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Series 1: Plant Classification and Life Cycles
Series outline
¢ 1.1 General Classification of Plants
o 1.1.1 Major plant groups
o 1.1.2 Criteria for classification

e 1.2 Duration of Life of Plants
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o 1.2.1 Annual plants

o 1.2.2 Biennial plants

o 1.2.3 Perennial plants
e 1.3 Plant Life Cycles

o 1.3.1 Alternation of generations

o 1.3.2 Gametophyte and sporophyte phases
¢ 1.4 Growth Forms of Plants

o 1.4.1 Herbaceous forms

o 1.4.2Woody forms

o 1.4.3 Climbers and creepers

Introduction

Plants form the foundation of life on Earth, providing food, oxygen, and habitats for countless
organisms. To study them effectively, itis important to recognise how they are classified and how
their life cycles unfold. This Series will guide you through the fundamental principles of plant
classification and the different ways plants grow and reproduce, helping you to appreciate their
diversity and ecological significance within botany.

The aim of this Series is to equip you with the ability to classify plants accurately, explain their
duration of life, and analyse their life cycles and growth forms. By the end, you will be able to apply
these concepts to identify and describe plants in both academic and practical contexts.

We shall commence this Series by examining the general classification of plants, focusing on the
major groups and the criteria used to distinguish them. Next, we will explore the duration of life of
plants, considering annuals, biennials, and perennials. Following that, we will analyse plant life
cycles, paying attention to the alternation of generations and the roles of gametophyte and
sporophyte phases. Finally, we will wrap up by studying the growth forms of plants, including
herbaceous, woody, climbing, and creeping forms, thereby rounding off our exploration of
classification and life cycles.

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

e SLO 1.1 define the major groups of plants and explain the criteria used for their
classification,
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e SLO 1.2 describe the duration of life in plants by distinguishing between annual, biennial,
and perennial forms,

e SLO 1.3 analyse the stages of plant life cycles with emphasis on alternation of generations,

e SLO 1.4 explain the roles of gametophyte and sporophyte phases in plant reproduction,
and

e SLO 1.5 differentiate the growth forms of plants, including herbaceous, woody, climbing,
and creeping types.

1.1 General Classification Of Plants
1.1.1 Major plant groups

Plants are broadly divided into major groups, which are categories based on shared structural and
reproductive features. A plant group is a collection of plants that share common characteristics
such as body organisation, tissue development, and reproductive strategies. The most widely
recognised groups include algae, bryophytes, pteridophytes; gymnosperms, and angiosperms.

o Algae are simple plants, often aquatic, that lack true roots, stems, and leaves.

o Bryophytes are non-vascular plants such asimosses and liverworts, which rely on moist
environments for reproduction.

o Pteridophytes are vascularplants like ferns, which reproduce via spores rather than
seeds.

o Gymnosperms are seed-producing plants whose seeds are not enclosed within fruits, for
example, pine trees.

o Angiosperms are flowering plants that produce seeds enclosed within fruits, making them
the most diverse group.
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Evolutionary Sequence of Major Plant Groups
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Figure 1.1 Major plant groups in botany
Diagram showing major plant groups arranged in evolutionary. sequence. Caption: Figure 1.1 Major
plant groups in botany.

Fillin the blank: The group of plants that produce seeds enclosed within fruits is called

1.1.2 Criteria for classification

The criteria for classification are the standards used to organise plants into groups. A
classification criterion is a feature or characteristic that helps distinguish one group of plants
from another. Botanists rely on‘several criteria, including morphology, anatomy, reproduction, and
life cycle patterns.

¢ Morphology refers to the external structure of plants, such as leaves, stems, and flowers.
e Anatomy.involves internal structures, including tissues like xylem and phloem.
o Reproduction considers whether plants reproduce by spores, seeds, or flowers.

¢ | Life cycle patterns examine the alternation of generations between gametophyte and
sporophyte phases.

e Here is the cleanly formatted table based on your data, perfect for study guides or
botany reference material.

Table 1.1: Criteria for Plant Classification
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Criterion Description Example

Morphology External structure Leaf arrangement in angiosperms
Anatomy Internal tissues Presence of xylem in vascular plants
Reproduction Mode of reproduction Spores in ferns, seeds in gymnosperms
Life cycle Alternation of generations Moss gametophyte dominance

Fillin the blank: Plants that reproduce by spores rather than seeds are classified under

Pilot questions 1.1

1.

2.

Which plant group produces seeds enclosed within fruits?
Name one example of a non-vascular plant.

What is the main reproductive feature of gymnosperms?
Which classification criterion focuses on.internal tissues?

In mosses, which phase of the life cycle is dominant?

1.2 Duration Of Life Of Plants

1.2.1 Annual plants

Annual plants are plants that complete their entire life cycle, from germination to seed production,
within a single year. The term annualrefers to the short duration of life, after which the plant dies.
Examples include maize, rice, and beans. These plants invest most of their energy in rapid growth
and reproduction.
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Photograph showing examples of annual plants such as maize and beans. Caption: Plate 1.1
Examples of annual plants.

:Plate 1. Exampleso! annual plants,
Fillin the blank: Plants that complete their life cycle within one year are called
1.2.2 Biennial plants

Biennial plants are plants that require two years to complete their life cycle. The term biennial
means two years. In the first year, they usually grow vegetative structures such as roots, stems,
and leaves. In the second year, they flower, produce seeds, and then die. Examples include carrot
and cabbage.
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Diagram showing the two-year life cycle of a biennial plant. Caption: Figure 1.2 Life cycle of a
biennial plant.

Figure 1.2 Life cycle of a biennial plant
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Fillin the blank: A plant that grows vegetatively in the firstyear and reproduces in the second year is
called

1.2.3 Perennial plants

Perennial plants are plants that live for more than two years, often for many decades. The term
perennial refers to their long=lasting nature. They continue to grow and reproduce year after year.
Examples include mango trees, guava, and many ornamental shrubs. Perennials may be
herbaceous or woady, and they form the backbone of most ecosystems.
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Photograph showing perennial plants such as mango and guava trees. Caption: Plate 1.2 Examples

Plate 1.2 Examples of pe ial plants: Mango and Guava trees in an orchard.

> Se

Fillin the blank: Plants that live for more than two years are called
Pilot questions 1.2
1. What s the duration of life of annual plants?
2. Inwhich year do biennialplants produce flowers and seeds?
3. Give one example of a biennial plant.
4. Which type of plants continue to grow and reproduce for many years?

5. Name one perennial plant that produces fruit.

1.3 Plant Life Cycles
1.3.1 Alternation of generations

One of the most distinctive features of plants is the alternation of generations, which refers to the
regular switching between two phases in the life cycle: the gametophyte and the sporophyte. The
gametophyte is the haploid phase that produces gametes (sperm and eggs), while the sporophyte
is the diploid phase that produces spores through meiosis. This alternation ensures genetic
diversity and adaptation to different environments.

In mosses, the gametophyte phase is dominant, whereas in ferns and seed plants, the sporophyte
phase is more prominent. This difference highlights the evolutionary progression of plants.

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



Diagram showing alternation of generations in plants, with gametophyte and sporophyte phases.
Caption: Figure 1.3 Alternation of generations in plants.

Figure 1.3 Alternation of Generations in Plants
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Fillin the blank: The haploid phase of the plant life cycle that produces gametes is called

1.3.2 Gametophyte and sporophyte phases

The gametophyte phase is the stage inwhich plants produce gametes. Being haploid, it contains
only one set of chromosomes. Fertilisation occurs when gametes unite, forming a diploid zygote.

The sporophyte phase begins with the zygote and develops into a mature plant that produces
spores. These spores germinate to form new gametophytes, completing the cycle. In higher plants
such as angiosperms, the sporophyte is the dominant and visible stage, while the gametophyte is
reduced and often microscopic.

Here is the comparison table you requested:

Box 1.1 Key Differences Between Gametophyte and Sporophyte Phases

Feature Gametophyte Sporophyte
Chromosome number Haploid (n) Diploid (2n)
Function Produces gametes Produces spores
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Feature Gametophyte Sporophyte

Dominance Mosses and liverworts Ferns, gymnosperms, angiosperms

Fillin the blank: The diploid phase of the plant life cycle that produces spores is called
Pilot questions 1.3

1. What is meant by alternation of generations in plants?

2. Which phase is dominant in mosses?

3. What does the gametophyte produce?

4. Which phase begins with the zygote?

5. Inangiosperms, which phase is dominant?

1.4 Growth Forms Of Plants
1.4.1 Herbaceous forms

Herbaceous plants are plants that have soft, green, and flexible stems rather than woody
structures. The term herbaceous refers to.plants that usually die back at the end of the growing
season, although their roots may survive underground. Examples include sunflower, tomato, and
many garden flowers. These plants are often short-lived but play an important role in agriculture
and horticulture.
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Photograph showing herbaceous plants such as sunflower and tomato. Caption: Plate 1.3
Examples of herbaceous plants.

A roraroutal tomaros with conviution of herbaceous earden in late summer.

Fillin the blank: Plants with soft, green, and flexible stems are called

1.4.2 Woody forms

Woody plants are plants that develop hard, lignified stems and branches. The term woody refers
to the presence of lignin, a structural compound that strengthens plant tissues. Woody plants
include trees and shrubs such as oak, mango, and hibiscus. They are usually perennial and form
the backbone of forests and ecosystems.
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Diagram showing the structure of a woody plant stem with bark, cambium, and xylem. Caption:
Figure 1.4 Structure of a woody plant stem.

Figure 1.4 Structure of a woody plant stem.
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Figure 1.4 Structure of a woody plant stem.

Fillin the blank: The compound that strengthens woody plant tissues is called

1.4.3 Climbers and creepers

Climbers are plants that grow upwards by attaching themselves to supports such as trees, fences,

or walls. They often use specialised structures like tendrils or twining stems. Examples include
yam, grapevine, and bougainvillea.

Creepers are plants that spread horizontally along the ground. They have weak stems that cannot
support upright growth. Examples include pumpkin and watermelon. Both climbers and creepers
are important for covering surfaces and producing fruits.
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showing climbers such as grapevine and creepers such as pumpkin. Caption: Plate 1.4 Examples
of climbers and creepers.
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Fillin the blank: Plants that spread horizontally along the ground are called
Pilot questions 1.4

1. What type of stems do herbaceous plants have?

2. Name one example of awoody plant.

3. Which compound strengthens woody tissues?

4. What specialised structures.do climbers use to attach to supports?

5. Give one example of a creeper plant.

Series Summary

This Series has introduced you to the fundamental principles of plant classification and life cycles,
which are central to the study of botany. We began by examining the major groups of plants and the
criteria.usedto classify them, then moved on to the duration of life of plants, distinguishing
between annuals, biennials, and perennials. Following that, we explored plant life cycles, focusing
on alternation of generations and the roles of gametophyte and sporophyte phases. Finally, we
studied the growth forms of plants, including herbaceous, woody, climbing, and creeping types.

By engaging with these topics, you should now be able to define plant groups and classification
criteria, describe the duration of life in plants, analyse the stages of plant life cycles, explain the
reproductive roles of gametophyte and sporophyte phases, and differentiate growth forms. These
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abilities directly align with the Series Learning Outcomes and provide you with a strong foundation
for further study in botany.

Glossary of Terms
e Algae: Simple plants, often aquatic, that lack true roots, stems, and leaves.

e Alternation of generations: The regular switching between haploid gametophyte and
diploid sporophyte phases in the plant life cycle.

e Annual plants: Plants that complete their life cycle within one year.

¢ Biennial plants: Plants that require two years to complete their life cycle, growing
vegetatively in the first year and reproducing in the second.

o Bryophytes: Non-vascular plants such as mosses and liverworts that depend on moist
environments for reproduction.

¢ Creepers: Plants with weak stems that spread horizontally along the ground.
o Gametophyte: The haploid phase of the plant life cycle that produces gametes.
o Gymnosperms: Seed-producing plants whose seeds are not enclosed within fruits.

o Herbaceous plants: Plants with soft, green, and flexible stems that usually die back at the
end of the growing season.

e Lignin: A structural compound that strengthens plant tissues, especially in woody plants.

¢ Perennial plants: Plants that live for more than two years, often reproducing year after
year.

e Pteridophytes:Vascular plants such as ferns that reproduce via spores.
e Sporophyte: The diploid phase of the plant life cycle that produces spores.
¢ Woody plants: Plants with hard, lignified stems and branches, including trees and shrubs.
Concept Check Questions [Series 1]
Objective questions
1. Which plant group produces seeds enclosed within fruits? (Linked to SLO 1.1)
2. What s the duration of life of annual plants? (Linked to SLO 1.2)
3. In mosses, which phase of the life cycle is dominant? (Linked to SLO 1.3)
Short-answer questions
4. Define biennial plants and give one example. (Linked to SLO 1.2)
5. Explain the role of the gametophyte phase in plant reproduction. (Linked to SLO 1.4)
P
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6. Differentiate between herbaceous and woody plants. (Linked to SLO 1.5)
Long-answer questions

7. Analyse the alternation of generations in plants, highlighting differences between lower and
higher plants. (Linked to SLO 1.3)

8. Evaluate the ecological importance of perennial plants compared to annuals and.biennials.
(Linked to SLO 1.2)

Answers to Concept Check Questions [Series 1]
Objective questions

1. Angiosperms.

2. Oneyear.

3. Gametophyte phase.
Short-answer questions

4. Biennial plants complete their life cycle in two years, growing vegetatively in the first year
and reproducing in the second; example: carrot.

5. The gametophyte phase produces gametes (spermand eggs), which unite during
fertilisation to form a zygote.

6. Herbaceous plants have soft, green stems, while woody plants have hard, lignified stems.

Long-answer questions

7. Basic response: Alternation of generations is the switching between gametophyte (haploid)
and sporophyte (diploid) phases. In mosses, the gametophyte is dominant, while in ferns
and seed plants, the sporophyte is dominant. Value-added response: This alternation
ensures genetic diversity and adaptation. The dominance shift from gametophyte in lower
plants to sporophyte in higher plants reflects evolutionary advancement towards more
complex structures and reproductive strategies.

8. Basicresponse: Perennial plants live for many years, reproducing repeatedly, while
annuals and biennials have shorter life spans. Value-added response: Perennials stabilise
ecosystems, provide long-term habitats, and sustain food chains. Annuals and biennials,
however, are vital for rapid food production and seasonal cycles, showing complementary
ecological roles.

Answers to Pilot Questions [Series 1]
1. Angiosperms.
2. Moss.
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3. Naked seeds.
4. Anatomy.
5. Gametophyte phase.
6. Oneyear.
7. Second year.
8. Carrot.
9. Perennial plants.
10. Mango.
11. Alternation of generations.
12. Gametophyte phase.
13. Gametes.
14. Sporophyte phase.
15. Sporophyte phase.
16. Soft, green stems.
17. Mango.
18. Lignin.
19. Tendrils or twining stems.
20. Pumpkin.
References and Attributions [Series 1]
e Course content adapted from BOT102: Introductory Botany.

o Figure 1.1 Major/plant groups in botany. Suggested Al prompt: “Diagram of major plant
groupsin botany, evolutionary sequence from algae to angiosperms”. Search string: “OER
diagram major plant groups botany”.

e . Table 1.1 Criteria for plant classification. Suggested Al prompt: “Table showing criteria for
plant classification with examples”. Search string: “OER table plant classification criteria
botany”.

o Plate 1.1 Examples of annual plants. Suggested Al prompt: “Photograph of annual plants
maize rice beans in field”. Search string: “OER image annual plants maize beans”.

o Figure 1.2 Life cycle of a biennial plant. Suggested Al prompt: “Diagram of biennial plant life
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e Plate 1.2 Examples of perennial plants. Suggested Al prompt: “Photograph of perennial
plants mango guava trees orchard”. Search string: “OER image perennial plants mango
guava trees”.

e Figure 1.3 Alternation of generations in plants. Suggested Al prompt: “Diagram alternation
of generations gametophyte sporophyte phases in plants”. Search string: “OER diagram
alternation of generations botany”.

e Box 1.1 Key differences between gametophyte and sporophyte phases. Suggested Al
prompt: “Table comparing gametophyte and sporophyte phases in plants”. Search string:
“OER gametophyte sporophyte comparison botany”.

e Plate 1.3 Examples of herbaceous plants. Suggested Al prompt: “Photograph of
herbaceous plants sunflower tomato garden flowers”. Search string: “OER image
herbaceous plants sunflower tomato”.

o Figure 1.4 Structure of a woody plant stem. Suggested Al prompt: “Diagram of woody plant
stem structure bark cambium xylem”. Search string: “OER diagram woody plant stem
structure botany”.

e Plate 1.4 Examples of climbers and creepers. Suggested Al prompt: “Photograph of climber
plants grapevine bougainvillea and creeper plants pumpkin watermelon”. Search string:
“OER image climbers creepers plants botany”.

Series 2: Monocots And Dicots
Series outline
e 2.1 Distinguishing Features Of Monocots And Dicots
o. 2.1.1 Morphological differences
o 2.1.2 Anatomical differences
o 2.2 Cell Structure Of Monocotyledonous And Dicotyledonous Plants
o 2.2.1 Stem structure
o 2.2.2 Leaf structure
o 2.2.3 Root structure

e 2.3 Practical Identification Of Monocots And Dicots
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o 2.3.1 Field observation techniques

o 2.3.2 Laboratory examination using microscope

Introduction

Flowering plants are the most diverse group in the plant kingdom, and they are broadly divided into
two categories: monocots and dicots. This distinction is fundamental in botany because it
influences plant structure, reproduction, and identification. Understanding these differences will
help you recognise plants in both natural and cultivated settings, and it will also provide a
foundation for studying plant anatomy and physiology in greater depth.

The aim of this Series is to enable you to distinguish between monocotyledonous-and
dicotyledonous plants by examining their features, cell structures, and practical identification
methods. By the end, you will be able to classify plants confidently and apply this knowledge in
laboratory and field contexts.

We shall commence this Series by exploringthe distinguishing features of monocots and dicots,
focusing on both morphological and anatomical differences. Next, we will examine the cell
structures of monocotyledonous and dicotyledonous plants, considering stems, leaves, and roots.
Finally, we will conclude with practical identification techniques, including field observations and
laboratory examinations using the microscope.

Series Learning Outcomes

Upon completing this Series, you should be able to:
e SLO 2.1 describe the morphological differences between monocots and dicots,
e SLO 2.2 explain the anatomical differences between monocots and dicots,

e SLO 2.3 analyse the cell structures of monocotyledonous and dicotyledonous stems,
leaves, androots, and

e ~SLO 2.4 demonstrate practical identification of monocots and dicots through field and
laboratory techniques.

2.1 Distinguishing Features Of Monocots And Dicots
2.1.1 Morphological differences

Morphology refers to the external structure of plants, including leaves, stems, roots, and flowers.
The most obvious morphological difference between monocots and dicots lies in the number of
seed leaves, or cotyledons, present in the embryo. Monocots have one cotyledon, while dicots
have two.
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Other differences include leaf venation, floral parts, and root systems. Monocots typically show
parallel venation in their leaves, floral parts in multiples of three, and fibrous root systems. Dicots,
on the other hand, display reticulate venation, floral parts in multiples of four or five, and taproot
systems.

Diagram comparing monocot and dicot morphology (seed leaves, leaf venation, floral parts, root
systems). Caption: Figure 2.1 Morphological differences between monocots and dicots

Figure 2.1 Morphological Differences between Monocots and Dicots
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Fillin the blank: Monocots usually have floral parts in multiples of
2.1.2 Anatomical differences

Anatomy refers to the internal structure of plants, especially tissues and their arrangement. In
monocots, vascular bundles in the stem are scattered, while in dicots they are arranged in aring.
This differenceaffects the way stems grow and develop.

In leaves, monocots show isobilateral anatomy, meaning both sides of the leaf are similar, while
dicots.show dorsiventral anatomy, with distinct upper and lower surfaces. Roots also differ:
monocot roots usually lack secondary growth, while dicot roots often exhibit secondary thickening
due to the presence of a vascular cambium.

Hereis the clearly formatted table detailing the fundamental anatomical differences between
monocot and dicot plants.

Box 2.1 Key Anatomical Differences Between Monocots and Dicots

-
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Feature Monocots Dicots

Stem vascular Scattered throughout the

A din adistinctri
bundles ground tissue rranged in a distinct ring

Isobilateral (similar structure Dorsiventral (distinct upper and
Leaf anatomy , .

on both sides) lower sides)

N d th i S dary thickeni t
Root growth gsecon ary growth (remain : econ ar.y .|c ening present (can

primary) increase in girth)

Fillin the blank: In dicot stems, vascular bundles are arranged in a
Pilot questions 2.1
1. How many cotyledons are found in monocots?
2. What type of leaf venation is typical of dicots?
3. Inmonocots, floral parts are usually in multiples of what number?
4. How are vascular bundles arranged in dicot stems?

5. Which type of leaf anatomy is found in monocots?

2.2 Cell Structure Of Monocotyledonous And Dicotyledonous Plants
2.2.1 Stem structure

The stem is the main support organ of a plant, and its internal arrangement differs between
monocots and dicots. Inmonocot stems, vascular bundles are scattered throughout the ground
tissue, and there is nosecondary growth. In dicot stems, vascular bundles are arranged in a ring,
and the presence of a vascular cambium allows for secondary thickening. This difference explains
why dicot stems can become woody, while monocot stems remain herbaceous.

-
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Diagram comparing monocot and dicot stem cross-sections. Caption: Figure 2.2 Stem structure in
monocots and dicots.

Figure 2.2 Stem Structure in Monocots and Dicots.
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Fillin the blank: In monocot stems, vascularbundles are throughout the ground tissue.

2.2.2 Leaf structure

The leaf is the primary organ of photosynthesis, and its anatomy reflects the differences between
monocots and dicots. Monocot leaves are typically isobilateral, meaning both surfaces are
similar, with parallel venation. Dicot leaves are dorsiventral, meaning the upper and lower
surfaces are distinct, with reticulate venation. These differences influence how leaves capture light
and exchange gases.

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



Photograph showing monocot leaves with parallel venation and dicot leaves with reticulate
venation. Caption: Plate 2.1 Leaf venation in monocots and dicots.

.1 Leaf venation in mon

Fillin the blank: Dicot leaves typically sh

and dicots.
4
venation.

The root anchors the plant and ab erals. In monocots, roots usually develop
from adventitious origins and lack se h. Dicots, however, often develop a primary
taproot system, which can S ary thickening due to the vascular cambium. This
structural difference explai can grow deeper and thicker, while monocot roots
form dense fibrou L surface.

2.2.3 Root structure
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Diagram comparing monocot fibrous root system and dicot taproot system. Caption: Figure 2.3
Root structure in monocots and dicots

Figure 2.3 Root Structure in Monocots and Dicots.
MONOCOT ROOT SYSTEM DICOT ROOT SYSTEM

' 4

—— Taproot
(primary root)
Fibrous Roots Taproot Lateral Roots
(adventitious roots) (primary root) (secondary roots)

4
Fillin the blank: Monocot roots usually la \h

Pilot questions 2.2
1. How are vascular bundles onocot stems?
2. What type of leaf anatc i L of dicots?
3. Which type of vena

nocot leaves?

4. Whattypeo t syste mon in dicots?

Why d oot o secondary thickening?

on Of Monocots And Dicots

tion techniques

ples of four or five. By carefully examining these features, learners can classify plants without
oratory equipment.
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Photograph showing monocot plants (maize, rice) and dicot plants (bean, hibiscus) in the field.
Ca_ption: Plate 2.2 Field identification of monocots and dicots.
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Fillin the blank: Monocot leaves usually show venation.
2.3.2 Laboratory examination using microscope

In the laboratory, monocots and dicots can be distinguished by examining their internal structures
under a microscope. Monocot stems show scattered vascular bundles, while dicot stems display
vascular bundles arranged in‘a ring. Similarly, monocot roots lack secondary growth, whereas dicot
roots often show secondary thickening. Microscopic examination of leaf cross-sections also
reveals isobilateral anatomyin monocots and dorsiventral anatomy in dicots.
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Diagram showing microscopic cross-sections of monocot and dicot stems and leaves. Caption:
Figure 2.4 Microscopic differences between monocots and dicots.
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Figure 2.4 Microscopic Differences between Monocots and Dicots.
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Fillin the blank: In dicot stems, vascular bundles are arranged in a
Pilot questions 2.3

1. What type of venation is typical of monocot leaves?

2. Whichroot system is common in dicots?

3. How are vascular bundles arranged in monocot stems?

4. What type of leaf anatomy.isfound in dicots?

5. Which laboratory tool is‘essential for examining plant anatomy?

Series Summary

This Series has focused on the distinction between monocots and dicots, which is a fundamental
classification within flowering plants. We began by identifying their morphological and anatomical
differences, then examined the cell structures of stems, leaves, and roots, and finally explored
practical identification techniques through field and laboratory observations. These topics have
provided you with both theoretical and practical insights into how monocots and dicots can be
recognised and studied.

By engaging with this Series, you should now be able to describe morphological differences,
explain anatomical distinctions, analyse cell structures, and demonstrate practical identification
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methods. These abilities directly align with the Series Learning Outcomes and will support your
continued study of plant structures and tissues in subsequent Series.

Glossary of Terms
¢ Anatomy: The internal structure of plants, including tissues and their arrangement.

o Cotyledon: The seed leaf present in the embryo of flowering plants. Monocots have one,
dicots have two.

¢ Dicots: Flowering plants with two cotyledons, reticulate venation, floral parts in multiples
of four or five, and taproot systems.

¢ Isobilateral leaf: A leaf with similar upper and lower surfaces, typical of monocots.

o Monocots: Flowering plants with one cotyledon, parallel venation, floral parts in multiples
of three, and fibrous root systems.

o Morphology: The external structure of plants, including leaves, stems, roots, and flowers.
¢ Reticulate venation: A net-like pattern of veins'in leaves, typical of dicots.

e Taproot system: Aroot system with a main central root and smaller lateral roots, common
in dicots.

¢ Vascular bundles: Groups of xylem and phloem tissues that transport water, nutrients,
and food within plants.

Concept Check Questions [Series 2]
Objective questions

1. How manycotyledons are found in monocots? (Linked to SLO 2.1)

2. What type of venation is typical of dicot leaves? (Linked to SLO 2.1)

3. Inmonocot stems, how are vascular bundles arranged? (Linked to SLO 2.2)
Short-answer questions

4. Define dicots and give one example. (Linked to SLO 2.1)

5. Explain the difference between isobilateral and dorsiventral leaf anatomy. (Linked to SLO
2.2)

6. Describe the root system typical of monocots. (Linked to SLO 2.3)
Long-answer questions

7. Analyse the differences in stem, leaf, and root structures between monocots and dicots.
(Linked to SLO 2.3)

-
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8. Demonstrate how monocots and dicots can be identified in the field and laboratory,
highlighting key features. (Linked to SLO 2.4)

Answers to Concept Check Questions [Series 2]
Objective questions

1. One.

2. Reticulate venation.

3. Scattered throughout the ground tissue.
Short-answer questions

4. Dicots are flowering plants with two cotyledons, reticulate venation, floral parts in
multiples of four or five, and taproot systems; example: bean.

5. Isobilateral leaves have similar upper and lower surfaces, typical of monocots, while
dorsiventral leaves have distinct upper and lower surfaces, typical of dicots.

6. Monocots have fibrous root systems that develop from adventitious roots and lack
secondary growth.

Long-answer questions

7. Basic response: Monocot stems.have scattered vascular bundles, isobilateral leaves with
parallel venation, and fibrous roots. Dicot stems have vascular bundles arranged in a ring,
dorsiventral leaves with reticulate venation, and taproots with secondary growth. Value-
added response: These differences influence plant growth and adaptation. Dicots can form
woody stems and deep taproots, supporting long-term survival, while monocots are
adapted for rapid growth and efficient nutrient absorption near the soil surface.

8. Basic response: In the field, monocots can be identified by parallel venation, fibrous roots,
and floral parts in multiples of three, while dicots show reticulate venation, taproots, and
floral parts.in multiples of four or five. In the laboratory, microscopic examination reveals
scattered vascular bundles in monocots and ring-arranged bundles in dicots. Value-added
response: Combining field and laboratory techniques provides a comprehensive approach
to plantidentification. Field observations allow quick classification, while laboratory
analysis confirms internal structural differences, ensuring accuracy in scientific studies.

Answers to Pilot Questions [Series 2]
1. One.
2. Reticulate venation.
3. Three.
4. Inaring.

-
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5. Isobilateral anatomy.
6. Scattered.
7. Dorsiventral anatomy.
8. Parallel venation.
9. Taproot system.
10. Presence of vascular cambium.
11. Parallel venation.
12. Taproot system.
13. Scattered.
14. Dorsiventral anatomy.
15. Microscope.
References and Attributions [Series 2]
e Course content adapted from BOT102: Introductory Botany.

e Figure 2.1 Morphological differences between monocots and dicots. Suggested Al prompt:
“Diagram comparing monocot.and dicot morphology seed leaves leaf venation floral parts
root systems”. Search string: “OER diagram monocot dicot morphology botany”.

o Box 2.1 Key anatomical differences between monocots and dicots. Suggested Al prompt:
“Table comparing anatomical differences monocot dicot stems leaves roots”. Search
string: “OER table monocot dicot anatomy botany”.

o Figure 2.2 Stem structure in monocots and dicots. Suggested Al prompt: “Diagram
comparing monocot and dicot stem cross sections vascular bundle arrangement”. Search
string: “OERdiagram monocot dicot stem structure botany”.

e _Plate 2.1 Leaf venation in monocots and dicots. Suggested Al prompt: “Photograph
comparing monocot leaves parallel venation and dicot leaves reticulate venation”. Search
string: “OER image monocot dicot leaf venation botany”.

e . Figure 2.3 Root structure in monocots and dicots. Suggested Al prompt: “Diagram
comparing monocot fibrous root system and dicot taproot system”. Search string: “OER
diagram monocot dicot root system botany”.

o Plate 2.2 Field identification of monocots and dicots. Suggested Al prompt: “Photograph
comparing monocot plants maize rice and dicot plants bean hibiscus in field”. Search
string: “OER image monocot dicot plants field botany”.
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e Figure 2.4 Microscopic differences between monocots and dicots. Suggested Al prompt:
“Diagram microscopic cross sections monocot dicot stems leaves vascular bundles”.
Search string: “OER diagram monocot dicot microscopic anatomy botany”.

Series 3: Vascular And Nonvascular Plants

Series outline

¢ 3.1 Characteristics Of Nonvascular Plants
o 3.1.1 General features of bryophytes
o 3.1.2 Ecological roles of nonvascular plants

e 3.2 Characteristics Of Vascular Plants
o 3.2.1 General features of pteridophytes, gymnosperms, and angiosperms
o 3.2.2 Adaptations for water and nutrient transport

e 3.3 Comparative Study Of Vascular And Nonvascular Plants
o 3.3.1 Structural differences
o 3.3.2 Reproductive differences

o 3.3.3 Ecological significance

Introduction

Plants differ greatly in‘their ability to transport water and nutrients, and this distinction forms the
basis of the classification into vascular and nonvascular types. Nonvascular plants, such as
mosses, are simple organisms that rely on direct absorption and diffusion, while vascular plants,
including ferns, gymnosperms, and angiosperms, have specialised tissues that allow them to grow
largerand thrive in diverse environments. Understanding these differences is crucial for
appreciating plant evolution and ecological roles.

The aim of this Series is to help you distinguish between vascular and nonvascular plants by
examining their characteristics, adaptations, and ecological significance. By the end, you will be
able to compare their structures, reproductive strategies, and roles in ecosystems.
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We shall commence this Series by exploring the characteristics of nonvascular plants, focusing on
their general features and ecological roles. Next, we will examine the characteristics of vascular
plants, including their structural adaptations for water and nutrient transport. Finally, we will
conduct a comparative study of vascular and nonvascular plants, highlighting their structural and
reproductive differences as well as their ecological importance.

Series Learning Outcomes
Upon completing this Series, you should be able to:
e SLO 3.1 describe the general features of nonvascular plants,
e SLO 3.2 explain the ecological roles of nonvascular plants,
o SLO 3.3 identify the general features of vascular plants,
e SLO 3.4 analyse the adaptations of vascular plants for water and nutrient transport, and

e SLO 3.5 compare the structural and reproductive differences betweenvascular and
nonvascular plants, highlighting their ecological significance.

3.1 Characteristics Of Nonvascular Plants
3.1.1 General features of bryophytes

Nonvascular plants are plants that lack specialised tissues (xylem and phloem) for transporting
water and nutrients. Instead, they rely on direct absorption and diffusion across their surfaces. The
most common nonvascular plants are bryophytes, which include mosses, liverworts, and
hornworts.

Bryophytes are generally small and grow close to the ground in moist environments. They have
structures that resemble stems and leaves but are not true organs. They reproduce using spores
rather than seeds, and their dominant life cycle phase is the gametophyte.

-
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Diagram showing the structure of a moss plant with labelled gametophyte and sporophyte.
Caption: Figure 3.1 Structure of a bryophyte.

Figure 3.1 Structure of a Bryophyte (Moss)
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Fillin the blank: Nonvascular plants lack specialised tissues called and

3.1.2 Ecological roles of nonvascular plants

Nonvascular plants play importantroles in ecosystems despite their small size. They help retain
moisture in soils, prevent erosion, and provide habitats for microorganisms. Mosses, for example,
are pioneer species that colonise bare surfaces, gradually creating conditions suitable for other
plants.

They also contribute to nutrient cycling by absorbing and releasing minerals. In wetlands,
bryophytes such as sphagnum moss help regulate water levels and store carbon, making them vital
for climate regulation.
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Photograph showing mosses covering rocks and soil in a moist forest. Caption: Plate 3.1 Ecological
role of mosses in soil and water conservation.

PLATE 4
o, ,NES(‘;;:’L-?;ICAL ROLE OF Mpgsy
; Warep CONSERVATION

Fillin the blank: Mosses are considered species because they colonise bare surfaces
first.

Pilot questions 3.1
1. What specialised tissues do nonvascular plants lack?
2. Name two examples of bryophytes.
3. Which phase of the life cycle is dominant in bryophytes?
4. How do mosses contribute to soil conservation?

5. Why are sphagnum mosses important in wetlands?

3.2 Characteristics Of Vascular Plants
3.2.1 General features of pteridophytes, gymnosperms, and angiosperms

Vascular plants are plants that possess specialised tissues called xylem and phloem. Xylem
transports water and minerals from the roots to other parts of the plant, while phloem distributes
food produced during photosynthesis. This adaptation allows vascular plants to grow taller and
survive in diverse environments.

The three major groups of vascular plants are:
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o Pteridophytes: These are spore-producing plants such as ferns. They have true roots,
stems, and leaves, and their sporophyte phase is dominant.

¢ Gymnosperms: These are seed-producing plants whose seeds are not enclosed in fruits,
for example, pine and cycads.

e Angiosperms: These are flowering plants that produce seeds enclosed within fruits. They
are the most diverse and widely distributed group of vascular plants.

Diagram showing examples of pteridophytes, gymnosperms, and angiosperms. Caption: Figure 3.2
Major groups of vascular plants.

Figure 3.2 Major groups of vascular plants
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Fillin the blank: Thetissue thattransports water and minerals in vascular plants is called

3.2.2 Adaptations for water and nutrient transport

Vascular plants have evolved several adaptations that enable efficient transport of water and
nutrients. The presence of xylem vessels allows rapid upward movement of water, while phloem
sieve tubes distribute sugars and other organic compounds.

Roots in vascular plants are well developed, anchoring the plant and absorbing water and
minerals. Stems provide support and act as conduits for transport, while leaves are specialised for
photosynthesis and gas exchange. These adaptations explain why vascular plants dominate most
terrestrial ecosystems.

Here is the cleanly formatted table based on your data, highlighting the specialized adaptations of
vascular plants.

Box 3.1 Adaptations of Vascular Plants for Transport
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Adaptation Function Example

Ferns, pine
Xylem vessels Transport water and minerals upward trees P
Phloem sieve Flowerin
Transport food (sugars) throughout the plant g
tubes plants
Taproot system Anchors plant and absorbs water from deep soil Mango tree
Provide structural support and enable secondar
Woody stems PP y Oak tree

growth (girth)

Fillin the blank: The tissue that distributes food produced during photosynthesis is called

Pilot questions 3.2
1. What specialised tissues are found in vascular plants?
2. Name one example of a pteridophyte.
3. Which group of vascular plants produces seeds not enclosed in fruits?
4. Whatis the function of phloem sieve tubes?

5. Why are vascular plants able to grow taller than nonvascular plants?

3.3 Comparative Study Of Vascular And Nonvascular Plants
3.3.1 Structural differences

The most important structural difference between vascular and nonvascular plants lies in the
presence of vascular tissues. Vascular plants have xylem and phloem, which allow them to
transport water, minerals, and food efficiently. This enables them to grow taller and develop
complex organs such as true roots, stems, and leaves.

Nonvascular plants lack these tissues and therefore remain small, relying on diffusion and osmosis
for transport. They do not have true roots, stems, or leaves, but instead possess simple structures
that perform similar functions.
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Diagram comparing structural features of vascular and nonvascular plants. Caption: Figure 3.3
Structural differences between vascular and nonvascular plants.

Figure 3.3 Structural Differences between Vascular and Nonvascular Plants
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Fillin the blank: Vascular plants possess specialised tissues called and

3.3.2 Reproductive differences

Reproduction also differs betweenwvascularand nonvascular plants. Nonvascular plants
reproduce mainly through spores, and their dominant life cycle phase is the gametophyte.
Vascular plants, however, have a dominant sporophyte phase. While pteridophytes reproduce via
spores, gymnosperms and angiosperms produce seeds, with angiosperms enclosing seeds in
fruits.

This progression from spores to seeds represents an evolutionary advancement, allowing vascular
plants to colonise a wider range of environments.
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Box 3.2 Reproductive differences between vascular and nonvascular plants.

Caption: Box 3.2 Reproductive differences between vascular and nonvascular plants.
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Fillin the blank: The dominant phase in nonvascular plants is the
3.3.3 Ecological significance

Both vascular and nonvascular plants play vitalroles in ecosystems. Nonvascular plants, such as
Mosses, are pioneer species that colonise bare surfaces, retain moisture, and contribute to soil
formation. Vascular plants, on the other hand; form the backbone of most terrestrial ecosystems,
providing food, shelter, and oxygen.

Together, they maintain ecological balance: nonvascular plants prepare habitats for vascular
plants, while vascular plants sustain complex ecosystems.

[Insert plate here] Photograph showing mosses (nonvascular) growing alongside ferns and trees
(vascular) in a forest. Caption: Plate 3.2 Ecological significance of vascular and nonvascular plants.
Al prompt suggestion: “Photograph showing mosses ferns trees forest vascular nonvascular plants
together” Search string: “OER image vascular nonvascular plants forest ecology”

Fillin the blank: Mosses are important in ecosystems because they act as species.
Pilot questions 3.3

1.. Which specialised tissues are found in vascular plants?

2. What is the dominant life cycle phase in nonvascular plants?

3. Name one reproductive feature unique to angiosperms.

4. Why are nonvascular plants considered pioneer species?

5. How do vascular and nonvascular plants complement each other in ecosystems?

-
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Series Summary

This Series has explored the differences between vascular and nonvascular plants, which is a key
theme in understanding plant evolution and ecology. We began by examining the general features
and ecological roles of nonvascular plants such as bryophytes. We then studied vascular plants,
focusing on their specialised tissues, structural adaptations, and major groups including
pteridophytes, gymnosperms, and angiosperms. Finally, we compared vascular and nonvascular
plants in terms of structure, reproduction, and ecological significance.

By engaging with these topics, you should now be able to describe the features of nonvascular
plants, explain their ecological roles, identify the characteristics of vascular plants, analyse their
adaptations for transport, and compare both groups in terms of structure'and reproduction. These
abilities directly align with the Series Learning Outcomes and strengthen your foundation for
advanced study in plant biology.

Glossary of Terms
¢ Angiosperms: Flowering plants that produce seeds enclosed within fruits.
o Bryophytes: Nonvascular plants such as mosses, liverworts, and hornworts.
o Gametophyte: The haploid phase of the plant life cycle that produces gametes.
¢ Gymnosperms: Seed-producing plants whose seeds are not enclosed in fruits.

¢ Nonvascular plants: Plants that lack specialised tissues for transport and rely on
diffusion.

¢ Pioneer species: Plants that colonise bare surfaces first, preparing habitats for other
organisms.

e Pteridophytes: Spore-producing vascular plants such as ferns.
e Sporophyte: The diploid phase of the plant life cycle that produces spores.

e Vascular plants: Plants with specialised tissues (xylem and phloem) for transporting
water, minerals, and food.

¢  Xylem: Tissue that transports water and minerals from roots to other parts of the plant.
e . Phloem: Tissue that distributes food produced during photosynthesis.
Concept Check Questions [Series 3]
Objective questions
1. Which specialised tissues are found in vascular plants? (Linked to SLO 3.3)
2. Whatis the dominant phase in nonvascular plants? (Linked to SLO 3.1)
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3. Which group of vascular plants produces seeds enclosed in fruits? (Linked to SLO 3.3)
Short-answer questions

4. Define bryophytes and give one example. (Linked to SLO 3.1)

5. Explain why mosses are considered pioneer species. (Linked to SLO 3.2)

6. Describe one adaptation of vascular plants for water transport. (Linked to SLO 3.4)
Long-answer questions

7. Compare the structural differences between vascular and nonvascular plants. (Linked to
SLO 3.5)

8. Evaluate the ecological significance of vascular and nonvascular plants in maintaining
ecosystems. (Linked to SLO 3.5)

Answers to Concept Check Questions [Series 3]
Objective questions

1. Xylem and phloem.

2. Gametophyte phase.

3. Angiosperms.
Short-answer questions

4. Bryophytes are nonvascular plants that lack specialised tissues for transport; example:
moss.

5. Mosses are pioneer species because they colonise bare surfaces first, creating conditions
suitable for other plants.

6. Xylem vessels transport water and minerals efficiently, allowing vascular plants to grow
taller.

Long-answer questions

7. Basic response: Vascular plants have xylem and phloem, true roots, stems, and leaves,
while nonvascular plants lack these tissues and remain small. Value-added response:
These structural differences explain why vascular plants dominate terrestrial ecosystems,
while nonvascular plants are restricted to moist habitats.

8. Basic response: Nonvascular plants conserve moisture and initiate soil formation, while
vascular plants provide food, shelter, and oxygen. Value-added response: Together, they
maintain ecological balance. Nonvascular plants prepare habitats, and vascular plants
sustain complex ecosystems, highlighting their complementary roles in biodiversity and
climate regulation.
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Answers to Pilot Questions [Series 3]

1. Xylem and phloem.

2. Mosses, liverworts.

3. Gametophyte phase.

4. By retaining moisture and preventing erosion.

5. Theyregulate water levels and store carbon.

6. Xylem and phloem.

7. Fern.

8. Gymnosperms.

9. Transportfood.

10. Presence of vascular tissues.

11. Xylem and phloem.

12. Gametophyte phase.

13. Seeds enclosed in fruits.

14. They colonise bare surfaces first.

15. Nonvascular plants prepare habitats, vascular plants sustain ecosystems.
References and Attributions [Series 3]

e Course content adapted from BOT102: Introductory Botany.

e Figure 3.1 Structure of a bryophyte. Suggested Al prompt: “Diagram of moss plant structure
showing gametophyte-and sporophyte”. Search string: “OER diagram bryophyte moss
structure botany”.

e [ Plate 3.1 Ecological role of mosses. Suggested Al prompt: “Photograph of mosses covering
rocks and soil in moist forest ecosystem”. Search string: “OER image moss ecological role
botany”.

e Figure 3.2 Major groups of vascular plants. Suggested Al prompt: “Diagram showing
pteridophytes ferns gymnosperms pine angiosperms flowering plants”. Search string: “OER
diagram vascular plant groups botany”.

¢ Box 3.1 Adaptations of vascular plants for transport. Suggested Al prompt: “Table showing
adaptations of vascular plants for transport with examples”. Search string: “OER table
vascular plant adaptations transport botany”.
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e Figure 3.3 Structural differences between vascular and nonvascular plants. Suggested Al
prompt: “Diagram comparing vascular and nonvascular plants structural features tissues
roots stems leaves”. Search string: “OER diagram vascular vs nonvascular plants structure
botany”.

e Box 3.2 Reproductive differences between vascular and nonvascular plants. Suggested Al
prompt: “Table comparing reproductive differences vascular nonvascular plants.spores
seeds life cycle”. Search string: “OER table vascular vs nonvascular plants reproduction
botany”.

e Plate 3.2 Ecological significance of vascular and nonvascular plants. Suggested Al prompt:
“Photograph showing mosses ferns trees forest vascular nonvascular plants together”.
Search string: “OER image vascular nonvascular plants forest ecology”.

Series 4: Plant Structures And Tissues
Series outline
e 4.1 Plant Cell Types
o 4.1.1 Parenchyma cells
o 4.1.2 Collenchymacells
o 4.1.3 Sclerenchyma cells
e 4.2Simple And Complex Tissues
o /4.2.1 Simple tissues (parenchyma, collenchyma, sclerenchyma)
o " 4.2.2 Complex tissues (xylem and phloem)
e ' 4.3 Primary Plant Structures
o 4.3.1 Root structure and function
o 4.3.2 Stem structure and function
o 4.3.3 Leaf structure and function
e 4.4 Secondary Growth And Specialised Structures
o 4.4.1 Cambium and secondary thickening
o 4.4.2 Specialised structures (epidermis, stomata, trichomes)
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Introduction

Plants are made up of specialised cells, tissues, and organs that work together to support growth,
transport nutrients, and carry out photosynthesis. Understanding these structures is essential for
appreciating how plants function and adapt to their environments. This Series introduces you to
the basic cell types, the organisation of simple and complex tissues, and the primary-and
secondary structures that make up roots, stems, and leaves.

The aim of this Series is to help you recognise the different plant tissues and-structures, explain
their functions, and analyse how they contribute to plant growth and survival. By the end; you will
be able to identify cell types, distinguish between simple and complex tissues, describe primary
plant structures, and explain secondary growth and specialised adaptations.

We shall begin by examining the main plant cell types, then move on to simple and complex
tissues. Next, we will study primary structures such as roots, 'stems, and leaves, before concluding
with secondary growth and specialised structures like the cambium, epidermis, and stomata.

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

o SLO 4.1 identify and describe the main plant cell types (parenchyma, collenchyma,
sclerenchyma),

e SLO 4.2 distinguish between simple and complex tissues and explain their functions,

e SLO 4.3 analyse thesstructure and function of primary plant organs (roots, stems, leaves),
and

o SLO 4.4 explain secondary growth and specialised structures that support plant survival.

4.1 Plant Cell Types
4.1.1 Parenchyma cells

Parenchyma cells are the most common plant cells. They are living, thin-walled, and capable of
division. Their main functions include storage, photosynthesis, and wound healing. Because of

their flexibility, they are found in many parts of the plant such as leaves, stems, and roots.
Fillin the blank: Parenchyma cells are -walled and capable of division.

4.1.2 Collenchyma cells

-
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Collenchyma cells provide mechanical support to growing parts of plants. They are elongated
cells with unevenly thickened walls, usually found beneath the epidermis in stems and leaves.
Collenchyma cells are living and flexible, allowing plants to withstand bending forces such as wind.

Fillin the blank: Collenchyma cells are characterised by thickened cell walls.
4.1.3 Sclerenchyma cells

Sclerenchyma cells are dead at maturity and have thick, lignified walls. They provide rigidity and
strength to plants. Two main types are fibres (elongated cells that support stems and:leaves) and
sclereids (shorter cells that add hardness, e.g. in seed coats).

Fillin the blank: Sclerenchyma cells are at maturity and have lignified walls.
Pilot questions 4.1

1. Whatis the main function of parenchyma cells?

2. Where are collenchyma cells usually located in plants?

3. What substance strengthens sclerenchyma cell walls?

4. Which plant cell type remains alive at maturity and provides flexibility?

5. Name the two types of sclerenchyma cells.

4.2 Simple And Complex Tissues
4.2.1 Simple tissues (parenchyma, collenchyma, sclerenchyma)

Simple tissues are made up of only one type of cell. They perform basic functions such as support,
storage, and protection:

¢ Parenchyma: Living, thin-walled cells that store food and water, and also carry out
photosynthesis.

e Collenchyma: Living cells with unevenly thickened walls that provide mechanical support
to growing partsof plants.

e Sclerenchyma: Dead cells with thick, lignified walls that provide rigidity and strength.

-
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Diagram showing parenchyma, collenchyma, and sclerenchyma cells. Caption: Figure 4.1 Simple
tissues in plants.

Figure 4.1 Simple Tissues in Plants.

PARENCHYMA COLLENCHYMA SCLERENCHYMA
TYPICAL PARENCHYMA prIMARY  TYPICAL COLLENCHYMA A. SCLEREIDS (like seen in pear fruit)
VERY THICK, LIGNIFIED
SR D \ N/ / SECONDARY CELL WALL
PRIMARY CELL WALL

THIN PRIMARY -
CELL WALL INTEggEéég i Often found in bundles,
y : . . dead at maturity.
General functions: photosynthesis, Function: dynamic support for B
storage, secretion. growing parts. Function: rigid structural support.
COER
Fillin the blank: cells are dead at maturity and provide rigidity.

4.2.2 Complex tissues (xylem and phloem)

Complex tissues are made up of more than one typeof cell working together. They are responsible
for transport within plants.

e Xylem: Transports water and minerals from roots to other parts of the plant. It consists of
tracheids, vessels, fibres, and parenchyma.

e Phloem: Transports food produced during photosynthesis. It consists of sieve tubes,
companion-cells, fibresyand parenchyma.

These tissues are essential for plant survival, enabling vascular plants to grow tall and thrive in
diverse-environments.
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Box 4.1 Components of complBx tissues.

Tissue Components Function
Xylem Tracheids, vessels, fibres, parenchyma Transport water

Tracheids  Vessels Fibres  Parenchyma | and minerals

| ) { @f‘@ )

e.g. K,

. H,0 Mg*

”/2” ‘ oy L: Living D: Dead
(mostly dead at maturlty) (Vessel elements) X: Living, P: Living
Phloem Sieve tubes, companion cells, fibres, parenchyma | Transport food

Sleve tubes Companion  Fibres  Parenchyma T ¢

HO,
Ofon wbg
HO \/ “Ct4,0H
o4
m @ Sucrose  amino
acids

ik ) (Sieto-tube Specialized  (Phloem fibres, Storage and o
/2n (living at maturity) elements) parenchymacells bast fibres) lateral transport | L: Living D: Dead)

Cokr

Fillin the blank: The tissue responsible for transporting food in plants is
Pilot questions 4.2
1. Whatis the main function of parenchyma cells in simple tissues?
2. Which simple tissue provides mechanical support to growing parts of plants?
3. Name two components of xylem.
4. Whatisthe role of sieve tubes in phloem?

5. Why are complex tissues essential for vascular plants?

4.3 Primary Plant Structures
4.3.1 Root structure and function

Roots anchor plants in the soil and absorb water and minerals. They also store food in some
species.

o Taproot system: A main central root with smaller lateral roots, typical of dicots.
o - Fibrous root system: Many thin roots spreading out, typical of monocots.

Roots contain specialised tissues: the epidermis for absorption, cortex for storage, and vascular
tissues (xylem and phloem) for transport.

Fillin the blank: The system is typical of monocots and consists of many thin roots.

-
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4.3.2 Stem structure and function

Stems provide support, transport, and storage. They hold leaves and flowers upright, allowing
maximum exposure to sunlight and pollinators.

Herbaceous stems: Soft, green, and flexible, common in annual plants.

Woody stems: Hard, rigid, and capable of secondary growth, typical of trees and shrubs.

Stems contain vascular bundles that transport water, minerals, and food. In dicots, these bundles
are arranged in a ring; in monocots, they are scattered.

Fillin the blank: In dicot stems, vascular bundles are arranged in a

4.3.3 Leaf structure and function

Leaves are the primary organs of photosynthesis. They capture sunlight and exchange gases
through stomata.

Monocot leaves: Parallel venation, isobilateral anatomy.

Dicot leaves: Reticulate venation, dorsiventral anatomy.

Leaves consist of epidermis (protection), mesophyll (photosynthesis), and vascular bundles
(transport). Stomata regulate gas exchange and water loss.

Fillin the blank: The regulates gas exchange and water loss in leaves.

Pilot questions 4.3

1.

2.

What are the two main types of root systems?

How do stems help plants maximise sunlight exposure?
In monocot stems, how are vascular bundles arranged?
What type of venation is found in dicot leaves?

Which leaf structure controls gas exchange?

4.4 Secondary Growth And Specialised Structures

4.4.1 Cambium and secondary thickening

Secondary growth refers to the increase in thickness of stems and roots, mainly in dicot plants.
This growth is controlled by the vascular cambium, a meristematic tissue that produces new

xylem

-

and phloem.
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¢ Vascular cambium: Adds secondary xylem (wood) and secondary phloem, increasing
girth.

e Cork cambium: Produces protective outer layers (bark).
This process allows woody plants to live for many years and grow into large trees.

Fillin the blank: The tissue responsible for producing secondary xylem and phloem is the

4.4.2 Specialised structures (epidermis, stomata, trichomes)

Plants also possess specialised structures that protect them and regulate interactions with the
environment.

o Epidermis: The outermost layer of cells that protects against water loss and pathogens.

e Stomata: Small openings controlled by guard cells, regulating gas exchange and
transpiration.

o Trichomes: Hair-like outgrowths that reduce water loss, reflect. excess light, and deter
herbivores.

These structures are crucial for survival, especially in harsh environments.

Box 4.2 Specialised Structures in Plants

Structure Function Example
Epidermis Protection Leaf surface
Stomata Gas exchange Leaf underside

Trichomes Reduce water loss, deter herbivores Tomato plant

Fillin the blank: are hair-like outgrowths that reduce water loss and deter herbivores.
Pilot questions 4.4

1.. Whatis the role of the vascular cambium in secondary growth?

2. Which tissue produces bark in woody plants?

3. What structure regulates gas exchange in leaves?

4. Name one function of trichomes.

5. Why is secondary growth important for woody plants?

-
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Series Summary

This Series has examined the structures and tissues that make up plants. We began by studying the
main plant cell types (parenchyma, collenchyma, sclerenchyma), then explored simple and
complex tissues, including xylem and phloem. Next, we analysed primary plant structures such as
roots, stems, and leaves, before concluding with secondary growth and specialised structures like
cambium, epidermis, stomata, and trichomes.

By engaging with this Series, you should now be able to identify plant cell types, distinguish
between simple and complex tissues, describe primary structures, and explain secondary growth
and specialised adaptations. These abilities align with the Series Learning.Outcomes.and provide a
strong foundation for understanding plant physiology and development.

Glossary of Terms
¢ Cambium: Meristematic tissue responsible for secondary growth.
e Collenchyma: Living cells with unevenly thickened walls that provide support.
o Epidermis: Outermost protective layer of plant organs.
e Parenchyma: Living, thin-walled cells that store food and water.
o Phloem: Complex tissue that transports food.
e Sclerenchyma: Dead, lignified cells that provide rigidity.
o Secondary growth: Increase in thickness of stems and roots.
e Stomata: Openings'controlled by guard cells for gas exchange.
e Taproot system: A central root with lateral branches, typical of dicots.
e Trichomes: Hair-like outgrowths that reduce water loss and deter herbivores.
e Xylem: Complex tissue that transports water and minerals.
Concept Check Questions [Series 4]

Objective questions

1. Which plant cell type is dead at maturity and provides rigidity? (Linked to SLO 4.1)
2.  What tissue transports food in plants? (Linked to SLO 4.2)
3. Indicot stems, vascular bundles are arranged in a . (Linked to SLO 4.3)

Short-answer questions

4. Define collenchyma and state its function. (Linked to SLO 4.1)

-
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5. Name two components of xylem. (Linked to SLO 4.2)
6. Explain the role of stomata in leaves. (Linked to SLO 4.3)
Long-answer questions
7. Compare simple and complex tissues in plants, giving examples. (Linked to SLO 4.2)

8. Analyse the importance of secondary growth and specialised structures in plant ‘survival.
(Linked to SLO 4.4)

Answers to Concept Check Questions [Series 4]
Objective questions

1. Sclerenchyma.

2. Phloem.

3. Ring.
Short-answer questions

4. Collenchyma are living cells with unevenly thickened walls that provide mechanical
support to growing parts of plants.

5. Tracheids and vessels.
6. Stomata regulate gas exchange and water loss by opening and closing.
Long-answer questions

7. Basicresponse: Simple tissues consist of one cell type (parenchyma, collenchyma,
sclerenchyma), while complex tissues consist of multiple cell types (xylem and phloem).
Value-added response: Simple tissues provide basic support and storage, while complex
tissues enable transport, allowing plants to grow taller and thrive in diverse environments.

8. Basic'response: Secondary growth increases thickness, while specialised structures like
epidermis, stomata, and trichomes protect plants. Value-added response: These
adaptations allow woody plants to survive for many years, regulate water loss, and defend
against environmental stress, ensuring long-term survival.

Answers to Pilot Questions [Series 4]
1. Storage, photosynthesis, wound healing.
2. Beneath the epidermis in stems and leaves.
3. Lignin.

4. Collenchyma.

-
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Fibres and sclereids.

Storage.

Collenchyma.

Tracheids, vessels.

Transport food.

Efficient transport and tall growth.
Taproot and fibrous root systems.
By holding leaves upright.
Scattered.

Reticulate venation.

Stomata.

Producing secondary xylem and phloem.
Cork cambium.

Stomata.

Reduce water loss.

It allows woody plants to grow large and live long.

References and Attributions [Series 4]

-

Course content adapted from BOT102: Introductory Botany.

Figure 4.1 Simple tissues in plants. Suggested Al prompt: “Diagram showing parenchyma
collenchyma sclerenchyma cells plant tissues”. Search string: “OER diagram simple plant
tissues parenchyma collenchyma sclerenchyma”.

Box 4.1 Components of complex tissues. Suggested Al prompt: “Table showing
components of xylem and phloem with functions”. Search string: “OER table complex plant
tissues xylem phloem”.

Box 4.2 Specialised structures in plants. Suggested Al prompt: “Table showing specialised
plant structures epidermis stomata trichomes with functions”. Search string: “OER table
specialised plant structures epidermis stomata trichomes botany”.
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Series 5: Fruits, Seeds, And Botanical Drawings

Series outline
¢ 5.1 Fruits: Types And Functions
o 5.1.1 Classification of fruits (simple, aggregate, multiple)
o 5.1.2 Functions of fruits in plant reproduction and dispersal
e 5.2 Seeds: Structure And Germination
o 5.2.1 Seed structure (embryo, cotyledons, seed coat)
o 5.2.2Types of germination (epigeal, hypogeal)
o 5.2.3 Conditions necessary for germination
¢ 5.3 Botanical Drawings And Illustrations
o 5.3.1 Principles of botanical drawing (accuracy, labelling, proportion)
o 5.3.2 Standard conventions in scientific illustrations

o 5.3.3 Practice exercises: drawing fruits, seeds, and plant structures

Introduction

Fruits and seeds are the final products of plant reproduction, ensuring the continuation of species
through dispersal and germination. Fruits protect seeds and aid in their distribution, while seeds
contain the embryo.and stored food necessary for new plant growth. Alongside these biological
structures, botanical drawings play a crucial role in scientific study, providing accurate visual
representations of plant organs for identification and learning.

The aim of this Series is to help you classify fruits, understand seed structure and germination, and
develop skills in botanical illustration. By the end, you will be able to describe fruit types and
functions, explain seed anatomy and germination processes, and apply conventions of botanical
drawing to represent plant structures accurately.

We shall begin by examining the types and functions of fruits, then move on to the structure and
germination of seeds. Finally, we will explore botanical drawings, focusing on principles,
conventions, and practice exercises.

Series Learning Outcomes

Upon completing this Series, you should be able to:

-
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e SLO 5.1 classify fruits into major types and explain their functions in reproduction and
dispersal,

e SLO 5.2 describe seed structure and analyse conditions necessary for germination,
e SLO 5.3 distinguish between epigeal and hypogeal germination, and

e SLO 5.4 apply principles and conventions of botanical drawing to illustrate fruits, seeds,
and plant structures.

5.1 Fruits: Types And Functions
5.1.1 Classification of fruits

Fruits are the matured ovaries of flowering plants, usually containing seeds.They are classified into
three main types based on their origin and development:

o Simple fruits are formed from a single ovary of one flower. Examples include mango,
tomato, and pea.

o Aggregate fruits develop from multiple ovaries of a single flower. A good example is the
strawberry, where each tiny seed-like structure.is actually a fruit.

¢ Multiple fruits arise from the /ovaries of many flowers that fuse together, as seenin
pineapple.

-
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Diagram showing examples of simple, aggregate, and multiple fruits. Caption: Figure 5.1
Classification of fruits.
Figure 5.1 Classification of fruits

1. Simple Fruits 2. Aggregate Fruits 3. Multiple Fruits
A. Fleshy Fruits Develop from a single flower Develop from many separate
Seed 7 with many separate ovaries. flowers of an inflorescence.

bR
Hard Endocarp \7\{5#/ Individual [  Sepals \,,r§£v/‘\?j?_ \"‘: Crown
= Fleshy Mesocarp Flower with ?52:?355 3 ¢ Ay~ | Fused Fruitiets <\

1
one ovary YN
Skin-like Exocarp from ovaries) @ \

(each from a
Flower with  single flower) X
many ovaries A

Inflorescence
| (many flowers)

Pericarp
Placenta Core A Bract
S Fleshy (peduncle)
T\J WL | Receptacle
;%0‘# Crown
o Flower with Strawber Flower with " ,
Tomato (Berry) o™ vy e Iry S e Pineapple
. ndividua s
B. Dry Fruits Drupelets /) e foarer®S/\ Osteole
Two sutures o’ )\ _One seed =
attached at receptacle
|}/ one point e »
K 4
[/ > Indehiscent e
p s fl Receptacle
ea un riower A
(Legume/Pod) (Achene) Raspberry Fig
Fillin the blank: A strawberry is an example of an fruit.

5.1.2 Functions of fruits in plant reproduction and dispersal
Fruits perform essential roles in plant reproduction and survival. Their primary functions include:

o Protection: Fruits enclose seeds; shielding them from physical damage and unfavourable
conditions.

o Dispersal: Fruits aid in spreading seeds by wind, water, or animals. For example, winged
fruits like maple are dispersed by wind, while fleshy fruits attract animals that eat them and

disperse seeds.

e Nutrition: Fruits provide food for animals and humans, ensuring ecological balance and
promoting seeddispersal.
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Photograph showing different fruits adapted for dispersal (e.g., winged maple fruit, floating
coconut, fleshy mango). Caption: Plate 5.1 Fruits adapted for dispersal.

=

@ Common spindle tr
(Buonymus ewropaeus)

Fillin the blank: Fruits help in of seeds by wind, water, or animals.

Pilot questions 5.1

1.

2.

Name the three main types.of fruits.

Give one example of a.simple fruit.

Which type of fruit develops from multiple ovaries of a single flower?
State one function of fruits.in‘reproduction.

How do'animals contribute to seed dispersal?

5.2 Seeds: Structure And Germination

5.2.1 Seed structure

Seeds are the reproductive units of flowering plants, containing the embryo and stored food
necessary for new growth. A typical seed has three main parts:

Embryo: The young plant that will develop into roots, stems, and leaves.
Cotyledons: Seed leaves that store food or help in photosynthesis during early growth.

Seed coat: A protective covering that shields the embryo from injury, dehydration, and
infection.
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Diagram showing the structure of a dicot seed with labelled embryo, cotyledons, and seed coat.
Caption: Figure 5.2 Structure of a dicot seed.

Figure 5.2 Structure of a dicot seed

1. General Structure and External View. 2. Detailed Structure (and Cotyledons)

: Cotyledons (2)
Seed Coat (}s{élal:Tf

Plumule
(embryonic shoot
tip, including the
first true leaves)

Epicotyl
(embryonic axis
above cotyledon
attachment)

Hypocotyl  |Embryo
(embryonic axis

below cotyledon
attachment)

Radicle
(embryonic root)

3. Seed Germination
Seed Coat
‘» Attachment (Testa)
Point
Detailed Structure
(opened seed)

Stage 1: Imbibition Stage 2: Plumule Stage 3: Full Seedling
and Radicle Emergence and Epicotyl Growth Establishment

(Testa) attachment)

N

Micropyle
(small ggre)

External View Cross-section

Fillin the blank: The protective covering of aseed'is called the

5.2.2 Types of germination

Germination is the process by which a seed develops into a new plant. There are two main types:
o Epigeal germination: The cotyledons are pushed above the soil surface, as seen in beans.

¢ Hypogeal germination: The cotyledons remain below the soil surface, as seen in maize.
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Diagram comparing epigeal and hypogeal germination. Caption: Figure 5.3 Types of seed
germination.

Figure 5.3 Types of seed germination

EPIGEAL GERMINATION (Beans) HYPOGEAL GERMINATION (Maize)

True Leaves :
Cotyledons emerge ! Cotyledons
above ground —— Epicotyl remain below True Leaves —S
P ground
C(zt Iedo)ns Epicotyl Y
reen ) ,
Hypocotyl Seed Coat Epicotyl R A o= e
Soil Surface ) @ Soil Surface -— Coleoptile
Cotyledon
Stage 2 : Stage 2 Root N Maize
\ System 7" ) 14 Kernel
Cotyledons
(Green)
Radicle Stage 1 /
Maize Primary
Kernel Root

Fillin the blank: In germination, cotyledons remain below the soil surface.
5.2.3 Conditions necessary for germination
For successful germination, seedsrequire certain conditions:

o Water: Activates enzymes and softens the seed coat.

e Oxygen: Needed for respiration to release energy.

o Temperature: Must be suitable for enzyme activity.

e Light: Some seeds require light, while others germinate in darkness.
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Fillin the blank: Seeds require

Box 5.1 Conditions necessary for seed germination.
Condition Role in germination Example
Temperature | Ensures enzyme activity & )0 ) \S/\égzit
Light Required by some seeds _C;ﬁ 'S'ggéjge |

Pilot questions 5.2

1.

2.

for respiration during germination.

Name the three main parts of a seed.

What is the function of cotyledons?

Which type of germination occurs in beans?

State one condition necessary for germination.

Why is oxygen important during germination?

5.3 Botanical Drawings And Illustrations

5.3.1 Principles of botanical drawing

Botanical drawings are scientific illustrations of plant structures. They are not simply artistic
sketches but carefully prepared diagrams that emphasise accuracy, proportion, and clarity. The
main principles include:

Accuracy: Every detail must represent the actual structure of the plant.

Proportion: The relative sizes of different parts must be maintained.

Labelling: All parts should be clearly labelled using straight lines and neat handwriting.

Simplicity: Avoid shading or unnecessary decoration that may distract from the scientific

purpose.
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Box 5.2 Principles of botanical drawing

Principle Description Botanical Sketch (Good vs. Poor) ||Key Takeaway |
Correct representation E A Faithful
Accuracy of plant structures = observation
, Maintain relative
Proportion sizes of parts Internal scale
iabellin Clear, straight lines PR x‘mzéﬁﬁg Legibility
g and neat text = and order
B Avoid shading and Focus on form,
Simplicity decoration not effect
Fillin the blank: In botanical drawings, must be maintained to show relative sizes of

plant parts.
5.3.2 Standard conventions in scientific illustrations

Botanical drawings follow certain conventions to ensure uniformity and clarity in scientific
communication:

o Drawings should be done.in pencil, not pen, to allow corrections.

e Labels must be written horizontally, never diagonally.

e Thetitle of the drawing should be placed below the illustration.

¢ Magnified views of smallstructures may be drawn separately and indicated with arrows.

[Insert figure here] Diagram showing conventions in botanical drawings (e.g., labelled leaf with
maghnified stomata). Caption: Figure 5.4 Conventions in botanical drawings. Al prompt suggestion:
“Diagram showing botanical drawing conventions labelled leaf magnified stomata arrows title
below” Search string: “OER diagram botanical drawing conventions botany”

Fillin.the blank: In botanical drawings, labels must always be written
5.3.3 Practice exercises: drawing fruits, seeds, and plant structures

Learners are encouraged to practise drawing common plant structures such as fruits, seeds, and
leaves. Begin with simple fruits like mango or tomato, then progress to seeds such as beans or
maize. Always apply the principles of accuracy, proportion, and labelling.
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Photograph showing students’ botanical drawings of fruits and seeds. Caption: Plate 5.2 Practice

drawings of fruits and seeds.

Berry (I‘omaio (indcy)
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Practice 1: Fleshy Fruits

Mango (Mangifera indica)

Practice

External View
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Plate 5.2 Practice
drawings of fruits and
seeds. Botany 101.

Fillin the blank: The title of a botanical drawing should be placed the illustration.

Pilot questions 5.3

1. What are the four main principles of botanical drawing?

2. Why should botanical.drawings be done in pencil?

3. Where should the title of a botanical drawing be placed?

4. How shouldlabels be writtenin scientific illustrations?

5. Give one example of a plant structure suitable for practice drawing.

Series Summary

This Series has explored the fascinating world of fruits, seeds, and botanical drawings. We began
by classifying fruits into simple, aggregate, and multiple types, highlighting their protective and
dispersal functions. We then examined seed structure, types of germination, and the conditions
necessary for successful growth. Finally, we studied the principles and conventions of botanical
drawings, emphasising accuracy, proportion, and labelling, and concluded with practice exercises
to strengthen learners’ skills.

By engaging with this Series, you should now be able to classify fruits, describe seed anatomy and
germination, and apply conventions of botanical drawing to illustrate plant structures. These
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abilities align with the Series Learning Outcomes and prepare you for practical and theoretical
applications in botany.

Glossary of Terms
e Aggregate fruit: Fruit formed from multiple ovaries of a single flower (e.g., strawberry).
¢ Cotyledons: Seed leaves that store food or assist in photosynthesis during early growth.
o Epigeal germination: Germination where cotyledons are pushed above the soil surface.
¢ Hypogeal germination: Germination where cotyledons remain below the soil surface.

e Multiple fruit: Fruit formed from the ovaries of many flowers fusedtogether (e.g.,
pineapple).

e Seed coat: Protective covering of a seed.
e Simple fruit: Fruit formed from a single ovary of one flower (e.g., mango).

¢ Botanical drawing: Scientific illustration of plant structures, emphasising accuracy and
proportion.

Concept Check Questions [Series 5]

Objective questions
1. Which type of fruit develops from multiple ovaries of a single flower? (Linked to SLO 5.1)
2. What is the protective covering of a seed called? (Linked to SLO 5.2)

3. Inwhich type of germination do cotyledons remain below the soil surface? (Linked to SLO
5.3)

Short-answer questions

4. Definesimple fruitand give one example. (Linked to SLO 5.1)

5. State two.conditions necessary for seed germination. (Linked to SLO 5.2)

6., Why should botanical drawings be done in pencil? (Linked to SLO 5.4)
Long-answer questions

7.. Compare epigeal and hypogeal germination with examples. (Linked to SLO 5.3)

8./ Discuss the importance of botanical drawings in scientific study and education. (Linked to
SLO 5.4)

Answers to Concept Check Questions [Series 5]
Objective questions
1. Aggregate fruit.
ol
B
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2.

3.

Seed coat.

Hypogeal germination.

Short-answer questions

4.

5.

6.

A simple fruit develops from a single ovary of one flower; example: mango.
Water and oxygen.

Pencil allows corrections and ensures neatness.

Long-answer questions

7.

Basic response: In epigeal germination, cotyledons are pushed above the soil surface (e.g.,
beans). In hypogeal germination, cotyledons remain below the soil'surface (e.g., maize).
Value-added response: These differences affect how seedlings access stored food and
adapt to their environments.

Basic response: Botanical drawings provide accurate representations of plant structures.
Value-added response: They are essential for teaching, research, and identification,
ensuring clarity and uniformity in scientific communication.

Answers to Pilot Questions [Series 5]

1.

2.

10.

11.

12.

13.

14.

-

Simple, aggregate, multiple.

Mango.

Aggregate fruit.

Protection of seeds.

By eating fruits and dispersing seeds.
Embryo,cotyledons, seed coat.

Food storage.

Epigeal germination.

Water.

Oxygen provides energy through respiration.
Accuracy, proportion, labelling, simplicity.
To allow corrections.

Below the illustration.

Horizontally.

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



15. Mango fruit or bean seed.

References and Attributions [Series 5]

-

Course content adapted from BOT102: Introductory Botany.

Figure 5.1 Classification of fruits. Suggested Al prompt: “Diagram showing simple fruits
mango tomato aggregate fruits strawberry multiple fruits pineapple”. Search string: “OER
diagram classification of fruits botany”.

Plate 5.1 Fruits adapted for dispersal. Suggested Al prompt: “Photograph/showing maple
winged fruit coconut floating mango fleshy fruit dispersal adaptations”. Search string: “OER
image fruits dispersal adaptations botany”.

Figure 5.2 Structure of a dicot seed. Suggested Al prompt: “Diagram of dicot seed structure
embryo cotyledons seed coat labelled”. Search string: “OER diagram dicot seed structure
botany”.

Figure 5.3 Types of seed germination. Suggested Al prompt: “Diagram comparing epigeal
germination beans hypogeal germination maize labelled”. Search string: “OER diagram
seed germination epigeal hypogeal botany™:

Box 5.1 Conditions necessary for seed germination. Suggested Al prompt: “Table showing
conditions necessary for seed germination water oxygen temperature light examples”.
Search string: “OER table seed germination conditions botany”.

Box 5.2 Principles of botanical drawing. Suggested Al prompt: “Table showing principles of
botanical drawing accuracy proportion labelling simplicity”. Search string: “OER table
principles botanicaldrawing botany”.

Figure 5.4 Conventions.in botanical drawings. Suggested Al prompt: “Diagram showing
botanical drawing conventions labelled leaf magnified stomata arrows title below”. Search
string: “OER.diagram botanical drawing conventions botany”.

Plate 5.2 Practice drawings of fruits and seeds. Suggested Al prompt: “Photograph showing
botanical drawings of mango fruit bean seed maize seed student practice”. Search string:
“OER image botanical drawings fruits seeds practice botany”.
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