled shading to prevent heat stress.

T

Box 2.1 Key considerations for nursery site selection
Pilot questions 2.1
1. What s the definition of a nursery in crop production?
2. Why are nursery practices important for vegetable and orchard crops?
3. Name one advantage of raising seedlings.in nurseries.
4. Whatis one key factorto consider when selecting a nursery site?

5. Fillin the blank:'Proper site preparation involves clearing, , and setting up seedbeds.

2.2 Nursery Management Practices
2.2.1 Watering and nutrient management

Watering is the process of supplying seedlings with adequate moisture to support growth. In
nurseries, watering must be carefully controlled because both overwatering and underwatering
can harm seedlings. Nutrient management involves providing essential plant nutrients through
organic. manures or fertilisers to ensure vigorous seedling development. Balanced watering and
nutrient supply help seedlings establish strong roots and healthy shoots.

Fillin the blank: Overwatering and can both harm seedlings in nurseries.
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A. Optimal Moisture Level (Correct)

f Temp: 22°C
= )il Moisture: 60-70%

Soil is uniformly moist but not
waterlogged. Roots have access to
both water and oxygen.

B. Overwatering (Incorrect)

Moisture: 100%
(Waterlogged)

Excess water excludes oxygen,
leading to root rot and poor
seedling health.

C. Underwatering (Incorrect)

Moisture:
<15% (Dry)

Insufficient water causes wilting
and dehydration, stressing the
seedling.

Figure 2.2 Proper watering techniques for seedlings

Diagram showing correct watering practices in a nursery Caption: Figure 2.2 Proper watering

techniques for seedlings

2.2.2 Weed, pest, and disease control in hurseries

Weeds compete with seedlings for nutrients, water, and light, reducing their growth. Pests such as
insects and rodents can damage seedlings, while diseases caused by fungi or bacteria may lead to
seedling death. Effective nursery management requires regular monitoring, timely removal of
weeds, and application of safe pest and disease control measures. Preventive practices such as
sanitation and crop rotation‘also reduce risks.

Fillin the blank: Weeds'compete with seedlings for nutrients, water, and
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Plate 2.2 Seedlings affected by weeds and pests

Weed Competition
(Stunting)
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Plate 2.2 Seedlings affected by weeds and pests

Image of nursery seedlings with weeds and pest damage Caption: Plate 2.2 Seedlings affected by
weeds and pests

2.2.3 Use of nursery tools and equipment

Nursery management requires the use of simple tools such as watering cans, hoes, and seed trays,
as well as protective structures like shading nets. These tools and equipment help farmers
maintain optimal conditions for seedlings. Proper use and maintenance of tools reduce labour,
improve efficiency, and ensure that seedlings are handled safely.

Fillin the blank: Shading nets are used in nurseries to protect seedlings from excessive
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Box 2.2 Common nursery tools and equipment

—\ & Watering Cans N
67/ .~ For controlled irrigation: Delivering gentle,
¥ ‘ even water to delicate seedlings.

Hoes
For weed removal: Efficiently uprooting
unwanted plants without disturbing the crop.

s Seed Trays
For organised seedling growth: Maximising
space and ensuring uniform development.

Shading Nets
For protection from sunlight: Diffusing
_harsh light and reducing heat stress on

4? young plants.

Box 2.2 Common nursery tools and equipment

Pilot questions 2.2
1. Why must watering be carefully controlled in nurseries?
2. Whatis the role of nutrient managementin seedling development?
3. Name one way weeds affect seedlings in. nurseries.
4. State one preventive practice thatreduces pest and disease risks.

5. Fillin the blank:Seed trays are used for organised growth.

2.3 Transplanting Techniques
2.3.1 Timing and preparation for transplanting

Transplantingis the process of moving seedlings from the nursery to the main field. Timing is
critical because seedlings must be strong enough to survive the change but not too old to suffer
transplant shock. Preparation involves watering seedlings before removal, loosening the soil, and
ensuring the field is ready with proper spacing and moisture.

FilLin the blank: Seedlings must be strong enough to survive transplanting but not too to
suffer transplant shock.
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1. Pre-Transplant Watering 2. Hardening-Off Process

Thoroughly water seedlings = Gradually expose seedlings to
@ . (4 1-2 hours before transplanting 4 = outdoor conditions (sun,
% g, to ensure the soil is moist and U = wind) over 7-10 days to
‘; @5,_:4\ the root ball holds together. reduce transplant shock.

- Hardening Area|
& I
3. Soil Loosening in Tray 4. Preparing Transplanting Hole
Carefully loosen the soil Prepare a hole slightly larger than
around the root ball. the root ball. Mix in a small
Gently squeeze the cell amount of compost.
from below if needed. ;

Figure 2.3 Preparation of seedlings for transplanting O}O

Diagram showing steps in preparing seedlings for transplanting Caption: Figure 2.3 Preparation of
seedlings for transplanting

2.3.2 Methods of transplanting vegetable seedlings

There are different methods of transplanting depending on the crop type and field conditions.
Common methods include hand transplanting, where seedlings are carefully lifted and placed into
prepared holes, and mechanical transplanting, which uses machines for large-scale operations.

Regardless of the method, care must be taken to avoid damaging roots and to ensure seedlings are
planted at the correct depth.

Fillin the blank: In‘hand transplanting, seedlings are carefully lifted and placed into prepared
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Plate 2.3 Hand transplanting of vegetable seedlings

Image of farmers hand-transplanting vegetable seedlings into the field Caption: Plate 2.3 Hand
transplanting of vegetable seedlings

2.3.3 Care of seedlings after transplanting

After transplanting, seedlings require special care to recover from stress and establish themselves
in the field. This includes watering immediately after.transplanting, shading if necessary, and
monitoring for pests and diseases. Farmers may also apply fertilisers to support growth. Proper
aftercare ensures high survival.rates and uniform crop establishment.

Fillin the blank: Seedlings require immediate after transplanting to recover from stress.
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Box 2.3 Essential care after transplanting

% ~ Water Immediately
{ % 4.} Water seedlings immediately after transplanting to

settle soil and reduce transplant shock.

M Provide Shading
) o A_ Provide temporary shading (e.g., with nets or branches)

«@PP” | to protect from intense sunlight and heat.

Monitor Pests & Diseases
/) Monitor regularly for early signs of pests (e.g., cutworms,
aphids) and diseases (e.g., wilt, damping-off).

g oowh" Apply Fertilisers
¥ /o Apply astarter fertiliser or compost tea after 1-2
- J‘j’ F‘” weeks to support new root and shoot growth.

-

Box 2.3 Essential care after transplanting

Pilot questions 2.3
1. Whatis transplanting in crop production?
2. Why s timing important in transplanting seedlings?
3. Name one method of transplanting vegetable seedlings.
4. Whatis one key practice to ensure seedling survival after transplanting?

5. Fillin the blank:'Proper aftercare ensures high rates and uniform crop
establishment.

Series Summary

This Series has highlighted the importance of nursery establishment and management in vegetable
and orchard crop production. We began by examining the principles of nursery establishment,
including the definition, purpose, and site selection. Then, we explored nursery management
practices such as watering, nutrient supply, weed and pest control, and the use of tools and
equipment. Finally, we considered transplanting techniques, focusing on timing, methods, and the
care of seedlings after transplanting.

By completing this Series, you should now be able to define a nursery and explain its purpose,
describe principles of site selection and preparation, demonstrate nursery management practices,
and apply transplanting techniques effectively. These abilities directly align with the Series
Learning Outcomes (SLOs) and will support you in achieving strong seedling establishment and
successful crop production.
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Glossary of Terms

e Nursery: A designated area where young plants are raised under controlled conditions
before transplanting.

¢ Nutrient management: The process of supplying essential plant nutrients to seedlings
through fertilisers or organic manures.

o Pestcontrol: Measures taken to prevent or reduce damage to seedlings caused by insects,
rodents, or other pests.

e Site selection: The process of choosing a suitable location for establishing a nursery based
on factors such as drainage, soil fertility, and accessibility.

¢ Transplanting: The process of moving seedlings from the nursery to the mainfield for
further growth.

e Weeds: Unwanted plants that compete with seedlings for nutrients;water, and light.
Concept Check Questions [Series 2]
Objective questions

1. Which term refers to the process of moving seedlings from the nursery to the main field?
(Linked to SLO 2.4)

2. Which nursery practice involves supplying seedlings with essential plant nutrients? (Linked
to SLO 2.3)

3. Which factor must beconsidered when selecting a nursery site to prevent waterlogging?
(Linked to SLO 2.2)

Short-answer questions
4. Define anursery and explain its purpose in crop production. (Linked to SLO 2.1)

5. Describe one nursery management practice that supports healthy seedling growth. (Linked
to.SLO 2.3)

6. State two key care practices required after transplanting seedlings. (Linked to SLO 2.4)
Long-answer questions

7. Analyse the importance of nursery establishment in vegetable and orchard crop
production, and explain how site selection contributes to success. (Linked to SLO 2.1, SLO
2.2)

8. Evaluate the combined role of watering, nutrient management, and pest control in ensuring
healthy seedlings, and propose strategies for improving nursery management. (Linked to
SLO 2.3)

-
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Answers to Concept Check Questions [Series 2]

Objective answers

1.

2.

3.

Transplanting.
Nutrient management.

Good drainage.

Short-answer answers

4.

5.

6.

A nursery is a designated area where young plants are raised under controlled conditions
before transplanting. Its purpose is to provide seedlings with a favourable environment for
early growth.

Watering: supplying seedlings with adequate moisture to support growth.

Water seedlings immediately after transplanting and monitor for pests and diseases.

Long-answer answers

7.

Basic response: Nursery establishment is important because it provides a controlled
environment for seedlings, ensuring strong crop stands. Site selection contributes to
success by offering good drainage, fertile soil, and protection from adverse conditions.
Value-added response: Outstanding learners may also highlight how site selection
influences long-term sustainability, including accessibility for farmers, integration with
irrigation systems, and protection against climate risks.

Basic response: Watering; nutrient management, and pest control are essential for healthy
seedlings. Strategies include balanced irrigation, use of organic fertilisers, and regular
monitoringfor pests. Value-added response: Advanced learners may propose integrated
nursery management strategies, such as combining biological pest control, precision
irrigation,.and modern nursery technologies to enhance efficiency and sustainability.

Answers to Pilot Questions [Series 2]

Part 21

Young plants (seedlings)
Vulnerable

Clearing, levelling, and setting up seedbeds

Part2.2

-
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Underwatering

Light



e Sunlight

e Organised seedling growth

Part2.3
e OU
e Holes
e Watering

e High survival
References and Attributions [Series 2]
e Suggested illustration sources:

o Figure 2.1 Layout of a vegetable nursery (OER search string: “vegetable nursery
layout diagram OER”).

o Plate 2.1 Healthy seedlings in nursery trays (OER search string: “vegetable
seedlings nursery trays OER”).

o Figure 2.2 Proper watering techniques for seedlings (OER search string: “nursery
watering practices diagram OER”).

o Plate 2.2 Seedlings affected by weeds and pests (OER search string: “nursery
seedlings weeds pests OER”).

o Figure 2.3 Preparation of seedlings for transplanting (OER search string: “seedling
transplant preparation diagram OER”).

o Plate 2.3 Hand transplanting of vegetable seedlings (OER search string: “hand
transplanting vegetable seedlings OER”).

o Boxes created from instructional content:
o Box 2.1 Key considerations for nursery site selection
o  Box 2.2 Common nursery tools and equipment
o Box 2.3 Essential care after transplanting

e Al prompt suggestions were provided for each illustration to support future generation
using Al tools.

-
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Series 3: Orchard Crops Propagation

Series outline
3.1 Principles of orchard crop propagation
e 3.1.1 Definition and importance of propagation
e 3.1.2 Natural versus artificial propagation methods
¢ 3.1.3 Role of propagation in orchard crop management
3.2 Methods of orchard crop propagation
e 3.2.1 Seed propagation
o 3.2.2Vegetative propagation (cuttings, layering, grafting, budding)
¢ 3.2.3 Advantages and limitations of different methods
3.3 Practical considerations in propagation
e 3.3.1 Selection of propagation materials
¢ 3.3.2 Environmental and management factors affecting success

e 3.3.3 Nursery practices for propagated orchard crops

Introduction

Propagation is the foundation of orchard crop production, as it determines how new plants are
created and maintained for long-term productivity. Farmers and horticulturists rely on effective
propagation techniques to ensure that orchard crops such as citrus, mango, and guava are
established with strong root systems and desirable traits. Without proper propagation, orchards
may suffer from poor growth, reduced yields, and lack of uniformity.

The aim of this Series is to provide you with the knowledge and skills required to understand the
principles of orchard crop propagation, apply different propagation methods, and manage
practical considerations that influence success.

We shall commence this Series by examining the principles of orchard crop propagation, including
its definition, importance, and the distinction between natural and artificial methods. Next, we will
move on to methods of propagation, where you will explore seed propagation and vegetative
techniques such as cuttings, layering, grafting, and budding. Finally, we will conclude by
considering practical aspects of propagation, including the selection of materials, environmental
factors, and nursery practices that support successful orchard crop establishment.

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

-
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e SLO 3.1 define orchard crop propagation and explain its importance in orchard
management,

e SLO 3.2 distinguish between natural and artificial methods of propagation,
e SLO 3.3 demonstrate seed propagation techniques for orchard crops,

e SLO 3.4 apply vegetative propagation methods such as cuttings, layering, grafting, and
budding,

e SLO 3.5 analyse practical considerations including material selection, environmental
factors, and nursery practices that affect propagation success.

3.1 Principles of Orchard Crop Propagation
3.1.1 Definition and importance of propagation

Propagation is the process of creating new plants from existing ones, either through seeds or
vegetative methods. In orchard crop production, propagation ensures the multiplication of
desirable varieties, maintains genetic traits, and supports long-term orchard productivity. Without
effective propagation, orchards may lack uniformity and produce inconsistent yields.

Fillin the blank: Propagation is the process of creating new from existing ones.
Sexual Propagation (Seed) Asexual Propagation (Vegetative)
Seedbed / Nursery Tray Cuttings - @’ Cuttings
Seed / > Stem<_Leaf Root Clones parent plant
Extraction = > i Simple, but some species
)y Y Y difficut to root.

Grafting / Budding
Combines desired scion
with specific rootstock.
Widely used for fruit trees.

Seedling Seedling Simple ~ Air Layering

Rootstock Cultivar LD Roots form while attached
¥ >, S ] to parent plant.

Grafting True-to-type variation possible J&

‘Variation in Offspring

|
4
Produces genetically variable offspring.

Used primarily for rootstock
development or new cultivar breeding.

l <~ Micropropagation / Tissue Culture

=23 7 . Rapid propagation of virus-free clones.
i ‘P High-tech, high volume.

Finished Orchard Tree

Produces genetically identical offspring (clones) to the parent.
Ensures desirable tralts like yield, quality, and disease resistance.
Preferred method for commercial orchard establishment.

Figure 3.1 Pathways of orchard crop propagation

Diagram showing seed and vegetative propagation pathways Caption: Figure 3.1 Pathways of
orchard crop propagation

3.1.2 Natural versus artificial propagation methods
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Natural propagation occurs when plants reproduce on their own through seeds, suckers, or
runners. This method is simple but often results in variability among plants. Artificial propagation
involves human intervention, such as grafting, budding, or layering, to produce uniform plants with
desirable traits. Artificial methods are widely used in orchard crop production to ensure
consistency and quality.

Fillin the blank: Natural propagation often results in plant , while artificial propagation
ensures uniformity.

Plate 3.1 Comparison of natural and artificial propagation

A. Naturally Grown Seedling (Sexual) B. Grafted Orchard Seedling (Asexual)

— Uniform
Clone
(Scion)

Graft Union
Specific
Rootstock
(e.g., C-35)

Variable
Offspring

Variable, slow to bear, less vigorous root system. Uniform, true-to-type, early bearing, vigorous rootstock.

Image showing grafted orchard seedlings compared with naturally grown seedlings Caption: Plate
3.1 Comparison of natural and artificial propagation

3.1.3 Role of propagation in orchard crop management

Propagation plays a central role in orchard crop management by ensuring the availability of healthy
planting materials, maintaining varietal purity, and enabling the introduction of improved cultivars.
It also supports orchard expansion and replacement of old or diseased trees. Effective propagation
practices therefore contribute directly to orchard sustainability and profitability.

Fillinthe blank: Propagation helps maintain purity in orchard crop production.
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Box 3.1 Roles of propagation in orchard crop management

#_ Healthy Materials
Provides healthy planting materials: Ensures clones are
free from systemic diseases and pathogens.

¥, qé’ Varietal Purity
Maintains varietal purity: Guarantees the offspring retains
all the desirable characteristics of the parent cultivar
(e.g., fruit quality, flavour).

("f/“ Expansion & Replacement

@ bl Enables orchard expansion and replacement: Allows for
% the scaled-up planting of new areas and the
< systematic replacement of aged or unproductive trees.

+ (/) Improved Cultivars

‘ Supports introduction of improved cultivars:
S~ . ¢ Facilitates the rapid multiplication and dissemination of
¥ = new, high-yielding, disease-resistant, or climate-adapted
varieties.

Box 3.1 Roles of propagation in orchard crop management

Pilot questions 3.1

1.

2.

What is propagation in orchard crop production?

Why is propagation importantfor orchard crops?

Distinguish between natural'and artificial propagation methods.
State one role of propagation.in orchard crop management.

Fillin the blank:‘Artificial propagation methods such as grafting and budding ensure
plants with desirable traits:

3.2 Methods of Orchard Crop Propagation

3.2.1 Seed propagation

Seed propagation involves growing orchard crops directly from seeds. It is the simplest and most
natural method, often used for crops like citrus and guava. However, seed propagation may lead to
variability in‘ plant characteristics because seedlings may not retain all the desirable traits of the
parent plant. Despite this limitation, it remains useful for producing rootstocks and for crops where
uniformity is less critical.

Fill in the blank: Seed propagation may lead to plant because seedlings may not retain all
parent traits.

-
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1. Seed Extraction & Cleaning 2. Seed Viability Test (Optional)

/ Extract seeds from ripe fruit. (”-\;‘ ‘C‘—J -, Conduct TZ test to determine
Remove pulp and wash :/x A < seed viability and potential
thoroughly. % \J\ ‘ P y\ germination percentage.

ﬂ ( 7_7(0 '/
y

3 Stratification (Dormancy Break)
Some seeds require a cold, moist =

period to break dormancy.
Store at 3-5°C for 30-90 days.

5. Seedling Emergence & Growth
First True Leaves

4. Sowing in Seedbed
Sow seeds in a prepared
seedbed. Maintain adequate
moisture and light.

Seedlings emerge after 2-5 weeks. P Healthy Root
Transplant to individual pots when System
10-15 cm tall. CrrE  ———

o's

Diagram showing seed propagation process in orchard crops Caption: Figure 3.2 Seed propagation
in orchard crops

Figure 3.2 Seed propagation in orchard crops

3.2.2 Vegetative propagation (cuttings, layering, grafting; budding)

Vegetative propagation is the process of producing new plants from vegetative parts such as
stems, roots, or leaves. Common methods include:

e Cuttings: Planting stem or root sections to produce new plants.
¢ Layering: Bending a branchto the ground and covering part of it with soil until roots form.

¢ Grafting: Joining a scion (shoot) of one plant to the rootstock of another to combine
desirable traits.

o Budding: Inserting a bud from one plant into another to propagate specific varieties.

Vegetative propagation ensures uniformity and preserves desirable traits such as fruit quality and
disease resistance.

Fillin the blank: Grafting involves joining a scion to a to combine desirable traits.
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Plate 3.2 Grafting and budding in orchard crops

A. Whip and Tongue Grafting B. T-Budding

Scion ————— Whip & Tongue Bﬁqug
(desired cultivar) Interlocking Cuts *
Bud Shield thup
T-Cuton
Rootstock
Rootstock

Grafting Tape

(vigorous base) (securing union)

Tying Bud with
Rubber Strip

Strong union, used for smaller diameter wood, early spring. Efficient use of scion wood, done in summer when bark slips.

a UHTTLTHHHUW]TB—‘

Image showing grafting and budding techniques in orchard crops Caption: Plate 3.2 Grafting and
buddingin orchard crops

3.2.3 Advantages and limitations of different methods

Each propagation method has its advantages and limitations. Seed propagation is simple and
inexpensive but may result in variability. Vegetative propagation ensures uniformity and preserves
desirable traits, but it requires more skill and resources. Farmers often choose methods based on
crop type, desired traits, and available resources.

Fillin the blank: Vegetative propagation ensures and preserves desirable traits such as fruit
quality.
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Box 3.2 Advantages and limitations of propagation methods

Pilot questions 3.2
1. Whatis seed propagation in orchard crops?
2. Why may seed propagation lead to variability in plants?
3. Name two vegetative propagation methods used in orchard crops.
4. Whatis the main advantage of vegetative propagation?
5. Fillinthe blank: Farmers often choose propagation methods based on crop type, desired

() Advantages

= Simple and inexpensive: Requires minimal equipment
and effort.

* Genetic variation: Allows for selection of new cultivars
cultivars.

e Long-lived seeds: Can be stored easily.

€ Limitations

« Variable offspring: Results in genetic segregation and
non-uniform plants.

e Long juvenile phase: Delays fruiting in many orchard
crops.

e Disease transmission: Seeds can carry certain
pathogens.

@ Vegetative Propagation

(9 Advantages

» Uniform plants: Produces clones that are genetically
identical to the parent.

* Preserves traits: Maintains desirable fruit quality, yield,
and disease resistance.

 Shorter juvenile phase: Trees bear fruit sooner than
seed-propagated ones.

€3 Limitations

 Requires skill and labour: Methods like grafting and
budding demand expertise.

o Higher initial cost: Needs specialised materials and
rootstock.

e Limited genetic base: Can increase vulnerability to
pests and diseases.

Box 3.2 Advantages and limitations of propagation methods

, and available resources.

3.3 Practical Considerations in Propagation

3.3.1 Selection of propagation materials

The success of orchard crop propagation depends greatly on the quality of propagation materials,
such as seeds, cuttings, scions, or buds. Materials should be taken from healthy, disease-free
plants with desirable traits. For vegetative propagation, selecting vigorous scions or buds ensures
that the new plants inherit the qualities of the parent plant. Careful selection reduces risks of poor
growth and crop failure.

Fill in the blank: Propagation materials should be taken from healthy,
desirable traits.

-free plants with
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Plate 3.3 Selection of propagation materials

A. Healthy Scion Wood Selection B. Bud Stick Preparation

Vigorous, s 3 Plump, healthy
disease-free wood. , vegetative bud.

Uniform diameter, plump buds, free from lesions. Select from current season's growth, avoid flower buds.

Image showing selection of healthy scions and buds for propagation Caption: Plate 3.3 Selection of
propagation materials

3.3.2 Environmental and management factors affecting success

Environmental conditions such as temperature, humidity, and soil fertility strongly influence
propagation success. For example, cuttings may fail to root if the soil is too dry or infertile.
Management practices, including proper watering, shading, and pest control, also play a role.
Farmers must create favourable conditions to maximise survival rates and ensure uniform growth
of propagated plants.

Fillin the blank: Cuttings may fail to root if the soil is too or infertile.
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A. Temperature Effect
JA Optimal (18-25°C)

B Sub-optimal (<15°C or >30°C)
£322°C
O]

Low temperatures slow metabolism;
High temperatures cause heat stress
stress and desiccation.

Reduces success.

Promotes callus formation and
rapid vascular connection.
Ideal for most orchard crops.
Ideal for most orchard crops.

i

B. Humidity Effect

1 High Relative Humidity (80-90%) Low Relative Humidity (<50%)
gss{s) :> Cﬁ"}
2840 | Minimises water loss from scion. Rapid water loss leads to scion death.
| Prevents desiccation before Increases transplant shock.
o vascular connection. Requires misting.
e = ww e w = )

C. Soil Fertility Effect
Balanced Soil Nutrients  Balanced Soil Nutrients
- Soll

| [sm)
N-P-K

Imbalanced/Poor Soil Fertility

Alg Soil

Provides essential elements for 30,| test Deficiencies (e.g., N, P) limit growth
new root and shoot growth. and root development. Excess salts
Supports overall plant health. cause toxicity. Impairs healing.

Figure 3.3 Environmental factors influencing propagation success O (o]

Diagram showing environmental factors affecting propagation success Caption: Figure 3.3
Environmental factors influencing propagation success

3.3.3 Nursery practices for propagated orchard crops

Nursery practices are essential for managing propagated orchard crops before they are
transplanted. These include raising seedlings or grafted plants in controlled environments,
providing adequate water and nutrients, and protecting them from pests and diseases. Proper
nursery management ensures that propagated plants are strong and ready for field establishment.

Fillin the blank: Nursery practices ensure that propagated plants are strong and ready for
establishment.
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Box 3.3 Nursery practices for propagated orchard crops

Water & Nutrients

S‘ . Provide adequate water and balanced nutrients (N, P, K) to
support vigorous new root and shoot growth.

Pest & Disease Protection

Protect young plants from pests (e.g., aphids, mites) and
~ 1 diseases (e.g., fungal spots, wilt) through scouting and
~~integrated management.

Use Shading Structures

NF n. Use shading structures to reduce heat stress, prevent
- - desiccation, and promote even growth during early
1 ' development.

growth = Monitor Growth

4} Monitor growth regularly to assess vigour and readiness
Bl [F @ for transplanting. Ensure plants are acclimatised
{ Bl 4 (hardened-off).

Box 3.3 Nursery practices for propagated orchard crops
Pilot questions 3.3
1. Why s the selection of propagation materials important?
2. Name one environmental factor that affects propagation success.
3. What management practice helps reduce stress in propagated plants?
4. State one nursery practice that supports propagated orchard crops.

5. Fillin the blank:'Proper nursery management ensures plants are ready for

Series Summary

This Series has explored.the principles and practices of orchard crop propagation, which is
essential for establishing productive and sustainable orchards. We began by defining propagation
and distinguishing between natural and artificial methods, highlighting its importance in orchard
management. We then examined seed and vegetative propagation techniques, including cuttings,
layering, grafting, and budding, while considering their advantages and limitations. Finally, we
addressed practical considerations such as selecting quality propagation materials, managing
environmental factors, and applying nursery practices to ensure success.

By completing this Series, you should now be able to define orchard crop propagation, distinguish
between natural and artificial methods, demonstrate seed and vegetative propagation techniques,
and analyse practical considerations that influence success. These abilities align directly with the
Series Learning Outcomes (SLOs) and equip you with the skills needed to manage orchard crops
effectively.

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



Glossary of Terms

e Artificial propagation: Human-assisted methods of plant reproduction, such as grafting,
budding, or layering, used to ensure uniformity and desirable traits.

e Cuttings: Sections of stems or roots planted to produce new plants in vegetative
propagation.

e Grafting: A vegetative propagation method where a scion (shoot) is joined to a rootstock to
combine desirable traits.

¢ Natural propagation: Plant reproduction that occurs without human intervention, such as
through seeds, suckers, or runners.

¢ Propagation: The process of creating new plants from existing ones, either through seeds
or vegetative methods.

¢ Rootstock: The lower part of a plant used in grafting, onto which a scion is joined.
e Scion: Ashoot or twig used in grafting to transfer.desirable traits‘to a rootstock.

o Vegetative propagation: The reproduction of plants using vegetative parts such as stems,
roots, or leaves, ensuring uniformity and preservation of traits.

Concept Check Questions [Series 3]
Objective questions
1. Which term refers to plant reproduction without human intervention? (Linked to SLO 3.2)

2. Which vegetative propagation method involves inserting a bud into another plant? (Linked
to SLO 3.4)

3. Which part of the plantis used as the base in grafting? (Linked to SLO 3.4)
Short-answer questions

4. Define propagation and explain its importance in orchard crop management. (Linked to
SLO 3.1)

5. Describe one advantage and one limitation of seed propagation. (Linked to SLO 3.3)
6. State two environmental factors that affect propagation success. (Linked to SLO 3.5)
Long-answer questions

7. Analyse the differences between natural and artificial propagation methods, and explain
why artificial methods are preferred in orchard crop production. (Linked to SLO 3.2)

-
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8. Evaluate vegetative propagation techniques such as cuttings, layering, grafting, and
budding, and propose strategies to improve their success in orchard management. (Linked
to SLO 3.4, SLO 3.5)

Answers to Concept Check Questions [Series 3]
Objective answers

1. Natural propagation.

2. Budding.

3. Rootstock.
Short-answer answers

4. Propagation is the process of creating new plants from existing ones. It is.important
because it ensures multiplication of desirable varietiesiand supports orchard productivity.

5. Advantage: simple and inexpensive. Limitation: variability.in plant traits.
6. Temperature and soil fertility.

Long-answer answers

7. Basic response: Natural propagation occurs withouthuman intervention and often results
in variability, while artificial propagation involves techniques like grafting and budding to
ensure uniformity. Artificial methods are preferred because they preserve desirable traits
and improve orchard productivity. Value-added response: Outstanding learners may also
note that artificial methods allow for disease resistance, faster orchard establishment, and
introduction of improved cultivars, making them more reliable for commercial production.

8. Basic response: Vegetative propagation techniques such as cuttings, layering, grafting,
and budding ensure uniformity and preserve desirable traits. Strategies to improve success
include selecting healthy materials and maintaining favourable environmental conditions.
Value-added response: Advanced learners may propose integrating modern technologies
such as tissue culture, controlled environment nurseries, and precision irrigation to
enhance propagation success and sustainability.

Answers to Pilot Questions [Series 3]
Part 3.1

¢  Newplants

e Variability

e Varietal purity

e Uniform

o)
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Part 3.2
e Growing orchard crops directly from seeds
e Genetic variability
e Cuttings and grafting
e Uniformity
e Desired traits
Part 3.3
o Disease-free
e Dry
e Shading
o Field establishment
References and Attributions [Series 3]
e Suggested illustration sources:

o Figure 3.1 Pathways of orchard.crop propagation (OER search string: “orchard crop
propagation diagram OER”).

o Plate 3.1 Comparison of natural and artificial propagation (OER search string:
“natural vs artificial propagation orchard crops OER”).

o Figure 3.2 Seed propagationin orchard crops (OER search string: “orchard crop
seed propagation diagram OER”).

o Plate 3.2 Grafting and budding in orchard crops (OER search string: “orchard crop
grafting budding OER”).

o ' Plate 3.3 Selection of propagation materials (OER search string: “healthy scions
buds.orchard crops OER”).

o Figure 3.3 Environmental factors influencing propagation success (OER search
string: “environmental factors affecting propagation orchard crops OER”).

e  Boxes created from instructional content:
o Box 3.1 Roles of propagation in orchard crop management
o Box 3.2 Advantages and limitations of propagation methods

o Box 3.3 Nursery practices for propagated orchard crops

-
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o Al prompt suggestions were provided for each illustration to support future generation
using Al tools.

Series 4: Vegetable Production to Harvest

Series outline
4.1 Field preparation and planting
e 4.1.1 Land preparation (tillage, soil fertility management)
o 4.1.2 Seed selection and sowing methods
e 4.1.3 Plant spacing and crop establishment
4.2 Crop management practices
e 4.2.1Watering and irrigation methods
e 4.2.2Weed, pest, and disease control
o 4.2.3 Nutrient management during growth
4.3 Harvesting and post-harvest handling
e 4.3.1Indicators of maturity and harvesting techniques
e 4.3.2 Handling and storage of harvested vegetables

o 4.3.3 Post-harvest losses and reduction strategies

Introduction

Vegetable productionis a step-by-step process that begins with preparing the land and ends with
harvesting and handling the produce. Each stage requires careful planning and management to
ensure high yields and good quality vegetables. Farmers who understand these processes are
better equipped to reduce losses, improve efficiency, and maximise profits.

The aim of this Series is to equip you with practical knowledge and skills for producing vegetables
from planting to harvest.

We shall commence this Series by examining field preparation and planting, including land
preparation, seed selection, and crop establishment. Next, we will explore crop management
practices such as irrigation, weed and pest control, and nutrient management. Finally, we will

-
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conclude with harvesting and post-harvest handling, focusing on maturity indicators, storage, and
strategies to reduce losses.

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

e SLO 4.1 describe the steps involved in land preparation, seed selection, and crop
establishment for vegetable production,

e SLO 4.2 demonstrate crop management practices including irrigation, weed and pest
control, and nutrient management,

e SLO 4.3 identify indicators of maturity and apply appropriate harvesting techniques,

e SLO 4.4 explain post-harvest handling methods and strategies to reduce losses in
vegetable production.

4.1 Field Preparation and Planting
4.1.1 Land preparation (tillage, soil fertility management)

Land preparation is the first step in vegetable production. It involves clearing the field, ploughing
or tilling the soil, and incorporating organic matter or fertilisers to improve fertility. Proper land
preparation ensures good soil structure;aeration; and nutrient availability, which are essential for
healthy crop growth.

Fillin the blank: Proper land preparation ensures good soil structure, , and nutrient
availability.

-
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1. Land Clearing & Debris Removal 2. Primary Tillage (Ploughing)

Remove large vegetation, rocks, and debris. Break and loosen the soil. Improve aeration and drainage.
Clear the area for cultivation. Improve aeration and drainage.
Incorporate surface residue.

Mouldboard Plough -

(20-30cm)

==

3. Secondary Tillage (Harrowing & Levelling) 4. Fertiliser Incorporation & Bed Formation

Pulverise soil clods, create a fine seedbed, Apply basal fertiliser and incorporate into
Level the land for uniform planting and the root zone. Shape raised beds for
irrigation. Rl — Leveller/Float better drainage and soil warming._

Disc Harrow . @ Raised Bed Former

Fertiliser Spreader

&S Incorporated
Fertiliser

o's

Diagram showing stages of land preparation for vegetable crops Caption: Figure 4.1 Stages of land
preparation

Figure 4.1 Stages of land preparation

4.1.2 Seed selection and sowing methods

Selecting the right seeds is critical for successfulvegetable production. Seeds should be viable,
disease-free, and suited to local growing conditions. Sowing methods vary depending on the crop
and may include broadcasting, drilling, or transplanting seedlings from nurseries. Correct sowing
ensures uniform crop stands and efficient use of resources.

Fillin the blank: Seeds should be viable, -free, and suited to local growing conditions.
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Plate 4.1 Sowing methods in vegetable production

X

Established
Plant
R 724

- R s ‘
C. Transplanting

A. Broadcasting B. Drilling (Row Sowing)

Seeds scattered by hand. Simple, but Seeds sown in furrows. Precise, saves Seedlings moved from nursery to field.
uses more seed and requires thinning. seed, easier to weed. Maximises growing season, reduces

early plant mortality.

Image showing farmers sowing vegetable seeds using different methods Caption: Plate 4.1 Sowing
methods in'vegetable production

4.1.3 Plant spacing and crop establishment

Proper plant spacing is essential to avoid overcrowding and competition for nutrients, water, and
sunlight. Each vegetable crop has recommended spacing guidelines that ensure optimal growth
and yield. Crop establishment refers to the successful germination and early growth of seedlings,
which depends on correct spacing, soil fertility, and adequate moisture.

Fillin the blank: Proper plant spacing prevents overcrowding and competition for nutrients, water,
and
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Box 4.1 Recommended spacing for selected vegetable crops

Tomatoes ‘ 1?60 =
60 cm x 60 cm L 3L

60 cm
Provides ample space for vigorous growth and fruit
development. Essential for staking.

Cabbage ’ I Ids =
45 cm x 45 cm J

45¢cm
Ensures good head formation and air circulation. Suitable for block
planting.

-):%é Okra !LQKIGOCm
“ 30cmx60em  Xenlg ,;ﬁir,u
cm
A Allows for upright growth and pod harvesting. Wider row spacing facilitates
| access.
fom i [l
Pepper o soem
50 cm x 50 cm L L

50 cm
Provides balanced space for bushy habit and high yield.
Good for consistent spacing.

Box 4.1 Recommended spacing for selected vegetable crops
Pilot questions 4.1
1. Whatis the purpose of land preparation in vegetable production?
2. Why is seed selection important for.crop establishment?
3. Name one sowing method used in vegetable production.
4. Whatisthe role of plant spacing in crop growth?

5. Fillinthe blank: Crop establishment depends on correct spacing, soil fertility, and
adequate

4.2 Crop Management Practices
4.2.1 Watering and irrigation methods

Watering is essential for vegetable growth, but the method and frequency depend on the crop type
and local climate. Irrigation methods include surface irrigation, sprinkler irrigation, and drip
irrigation. Drip irrigation is particularly efficient because it delivers water directly to the root zone,
reducing wastage and disease risks.

Fillin the blank: Drip irrigation delivers water directly to the zone of plants.
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Figure 4.2 Irrigation methods in vegetable production

A. Surface Irrigation (Furrow) B. Sprinkler Irrigation D. Drip Irrigation (Micro-irrigation)

Sprinkler Head
High Evaporation Y ’ Simulated
& Runoff Sprinkler Pipe \ Rainfall Emitter

Furrow

Water Source

Evaporation
from leaves

y Water
droplets

Wetted

High Evaporation .
Evaporation
Water flows by gravity through furrows. Water applied as spray. Adaptable to various Water delivered precisely to root zone.
Low initial cost, but high water loss and terrains, but high energy cost and potential High water use efficiency, reduced weed
uneven distribution. |for disease. growth, low runoff.

o's

Figure 4.2 Irrigation methods in vegetable production

Diagram showing different irrigation methods (surface, sprinkler, drip) Caption: Figure 4.2 Irrigation
methods invegetable production

4.2.2 Weed, pest, and disease control

Weeds compete with vegetables for nutrients, water, and light, while pests and diseases can
reduce yield and quality. Effective controlinvolves regular weeding, integrated pest management
(IPM), and use of resistant crop varieties. Farmers may also apply biological or chemical controls,
but these must be used carefully.to avoid harming the environment.

Fillin the blank: Integrated pest management (IPM) combines cultural, biological, and
methods for effective control.
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Plate 4.2 Weed and pest control in vegetable fields

A. Mechanical Weeding B. Biological Pest Control C. Targeted Chemical Application
Manual removal of weeds reduces Introducing natural predators to manage Use of registered pesticides -
competition for nutrients and water. pest populations sustainably. Follow Label.

. F ] B Predator-Prey [ BN . R Targeted
e | Balance | Application
A. Mechanical Weeding B. Biological Pest Control C. Targeted Chemical Application
Manual removal of weeds reduces Introducing natural predators to manage Use of registered pesticides when
competition for nutrients and water. pest populations sustainably. thresholds are met, minimising drift

and environmental impact.

Image showing farmers removing weeds and applying pest control measures Caption: Plate 4.2
Weed and pest controlin vegetable fields

4.2.3 Nutrient management during growth

Vegetables require balanced nutrients for healthy growth. Farmers often apply organic manures or
chemical fertilisers to supply nitrogen, phosphorus,and potassium. Nutrient management also
involves monitoring soil fertility and adjusting inputs to avoid deficiencies or excesses. Proper
nutrient management ensures.high yields and good quality produce.

Fillin the blank: Vegetables require balanced nutrients such as nitrogen, phosphorus, and
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Box 4.2 Key nutrients for vegetable growth

NG Y|

..aa8 Nitrogen (N) c'

I\m }\Zf iT L(mmn)

: \‘ 7 Promotes rapid vegetative ag/elopment, essential for
- leaf and stem growth. Crucial for early plant vigour.

Phosphorus (P) e |

P

; P (Phosphorus) [
mmppons strong root establishment, flowering, and seed
formation. Vital for energy transfer within the plant.
Potassium (K) 4 | 3
o

K
K (Potassium)

(Pnuul!ll),
N = . ‘ . s 7
Enhances overall plant health, improves fruitand 7=
vegetable quality, and increases resistance to
diseases and stress.

Box 4.2 Key nutrients for vegetable growth
Pilot questions 4.2
1. Name one irrigation method used invegetable production.
2. Why isdripirrigation considered efficient?
3. Whatistherole of integrated pest management (IPM)?
4. State one nutrient essential for vegetable growth.

5. Fillin the blank:'Nutrient management ensures high yields and good produce.

4.3 Harvesting and Post-Harvest Handling
4.3.1 Indicators of maturity and harvesting techniques

Vegetables must be harvested at the right stage of maturity to ensure quality and market value.
Indicators of maturity vary by crop: tomatoes turn red, okra pods become tender, and cabbage
heads become firm. Harvesting techniques include handpicking, cutting, or uprooting, depending
on‘the crop type. Timely harvesting prevents losses and maintains nutritional quality.

Fillin the blank: Harvesting vegetables at the right stage of ensures quality and market
value.
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Figure 4.3 Indicators of vegetable maturity

A. Tomato Fruit Ripening Stages Breaker Turning/Pink Red Ripe
Immature Green Mature Green First hint of pink/red color 30-60% red surface. >90% red surface
color (<10% surface)
@ — P — e — B R
High starch, low sugar. Reached maximum size. Ripening process initiated. Sugar development Peak flavor, color, and sugar
Firm. Ready for ethylene trigger. (<10% surface). accelerates. content. Softening begins.
Days from Flowering P

B. Cabbage Head Firmness

. S ) r.-' P |
Immature/Loose N squeezte|(/ 2l )\ Mature/Firm J;T\J
Pufy, light. Wop easyto |\ A | —>  Heay, solid : ] W\ 7 |
Undersized. E "Lda%'i‘lts Al Prime for harvest. Xe) S‘ﬁ;‘;’fsﬁg
Y. &t %7 indentation
C. Okra Pod Tenderness -
Tender/Immature _— ¥ <L Fibrous/Mature />__\_J 4
s7dysater O | — o 1ot
flowering. Ussr:)’;t“\,\ 1 Tty._glgrd o
Snaps cleanly. Easily snapped. |~ gees Overmature. Resists snapping, is woody. | a"gb'gr“sgh

Figure 4.3 Indicators of vegetable maturity

Diagram showing maturity indicators for selected vegetables Caption: Figure 4.3 Indicators of
vegetable maturity

4.3.2 Handling and storage of harvested vegetables

Proper handling after harvest is critical because vegetables are highly perishable. Gentle handling
reduces bruising, while storage methods such as refrigeration, use of ventilated crates, and

controlled humidity extend shelf life. Farmers must avoid exposure to direct sunlight and excessive
heat to maintain freshness.

Fillin the blank: Gentle handling of vegetables after harvest reduces and maintains quality.
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Plate 4.3 Proper storage of harvested vegetables

Image showing harvested vegetables stored in ventilated crates Caption: Plate 4.3 Proper storage
of harvested vegetables

4.3.3 Post-harvest losses and reduction strategies

Post-harvest losses occur due to poor handling, inadequate storage, and delayed marketing. These
losses reduce farmer income and food availability. Strategies to reduce losses include timely
harvesting, use of improved storage facilities, processing into value-added products, and efficient
transportation. Reducing losses ensures food security and profitability.

Fillin the blank: Post-harvest losses reduce farmer and food availability.
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Box 4.3 Strategies to reduce post-harvest losses

Timely Harvesting

Harvest vegetables at the optimal maturity stage to maximise
quality and shelf life. Avoid harvesting during extreme heat.
heat.

Improved Storage Facilities

Utilise cool, well-ventilated storage facilities with appropriate
temperature and humidity control to slow deterioration.
deterioration.

~> ++ $ Processing into Value-Added Products

A : ‘ Process surplus or lower-grade produce into products like
Eno o ? p))  sauces, pickles, or dried vegetables to extend shelf life and

W =< increase income.
IV‘! _ Efficient Transportation and Marketing
RS =9 Ensure careful handling during transport in refrigerated or
= — well-ventilated vehicles to reach markets quickly and
Agark reduce physical damage.

Box 4.3 Strategies to reduce post-harvest losses
Pilot questions 4.3
1. Whatis one indicator of maturity fortomatoes?
2. Why is gentle handling important after harvesting vegetables?
3. Name one storage method that extends vegetable shelf life.
4. State one strategy toreduce post-harvest losses.

5. Fillin the blank:'Reducing post-harvest losses ensures food security and

Series Summary

This Series has covered the complete cycle of vegetable production to harvest. We began with
field preparation and planting, focusing on land preparation, seed selection, and crop
establishment. We then examined crop management practices, including irrigation, weed and
pest control, and nutrient management. Finally, we explored harvesting and post-harvest
handling, highlighting maturity indicators, storage methods, and strategies to reduce losses.

By completing this Series, you should now be able to prepare land, select seeds, manage crops
effectively, and apply proper harvesting and post-harvest techniques. These skills align with the
Series Learning Outcomes (SLOs) and equip you to produce vegetables efficiently while minimising
losses.

Glossary of Terms
e Crop establishment: The successful germination and early growth of seedlings in the field.

-
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o Dripirrigation: An irrigation method that delivers water directly to the root zone of plants.

¢ Integrated pest management (IPM): A system combining cultural, biological, and
chemical methods to control pests sustainably.

¢ Land preparation: The process of clearing, ploughing, and fertilising soil before planting
crops.

e Maturity indicators: Signs that vegetables are ready for harvest, such as colour change or
firmness.

o Post-harvest losses: Reduction in quantity or quality of produce after harvest due to poor
handling or storage.

e Spacing: The recommended distance between plants to avoid overcrowding and
competition.

Concept Check Questions [Series 4]
Objective questions
1. Which irrigation method delivers water directly to the root zone? (Linked to SLO 4.2)

2. Which practice combines cultural, biological, and chemical methods for pest control?
(Linked to SLO 4.2)

3. Which term refers to the successful germination and early growth of seedlings? (Linked to
SLO 4.1)

Short-answer questions

4. Define land preparation and explain its importance in vegetable production. (Linked to SLO
4.1)

5. State oneindicator of maturity for cabbage. (Linked to SLO 4.3)
6. Describe one strategy to reduce post-harvest losses. (Linked to SLO 4.4)

Long-answer questions

7. Analyse the role of seed selection, sowing methods, and spacing in crop establishment.
(Linked to SLO 4.1)

8. Evaluate crop management practices such as irrigation, pest control, and nutrient
management, and explain how they contribute to high yields and quality produce. (Linked
to SLO 4.2)

Answers to Concept Check Questions [Series 4]

Objective answers

-
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1. Dripirrigation.

2. Integrated pest management (IPM).

3. Crop establishment.
Short-answer answers

4. Land preparation involves clearing, ploughing, and fertilising soil before planting:ltis
important because it improves soil structure, aeration, and nutrient availability.

5. Firmness of the cabbage head.
6. Improved storage facilities such as refrigeration or ventilated crates.

Long-answer answers

7. Basic response: Seed selection ensures viable and disease-free seeds, sowing methods
determine uniform crop stands, and spacing prevents overcrowding: Value-added
response: Advanced learners may also highlight how these practices influence resource
efficiency, reduce competition, and improve long-term productivity.

8. Basic response: Irrigation provides water, pest control reduces damage, and nutrient
management supplies essential elements for growth. Together, they ensure high yields and
quality produce. Value-added response: Outstanding learners may propose integrating
modern technologies such as drip.irrigation systems, biological pest control, and precision
fertiliser application to enhance sustainability.

Answers to Pilot Questions [Series 4]
Part 4.1

e Aeration

o Disease-free

e Sunlight

e ( Maisture
Part4.2

e Surface irrigation

e | Rootzone

¢ Chemical

e Potassium

e Quality
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Part4.3
e Maturity
e Bruising
o Refrigeration
e Timely harvesting
e Profitability
References and Attributions [Series 4]
o Suggested illustration sources:

o Figure 4.1 Stages of land preparation (OER search string: “land preparation
vegetable crops diagram OER”).

o Plate 4.1 Sowing methods in vegetable production (OER search string: “vegetable
seed sowing methods OER”).

o Box4.1 Recommended spacing for selected vegetable crops (OER search string:
“vegetable crop spacing guidelines OER”).

o Figure 4.2 Irrigation methods in.vegetable production (OER search string: “irrigation
methods vegetable crops.diagram OER”).

o Plate 4.2 Weed and‘pest controlin vegetable fields (OER search string: “weed pest
control vegetable crops OER”).

o Box 4.2 Key nutrients for vegetable growth (OER search string: “nutrient
management vegetable crops OER”).

o Figure 4.3 Indicators of vegetable maturity (OER search string: “vegetable maturity
indicators diagram OER”).

o ' Plate 4.3 Proper storage of harvested vegetables (OER search string: “vegetable
storage ventilated crates OER”).

o Box 4.3 Strategies to reduce post-harvest losses (OER search string: “post harvest
loss reduction strategies vegetables OER”).

o Al prompt suggestions were provided for each illustration to support future generation
using Al tools.
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Series 5: Pest and Disease Management

Series outline
5.1 Principles of pest and disease management
e 5.1.1 Definition of pests and diseases in crops
e 5.1.2 Importance of managing pests and diseases
¢ 5.1.3 Economic and ecological impacts of poor management
5.2 Identification and control methods
e 5.2.1 Common pests and diseases in vegetable and orchard crops
e 5.2.2 Cultural control methods (crop rotation, sanitation, resistant varieties)
e 5.2.3Biological and chemical control methods
o 5.2.4Integrated pest management (IPM)
5.3 Preventive and sustainable practices
e 5.3.1 Preventive measures to reduce pest and disease risks
e 5.3.2 Safe use of pesticides and environmental considerations

o 5.3.83 Sustainable approaches to pestand disease management

Introduction

Pests and diseases are among the most serious challenges in crop production, often causing
significant yield losses and reducing the quality of produce. Effective management is therefore
essential to ensure food security, farmer profitability, and environmental sustainability.

The aim of this Series is to provide you with the knowledge and skills required to identify, control,
and prevent pests and diseases in vegetable and orchard crops.

We'shall commence this Series by examining the principles of pest and disease management,
including definitions, importance, and impacts. Next, we will explore identification and control
methods, covering cultural, biological, chemical, and integrated approaches. Finally, we will
conclude with preventive and sustainable practices, focusing on safe pesticide use,
environmental considerations, and long-term strategies for sustainable crop protection.

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

e SLO 5.1 define pests and diseases in crops and explain their importance in crop

-
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¢ SLO5.2identify common pests and diseases affecting vegetable and orchard crops,

e SLO 5.3 describe cultural, biological, chemical, and integrated methods of pest and
disease control,

e SLO 5.4 apply preventive measures and explain safe pesticide use,

e SLO 5.5 evaluate sustainable approaches to pest and disease management.

5.1 Principles of Pest and Disease Management
5.1.1 Definition of pests and diseases in crops

Pests are organisms such as insects, rodents, or nematodes that damage crops by feeding on
them. Diseases are caused by pathogens like fungi, bacteria, and viruses that interfere with plant
growth and productivity. Together, pests and diseases reduce yield-and quality if not properly
managed.

Fillin the blank: Pests are organisms that damage cropsby on them.

Figure 5.1 Common pests and diseases in crops
A. Insect Pests Aphids (Sucking Insect) Caterpillar (Chewing Insect) Spider Mites

B. Fungal Diseases
Powdery Mildew ‘

L e
Rapidly spreading lesions on
leaves and fruit; causes fruit rot.

3N White, powdery spots on leaves;
(,_} reduces photosynthesis.

Sunken, dark spots on fruit and
stems; common on fruit crops.

C. Bacterial Diseases

Bacterial Leaf Spot Bacterial Wilt

(Vascular Disease)

&Small. dark spots, often with
a yellow halo; favoured by
wet conditions.

Figure 5.1 Common pests and diseases in crops 530

bacteria block water transport.

Diagram showing examples of crop pests and diseases Caption: Figure 5.1 Common pests and
diseases in crops

5.1.2Importance of managing pests and diseases

Managing pests and diseases is critical to ensure food security, farmer income, and crop quality.
Poor management can lead to significant yield losses, increased production costs, and reduced
market value. Effective management also protects the environment by reducing indiscriminate
pesticide use.
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Fillin the blank: Poor pest and disease management can lead to significant losses.

pests
5.1.3 Economic and ecological impacts of poor management

Failure to manage pests and diseases has both economic and ecological consequences.
Economically, farmers lose income due to reduced yields and poor quality produce. Ecologically,
overuse of pesticides can harm beneficial organisms, pollute water sources, and disrupt
ecosystems. Sustainable management practices are therefore essential to balance productivity
with environmental protection.

Fillin the blank: Overuse of pesticides can harm beneficial and disrupt ecosystems.
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Box 5.1 Impacts of poor pest and disease
management

Economic: \,\ Ecological: ‘Xﬁ

* reduced yields * harm to beneficial

* lower income . organisms

* poor quality produce ! * pollution

|  ecosystem disruption
|

. -~

150, 9 =

Qe -’;,3:‘7&}3 |
= '

Box 5.1 Impacts of poor pest and disease management
Pilot questions 5.1
1. Define pests and diseases in crops.
2. Why is pest and disease management important?
3. State one economic impact of poor pest management.
4. State one ecologicaliimpact of poor disease management.

5. Fillin the blank: Effective pest and disease management protects the by reducing

indiscriminate pesticide use:

5.2 Identification'and Control Methods
5.2.1 Common pests and diseases in vegetable and orchard crops

Vegetable and orchard crops are attacked by a wide range of pests and diseases. Common pests
include aphids, caterpillars, fruit flies, and nematodes. Diseases often arise from fungi (powdery
mildew, anthracnose), bacteria (bacterial blight), and viruses (mosaic disease). Correct
identification is the first step toward effective management.

Fillin the blank: Correct of pests and diseases is the first step toward effective
management.

-
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Figure 5.2 Common pests and diseases in vegetable and orchard crops
VEGETABLE PESTS

Direction of
damage

Aphids (Aphidoideo)

VEGETABLE DISEASES

\_a

Fire Blight
(bacterial ooze canker)

Powdery Mildew Peach Leaf Curl
(Podosphaera xanthii) (grossly distorted, puck and and redded)

Diagram showing common pests and dis:aﬁ
Figure 5.2 Common pests an

5.2.2 Cultural control methods (crop ro

Cultural methods are preventive practi est and disease incidence. Examples
include crop rotation to break pest c to remove infected plant debris, and planting
resistant varieties. These methods tive and environmentally friendly.

Fillin the blank: Crop rotati
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ROTATION SCHEME:
LEGUMES -> BRASSICAS - SOLANA

% %)

& T 2 a '\‘ : -"' : y &' / S e X
Image showing farmers practicing crop rotation and sanitation Cultural
methods of pest and disease control

5.2.3 Biological and chemical control methods

Biological control involves using natural enemies such as predators, parasitoids, or beneficial
microbes to suppress pests and diseases. Chemical control uses pesticides to kill or reduce pest
populations. While chemical methods are effective, they must be applied carefully to avoid
resistance, environmental harm;and health risks.

Fillin the blank: Biological control uses natural such as predators and beneficial microbes.
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Figure 5.3 Biological and chemical control methods: a comparison
BIOLOGICAL CONTROL CHEMICAL CONTROL |

Predator Action Parasitoid Action Pesticide Application Effect on Pests

P ——

Braconid

Ladybug

Knapsack
Larva

Harm to

Beneficiaries
Insect

Soil/Water
Pollution
« Uses natural enemies (predators, parasitoids) « Uses synthetic chemicals (pesticides)
* Specific to target pest W * Broad-spectrum or specific
* Long-term pest reduction * Quick pest knockdown

* Repeated application needed
« Potential for resistance and secondary outbreaks$§.

* Environmental risks (drift, runoff)

*

» Self-sustaining
* Minimal environmental impact
* Preserves beneficial organisms

qf = Positive outcome 3§ = Negative outcome

Diagram showing biological vs chemical control methods Caption: Figure 5.3 Biological and
chemical control methods

5.2.4 Integrated pest management (IPM)

Integrated Pest Management (IPM) combines cultural, biological, and chemical methods to
achieve sustainable pest and disease control. IPM emphasises monitoring, prevention, and
minimal pesticide use. It is widely recommended because it balances productivity with
environmental safety.

Fillin the blank: Integrated Pest Management (IPM) combines cultural, biological, and
methods for sustainable control.
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Box 5.2 Key principles of
Integrated Pest Management

Monitor
pest populations regularly.

0
v

S A
Use /0
48\ cultural practices to prevent outbreaks.

Apply
“ % biological control where possible. {;}

#: Use
chemicals only when necessary @
and in safe amounts. %

#IPM #SustainableAgricuiture #0ER

Box 5.2 Key principles of Integrated Pest Management
Pilot questions 5.2
1. Name two common pests of vegetable crops.
2. Whatis one cultural method of pest control?
3. Define biological control in crop production.
4. Why must chemical.control be applied carefully?

5. Fillin the blank:Integrated Pest Management (IPM) balances productivity with
safety.

5.3 Preventive and Sustainable Practices
5.3.1 Preventive measures to reduce pest and disease risks

Preventive measures are proactive steps taken before pests and diseases become severe. These
include using clean planting materials, practicing crop rotation, maintaining field sanitation, and
monitoring crops regularly. Prevention reduces the need for costly interventions later.

FilLin the blank: Preventive measures reduce the need for costly later.
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Figure 5.4 Preventive measures in pest and disease management

CROP ROTATION SANITATION RESISTANT VARIETIES
‘ COMPOST LEFT RIGHT

é 30w SUSCEPTIBLE RESISTANT

VARIETY VARIETY

HEELIE YEAR 2 Properly dispose of

infected plant material.

R ot
® O
5 S\
PN g ) ;
O
YEAR3 BRASSICAS

SOLANACEAE
R 2 )
O, )
SOLANACEAE @‘
Interrupts pest/disease cycles Remove weeds and debris that Chogse plant varieties bred for. inherent
by changing host plants. harbor pests/pathogens. resistance to specific pests/diseases.

Diagram showing preventive measures such as crop rotation, sanitation, and resistant varieties
Caption: Figure 5.4 Preventive measures in pest and disease management

5.3.2 Safe use of pesticides and environmental considerations

Pesticides can be effective but must be used safely to protect human health and the environment.
Farmers should follow recommended dosages, wear protective clothing, and avoid spraying near
water sources. Overuse or misuse of pesticides.can lead to resistance in pests, pollution, and
harm to beneficial organisms.

Fillin the blank: Overuse of pesticides can lead to pest and environmental pollution.

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



application in crop fields
5.3.3 Sustainable approaches to pest and disease management

Sustainable approaches focus on long-term solutions that balance productivity with environmental
health. These include integrated pestmanagement (IPM), use of biological controls, and adoption
of resistant crop varieties. Sustainable practices reduce reliance on chemicals and promote
ecological balance.

Fillin the blank: Sustainable pest management reduces reliance on and promotes
ecological balance.
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Box 5.3 Sustainable approaches to pest and
 disease management

| ()
* Integrated pest management (IPM) - 6\' \7.;

7 & ./°2

* Biological control methods

A
* Resistant crop varieties NS -

Susceptible  Resistant

« Reduced chemical use Pt Sl

‘ N Soil Health
\ j_i

. #SustainableAgriculture #0ER #I|PM
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Box 5.3 Sustainable approaches to pest and disease management
Pilot questions 5.3
1. Whatis one preventive measure to reduce pest risks?
2. Why must pesticides be used safely?
3. State one environmental consideration when applying pesticides.
4. Name one sustainable approach to pest and disease management.

5. Fillin the blank:'Sustainable practices balance productivity with health.

Series Summary

This Series has explored the essential aspects of pest and disease management in crop
production. We began with the principles of pest and disease management, defining pests and
diseases, theirimportance, and their economic and ecological impacts. We then examined
identification and control methods, including cultural, biological, chemical, and integrated
approaches. Finally, we focused on preventive and sustainable practices, highlighting safe
pesticide use, preventive measures, and long-term sustainable strategies.

By completing this Series, you should now be able to define pests and diseases, identify common
crop problems, apply control methods, and evaluate sustainable practices that balance
productivity with environmental health.

Glossary of Terms
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¢ Biological control: Use of natural enemies such as predators, parasitoids, or beneficial
microbes to suppress pests.

¢ Chemical control: Use of pesticides to reduce or eliminate pest populations.
¢ Crop rotation: Alternating crops in a field to break pest and disease cycles.

¢ Integrated Pest Management (IPM): A holistic approach combining cultural, biological,
and chemical methods for sustainable pest control.

o Pathogen: A disease-causing organism such as fungi, bacteria, or viruses.

¢ Preventive measures: Actions taken before pest or disease outbreaks:to reduce risks.

e Sanitation: Removal of infected plant debris to reduce pest and disease incidence.
Concept Check Questions [Series 5]
Objective questions

1. Which organisms cause crop diseases? (Linked.to SLO 5.1)

2. Which method uses natural enemies to suppress pests? (Linked to SLO 5.3)

3. Which approach combines cultural, biological, and chemical methods? (Linked to SLO 5.3)
Short-answer questions

4. Define pests and explain their impacton crops. (Linked to SLO 5.1)

5. State one cultural method of pest control. (Linked to SLO 5.3)

6. Why must pesticides be used safely? (Linked to SLO 5.4)
Long-answer questions

7. Analyse the economic and ecological impacts of poor pest and disease management.
(Linked to SLO5.1)

8. _Evaluate integrated pest management (IPM) as a sustainable approach to crop protection.
(Linked to SLO'5.5)

Answers to Concept Check Questions [Series 5]
Objective answers

1./ Pathogens such as fungi, bacteria, and viruses.

2. Biological control.

3. Integrated Pest Management (IPM).
Short-answer answers

-
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4. Pests are organisms that damage crops by feeding on them. They reduce yield and quality.

5. Crop rotation.

6. To protect human health, prevent resistance, and avoid environmental pollution.
Long-answer answers

7. Basic response: Economically, poor management reduces yields and farmer income.
Ecologically, it harms beneficial organisms and pollutes ecosystems. Value-added
response: Advanced learners may also note long-term impacts such as reduced
biodiversity, soil degradation, and increased production costs.

8. Basic response: IPM combines cultural, biological, and chemical methods to achieve
sustainable pest control. Value-added response: Outstanding learners may highlight how
IPM reduces pesticide reliance, promotes ecological balance, and ensures long-term
productivity.

Answers to Pilot Questions [Series 5]

Part 5.1
e Feeding
e Yield

e Organisms

e Environment
Part5.2

e Aphids andfruitflies

e Crop rotation

e Naturalenemies

e Resistance

e Environmental
Part 5.3

e  Sanitation

e Healthrisks

o Water sources

e IPM

e Environmental

o)
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References and Attributions [Series 5]
e Suggested illustration sources:

o Figure 5.1 Common pests and diseases in crops (OER search string: “common crop
pests and diseases diagram OER”).

o Plate 5.1 Crop damage caused by pests (OER search string: “crop damage pests
vegetables OER”).

o Box 5.1 Impacts of poor pest and disease management (OER search string:
“economic ecological impacts pest disease management OER”).

o Figure 5.2 Common pests and diseases in vegetable and orchard crops (OER search
string: “common pests diseases vegetables orchards diagram OER”).

o Plate 5.2 Cultural methods of pest and disease control (OER search string: “crop
rotation sanitation pest control OER”).

o Figure 5.3 Biological and chemical control methods (OER search string: “biological
vs chemical pest control diagram OER”).

o Box5.2Key principles of Integrated Pest Management (OER search string:
“principles of integrated pest management OER”).

o Figure 5.4 Preventive measures in pest and disease management (OER search
string: “preventive measures pest disease management crops OER”).

o Plate 5.3 Safe pesticide application in crop fields (OER search string: “safe
pesticide usg protective clothing crops OER”).

o Box 5.3 Sustainable approaches to pest and disease management (OER search
string: “sustainable pest disease management approaches OER”).

e Al prompt suggestions were provided for each illustration to support future generation
using Al tools.
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