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1PrEfACE

1.1 A wOrd Of wElCOME
Welcome to PTP1501, Introduction to Plant Production. We have compiled 
this module for undergraduate students who are studying plant production 
for the first time. Our aim in doing to is to help you gain a solid foundation 
in the fundamental concepts of plant production. To study this module, 
you need to have passed either Biology or Agricultural Science at Grade 12 
level. This module is intended for learners who are studying or working 
in crop production, specifically those of you who are studying or work-
ing in horticulture (production of fruits and vegetables) and agronomy 
(production of field crops).

1.2 PurPOSE Of ThE MOdulE
The purpose of this module is to equip you to identify and classify ag-
ricultural plants; describe plant metabolic processes; identify different 
plant structures and show that you understand what the functions of 
these structures are; understand how essential nutrients are absorbed and 
transported; and explain how plants grow and develop, and what they 
need in order to do so.

1.3 OuTCOMES Of ThE MOdulE
After studying this module, you should be able to:

 • identify and explain different methods of naming and classifying crops 
with the aid of examples

 • show your understanding of plant metabolism by identifying and 
explaining different physiological processes that take place in a plant 
and how they are affected by the immediate environment

 • identify the different structures of a plant and explain the function of 
each

 • show your understanding of the growth and development of food crops, 
and the factors affecting these two processes

 • show that you understand the way in which plants absorb water and 
minerals under field conditions and their translocation in the plant

1.4 MOdulE MAP
This module is made up of the following five units:

1. Naming and classifying plants

2. Metabolism
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3. Structure and function of agricultural plants

 Part 1: Cells, tissues and life cycles

 Part 2: Roots, stems and leaves

 Part 3: Flowers, fruits and seeds

4. Growth and development

 Part 1: Vegetative growth and development

 Part 2: Reproductive growth and development

5. Absorption and translocation of water and minerals

As you can see, we have divided some units into a number of parts. There 
are learning objectives for each unit – these are the things you must be 
able to do after you have studied the unit. We have included activities in 
each unit to help you understand the content.
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1STudY uNIT 1
1Naming and classifying plants

1.1 STudY ObjECTIvES
After you have studied this unit, you should be able to:

 • explain why it is important to classify plants
 • classify plants according to their habitat, stem type, life cycle, structure and 

form, whether or not they bear flowers and seeds, reproduction, climatic 
preference, leaf retention and usefulness

 • explain botanical classification
 • write the names of plants according to botanical principles

1.2 INTrOduCTION
Have you ever taken a walk in the bush, or in a park or nature reserve, and 
thought about the plants you saw there? Have you noticed different kinds 
of plants growing in other places? Imagine what it would be like to know 
500 000 plant names. This is the estimated number of plants we as human 
beings know at the moment, and the list is still growing. Because there are 
so many different kinds of plants, we need a way to refer to or communicate 
about plants that people in countries all over the world will understand, no 
matter what language they speak. This is why scientists have developed 
methods for classifying and naming plants. To classify means to arrange 
according to class (group) or category. Scientists usually classify plants ac-
cording to certain characteristics – in other words, plants that share certain 
characteristics are grouped together. This enables us to see which groups 
of plants can be used for certain purposes.

The science that deals with describing, naming, and classifying organ-
isms is called taxonomy. Another term often used along with taxonomy 
is systematics. Systematics is the study of the diversity of organisms and 
their evolutionary relationships.

You may be wondering why someone studying agriculture needs to know 
about plant classification and plant names. There are several reasons.

 • Knowing the correct names enables us to communicate correctly about 
plants. For instance, if you want to find out the correct herbicide to control 
a weed problem, you need to know exactly which weed is causing the 
problem.

 • When we group plants correctly, we put “similar” plants together. This 
can help us enormously in decision-making. For instance, we could 
group plants according to aspects like:

(a) Susceptibility to certain pests and diseases. Cabbage, cauliflower, 
broccoli and Brussels sprouts are all affected by similar pests and 
diseases. Onions, however, are affected by different ones.
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(b) Needs relating to mechanisation. We use similar implements to 
cultivate apples and peaches. However, when we cultivate potatoes, 
we use very different implements.

(c) Marketing requirements. Produce marketed in its fresh form, like 
spinach and lettuce, must be handled differently from grain crops 
like wheat and maize.

(d) Irrigation requirements. Some crops, like radish, lettuce and car-
rots, have shallow root systems. Maize, wheat and barley have 
deeper root systems.

In this unit we will be discussing four main topics. These are:

 • classification of plants according to habitat, stem type, and life cycle
 • classification of plants based on climatic preferences, leaf retention, 

whether they have flowers and seeds, and their uses or usefulness
 • classification of plants based on their means of reproduction
 • botanical classification

ACTIvITY 1

 • In your opinion, why do we classify plants?
 • What are herbaceous plants?
 • What is the difference between aquatic plants and terrestrial plants?
 • Define vegetative propagation.
 • What are woody plants?
 • How does a perennial plant differ from an annual plant?
 • How do potatoes reproduce?

How did you find this activity? Were you able to answer all the questions? We have 
supplied some suggested answers at the end of the unit. If you didn’t have all the 
answers, please don’t feel bad; studying this unit will help you answer these and 
many other questions.

1.3 ClASSIfICATION Of PlANTS ACCOrdING TO hAbITAT, STEM 
TYPE, ANd lIfE CYClE
If you observe plants closely, you will see that they differ in many ways. 
However, you will also see that some plants are similar to others – we say 
that they share similar characteristics. Scientists group or classify plants 
according to whether they are similar to or different from other plants. 
Because there are so many plants, there are many ways to classify them. 
So, for example, plants can be classified based on their habitat, their stem 
type, structure and form, or their life cycle.

Here are some examples to show why this would be important.

If we understand why certain plants grow where they do, we are able to 
find them more easily, especially when we need them. This also gives 
growers an indication of the best place to grow these plants. The kind of 
stem a plant has and how it grows helps us to determine which plant can 
serve a specific purpose. For example, plants with soft stems may be eaten, 
while those with hard stems may be used for other purposes: tall trees 
with hard trunks are good sources of building materials.
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At the end of this section, you should be able to:

 • classify plants based on where they grow (habitat)
 • classify plants according to their stem type
 • classify plants based on their life cycle

1.3.1 habitat

ACTIvITY 2
Go to a park or walk around your neighbourhood, and observe the plants there. 
See if you can name and describe them. Write your observation in the table below.

Plant name Observation

1.

2.

3.

4.

5.

ACTIvITY 3
Here is a list of plants:

 • orchid
 • poison ivy
 • seaweed
 • carrot
 • mango
 • rose
 • water lily
 • banana
 • acacia
 • water hyacinth
 • corn

Have you observed any of these plants in your community? Where does each 
grow? Write the name of each plant in the correct column in the table below.

Plants that grow 
on land

Plants that grow  
 in water

Plants attached to 
other plants
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Do you realise that you have just classified the plants in the list according 
to where they live? The word we use for the place where organisms (living 
things, such as plants) live is habitat. It means “home” or “environment”.

Compare your answers with those in the Suggested answers section at 
the end of the unit.

How well did you do? Here is some more information about classifying 
plants according to their habitat.

Activity 3 showed you that a plant habitat can be land, water or air. Plants 
have special names based on their habitat. Plants that live on land are ter-
restrial plants. Plants that live in water, such as water hyacinth, are aquatic 
plants. Plants that live in the air, such as orchids, are aerial plants. Aerial 
plants live above ground, often clinging or attached to other plants.

1.3.2 Stem type
In activity 3 you classified some plants according to their habitat. Here 
is another activity, which gives you the opportunity to classify plants 
based on their stem type. The stem is the part of the plant that transports 
water and mineral nutrients up from the roots, and food down from the 
leaves. You will learn in other modules that plants need sunlight to make 
food and survive. The leaves grow off the stem, and in that way they are 
exposed to light.

ACTIvITY 4
Here is a list of plants:

 • banana
 • lettuce
 • mango
 • peach
 • vine
 • spinach

See whether you can find these plants growing. If you can’t, try to find photos and 
information about them on the internet or in a book.

What colours are the stems of these plants? Are the stems soft or hard? Are they 
rough or smooth? Write your observations in the table below.

Plant Colour of 
stem

Texture of 
stem (rough or 

smooth)

Hardness of stem 
(hard or soft)

banana

lettuce

Mango

Peach
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vine (grape-
vine, for 
example)

Spinach

Discuss your answers with other students in your class, and then compare 
your answers with those in the Suggested answers section at the end of 
the unit.

When we classify plants according to the characteristics of their stems, we 
find that they tend to fall into two groups, namely, woody and non-woody 
plants.

Woody plants have stems that are hard, and usually dark brown in colour. 
Big trees like acacia and pine trees are woody plants. People often use the 
wood of these trees to build houses and other structures. Woody plants 
have secondary stem growth (the stem increases in girth and forms annual 
rings). Which of the plants you classified in activity 4 are woody plants?

Woody plants can be divided into three groups, namely trees, shrubs and 
vines.

 • Trees are large woody perennial plants that normally have a single 
stem or trunk. Examples are fruit trees like apple, pear and peach trees.

 • Shrubs are low woody perennial plants that have numerous vertical 
stems (in other words, they grow upright). Their growth is erect. These 
plants do not grow as tall as trees. A good example is a rose plant. Some 
shrubs have thorns to protect them from animals that feed on them 
because they grow low or close to the ground.

 • Vines are climbing or creeping woody plants. The stems are not strong 
enough to support the whole plant. Vines have stems called twiners, 
which twine or coil around a solid support. They also have climbing 
organs called tendrils. Examples of vines are grapes, poison ivy and 
morning glory.

Non-woody plants have stems that are soft, smooth, and usually green. 
These plants are sometimes called herbaceous plants. Green leafy vegeta-
bles like lettuce and spinach are examples. These plants normally do not 
develop secondary stem growth. Which of the plants on the list in activity 
4 are non-woody?

1.4 lIfE CYClE
We can classify plants according to how long they take to complete their 
life cycle. Based on their life cycle, plants are divided into three groups, 
namely, annuals, biennials and perennials.

 • Annuals are plants that complete their life cycle in a single growing 
season. A growing cycle begins when the seed of a plant germinates, 
and ends when the plant has produced new mature seed. Maize, wheat 
and groundnuts are all annuals.
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 • Biennials are plants that take two growing seasons to complete their 
life cycle. The plant accumulates nutrient reserves in a storage organ 
at the end of the first season. During the second season, these reserves 
are used to produce flowers and mature seed. Cabbage, carrot, beetroot, 
and onions are all biennials.

 • Perennials are plants that continue growing indefinitely. Most perennial 
plants continue growing year after year, adding new growth each 
year (fruit trees are examples). Some die back in winter and continue 
growing from the roots in the next season (examples are some perennial 
grasses, sweet potato, and potato). Other perennial plants, especially 
tropical perennial plants, grow as perennials in some (hot) areas, but 
are cultivated as annuals in other climates (examples are tomatoes and 
cotton).

1.5 ClASSIfICATION Of PlANTS bASEd ON ClIMATIC 
PrEfErENCES, lEAf rETENTION, whEThEr ThEY hAvE 
flOwErS ANd SEEdS Or NOT, ANd uSES Or uSEfulNESS
We can classify plants based on their climatic requirements, mainly tem-
perature. Some plants shed their leaves, while other plants retain their 
leaves, and this is also used as a classification characteristic. Plants can 
also be classified depending on whether or not they produce flowers and 
seed. We can also classify plants according to their uses or usefulness.

At the end of this section, you should be able to:

 • classify plants according to their climatic requirements
 • classify plants based on leaf retention (whether or not they drop their 

leaves)
 • classify plants based on whether they produce flowers and seed or not
 • classify plants according to their uses or usefulness

ACTIvITY 5
What do you know about the climatic requirements of plants? Give three examples 
each of tropical plants, temperate plants, subtropical plants, warm season crops 
and cool season crops.

1.5.1 Climatic requirements
Tree crops can be classified according to temperature requirements:

 • Tropical plants only grow in hot areas where there is no winter frost. 
Most of these plants are evergreen (in other words, they do not shed 
their leaves). Examples are banana, coffee, tea and cocoa.

 • Temperate plants grow in areas with a distinct cold winter, very often 
with considerable freezing. Most of these crops are deciduous (in other 
words, they shed their leaves). Many of these plants not only are able to 
withstand the chilling winters, but actually need them for full vigour and 
flowering in spring. Examples are apple, pear, peach, plum and pecan.

 • Subtropical plants fall between the two groups we have just discussed. 
They need a definite “resting period”, but they need more summer heat 
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than the temperate plants. Subtropical plants can withstand some light 
winter frosts. Examples are citrus, date, fig and guava.

Agronomic and vegetable crops are sometimes classified according to 
their temperature requirements:

 • Warm season crops grow best when the average temperatures lies 
somewhere between 20 and 30 °C. This is called the optimum temperature 
range. Examples are maize, cotton, groundnuts, tomato, potato, sweet 
potato and pumpkin.

 • Cool season crops tend to perform best in cooler climates, with an average 
temperature between 15 and 20 °C. Examples are cabbage, carrot, wheat, 
barley and peas.

We can also classify plants according to their hardiness. This is their abil-
ity to withstand frost.

 • Hardy plants can tolerate relatively harsh conditions (–4 to –8 °C).
 • Tender plants can survive light frosts (–1 °C without chilling winds).
 • Very tender plants cannot tolerate any frost whatsoever. They must be 

cultivated in areas where temperatures stay above 0 °C in the production 
season. Examples are pumpkin, tobacco and peppers.

Some plants flower and bear fruit in winter, while others flower and fruit 
in summer. This is influenced by the relative day length required for the 
reproductive phase to begin. In broad terms, we divide plants into long-day, 
short-day and day-neutral plants. Long-day plants flower when the light 
period is longer (and the dark period is shorter) than the critical duration. 
Short-day plants flower only under short-day (and long-night) conditions. 
Day-neutral plants are able to flower when days are either long or short.

1.5.2 leaf retention
All perennial plants drop leaves at some time or another. However, some 
kinds of plants drop all their leaves every year in autumn, and are leafless 
for extended periods in winter time. These types of perennials are called 
deciduous plants (examples of deciduous plants are apple, peach, pecan 
and grape).

Other perennial plants drop their leaves throughout the year, and we don’t 
really notice the leaf drop. Let’s take citrus as an example. Citrus trees 
form new leaves in two to three flushes per year, and leaves remain on the 
tree for about 18 months. Under normal conditions, the tree never drops 
all its leaves at the same time – instead, leaves drop individually as they 
age and die. When perennial plants maintain a leaf canopy throughout 
the year, we refer to them as being evergreen. Examples are tropical trees 
like citrus, mango and macadamia.

1.5.3 Production of flowers and seed
Did you know that whether or not a plant has flowers and seeds is an 
important characteristic used in classifying plants? Knowing whether or 
not a plant bears flowers and develops seeds helps farmers know how they 
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should grow certain plants. Also, plants that have flowers are usually more 
attractive and make better decorating materials. You will understand more 
as our discussion unfolds.

We hope that you are enjoying the activities, and that they are helping you 
understand concepts quicker. Are you ready for another one?

ACTIvITY 6
Here is a list of plants:

 • seaweed
 • rose bush
 • bougainvillea
 • fern
 • pine tree
 • moss
 • mango tree
 • mushroom

Which of these are flowering plants, and which are not? Write this information in 
the table below.

Flowering plants Non-flowering plants

1. 1.

2. 2.

3. 3.

4. 4.

Compare your answers with the Suggested answer section at the end of 
the unit.

The plant kingdom (this is something we will talk about a bit later) is di-
vided into two main groups: the non-flowering plants (such as algae and 
mosses) and the flowering plants (such as trees and shrubs).

1.6 NON-flOwErING PlANTS
Non-flowering plants do not have flowers and they do not produce seeds. 
They usually grow in water or moist places. Examples of non-flowering 
plants are seaweed, algae, mushrooms, mosses and ferns. Some non-flow-
ering plants, such as seaweed and algae, have no roots, stems or leaves. 
Seaweed lives in salt water, and may be found washed up on beaches. Algae 
are found in water and in moist places. Have you ever noticed green growth 
on damp walls, and on some ponds and pools? What you were seeing was 
probably various types of algae. Fungi (we talk about one fungus, but two or 
more fungi) such as mushrooms are also examples of non-flowering plants. 
Because they cannot manufacture their own food, they live by feeding on 
dead materials or on another living organism. Mosses are yet another group 
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of non-flowering plants. They are simple and primitive plants. Although 
they have leaves and stems, they have no true roots and have no means 
to transport water and nutrients around their bodies. Another group of 
non-flowering plants is the ferns. They have roots, stems and leaves, but 
no flowers. Unlike many non-flowering plants, they are able to transport 
water and food into and around their bodies.

1.7 flOwErING PlANTS
Flowering plants bear flowers. They are also called “seed-bearing” because 
they form seeds. Most crop plants (such as rice, maize, beans and other 
cereals), trees and ornamental plants belong in this group. Some flower-
ing plants are evergreen trees such as pine and sequoia trees. They have 
well developed roots, stems and leaves, and may grow very tall. In some 
evergreen trees the seeds develop inside a cone – these trees are called co-
nifers. However, the seeds of most flowering plants do not develop inside 
a cone. These plants have flowers, and their seeds develop inside a case. 
Examples are guava and papaya.

New plants form from the seed of flowering plants. An important compo-
nent of the seed of a flowering plant is the seed leaves, or cotyledons, which 
help digest and absorb food and transfer it to the developing plant. You 
can see these easily in the seeds of flowering plants like maize and beans.

We will speak about flowers in detail in unit 3 (Identification of plant 
structures).

Most people refer to plants by their local or common name, because these 
names are easier to remember. However, there are two problems associated 
with this. First, people speak different languages, and so they give plants 
different names. Second, people speaking the same language may have 
different names for the same plant, or worse still, one name might refer 
to different plants. Hartmann et al (1988:45) and McMahon et al (2007:281) 
give jasmine as an example: the common name “jasmine” is given to 27 
different types of plants in the English language!

From this you can see that a common name can only be used when both 
parties in the conversation know exactly what plant is being discussed. 
This is usually only possible when the people are from the same commu-
nity. So, to allow people from different communities and even different 
countries to talk about plants, there has to be an international, uniform 
naming system, in terms of which each plant type is given a unique name. 
This gave rise to the development of the scientific or botanical names we 
use today. We will discuss this in more depth later on.

1.8 uSES Or uSEfulNESS
Very few plants or plant parts are outright poisonous to humans. Some 
are inedible, because they taste unpleasant. Most plants, however, are ed-
ible. We classify plants as being a crop when we plant and tend them so 
that they supply us with a usable product. We call the plants that we plant 
purely for aesthetic reasons ornamental plants.
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We have compiled a practical agricultural classification system for agricul-
tural crops as an example, to get you thinking. It contains just a selection 
of plants, so please expand it on your own.

1.8.1 Agronomic crops
We divide agronomic crops into various groups:

 • Grain crops or cereals, grown for their seeds. They are members of the 
grass family, e.g. maize, grain sorghum, rice, and the “small grains” 
such as wheat, barley, oats and rye.

 • Root and tuber crops, grown for their underground parts, e.g. potato, 
cassava and yam.

 • Oil and protein crops, grown for the production of oil and protein, e.g. 
groundnuts, sunflowers, soybeans, dry beans and dry peas.

 • Sugar crops, grown for sugar, e.g., sugar-cane and sugar-beets.
 • Fibre crops, grown for the fibre in the stem or other parts, e.g. cotton 

and jute.
 • Pasture and fodder crops, grown as animal feed for grazing, e.g. hay 

and silage. They include many species of grasses and legumes.
 • Drugs, grown for the stimulating effect of their product, like tobacco, 

tea, coffee, peppermint, hops and mustard. It is illegal to plant some 
drug crops, like poppies and cannabis, in South Africa.

1.8.2 Special-purpose crops

 • Green manure and cover crops, used for soil improvement and prevention 
of soil erosion, like sunn hemp, babala, soybeans, and cowpeas.

 • Companion crops, used to help establish another crop, e.g. when planting 
lucerne, teff is sown simultaneously to protect the young, tender lucerne.

 • Catch crop, very short-season crops that can be grown between the 
main crop and the end of the season.

1.8.3 fruit crops

 • Tropical fruit, e.g. banana, coffee, tea, cacao and papaya.
 • Subtropical fruit, e.g. citrus, date, fig, lychee, guava, avocado and 

granadilla.
 • Temperate fruit, e.g. apple, pear, peach, apricot, plum, pecan and almond.

1.8.4 vegetable crops
Vegetable crops planted for their aerial parts:

 • Legumes, e.g. garden peas and garden beans
 • Potato crops, e.g. tomato, peppers, chillies and brinjal
 • Cole crops, e.g. cabbage, cauliflower, broccoli and Brussels sprouts
 • Cucurbits, e.g. pumpkin, squash, butternut and cucumber
 • Leafy crops, e.g. lettuce, celery, parsley and Swiss chard

Vegetable crops planted for their underground parts:

 • Bulb crops, e.g. onion, garlic and leek
 • Tuber crops, e.g. potato
 • Root crops, e.g. beetroot, carrot, parsnip and sweet potato
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Other vegetable crops e.g. artichokes, mushrooms and asparagus

Herbs, grown as food flavouring, for their aroma and sometimes for me-
dicinal uses, e.g. garlic, anise, basil, chives, dill, lavender, mint, parsley, 
rosemary, savory and thyme.

1.9 ClASSIfICATION Of PlANTS bASEd ON ThEIr MEANS Of 
rEPrOduCTION

We can also classify plants according to the way in which they reproduce. 
Have you ever wondered how plants reproduce? How can you tell whether 
a plant or plant part is male or female? What do plants use in order to 
reproduce?

Knowing how plants reproduce helps farmers, plant growers and garden-
ers to tend the plants they grow on their farm or plot or in their garden. It 
helps them know which plants can be left to reproduce on their own, and 
which plants need help in reproducing.

At the end of this section, you should be able to:

 • identify the different kinds of asexual reproduction in plants
 • identify the processes involved in the sexual reproduction of plants
 • differentiate between asexual and sexual reproduction
 • classify plants according to the way they reproduce

ACTIvITY 7
Here is a list of plants:

 • potato
 • strawberry
 • onion
 • ginger
 • papaya
 • mango
 • litchi

How do these plants reproduce or multiply?

Name of plant Plant part used for reproduction

Potato

Strawberry

Onion

Ginger

Papaya

Mango

litchi

Maize
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To see how well you did, check your answers against the Suggested answers 
section at the end of the unit.

1.9.1 Asexual reproduction
Some plants do not need another plant of the same kind in order to repro-
duce. Potatoes are a good example. They reproduce asexually. To put this 
simply, asexual reproduction does not involve pollination and fertilisation. 
This is called vegetative reproduction.

There are many kinds of asexual reproduction in plants. Certain plants 
reproduce by means of their roots, stem or leaves. Potatoes reproduce by 
specialised stems called tubers. Leafy shoots develop from these tubers, 
which eventually grow into new plants.

The strawberry plant also reproduces by means of its stems. It sends out 
horizontal stems called stolons, which grow along the ground. Eventually, 
roots grow downward from the tip of the stolon and into the soil. Shoots 
develop upward into the air, and a new plant develops.

Some trees and shrubs reproduce by means of another kind of horizontal 
stem called a rhizome. Ginger reproduces by means of rhizomes. The rhi-
zomes grow outwards, and after a while, new plants develop from them.

Onions and garlic are examples of plants that reproduce by means of bulbs. 
Bulbs are shortened, compressed underground stems. They have a special 
way of dividing to form new bulbs.

Other plants reproduce by means of roots. Root cuttings must develop new 
adventitious shoots and grow. Some plants, like Kalanchoe, can develop 
new plants from notches in their leaves.

1.9.2 Sexual reproduction
You know that asexual reproduction does not involve pollination and fer-
tilisation, and that potatoes reproduce asexually. In sexual reproduction 
in flowering plants, a male reproductive cell from one flower unites with 
the female reproductive cell from another flower of the same kind.

In this kind of reproduction, pollination and fertilisation are needed to 
produce new plants. You will learn what these terms mean as our discus-
sion unfolds. Examples of plants that reproduce sexually are fruit trees 
like papaya, mango, and guava.

The stamen is the male reproductive part of the flower. It is usually made 
up of a long filament topped with an anther. Inside the anther are sacs in 
which pollen grains are produced.

The carpel or the pistil is the female reproductive structure of a flower. 
At the base of the carpel is the ovary. The ovary is divided into compart-
ments that contain ovules. These are the structures that develop into seeds. 
Above the ovary is a tube-like structure called the style. On top of the 
style is the stigma.
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Unlike animals, plants cannot move from one place to another to find food 
or shelter or to reproduce. As a solution to this, plants have developed certain 
‘moving’ parts. One of these is pollen, which produces sperm. The sperm 
is the male reproductive cell that is necessary in the sexual reproduction 
of plants. Pollen is transferred from the anther to the stigma in a process 
called pollination. Plants rely on a variety of pollinators or pollinating 
agents. Pollinators are animals such as bees, butterflies and birds. Once 
the pollen grain lands on the stigma of the same kind of plant, fertilisa-
tion begins, during which the sperm cell in the pollen grain travels down 
a pollen tube to reach the egg cell in the ovary.

ACTIvITY 8
(1) Differentiate between asexual and sexual reproduction.
(2) Define pollination and fertilisation.

ACTIvITY 9
Find at least four different plants growing in your neighbourhood. Classify them 
according to categories we have discussed in this unit. Use the example below as 
a guide. Also give reasons for your classification, as shown in brackets.

Name 
of plant

Habitat Stem Flowering/
Non-flowering

Repro- 
duction

Guava Terres-
trial (lives on 
land)

woody 
(main 
stem 
hard, 
rough & 
brown in 
colour)

flowering (it 
has flowers 
and bears 
seeds)

Sexual (has 
flowers & 
seeds, thus, 
it undergoes 
pollination & 
fertilisation)

1.10 bOTANICAl ClASSIfICATION

Taxonomists are the people who are concerned with properly identifying 
and naming life forms according to internationally accepted rules. They 
follow rules drawn up by the 18th century scientist Linnaeus, the origina-
tor of the modern classification system.

In this section we will discuss a system of classification in terms of which all 
living things are divided into groups on the basis of shared characteristics. 
These groups are called taxa (we speak of one taxon, but two or more taxa). 
A taxon may be either large or small, but each one is a group of organisms 
with similar characteristics. Each taxon can be subdivided into smaller or 
lower taxa, and these into still smaller taxa. Ultimately we reach a stage 
where we cannot identify any more differences between the individuals 
in the taxon, and we can stop. That taxon will be the lowest ranking taxon. 
Latin is the language used for biological classification because it is in the 
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past it was an internationally understood language. Latin was therefore 
used in the naming system in biological classification. The naming system 
in biological classification is also known as nomenclature.

1.10.1 Kingdom, subdivision and classes
All living organisms can be divided into five kingdoms. (Kingdom is the 
highest taxon.) One of these is the plant kingdom. The plant kingdom is 
divided into subdivisions, like the Spermatophytina, or seed-producing 
plants. These can be further divided into classes, like the Angiosperms, 
the true-seeded plants, which include all the common agricultural plants.

1.10.2 Subclasses
The Angiosperms are divided into two subclasses, the Monocotyledons 
(plants whose seeds have only one seed leaf, or cotyledon) and the Dicoty-
ledons (plants whose seeds have two cotyledons).

This is the first important division that we are interested in. Grasses, such 
as all natural pasture grasses and grain plants like maize, wheat and rice, 
are monocotyledons. They differ distinctly from the dicotyledons, like 
groundnuts, cotton, sunflower, tomato and cabbage. These differences 
determine the way we manage these plants in agriculture.

 • The growing point of the stem of monocotyledons stays below the soil 
surface for a considerable time. These plants can be grazed or cut for 
extensive periods with less damage to plant growth than dicotyledons 
can.

 • The development of the adventitious root system (about ten days after 
emergence) makes monocotyledons much more sensitive to drought 
during this early stage of development than dicotyledons.

1.10.3 family, genus and species
Below the subclasses we find the taxa family, genus and species. The 
species is the basic (lowest) unit of normal taxonomy. As we move lower 
down the taxa, plants become more similar. For instance,
(1) We would expect plants in the same family and lower taxa to be af-

fected by similar pests and diseases.
(2) We would expect to be able to cultivate plants of the same genus in 

a similar way.
(3) We would expect plants of the same species to interbreed freely.
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NOMENCLATURE (we will take the potato as our example)

(1)  The family name is usually the highest taxon used in normal plant iden-
tification. When we write the name of a family, the first letter is always a 
capital. The name of a family always ends with the letters “aceae”. here 
are some examples: Solanaceae (the potato family), Asteraceae, Poaceae, 
and rosaceae. we do not underline the names of families, or write them 
in italics.

(2)  The generic name, or genus, always begins with a capital letter. If you 
are writing by hand, you would underline the generic name, like this: 
Solanum, and if you are typing, you would italicise it, like this: Solanum.

(3)  The specific epithet begins with a small letter. If you are writing by hand, 
you would underline the specific epithet, like this: tuberosum, and if you 
are typing, you would italicise it, like this: tuberosum.

(4)  The botanical name that we give to a plant is a binomial. by that we mean 
that it is a name made up of two parts: we combine the generic name and 
the epithet to arrive at the complete binomial, or the species name. In 
the case of our example, the potato, this is Solanum tuberosum. This can 
be followed by a letter or abbreviation representing the authority – this is 
the person who described and named the plant. So, you might see the 
botanical name of the potato written like this: Solanum tuberosum l. The 
“l.” stands for linnaeus, the authority.

1.10.4 variety and cultivar
Sometimes we need to look at even smaller differences if we want to iden-
tify plants clearly. Botanists and agricultural scientists may need further 
subdivisions in order to do this.

Some plants of the same species develop differences from one another 
when growing in nature. Taxonomists have created another level of de-
scription to take these differences into account. We call this subdivision 
of the species the botanical variety.
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NOMENCLATURE

The species name for cabbage, cauliflower, broccoli and Brussels sprouts 
is Brassica oleracea. This could be very confusing: if someone spoke about 
Brassica oleracea you would not know which of these vegetables they were 
referring to, and they do differ substantially from one another, at least in terms 
of the parts we eat. So, to show which one we mean, we say which variety or 
botanical variety we are referring to. when we write this, we start with the 
species name. Then we write the abbreviation var., which is short for variety. 
This abbreviation starts with a small letter, and we underline it. After that, we 
write the name of the variety. This starts with a small letter, and we underline 
it if we are writing by hand, or italicise it if we are typing. So, we would write 
the botanical names of the vegetables we have been talking about like this:

Cabbage Brassica oleracea var. capitata

Cauliflower  Brassica oleracea var. botrytis

broccoli Brassica oleracea var. italica

brussels sprouts  Brassica oleracea var. gemmifera

In agriculture, we often have to refer to a group of plants within a cultivated 
species that have been altered by breeding. These plants are different from 
others on the basis of a distinct character or group of characters that have 
been artificially created by human interference (breeding). We call them 
cultivated varieties, or cultivars. These are artificial varieties that we have 
created or bred, and not botanical varieties, which occur naturally. Cultivar 
is the taxon that is most important to the individual crop producer.

NOMENCLATURE

we write the names of cultivars in two ways. we always start with the species 
name. we then write the abbreviation cv. (short for cultivar), and the name 
of the cultivar. The words making up the cultivar name all start with a capital 
letter, like this, and they are not written in italics:

Solanum tuberosum cv. up To date

Alternatively, we don’t use the abbreviation cv. Instead, we just write the cultivar 
name, and we include it in single quotes. Again, the words making up the cultivar 
name all start with a capital letter, like this, and they are not written in italics:

Solanum tuberosum ‘up To date’

In the agricultural press, many people use the term “variety” when they 
should use the term “cultivar”. Beware of this, and always find out exactly 
what the writer really means.

Cultivars are usually propagated by seed, as happens in the case of maize, 
cotton, beans, tomatoes, and pumpkins. When plant material is produced 
by means of vegetative propagation, the cultivar is called a clone. Most fruit 
trees, potatoes, sweet potatoes, and so on are clones or clonal cultivars.

Here are all the taxa, from the highest to the lowest, for a crop – in this 
case, a cabbage cultivar named Gloria Osena.
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Kingdom Plantae
Subdivision Spermatophytina
Class Angiospermae
Subclass Dicotyledonidae
Family Brassicaceae
Genus Brassica
Species Brassica oleracea
Variety var. capitata
Cultivar ‘Gloria Osena’

Common name:  A cabbage cultivar, named Gloria Osena

So, the species name can be any one of the following, depending on the 
detail given:
 Brassica oleracea
 Brassica oleracea var. capitata
 Brassica oleracea var. capitata ‘Gloria Osena’

1.11 SuMMArY
We classify plants by placing them in categories according to similar char-
acteristics. Plants can be classified according to their habitat. Terrestrial 
plants grow on land. Aquatic plants grow in water. Aerial plants live in 
air or on the braches of other trees. Knowing where plants grow and why 
they grow there helps us understand the best place to grow certain plants.

Plants can be classified according to the type of stem they have. Woody 
plants have hard, rough stems that are usually dark brown in colour. 
Non-woody or herbaceous plants have soft, usually smooth stems that are 
greenish in colour. There are three kinds of woody plants, namely vines, 
shrubs and trees. Vines are crawling or creeping plants, shrubs tend to 
be multi-stemmed, while trees are usually tall and have one large stem 
called a trunk.

Length of life cycle can also be used to classify plants. Annual plants com-
plete their life cycle in a period of one year. Biennial plants grow vegeta-
tively in the first year and reproduce in the second year. Perennials grow 
indefinitely.

The presence or absence of flowers and seed can also be used as a classifica-
tion characteristic. Non-flowering plants do not produce flowers or seeds.

We can also classify plants according to their uses or usefulness.
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1.12 SuGGESTEd ANSwErS TO ACTIvITIES

These are just suggested answers to help you.

Activity 1

Purpose of classifying plants: to arrange the many types of plants; to eas-
ily distinguish groups of plants based on certain characteristics; to divide 
plants into smaller groups to make it easy to identify them.

 • Herbaceous plants: non-woody plants that have soft, smooth, usually 
green stems

 • Aquatic plants: plants that live or grow in water
 • Terrestrial plants: plants that live or grow on land
 • Vegetative reproduction: asexual reproduction in plants; plant uses any 

vegetative part to reproduce (leaf, stem, root, rhizome, bulb, stolon etc.)
 • Woody plants: plants with stems that are hard and usually dark brown; 

these stems increase in girth and form annual rings
 • Perennial plants: grow indefinitely
 • Annual plants: complete their life cycle in a period of one year
 • Potatoes reproduce by means of tubers.

Activity 2

You needed to write down the name of the plants you observed. While 
making your observations, you should have taken note of whether the plant:

 • is a tree, shrub or vine
 • is woody or non-woody
 • is a flowering or non-flowering plant
 • is terrestrial, aquatic or aerial
 • is a monocotyledon (monocot) or dicotyledon (dicot) (grasslike leaves 

or broad leaves)
 • has parallel veins or network veins on the leaf

Activity 3

Plants that grow on 
land

Plants that grow 
in water

Plants that are attached 
to other plants

banana, carrot water hyacinth orchid

corn, mango water lily poison ivy

rose, acacia seaweed
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Activity 4

Plant Colour of stem Texture of 
stem (rough or 
smooth)

Hardness of 
stem (Hard or 
soft)

banana Green Smooth Soft

lettuce white Smooth Soft

Mango brown rough hard

Peach brown rough hard

vine (grape vine) brown rough hard

Spinach white Smooth Soft

Activity 5

 • Tropical plants: banana, coffee, tea, cocoa
 • Subtropical plants: citrus, date, fig, guava
 • Temperate plants: apple, pear, peach, plum, pecan
 • Warm season: maize, cotton, groundnuts, tomato, potato, sweet potato, 

pumpkin
 • Cool season: cabbage, carrot, wheat, barley

Activity 6

Flowering plants Non-flowering plants

rose bush fern

bougainvillea Seaweed

Pine Moss

Mango tree Mushroom

Activity 7

Name of plant Plant part used for reproduction

Potato Tuber

Strawberry Stolon

Onion bulb

Ginger rhizome

Papaya Seed
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Mango Seed

litchi Seed, stem (air layering)

Maize Seed

Activity 8

Sexual reproduction: in flowering plants, the male reproductive cell from 
one flower unites or fuses with the female reproductive cell from another 
flower of the same kind; two parent plants needed to produce a new plant; 
there is a union of two gametes.

Asexual reproduction: the production of new plants by any vegetative 
means, not involving meiosis and the union of gametes; one parent needed 
to produce a new plant. Examples of vegetative reproduction include re-
production by means of the leaf, stem, roots, bulb, rhizomes, stolons.

Activity 9

You had to follow the example given to complete a table containing informa-
tion about four different plants that you observed in your neighbourhood.

1.13 QuESTIONS fOr SElf-EvAluATION
(1) Give four important reasons why agriculturists use different clas-

sification systems to classify the different kinds of plants they use. 
 (10)

(2) Explain how fruit trees are classified according to their temperature 
requirements. Give at least two examples for each group. (10)

(3) Explain how plants are classified based on their habitat. (5)
(4) Explain how plants are classified based on their life cycle. (6)
(5) What are herbaceous plants? (4)
(6) Differentiate between shrubs and vines. 4)
(7) What are short-day plants? (3)
(8) Define vegetative propagation. (3)
(9) Explain how plants are classified based on their reproduction. (8)
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Science: Growth, Development and Utilization of Cultivated Plants. 2nd 
ed. New Jersey: Prentice Hall.

Janick, J, Schery, RW, Woods, FW & Ruttan, VW. 1981. Plant Science: an 
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2Metabolism

2.1 STudY ObjECTIvES

After you have studied this unit, you should be able to:

 • define and use the terminology used in this chapter

 • list the different kinds of biological molecules and their raw products, and 
give appropriate examples

 • explain the different phases in metabolism

 • explain photosynthesis and the factors affecting the rate of photosynthesis

 • explain respiration and the factors affecting the rate of respiration

 • compare photosynthesis and respiration.

2.2 INTrOduCTION

Metabolism is a very complex topic, and to understand it you need a good 
grasp of chemistry and biochemistry. Because metabolism is so important 
to plants, and therefore to plant production, we will give you a basic in-
troduction in this unit. If you would like to know more, we recommend 
a good book on botany or plant physiology – alternatively, you could do 
some online research.

2.3 ChEMISTrY

If you have not studied chemistry, please study this section. If you have 
studied chemistry, we recommend that you read this section just to refresh 
your memory. For more detailed information, we recommend Introduction 
to Chemistry for Biology Students by George I. Sackheim (2007).

2.3.1 Molecules

All matter (for example, wood, water and air) is made up of small units of 
matter called molecules. A molecule is the smallest portion of an element 
or a compound that retains chemical identity with the substance in mass. 
There are thousands of different kinds of molecules. One unit of glucose, 
or sugar, or fat, or protein, or water, or oxygen, and so on is a molecule.

Molecules are made up of still smaller units of matter called atoms. An 
atom consists of electrons, and a centre unit called the nucleus. The elec-
trons move around the nucleus and can bind atoms together. The nucleus 
determines the chemical identity of the atom – so, for example, it makes a 
carbon atom a carbon atom, not a boron atom.
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There are two types of molecules, namely

 • elements and
 • compounds.

When all the atoms in a molecule are of the same kind, the molecule is 
called an element. For instance, the hydrogen gas molecule is made up of 
two atoms of hydrogen (H2), and the oxygen gas molecule is made up of 
two atoms of oxygen (O2). We say that hydrogen and oxygen are elements.

When a molecule is made up of more than one type of atom, that molecule 
is called a compound. For instance, a water molecule is made up of two 
hydrogen atoms and one oxygen atom (H2O); glucose is made up of 6 car-
bon, 12 hydrogen atoms and 6 oxygen atoms (C6H12O6). We say that water 
and glucose are compounds.

TAblE 2-1

Some important elements in living organisms

Name of element Symbol Name of element Symbol

Calcium Ca Nitrogen N

Carbon C Oxygen O

Chlorine Cl Phosphorus P

hydrogen h Potassium K

Iron fe Sodium Na

Magnesium Mg Sulphur S

2.3.2 Molecules and solubility

Molecules are packed together in a mass of one pure substance. This mass 
can be a solid (wood, or sugar crystals, for instance), a liquid (such as wa-
ter), or a gas (oxygen, for example). When the molecules in a gas or solid 
leave their mass and become surrounded by water molecules, we say that 
the mass dissolves (for example, sugar dissolves in water). The molecules 
that become imbedded in the water are called the solute (the sugar in our 
example), and the water acts as the solvent. The mixture of solvent and 
solute is called a solution (in our example, a sugar solution). The quantity 
of solute molecules in a given amount of solute is called the concentration.

Some packed molecule masses are insoluble. This means that they will 
not dissolve in water. When they are finely ground and mixed with water, 
they form a suspension (think of maize meal mixed in water).
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2.4 bIOChEMISTrY
Biological molecules are molecules produced by living organisms. All 
biological molecules are made up of raw products from the environment. 
Plants have the ability to convert these raw products into many complex 
products. The raw products are:

(1) water (H2O), normally taken up by the roots
(2) carbon dioxide (CO2), taken up from the air
(3) oxygen (O2), taken up from the air in the atmosphere and soil
(4) mineral elements normally absorbed from the soil (nitrogen, phos-

phorus, sulphur, potassium, etc.)

The biological molecules that the plant generates (synthesises) are divided 
into the following four groups:

(1)  Carbohydrates. These are sugars and compounds made by joining 
sugar molecules such as cellulose (straight, tough fibres) and starch 
(food reserves). Carbohydrates are divided into different structural 
groups. Knowing what these are helps us understand the function of 
these compounds.

 • Monosaccharides – single carbohydrate molecule
 • Disaccharides – two carbohydrate molecules linked together
 • Oligosaccharides – more than two molecules but fewer than seven 

molecules linked together
 • Polysaccharides – seven or more molecules linked together

(2)  Lipids. These are a varied group of compounds that do not mix with 
water, such as waxes (coating surfaces), fats (food reserves) and phos-
pholipids (membranes in cells). Fats and oils are composed of long 
hydrocarbon chains called fatty acids and the three-carbon alcohol 
glycerol. Fatty acids that have no double bonds are known as saturated 
fatty acids. Unsaturated fatty acids have double bonds. Plant cells, 
especially those in seeds, contain mostly oils that are often stored 
in lipid bodies called oleosomes. The principal (main) class of lipids 
found in most cellular membranes is the phospholipids.

(3)  Proteins. The most important function of proteins is to regulate the 
chemical processes of life. Proteins are best known for their role as 
biological catalysts or as enzymes. Proteins serve as structural ele-
ments in the microtubules and microfilaments of the cytoskeleton, 
or for storage, as in protein found in seeds. Proteins also serve to 
transport solutes across cell membranes, as hormone receptors, and 
as regulatory pigments. Proteins are composed of amino acids.

(4) Other compounds

 (4.1)  Energy transferring compounds, like adenosine diphosphate 
(ADP) and adenosine triphosphate (ATP). These molecules 
transfer energy between chemical reactions.

  (4.1.1)  ADP is a nucleotide (nitrogen-based compound) com-
posed of adenine and ribose, with two phosphate groups 
attached.
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  (4.1.2)  ATP has three phosphoric groups attached, and is the 
phosphorylated condition of ADP.

 (4.2)  Compounds that make up the genetic code (genes) in the chro-
mosomes. These compounds are deoxyribonucleic acid (DNA) 
and ribonucleic acid (RNA).

  (4.2.1)   DNA is a molecule composed of repeating subunits of 
ribose (a sugar), phosphate, and the nitrogenous bases 
adenine, guanine, cytosine, and thymine. Genes, the 
fundamental units of inheritance on chromosomes, are 
sequences of DNA molecules.

  (4.2.2)  RNA is a single-strand acid that formed on a DNA tem-
plate and found in the protoplasm. It controls cellular 
chemical activities.

ACTIvITY 1
(1) Define a) a molecule b) an element c) a compound.
(2) List three biological molecules (groups) that plants synthesise.

In the first unit, we reminded you to look at the Suggested answers section 
for feedback – please remember to do that, even though from now on we 
won’t be reminding you each time!

2.5 METAbOlISM
The only signs of life we can actually see in plants are the slow changes of 
growth and development. However, rapid chemical activity is constantly 
taking place in plant cells. This chemical activity is called metabolism. A 
simple definition of metabolism is the overall physiological activities of an 
organism. The metabolic system in plants generates thousands of differ-
ent chemical products called biological molecules. In their natural forms, 
these occur only in living matter.

2.6 PhASES Of METAbOlISM
Chemical reactions in living tissue follow very specific routes. We call these 
metabolic pathways. There are hundreds of these. We can group these 
pathways into three basic phases of metabolism. These are photosynthesis, 
anabolism and catabolism.
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Biochemical
compounds

catabolic
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anabolic
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photosynthesis

light

CO2
H2O

ATP

ADP

fIGurE 2.1
The phases of metabolism 

(adapted from rost et al 1984:7)

Figure 2.1 shows that:
(1) photosynthesis uses light energy, water and carbon dioxide to pro-

duce a simple sugar, like glucose.
(2) anabolic pathways use the glucose produced by photosynthesis to 

build more complex molecules like lipids, proteins and other carbo-
hydrates. For this to happen, additional energy is needed. This comes 
from respiration.

(3) catabolic pathways (respiration) extract energy from complex bio-
chemical compounds (storage compounds) to produce the energy to 
drive anabolism. They also recycle molecules to be used in the ana-
bolic pathways. Part of the catabolic pathway is called respiration. 
In respiration, oxygen is used to produce CO2 and H2O.

The connection between these phases is ATP and ADP. When ATP breaks 
down to ADP, lots of chemical energy is released, which is able to drive 
the anabolic pathways. The energy is put back into ADP, resulting in ATP 
again, with catabolic (energy-releasing) reactions.

2.7 PhOTOSYNThESIS
Photosynthesis literally means “synthesis using light”. Photosynthesis is 
the process of converting light (radiant) energy to chemical energy in the 
form of reduced carbon compounds. For the purpose of this module, we 
will define photosynthesis as the synthesis of carbohydrates from carbon 
dioxide and water in the presence of light. Solar energy is used to oxidise 
water, in that way releasing oxygen. Photosynthesis takes place in the 
chloroplasts, which are important organelles (small organs) found in the 
cells of green plant parts (leaves, for example). The chlorophyll molecules, 
where an important part of the photosynthesis reaction takes place, are 
built into the membranes of the chloroplasts.

During photosynthesis, the light drives a chemical reaction. It does pho-
tochemical work. This reaction needs a green plant, light, carbon dioxide, 
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and a small amount of water. Glucose (C6H12O6 ) and oxygen are formed. 
We can write this reaction as:

6CO2 + 12 H2O + light + green plant   C6H12O6 + 6H2O + 6O2

The factors affecting the rate of photosynthesis in higher plants are the 
following:

2.7.1 A healthy living green plant

Leaves are the most important photosynthesising organs. The mesophyll 
cells contain large amounts of chlorophyll. They are also equipped with 
stomata to let CO2 into the mesophyll area. Some photosynthesis can also 
take place in young green stems and fruit.

2.7.2 Light quality (wavelength)

For photosynthesis to occur, the plant must absorb light. As you already 
know, photosynthesis occurs in special structures or organelles called 
chloroplasts. Chloroplasts contain pigments that are able to intercept light 
and convert electromagnetic energy into the chemical energy needed to 
drive photosynthetic processes. When these pigments are irradiated with 
light containing all visible wavelengths, they absorb mainly from the 
red and blue portion of the spectrum, and reflect the green portion. The 
visible light spectrum lies between the wavelengths of 350 and 780 nm. 
The action spectrum (the rate of photosynthesis in relation to the differ-
ent wavelengths of light) shows that the main photosynthetic activity of 
light lies between 400 and 700 nm. When artificial light is used, its light 
spectrum should compare with the action spectrum of photosynthesis. 
Special electric lights are available for this purpose.

Rate of 

photosynthesis

Light wavelength (nm)

0 150 250 350 450 550 650 750

fIGurE 2.2

Action spectrum of a plant leaf (the reaction of photosynthesis  
on different wavelengths of light) 

Adapted from: http://a.files.bbci.co.uk/bam/live/content/zr9h34j/small
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2.7.3 light intensity
Light intensity refers to the amount of incident light energy absorbed by 
the leaf. Photosynthesis can be increased by increasing the light intensity, 
but only up to a saturation point. Light saturation occurs when further 
increases in light intensity do not increase the rate of photosynthesis. In a 
given plant, there is a light intensity at which photosynthesis and respira-
tion rates are equal and the net gas exchange is zero. We call this intensity 
the light compensation point. The light intensity from the sun is higher 
in summer than in winter. This is because the rays of the sun strike the 
earth more directly in summer than in winter. In South Africa the light 
intensity on a clear day exceeds the needs of most leaves on the outside 
of the plant canopy. Leaves deeper down in the plant canopy, especially 
in dense plant populations, receive less light. Normally photosynthesis is 
reduced in a leaf that receives less than 70% of full sunlight.

Light intensity affects plant growth, in part by influencing the rate of 
photosynthetic activity. The effect varies with different plants. Some spe-
cies require high light intensities to grow well. We call these sun-loving 
plants. Examples are maize, potatoes and sugarcane. Other plants do not 
tolerate high light intensity. We call these shade-loving plants, and many 
are grown as indoor ornamentals. Yet other plant species are intermediate 
between sun-loving and shade-loving plants, and grow well in moderately 
intense light.

2.7.4 day length
The longer the period during which leaves receive light, the longer and the 
more they photosynthesise. In summer the days are longer than in winter, 
and so plants produce more photosynthetic products per day in summer 
than in winter. Day length can only be manipulated in greenhouses. Re-
member that photosynthesis needs high intensities of light.

2.7.5 Carbon dioxide
When a plant is placed in a closed system, it assimilates CO2 until the CO2 
concentration reaches equilibrium at some low value. The carbon dioxide 
concentration at equilibrium is such that the amount of carbon dioxide 
evolved in respiration exactly equals the amount consumed in photosyn-
thesis. This CO2 concentration is called the carbon dioxide compensation 
point.

The normal CO2 concentration in the atmosphere is about 0,03%. When this 
concentration is increased to 0,1%, the rate of photosynthesis doubles. Of 
course, this is only possible in sealed greenhouses. Cut flowers like carna-
tions and orchids are grown commercially in CO2-enriched greenhouses. 
As you learnt in unit 4 of PTP1502, another novel method was tested on 
field-grown tomatoes. A commercially available CO2 bottle was connected 
to the irrigation system, enriching the irrigation water. When this water 
passes the mesophyll cells, the CO2 can be used in photosynthesis. Atmos-
phere and water enrichment are not yet economically feasible for normal 
agriculture, but this test does show that photosynthesis can be brought to 
a higher level.
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You can see the interaction between CO2 concentration and light intensity 
in Figure 2.3. At the normal CO2 concentration of 0,03% in the air, a pho-
tosynthetic saturation point is reached. At this point, the rate of photosyn-
thesis is not increased by a higher light intensity. Have a look at how this 
saturation point is raised by an increase in CO2 concentration.

0.15% CO2

Light intensity

0.05% CO2
Light
saturation

Ra
te

 o
f p

ho
to

sy
nt

he
sis

0.03% CO2

fIGurE 2.3
Light saturation at different CO2 concentrations at a constant temperature

2.8 TEMPErATurE (hEAT)
At low temperature levels, temperature has little effect on the rate of pho-
tosynthesis because light is the limiting factor. Biochemical reactions are 
very sensitive to temperature. As a general rule, the rate of all metabolic 
reactions doubles for every 10 °C rise in temperature – so, for example, the 
rate of photosynthesis will double when the temperature increases from 
20 °C to 30 °C. This holds true for “normal” temperatures. In the high 
temperature ranges, photosynthesis will be reduced because the stomata 
close. Respiration will continue to double for each 10 °C until the protein 
begins to denature and the cell dies. You will find a discussion of cardinal 
temperatures in part 1 of unit 4.

2.9 wATEr AvAIlAbIlITY
Very little water is used in the chemical reactions of photosynthesis. How-
ever, enough water is needed to keep stomata open. Remember, stomata 
close the moment the plant experiences water stress. When stomata are 
closed, CO2 cannot enter the leaf, and the rate of photosynthesis is decreased. 
Under conditions of drought (low soil moisture and hot, drying winds), 
plants often lose water through transpiration faster than their roots can 
absorb it. The rapid loss of water causes stomata to close and the leaves 
to wilt temporarily. When this happens, the exchange of CO2 and O2 is 
restricted, resulting in a dramatic drop in photosynthesis. Excessive soil 
moisture sometimes creates an aerobic condition (lack of oxygen) around 
the roots, reducing root respiration and mineral uptake.
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2.10 PlANT dEvElOPMENT ANd SOurCE-SINK rElATIONShIP
Provided that all other environmental factors are constant, the growth of the 
plants also significantly influences the rate of net and total photosynthesis, 
both in single leaves and in the total canopy of the leaves of the plant. As 
the leaves expand and grow larger, chloroplasts develop and replicate in 
the new cells until the leaf has fully expanded and has reached maturity.

As single leaves on the plant develop, their photosynthetic rate increases 
in step with the expansion of the leaf until the leaf has matured. When the 
leaf reaches full expansion, it is often called a source leaf, because the leaf 
synthesises more carbohydrates than are needed at that site, and so these 
are exported to other parts of the plant that are effectively growing. We 
call these sites of active growth and metabolism sink tissues.

ACTIvITY 2
(1) Explain (a) metabolism and (b) photosynthesis.
(2) List the factors that affect the rate of photosynthesis.

2.11 rESPIrATION

2.11.1 The process
Respiration occurs in organelles called mitochondria, which are present 
in each plant cell. Respiration is the processes by which carbohydrates and 
other molecules are oxidised for the purpose of retrieving the energy and 
using it in the growth and maintenance of the cell. It involves oxidative 
breakdown of sugars to carbon dioxide and water.

The energy stored in the process of photosynthesis can be released in a 
controlled way by means of respiration. Very often a sugar like glucose is 
involved in respiration. In general terms we can write:

C6H12O6 + 6H2O + 6O2    6CO2 + 12 H2O + energy

This is a general equation. However, remember that respiration is a stepwise 
process, releasing a small amount of energy at each step.

2.11.2 factors affecting the rate of respiration
(1) Temperature. The enzyme activity, and therefore the rate of the 

chemical reactions in the living plant tissue, increases with a rise in 
temperature. The rate of respiration doubles for every 10 °C increase 
in temperature in the range 0 to 35 °C. This is an important factor to 
consider in the storage of fresh produce. Refrigeration decreases the 
rate of respiration, which is why refrigeration increases storage life.

(2) Oxygen is needed for respiration. The rate of respiration decreases 
as the oxygen concentration decreases. This concept is used in con-
trolled atmosphere storage of fruit, where the oxygen of the cooled 
storage room is replaced with nitrogen.
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(3) Soil conditions. Poorly aerated and water-logged soils reduce mineral 
element uptake, which is an energy-driven reaction that requires 
respiration. Without adequate uptake of mineral elements, fewer 
respiratory enzymes are produced; this reduces respiration. Plants 
growing in flooded soil are sometimes exposed to hypoxic (low 
oxygen) and anoxic (no oxygen) conditions.

(4) Light. Low light intensity results in low sugar (glucose) production. 
In this case, there is nothing to respire!

(5) Substrate availability. Plants with low starch or sugar reserves respire 
at lower rates.

(6) Type of plant or cell. In general, bacteria, fungi, and many algae re-
spire considerable faster than angiosperms do (they have small food 
reserves). Inactive spores and seeds have very low respiration rates.

(7) Salinity and water stress. Sudden exposure of sensitive plants to 
salinity or water stress often enhances respiration. Root respiration 
generally increases when roots are suddenly exposed to increased ion 
concentration. This phenomenon is known as salt respiration. How-
ever, long-term exposure of sensitive plants to salinity and drought 
gradually decreases respiration, which is part of the general decline 
in carbon assimilation and overall metabolism associated with slow 
growth under stress conditions.

(8) Age and phase of growth. In senescence, anabolic processes are re-
placed by catabolic (degrading) processes, which results in the death 
of the tissue (for instance, in the soybean and sunflower). During the 
developmental phase, the plant just grows (cell division and enlarge-
ment take place).

ACTIvITY 3

(1) Define respiration.

(2) List the factors that affect the rate of respiration.

Why do cells have so many membranes and organelles? Biochemical reac-
tions are generally much slower than the reactions in biological systems, like 
plants. This is because plants produce enzymes which are catalysts for these 
reactions. Enzymes are extremely specific. Some work on photosynthetic reac-
tions, some on anabolic reactions, and others on catabolic reactions. There 
are thousands of enzymes in a plant. Anabolic, catabolic and photosynthetic 
reactions take place at the same time (simultaneously) in a leaf cell. These 
reactions are opposing reactions, which cannot occur in the same locality. 
Therefore these different areas are separated by membranes. Each one of 
the organelles is essential.
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2.12 COMPArISON Of PhOTOSYNThESIS ANd CATAbOlISM 
(rESPIrATION)

Photosynthesis Respiration

Requires CO2 and water Requires O2 and organic compounds

Produces O2 and sugars releases CO2 and h2O

Occurs in light Occurs in both light and darkness

Only in cells with chlorophyll In all living cells

Produces ATP by anabolism from the 
energy of the sun (energy is stored)

 Produces ATP by catabolism, from bi-
ological compounds (energy released)

uses a little ATP to synthesise sugar 
(glucose)

uses ATP for many reactions

Takes place in the chloroplast Takes place in mitochondrion

2.13 SuMMArY
The building blocks of all biological molecules are water, carbon dioxide, 
oxygen and mineral elements. The plant uses these to synthesise carbo-
hydrates, lipids, proteins and other compounds.

We refer to the chemical activities in plants as metabolism. We break me-
tabolism down into three basic reaction types: photosynthesis, anabolism 
and catabolism.

Photosynthesis occurs in the chloroplasts, where chlorophyll captures the 
energy in sunlight and the plant ultimately builds it into a carbohydrate 
molecule. The rate of photosynthesis depends on a number of environ-
mental factors.

Respiration is an energy-releasing catabolic reaction that makes available 
energy for:

 • other chemical reactions
 • transfer of mineral elements and nutrients across membranes
 • translocation of mineral elements and nutrients

The environment has a considerable influence on the rate of respiration.

2.14 SuGGESTEd ANSwErS TO ACTIvITIES

ACTIvITY 1

 • A molecule is the smallest portion of an element or a compound that retains 
chemical identity with the substance in mass.

 • An element is formed when all the atoms in a molecule are of the same kind.
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 • A compound is formed when a molecule contains more than one type of atom.
 • Three biological molecules that plants synthesise are carbohydrates, lipids 

and proteins.

ACTIvITY 2
Metabolism is a non-stop rapid chemical activity in plant cells. A simple definition 
of metabolism is all the physiological activities of an organism. The metabolic sys-
tem in plants generates thousands of different chemical products called biological 
molecules, found in their natural forms only in living matter.

Photosynthesis. This term literally means “synthesis using light”. Photosynthe-
sis is the process of converting light (radiant) energy into chemical energy in the 
form of reduced carbon compounds. An easy definition of photosynthesis is the 
synthesis of carbohydrates from carbon dioxide and water in the presence of light.

factors affecting the rate of photosynthesis are:

 • a healthy, living green plant
 • light quality (wavelength)
 • light intensity
 • day length
 • carbon dioxide
 • temperature (heat)
 • water availability
 • plant development and source-sink relationship

ACTIvITY 3
respiration is the processes by which carbohydrates and other molecules are 
oxidised for the purpose of retrieving the energy and using it in the growth and 
maintenance of the cell.

factors affecting the rate of respiration are:

 • temperature
 • oxygen
 • soil condition
 • light
 • substrate availability
 • type of plant or cell
 • salinity and water stress
 • age of plant and phase of growth

2.15 QuESTIONS fOr SElf-EvAluATION
(1) Define the following concepts: solution (3), compound (2), metabolism 

(2), respiration (3). (10)
(2) Name four basic biological molecules that plants synthesise, and  

give examples of the functions of these compounds in the plant body.
 (10)

(3) Discuss the phases in metabolism and how they relate to each 
other.  (15)

(4) Write down the basic reaction for photosynthesis. (7)
(5) Explain five factors affecting photosynthesis. (15)



PTP1501/1 33

STudY uNIT 2: Metabolism

(6) Discuss the importance of light for photosynthesis. (10)
(7) Explain five factors affecting respiration. (15)
(8) Compare photosynthesis with catabolism. (12)
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3STudY uNIT 3
3Structure and function of agricultural plants

Part 1: Cells, tissues, and life plants

3.1 STudY ObjECTIvES
After you have studied this part of unit 3, you should be able to:

 • define and use the terms we have used here
 • make labelled line sketches of the structures we discuss in this unit
 • explain the life cycles of monocotyledons and dicotyledons
 • explain the structure of cells and the function of the different parts of the cell
 • list and discuss the different types of tissue found in plants

3.2 INTrOduCTION
In order for us to understand plants, in other words, how and where they 
grow, how they store food, how seeds are formed, when flowers are formed 
and so on, we need to take a closer look at the structure and function of 
plant organs. This is what we will be doing in this unit. There are lots of 
different approaches to studying the structure and function of plants. In 
this unit we will begin with something relatively familiar, namely the life 
cycles of plants. Life cycles are very important in agriculture, and agri-
culturists pay a lot of attention to identifying the different visible stages 
(phenology) in the life cycle of crops. They use these to calculate harvest-
ing dates or determine when certain manipulations of the crop should be 
done, like fertilising and spraying. In this unit we will focus on the most 
basic growth stages.

The second part of this unit is devoted to plant cells and plant tissue. These 
are the basic building blocks of the different plant parts. To grasp how and 
why plants function the way they do, we need a basic understanding of 
cells and tissues.

3.3 PlANT lIfE CYClES
The most important plants used for food, as a source of fibre and wood, 
and for ornamental purposes belong to two main classes. These are the 
gymnosperms (cone-bearing plants) and the angiosperms (flowering 
plants). The angiosperms can be divided into two subclasses: the mono-
cotyledons and dicotyledons. We will begin by examining the life cycles 
of these plants. Monocotyledons are plants that have an embryo with 
one cotyledon. Dicotyledons are plants that have an embryo with two 
cotyledons. These two names are often shortened to monocots and dicots.
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3.3.1 life cycle of the monocotyledons
You already know that monocots are characterised by a single seed leaf or 
cotyledon. They also have a fibrous root system (many small roots growing 
from the base of the stem) and very long leaves with parallel veins.

All grasses are monocotyledons. Important examples are maize, sorghum, 
the small grains (wheat, rice, millet, teff, rye, barley and oats), pasture and 
veld grasses, bananas and onions. The life cycles of all these plants are 
very similar, so if you study one of them, you will understand the rest. 
Study the sketches carefully to see where the different plant parts are. We 
will use maize as an example.

Growth begins from a seed kernel. Its main components are

 • an outer shell (pericarp),
 • a large amount of endosperm and
 • an embryo.

The endosperm supplies the energy and nutrients to the germinating plant 
until the leaves begin to photosynthesise and produce the food that the 
plant needs. The embryo develops into the new plant.

The planted maize seed imbibes (absorbs) water from the moist soil. This 
triggers germination; the radicle (primary root) and the plumule (primary 
stem) of the embryo begin to grow. Once the radicle has emerged from the 
kernel, it is called the primary root. The radicle grows downwards through 
a protective sheath, called the coleorhiza, from which the primary root 
develops. These roots grow in any direction, except upwards. Some ad-
ditional roots, such as the seminal roots, develop from the seed and grow 
downwards. Secondary roots develop from these roots by branching.

One or two days after the radicle emerges, the plumule and the mesocotyl 
emerge from the seed. The emerging plumule is protected by a sheath-like 
leaf, which is called the coleoptile. The coleoptile envelops the main stem 
as it grows upward through the soil. The mesocotyl lengthens and pushes 
the plumule upwards towards the soil surface. Both the mesocotyl and 
the plumule lengthen during this stage. As soon as the plumule comes in 
contact with light, the mesocotyl stops growing, but the plumule continues 
to grow. The leaf is connected to the first node of the compressed stem. 
During this stage, the first node and the growing point (top part of the 
stem) are still about 25 to 40 mm below the soil surface. The growing point, 
which is still located below the soil surface, develops a series of nodes and 
internodes (the section between two nodes); the only aerial parts are the 
leaf sheaths and leaf blades.

About ten days after emergence, the basal nodes (bottom nodes) of the stem 
initiate adventitious roots. Adventitious roots develop from any plant part 
(such as the stem or leaf), except the primary root or other roots. In this 
case these roots do not develop from the radicle, but from the basal nodes 
of the stem. They branch and develop very fast. The primary and seminal 
roots stop growing. This means that as the plant develops and grows, the 
adventitious roots take over the function of the primary and seminal roots 
almost completely. Adventitious roots will also develop from the first few 
nodes above ground level, forming prop roots, which help to stabilise the 
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plant. When the soil around the emerging adventitious roots is dry, the 
emerging adventitious roots are unable to grow (root points stop dead when 
they strike (meet or encounter) dry soil. They will only start growing when 
the soil around the root point is moistened). During the flowering stage 
the root system will have filled most of the potential root zone.

In the initial stages, the stem develops a number of nodes and compressed 
internodes. Later the internodes lengthen and push the growing point up-
wards, through the leaf sheaths and above the soil surface. When the stem 
is above ground level, the nodes and internodes are clearly visible. You can 
also observe the leaf sheath originating at the node and surrounding the 
stem internode. If you remove the leaf completely, you will see the axillary 
bud in the leaf axil on the node. When the plant has reached a certain size 
(this depends on the cultivar), side stems called suckers appear from the 
axillary buds on the basal nodes. One or more inflorescences with female 
flowers (this type of inflorescence is called a spike) will develop from the 
axillary buds higher up on the stem. Then a terminal inflorescence (tas-
sel) with male flowers only will appear on the stem apex. From this point 
onwards, the plant does not produce any more leaves, as the terminal 
meristem has turned reproductive.

During the flowering stage, the pollen grains from the tassels will be 
blown by wind, fall on the long filaments (silks), and fertilise the individual 
ovaries. The ovaries will develop into the grain kernels on the maize cob. 
(We call the grain kernel in maize a caryopsis.) After these kernels have 
matured and dried, they can be harvested and stored.

fIGurE 3.1
The morphology of a maize plant

(1) Side view of a maize kernel.  
(2) The plant two weeks after emergence.  
(3)  The mature plant. 
( a. remnant of style; b. pericarp; c. endosperm; d. plumule; e. coleoptile; f. radicle;  
g. root cap; h. scutellum; i. embryo; j. first leaf; k. node; l. adventitious root (secondary 
root); m. mesocotyl; n. root sheath; o. primary root; p. lateral root; q. maize kernel; r. 
primary root system; s. prop root; t. secondary root system; u. maize cob; v. plume)
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ACTIvITY 1
(1) Differentiate between gymnosperms and angiosperms, and between mono-

cotyledons and dicotyledons.
(2) Define the following: coleoptile, coleorhiza and internode.

3.3.2 life cycle of the dicotyledons
These plants have seeds with two cotyledons or seed leaves (another term 
for this is seed lobes). Important crops in this sub-class are beans, peas, 
sunflowers, groundnuts, cotton, all trees, cabbages, pumpkins and many 
more.

We will study two types of dicotyledons, because the mode of germina-
tion differs.

3.3.2.1 The garden bean (epigeal germination)

The seed coat splits after imbibition (the process during which the seed 
imbibes moisture), and the radicle emerges, indicating germination. The 
radicle develops into the hypocotyl and primary root. The radicle grows 
downwards and the hypocotyl lengthens, forming a hook, called the 
plumular hook, which emerges above the soil surface and “pulls” the 
cotyledons above the ground. The growing point or apical meristem is 
protected between the cotyledons. This designates emergence. This type 
of germination is called epigeal germination.

Epigeal germination poses a problem. The cotyledons must be “pulled” out 
of the soil. These “pulling” forces place tremendous strain on the plumular 
hook, and sometimes the neck breaks, especially in adverse soil conditions.

After emergence, the plumular hook straightens and the cotyledons open. 
The epicotyl (the region between the cotyledons and the first leaves) 
lengthens. The first two simple leaves develop rapidly from the apical 
meristem and begin to photosynthesise. The cotyledons, having supplied 
all the nutrients up to this point, shrivel and drop off.

Secondary roots develop from the primary root, forming a typical tap root 
system. The stem lengthens, forming nodes and internodes, each bearing 
two trifoliate compound leaves. Within the leaf axil there are lateral 
buds, which are able to form side stems (lateral stems) as well as flower 
clusters (inflorescences).

Flower formation normally begins at the fourth set of leaves, and after that 
in each succeeding set of leaf axils. Flowers are continuously formed as long 
as conditions are favourable. This means that pods can be formed over a 
long period. Plants flowering this way have an indeterminate flowering 
habit. When the pods ripen and dry, they split open and the bean seeds 
are scattered on the ground.

3.3.2.2 The garden pea (hypogeal germination)

The garden pea demonstrates hypogeal germination. This means that 
the seed stays under the soil surface. The epicotyl lengthens and pushes 



38

  

the growing point, the plumule, above the surface of the soil. This puts 
less strain on the growing point than in epigeal germination. These plants 
are therefore able to withstand adverse conditions better than plants that 
display epigeal germination.

The rest of the development process is broadly similar to that of the garden 
bean.

fIGurE 3.2
The morphology of the developing dicotyledon

(1) The garden bean. 
(2) The garden pea. 
( a. seed coat; b. cotyledon; c. radicle; d. plumule; e. embryo; f. tap root; g. plumular 
hook; h. hypocotyl; i. lateral root; j. tap root system; k. epicotyl; l. fi rst leaf; m. leaf; 
n. growing point; o. shoot (stem); p. compound leaf)



PTP1501/1 39

STudY uNIT 3: Structure and function of agricultural plants

ACTIvITY 2
Differentiate between epigeal germination and hypogeal germination.

3.4 ThE PlANT CEll
In this section we will discuss cytology, which is the branch of biology 
relating to the study of the components of cells and their functions. Early 
cytological studies were conducted with light microscopes, which can 
help us to see general cellular features, but which cannot show all the fine 
details within cells. Electron microscopes and enhanced light microscopes 
have revealed that living cells are not just empty chambers, but are instead 
highly organised complexes of sub-cellular compartments with specialised 
metabolic functions.

If we cut open any plant part and look at it under a microscope, we see lots 
of small structures. These are the smallest basic structural and physiologi-
cal units of plants, and they are called cells. Cells are the basic building 
blocks of the plant. A complex multicellular organism, such as a plant, 
consists of many living and non-living cells (the non-living cells originally 
were living cells).

Plant cells come in various shapes, from spherical to square to tubular. 
Most cells are very small, 0,025 to 0,25 mm in size, but some can become 
several centimetres long (think of the cells in wood). Cells also vary in 
terms of their contents. Figure 3.3 is an illustration of a generalised cell, 
showing the different cell components.

3.4.1 Cell wall
The cell wall protects the protoplast, provides an external structure, and 
in some tissues (e.g. bark and wood) may act as a strong support for the 
plant. The cell contents are surrounded by a cell wall which has been 
formed by the plasma membrane. It consists of cellulose, long-chain units 
of carbohydrates (sugars). The cellulose can be hardened by lignin (this 
process is called lignification) and sometimes impregnated by a lipid mate-
rial called suberin. Both these substances help to strengthen the cellulose, 
which gives cell walls, and therefore wood, its tremendous strength. Just 
think of the way a tree is able to withstand a windstorm, bending and 
twisting, but not breaking.

Between the cells there is an intercellular layer called the middle lamella, 
which contains many of the mucilaginous pectic compounds that hold 
adjacent cell walls together. Adjacent to the middle lamella is the primary 
wall, which is composed mostly of cellulose. This elastic but strong mate-
rial is the chief constituent of most plant cell walls.

Individual cells in a tissue are connected to one another by means of strands 
of cytoplasmic material called plasmodesmata, which extend through the 
plasma membrane. The surrounding cell wall forms channels, called pits, 
around the plasmodesmata.
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The cell wall is “non-living” material which surrounds and protects the 
living protoplast. In some plant structures like the xylem tissue, the cell 
walls are modified to link up with each other. The protoplast of these 
cells has disappeared, leaving only the non-living cell walls. These form 
microscopic tubes in which water and mineral nutrients can be conducted 
or transported.

3.4.2 Protoplast

The organelles of the plant cell are contained within a membrane-bounded 
protoplast, which in turn is encased within a cell wall. Inside the cell wall 
lies the “living” part of the cell, the protoplast. It consists of a number of 
distinctive structures, the plasma membrane, nucleus, cytoplasm and 
vacuole.

fIGurE 3.3
A generalised diagram of a plant cell

  ( a. cell wall; b. plasma membrane; c. cytoplasm; d. vacuole; e. nucleus;  
f. nucleolus; g. chloroplast; h. mitochondria; i. endoplasmic reticulum)

3.4.3 Plasma membrane

Just inside the cell wall is the plasma membrane (or plasmalemma). It is 
a lipid bilayer surrounding the cytoplasm. This membrane is very impor-
tant in upholding cell integrity. It allows the cell to selectively absorb and 
transmit ions and molecules. The ions and solutes (substances dissolved 
in water) pass through the membrane by means of active transport. The 
cells use energy from ATP to pump the solutes through the membrane.
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Figure 3.4 is an illustration of a membrane. It shows the double layer of 
lipid-related substances, called fatty acids. The water attracting head al-
lows close contact between the membrane and its watery environment 
(the head becomes wet, like newspaper). The water repelling tails ensure 
that no liquid can pass the membrane (it behaves like a plastic bag with 
water on it: the water does not wet it, or move through it). Embedded in 
the membrane are large protein molecules. The protein is water attract-
ing, and water can move freely through these molecules. However, they 
act selectively on solutes and act as the “pumping mechanism” for active 
transport through the membranes.

fIGurE 3.4

A schematic representation of the membrane

  ( fatty acids with  
a. water-attracting heads and b. water-repelling tails; c. protein molecules)

3.4.4 Cytoplasm

The cytoplasm is a viscous fluid composed of matrix proteins, bounded 
by the semi-permeable plasma membrane. The flow of organelles within 
the cytoplasmic matrix, called cytoplasmic streaming, is clearly visible in 
active leaf cells under a light microscope. Within the plasma membrane is a 
viscous fluid, the cytoplasm. Within the cytoplasm are various organelles 
(small organs). These are:

(1) the nucleus, a round organelle containing the chromosomes, which 
bear the genetic code for the plant. The nucleus is a prominent orga-
nelle within the cell, enclosed by a double membrane and containing 
one or more bodies called nucleoli.

(2) the chloroplasts; these are chromoplasts that contain chlorophyll. 
Photosynthesis occurs here.

(3) the mitochondria; they are the site for normal respiration. They are 
also involved in protein synthesis.

(4) the endoplasmic reticulum. This is an extended membrane system 
in the cytoplasm, with a variety of functions concerned with manu-
facturing products in the protoplasm.

(5) other organelles.
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3.4.5 vacuole
The vacuole normally occupies a large proportion, often up to 90%, of the 
interior of plant cells. The vacuole is filled with cell sap, which contains 
sugars and organic acids – this is the main site of the flavour of fruit. The 
vacuole also serves as a storage reserve of water and salts, as well as toxic 
products. The membrane surrounding the vacuole is called the tonoplast.

ACTIvITY 3
(1) Define the terms “cytology” and “plasmodesmata”.
(2) Draw and label a plant cell.
(3) State four distinctive structures found in the protoplast.

3.5 PlANT TISSuE
Plants are made up of groups of cells of similar structure which collec-
tively perform the same task. These groups of cells are called tissue. In 
this section we will discuss the various types of plant tissue.

3.5.1 Meristematic tissue
Meristematic tissue consists of cells with very thin cell walls. Cell division 
normally occurs only in meristematic cells. When given an appropriate 
stimulus (by a growth regulator), they are able to differentiate (change) 
into new types of tissue and organs, for example, new stems and roots, 
flowers, leaves, seeds, and so on. They can also close wounds inflicted on 
roots and stems.

The meristematic tissue consists of actively dividing cells. These are found 
in the following:

(1) Apical meristems of the stem apex (tip), axillary buds and the root 
tip. Meristems can remain vegetative (producing stems and leaves) 
or become reproductive and form flowers.

(2) Sub-apical meristem produces new cells in the region a few micro-
metres behind an active shoot or apical meristem.

(3) Lateral meristems or cambiums. This is where secondary growth 
takes place, which brings about the thickening of the girth of stems 
and roots. Normally the cambium forms a cylinder of actively dividing 
cells. This cylinder of meristematic tissue originates from the apical 
meristem of the stem and root, and exists throughout the plant.

(4) Intercalary meristems are active tissues that have been separated 
from the apical meristems by regions of more mature or developed 
tissues. The separation occurs at an early stage of development, and 
therefore the separated cells retain their ability to divide.

(5) Vascular cambium is meristematic tissue which produces xylem 
(tissue that conducts water and minerals) and phloem (tissue that 
translocates the products of photosynthesis). The secondary growth 
in perennial trees produces layers of xylem of differing densities. 
Annual rings are formed. We are able to calculate the age of trees 
by counting the number of annual rings in the trunk.
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(6) Cork cambium produces a protective layer called bark, which covers 
stems and roots.

3.5.2 Permanent tissue
The permanent tissue originates from the meristematic tissue. It makes up 
the bulk of the plant. It can be either simple tissue, consisting of one type 
of cell, or complex tissue, made up of different types of cells. Permanent 
tissue can contain living and non-living cells.

(1) Simple tissue

 (1.1)  Leaves, young stems and roots are covered by a layer of living 
tissue, called the epidermis.

 (1.2)  Parenchyma tissue consists of thin-walled living cells that 
can become meristematic again if the tissue is wounded. It is 
present in young stems and roots (cortex). It is also present in 
leaves (mesophyll), where it is the centre of photosynthesis.

 (1.3)  Other simple tissues are the structural tissues like the scleren-
chyma and collenchyma tissue, which help plant parts keep 
their form. Cork tissue is found in the bark, and consists of 
non-living cells.

(2) Complex tissue

 (2.1)  Xylem consists of a variety of non-living cell types. Its func-
tions are:

 • conduction of water and mineral elements from the roots 
to all parts of the plant

 • structural support to stems and other organs 
 • storage of nutrient reserves

 (2.2)  Phloem also consists of a variety of cell types. It translocates 
food and other products from the production centres (leaves) to 
other plant parts, like stems, flowers, roots and storage organs. 
It also translocates nutrient reserves from the storage tissue to 
the rest of the plant.

ACTIvITY 4
Explain the difference between xylem and phloem.

3.6 SuMMArY
A plant is composed of cells, which are the smallest structural and physi-
ological units in plants. A cell wall surrounds the protoplast, the living 
part of the cell. Cells are organised into various types of tissues; each type 
is specialised to fulfil a specific function. All permanent tissue originates 
from the meristematic tissue.
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The growth stages in the life cycles of plants can be used to collect phe-
nological information for agricultural purposes. During germination, 
the embryo in the seed forms the primary body of the plant. From these 
meristematic tissues, all other tissues in the plant are formed. These tis-
sues develop into the various organs of the plant body, roots, stems, leaves, 
flowers, fruit and seed. The way different kinds of seed germinate deter-
mines cultural practices.

3.7 SuGGESTEd ANSwErS TO ACTIvITIES

Activity 1

 • Gymnosperms are cone-bearing plants. Angiosperms are flowering 
plants.

 • Monocotyledons are plants that have an embryo with one cotyledon. 
Dicotyledons are plants that have an embryo with two cotyledons.

 • The coleoptile is a sheath-like leaf that protects the emerging plumule.
 • The coleorhiza is a protective sheath through which the radicle grows 

downwards, where the primary root develops.
 • An internode is a section between two nodes.

Activity 2

Epigeal germination. The seed coat splits after imbibition, and the radicle 
emerges, indicating germination. The radicle develops into the hypocotyl 
and primary root. The radicle grows downwards and the hypocotyl length-
ens, forming a hook, called the plumular hook, which emerges above the 
soil surface and “pulls” the cotyledons above the ground. The growing 
point or apical meristem is protected between the cotyledons. This desig-
nates emergence. This type of germination is called epigeal germination.

Hypogeal germination. The garden pea displays hypogeal germination; this 
means that the seed stays beneath the soil surface. The epicotyl lengthens 
and pushes the growing point, the plumule, above the surface of the soil. 
This puts less strain on the growing point than in epigeal germination. 
These plants are therefore able to withstand adverse conditions better than 
plants that display epigeal germination.

Activity 3

(1) Cytology is the branch of biology involved in the study of the com-
ponents of cells and their functions. 
Plasmodesmata are strands of cytoplasmic materials that extend 
through the plasma membrane and connect individual cells in a 
tissue.

(2) Compare your labelled drawing with the drawing of a plant cell in 
the text.

(3) The plasma membrane, nucleus, cytoplasm and vacuole are four 
distinctive structures found in the protoplast.
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Activity 4

Xylem consists of a variety of non-living cell types. Its functions are 
to conduct water and mineral elements from the roots to all parts of the 
plant, to provide structural support to stems and other organs, and to 
store nutrient reserves.

Phloem also consists of a variety of cell types. It translocates food and 
other products from the production centres (leaves) to other plant parts, 
like stems, flowers, roots and storage organs. It also translocates nutrient 
reserves from the storage tissue to the rest of the plant.

3.8 QuESTIONS fOr SElf-EvAluATION
(1) Choose the correct answer from the given list of alternatives: (5)

 (1.1)  An increase in the girth of a tree is due to the activity of … 
a. vascular cambium; b. ground meristem; c. protoderm;  
d. periderm; e. pro-cambium.

 (1.2)  The primary aim of this tissue is the translocation of organic 
nutrients:  
a. epidermis; b. phloem; c. parenchyma; d. xylem; e. vascular 
bundle.

 (1.3)  Respiration takes place in the …
   a. nucleus; b. mitochondria; c. chloroplast; d. endoplasmic re-

ticulum; e. cell wall.

 (1.4)  This tissue is non-living tissue:
   a. simple tissue; b. parenchyma tissue; c. xylem tissue; d. phloem 

tissue; e. meristematic tissue.

 (1.5)  The cork cambium is …
   a. apical meristem; b. lateral meristem; c. permanent tissue; d. 

non-living tissue; e. None of the above.

(2) Supply the correct botanical term for each of the following: (3)

 (2.1)  the type of germination in which the cotyledons stay below 
the soil surface

 (2.2) the name of the part that forms the plumular hook

 (2.3) the part of the cell that gives fruit its flavour

(3) Make a labelled line drawing of a typical plant cell. (10)

(4) Discuss the structure and function of the plasma membrane. (15)

(5)  Name the different types of roots found on a maize plant. Discuss the 
point of origin of each root. (10)

(6) Discuss the germination of the garden bean. (10)
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Part 2: roots, stems and leaves 

3.10 STudY ObjECTIvES
After you have studied this part of unit 3, you should be able to:

 • define and use the terminology we have used here
 • make labelled line sketches of the internal and external structures we 

discuss in this unit
 • explain the structure and the function of the different organs we discuss 

in this unit
 • list and explain the different kinds of normal and modified root, stem and 

leaf structures

3.11 INTrOduCTION
If we look closely at the plants around us, we will see a tremendous di-
versity in the size and structure of roots, stems and leaves. In most cases 
these organs have a “normal” function, in other words, they do what we 
expect them to do. Sometimes, however, they show distinct modifications. 
Many plants were domesticated because of these modifications, which 
made them exceptionally attractive as a food source. In this unit we will 
study the external structure (the morphology) and the internal structure 
(the anatomy) of cultivated plants.

Roots, stems and leaves are very important structures of agricultural plants. 
A good understanding of the content of this unit will help you when you 
study the later units on growth and development. Understanding these 
structures will help you to understand production, especially the conse-
quences of cultural manipulations carried out in plant production. It will 
also help you to predict the outcome of certain actions taken in production.

We suggest that you collect as many examples as you can of live plant 
material so that you are able to see the structures that we discuss.

Most of our agricultural plants are more or less broad-leafed flowering 
plants. We will focus on this plant class, namely the angiosperms (flow-
ering plants). We will not be discussing the remaining plant classes, for 
example the narrow-leafed flowering gymnosperms (conifers), and lower 
plant forms, like fungi and mosses, in this unit.

3.12 ThE PlANT bOdY
In this unit, you will learn about the plant body. The various tissues are 
united in a structured and organised way to form organs such as roots, 
stems, leaves, flowers, fruits, and seeds. These organs make up the plant 
body. You learnt in part 1 of this unit that when a plant first begins to 
grow from seed, the original organs are the plumule and the radicle. A 
plant body consists of a root system, usually underground, and a shoot 
system, usually above ground. The shoot system bears flowers and fruits 
and performs photosynthesis, whereas the root system provides anchorage 
and is responsible for water and mineral uptake from the soil.
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3.13 rOOTS
Usually roots are not visible, as in most cases they are found in the soil. 
However, some kinds of trees develop aerial roots from the underside of 
branches. Once these roots reach the soil and penetrate it, they become 
functional as ground roots. Good examples of this are the strangler fig (Ficus 
aurea) and the banyan tree (Ficus benghalensis), which occur in the tropics. 
Some of the strangest roots are those in certain tropical orchids (Cattleya, 
Vanda etc.). These roots contain chlorophyll for photosynthesising food; they 
cling to the rocks or tree surfaces, and are fully exposed to light. Frequent 
rains and mist supply the moisture and nutrients necessary for growth.

The root system accounts for a significant proportion of the entire dry 
weight of any plant, about one-quarter to one-third of the total, depend-
ing on the storage or fibrous nature of the root. When the root system of 
a single mature rye plant was measured, it was discovered that the plant 
had about 600 km of roots! Many of the functional roots of woody plants 
do not extend beyond the top 1 m of soil. The depth to which tree roots 
penetrate depends largely on the species of tree and on the structure and 
water status of the soil.

3.13.1 The functions of “normal” roots
(1) Roots anchor and support the plant in the soil or on other structures.
(2) Roots absorb water and mineral elements from the soil and conduct 

these to the stem.
(3) Roots play a role in vegetative propagation.
(4) Roots store nutrient reserves produced through photosynthesis.

3.13.2 Types of root systems
(1) Fibrous root system. This type of root system consists of several main 

roots that have branched to become a dense mass of roots. Normally 
these roots have the same slender diameter over substantial lengths 
of the root (you can see this in grass roots in particular). Fibrous 
roots have a high surface-to-volume ratio, and this makes them a 
very efficient organ for absorbing water and mineral elements from 
the soil. This type of root system has the ability to hold together soil 
particles really well, which makes it ideal for combating soil erosion.

(2) Tap root system. All dicotyledons have this type of root system. It 
consists of one main root (tap root or primary root) and lateral roots. 
Tap roots tend to penetrate the soil vertically, and the primary root 
tends to stay dominant. However, some dicots can be propagated 
from stems or leaves, and in that case they develop an adventitious 
root system.

(3) Adventitious root system. This type of root system evolves from any 
plant part except a primary or other root – so, for example, it could 
develop from stems or leaves. All monocotyledons have an adventi-
tious root system.
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3.13.3 root types
Roots are divided into:

(1)  Normal roots. These roots do the “normal” things that roots do. We 
divide normal roots into:

 (1.1)  Primary root, developing from the radicle. This is the main com-
ponent of the tap root system of dicotyledons, and normally 
penetrates vertically into the soil.

 (1.2) Lateral or secondary roots, developing from the primary root.

 (1.3)  Adventitious roots, developing from organs other than roots. 
These make up the root system of monocotyledons and all 
vegetatively propagated plants, like potatoes, sweet potatoes, 
and many fruit trees.

 (1.4)  Hair roots, which are very thin lateral roots. They develop 
from primary roots, lateral roots and adventitious roots.

 (1.5)  Root hairs, which are single-celled epidermal modifications 
that normally function and survive for one or two days only. 
They develop within the first 10 cm of rapidly elongating roots. 
Because plants have so many growing root tips and millions 
of root hairs, these root hairs are able to absorb an enormous 
amount of water and nutrients.

(2)  Modified roots. These roots have specialised functions. Here are just 
a few examples:

 (2.1)  Fleshy roots, as in carrots, beetroot and sweet potatoes store 
large amounts of nutrient reserves.

 (2.2) Prop roots, as in maize, help to support the plant.

ACTIvITY 1
(1) Explain what the plant body is.
(2) What are the functions of roots?
(3) List three types of root systems.
(4) Find one monocot and one dicot growing in your neighbourhood. Pull them 

up and examine their roots. (However, please don’t pull up plants that belong 
to someone else, unless they give you permission to do so!)

(5) Give two examples of modified roots.
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fIGurE 3.5
Types of roots  

(1) root tip 
(2) fleshy tap root system of carrots 
(3) Adventitious root system of maize, showing adventitious and prop roots 
(4) fibrous root system of grasses
( a. root cap; b. meristematic zone; c. region of elongation; d. region of differen-
tiation; e. root hair; f. internode; g. node; h. prop root; i. secondary root system; 
j. adventitious root system; k. mesocotyl; l. seed; m. primary root system)

3.13.4 Internal structure of roots
Study Figure 3.5. The root tip lengthens and pushes itself forward into the 
soil. The very tender root tip (apical meristem) is protected by the root cap. 
Immediately behind this lengthening zone, lengthening stops, allowing 
the root hair to develop from the epidermal cells without being sheared 
off. This is the zone where the root absorbs the soil solution (water and 
mineral elements). The soil solution passes through the cortex (you can see 
this in Figure 3.6) and then through the endodermis. This cylinder consists 
of a single layer of cells, and contains the Casparian strip. This strip seals 
off the intercellular spaces between the cells of the endodermis. The only 
way the soil solution can pass this cylinder is through the cells. In a later 
unit dealing with absorption, the signifi cance of these cells will become 
apparent. At this point, we will simply say that the soil solution passes 
through these cells and enters the xylem. The water can in fact move back 
through these cells when the soil is dry (this is why a plant transplanted 
into dry soil will rapidly wilt). On reaching the xylem, the soil solution 
moves upwards, ultimately reaching the leaves.

Higher up in the root, the cells of the endodermis prevent water from escap-
ing back into the soil. This is because the endodermis of the older roots is 
impregnated with a waxy substance, called suberin, which totally seals 
the xylem from the cortex. Effectively the xylem becomes a “water pipe” 
from this point onwards (you can see this in diagram 4 of Figure 3.6). The 
secondary growth of perennial plants produces an outer layer of cork, 
which gives additional protection against dehydration.
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ACTIvITY 2
Study figure 3-5, and then draw and label all the types of roots without looking 
at the figure.

fIGurE 3.6

Diagram of a root showing growth regions and tissue differentiation

(1) General figure showing where the various regions are located 
(2) Young root tip 
(3) region of lateral root development 
(4) Mature root showing secondary growth 
( a. epidermis; b. root hair; c. cortex; d. endodermis; e. pericycle; f. phloem (primary); 
g. xylem (primary); h. cambium (primary); i. cambium; j. lateral root; k. root cap; l. old 
root hair; m. remnants of epidermis; n. remnants of cortex; o. cork; p. cork cambium; 
q. phloem (secondary); r. xylem (secondary); s. annual ring)

You need to know the position of the following root tissues and some of 
their functions:

(1) Root cap, protects the root tip as it is pushed through the soil.
(2) Apical meristem, responsible for lengthening growth.
(3) Epidermis, uptake of the soil solution through root hairs.
(4) Cortex, food reserve storage.
(5) Endodermis regulates the movement of the soil solution into the 

xylem (and back).
(6) Pericycle, initiates secondary roots or branch roots.
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(7) Phloem (primary and secondary), translocates nutrients and other 
substances to the root.

(8) Cambium, secondary growth.
(9) Xylem (primary and secondary), conducting tissue transporting the 

soil solution upwards to the leaves.

fIGurE 3.7

Cross-section through a young root showing the path of entrance  
of the soil solution into the root

(a. epidermis; b. cortex; c. endodermis; d. Casparian strip)

3.14 STEMS

The stem is the main axis of the plant body, typically bearing leaves and 
buds. We could think of the stem as the scaffold of the plant. The stem de-
velops from three primary tissues produced by the apical meristem. These 
are the protoderm, the ground meristem, and the procambium. They 
give rise to the epidermis, cortex, and vascular cambium, respectively. 
The specific form is determined by the structure and growth pattern of 
the stem of that specific plant species.

Plants can have:

(1) a single rigid, upright stem which dominates all other stems, as in 
palms and trees (citrus, peaches, etc.).

(2) a shrubby growth composed of a number of erect or semi-erect stems 
which do not dominate each other (because there is no main trunk), 
as in shrubs and bushes (tea, Lucerne, etc.).

(3) slender, flexible stems that cannot support themselves in the erect 
position, as in vines or creepers (pumpkin, granadilla, etc.)
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Plants can be either woody or herbaceous, depending on the amount of 
secondary growth:

(1) Woody plants have stems with secondary non-functional xylem as 
found in perennial plants (such as fruit trees and palm trees).

(2) Herbaceous plants normally do not develop woody tissue (secondary 
growth) in their stems. Most of the annual and biennial plants are 
herbaceous (e.g. wheat, maize, cabbage), but there are some perennial 
herbaceous plants (e.g. tomatoes, turf grasses).

3.14.1 The functions of “normal” stems
(1) They function as a scaffold for the aerial parts that support leaves, 

flowers and fruit. This ensures proper exposure to sunlight for pho-
tosynthesis, good ventilation for the exchange of gasses, and good 
accessibility by pollinators.

(2) Transportation. Water and dissolved mineral elements that enter the 
plant via the roots are conducted to the leaves, flowers, fruit and seeds. 
Organic compounds and growth regulators from the stem apex and 
leaves are translocated to the rest of the plant. Nutrient reserves are 
translocated from the storage tissue to the areas where this energy 
is needed, such as growing stems, leaves, flowers and roots.

(3) Stems act as a storage organ for nutrient reserves produced by leaves 
and, in some cases, for “waste products” which the plant does not 
need any more.

3.14.2 The origin and growth of stems
Stems develop from buds. The original primary stem develops from the 
plumule of the seed, which represents the first growing point. Stems can 
also grow from apical buds (stem tip), axillary buds (leaf axil) and ad-
ventitious buds.

The tip of a stem contains a small group of meristematic cells, called the 
apical meristem. Cell division in the apical meristem brings about shoot 
lengthening. Figure 3.8 represents the growing point of a stem. As the 
meristem cells divide, a small “bump” appears, called the leaf primordium 
(a primordium is an organ in its earliest state of development). The leaf 
primordium is initiated on the node primordium of the stem. The region 
between the nodes becomes the internode. A meristematic zone remains 
in the axil of the leaf primordium (the leaf axil is the upper angle between 
the leaf and stem). The stem primordium lengthens to form a typical stem. 
The meristematic tissue contained in the leaf axil divides, and forms axil-
lary buds. This is represented in Figure 3.9. The stem consists of a stem 
apex, nodes and internodes.

3.14.3 buds
A bud is a dormant growing point (in other words, a growing point in a 
resting phase). It contains a stem primordium as well as leaf and/or flower 
primordia (we speak of one primordium, but two or more primordia) and 
is surrounded by bud scales (specialised leaves protecting the bud). Buds 
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are formed at the stem tip (terminal bud) or in the axils between the leaf 
and the stem (axillary bud). The axils can yield one, or a number of buds.

Buds are particularly visible during the dormant stage (during winter) on 
deciduous perennial plants, like peaches, apples and apricots. After the leaf 
scales have been formed, different types of primordia may be differentiated:

(1) Simple leaf buds, which will develop into stems and leaves.
(2) Simple flower buds, developing into a flower.
(3) Mixed buds, which will yield stems with leaves and flowers.

fIGurE 3.8

The growing point of the stem

  ( a. apical meristem; b. leaf primordium; c. lateral bud; d. developing cambium 
layer; e. young leaf)

fIGurE 3.9
A representation of a typical stem

  (a. node; b. internode; c. leaf axil; d. leaf blade; e. axillary bud; f. apical meristem)



PTP1501/1 55

STudY uNIT 3: Structure and function of agricultural plants

After buds have differentiated, they are sometimes called “eyes”. So, for 
example, we speak of leaf eyes, mixed eyes, and so on.

3.14.4 Stems, shoots and branches
What is the difference between a stem, a shoot and a branch?

Stems younger than one year are called shoots. They are usually green and 
relatively tender. Stems older than one year are usually called branches (or 
the trunk, if we are speaking about the central stem). In deciduous plants, 
it is easy to identify shoots and branches. The resting apical bud produces 
an apical bud scar. This scar is the transition between a shoot and a branch, 
or between “young” and “old” wood.

fIGurE 3.10

Dormant deciduous stem 

  ( a. terminal bud; b. axillary bud; c. leaf scar; d. node; e. internode; f. terminal 
bud scar; g. branch (stem older than one year); h. shoot)

3.14.5 Internal structure of stems
The stem develops from the apical meristem. The cells below the apical 
meristem differentiate into the following tissues. Have a look at Figure 
3.11, which shows cross-sections through different stem types. Note the 
following differences:

(1) The herbaceous monocotyledonous stem has scattered vascular 
bundles. The vascular bundles are more numerous towards the 
periphery of the stem. In each bundle the xylem is located towards 
the centre of the stem and the phloem forms the outer portion of the 



56

 

bundle. The scattered vascular bundles of monocotyledons have no 
cambium. These plants have no secondary growth. The increase in 
girth, seen in monocotyledons like palms, is brought about by an 
increase in the number of vascular bundles.

(2) The vascular bundles of herbaceous dicotyledons are arranged in an 
orderly cylinder. This type of growth is called primary growth: only 
lengthening, and no thickness growth takes place.

(3) Woody dicotyledons have primary growth as well as secondary 
growth. Secondary growth causes an increase in the girth of the 
stem. The vascular tissue of the primary growth fuses and forms a 
concentric cylinder of cambium tissue. Differential growth between 
winter and summer causes the typical annual rings found in perennial 
woody plants. The orderly arrangement of the vascular tissue makes 
it possible for us to graft woody species (we do this by joining the 
stems of two different plants to form a united single new plant). The 
cambium layers of the two stems can be joined to allow the fusion of 
the two cambiums and the union of the two stems.

The important tissues are the following:

(1) Epidermis. Protects the stem from dehydration and against invasion 
by pathogens.

(2) Cortex. Some of these cells can become meristematic again; they 
are then capable of healing and closing wounds inflicted on stems. 
Growth regulators, like auxin, are translocated in this tissue towards 
the main axis of the plant and downwards.

(3) Phloem. A thin layer of cells that translocates nutrients produced by 
photosynthesis in the leaf, as well as other compounds (e.g. growth 
regulators), towards the stems, flowers, fruit and roots.

(4) Cambium. A single layer of meristematic cells. These cells divide, 
forming phloem on the outside and xylem on the inside.

(5) Xylem. The conducting tissue for transporting water and minerals 
from the soil towards the leaves and other plant parts. In perennials, 
the xylem also produces annual rings. The darker part of the annual 
ring is produced during the cooler period, when growth is slower, 
and the lighter part is produced in times of rapid growth.

(6) Pith. The centre part of the stem. Food products like carbohydrates 
are stored in this tissue. In trees, the pith is compressed and often 
not visible any more.
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f  IGurE 3.11

Cross-sections through the stem of a dicotyledon and a monocotyledon

 (1) Primary and
(2) secondary growth of a dicotyledon
(3) Monocotyledon 
( a. epidermis; b. cortex; c. phloem (primary); d. cambium (primary); e. xylem (primary);    
f. pith; g. bark; h. vascular cambium; i. xylem; j. phloem; k. annual ring)

3.14.6 Stem modifi cations
Stems can be modifi ed to fulfi l a specialised function other than their 
“normal” functions. For instance, corms are thickened, compressed stems 
that grow underground. Some important modifi cations are given below.

3.14.6.1 Plant crown

Some plants have an enlarged stem portion just above or below the soil 
surface. We could think of it as a compressed, enlarged stem. Important 
agricultural examples of plants that have crowns are lucerne and aspara-
gus. Some functions of crowns are the following:

(1) They produce large numbers of buds, which form new stems. You 
can see this in both asparagus and lucerne: the asparagus spears and 
lucerne shoots develop from the crown.

(2) Storage of nutrient reserves. Prior to the dormant stage, large amounts 
of nutrients are translocated into the crowns. These reserves are used 
to produce strong initial spring growth.

(3) Sometimes these crowns can be used as offshoots for plant propagation.
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3.14.6.2 Stolon

Stolons are stems that grow horizontally along the ground – you will see 
these in many grasses, such as kikuyu. Runners are stolons growing above 
ground level, with long internodes, as found in the strawberry. Stems and 
roots are readily formed at the nodes of stolons. Plants colonise the sur-
rounding areas in this way. Stolons are excellent plant propagation material.

3.14.6.3 Spur

Spurs are stems of woody plants with greatly restricted growth. They have 
very short internodes. Flower formation in certain types of trees, like apples, 
pears and apricots, is largely restricted to spurs. Spurs can revert to normal 
stem growth when stimulated, even after many years of fruit bearing.

3.14.6.4 Rhizome

Rhizomes or rootstocks are underground stems. They are usually fleshy, 
as in ginger. They have short internodes, with prominent buds. The un-
derground parts have small, colourless leaf-like structures. Rhizomes are 
found in plants like bananas and ginger, and their functions are propaga-
tion and storage of reserves.

Rhizomes differ from stolons. Stolons are usually long structures, and tend 
to grow horizontally. Rhizomes are usually shorter structures, growing 
vertically (upwards).

3.14.6.5 Tuber

Tubers are greatly enlarged fleshy stems with compressed internodes, as 
you will see in potatoes. The “eyes” of the potato are the axillary buds. A 
terminal bud and several axillary buds can be identified, each one within 
the axil of small, scale-like leafy structures. Tubers are storage organs for 
nutrient reserves. They can also be used for propagation.

How can you prove that a potato is a stem? It has buds and leaf scales, and 
turns green when brought into contact with light. Roots have root hairs 
and a root cap, never have any leaf axils or axillary buds, and never turn 
green when exposed to light.

3.14.6.6 Bulb

Bulbs are compressed stem modifications, growing below or at ground level. 
They have short, flattened stems surrounded by fleshy leaf bases called 
scales. The growing point may contain flower buds. The scales are filled 
with stored reserves. Onions and garlic are two well-known examples. The 
bulb can be used for vegetative propagation (think of garlic, for example).

3.14.6.7 Cladode

Cladodes are modified stems with the function of a leaf. Examples are 
prickly pears and other cacti. They bear spines, which are in fact leaves. 
From the botanical point of view, the green blade that looks like a leaf blade 
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is in fact the modifi ed stem, which is called a cladode, and the spines are 
modifi ed leaves. Within the leaf axils of the cladodes, you will observe 
axillary buds. These may develop into new leaves, fl owers and fruit.

3.14.6.8 Thorns and spines

We say that some plant species are armed – they have stem and leaf modi-
fi cations like thorns and spines. A thorn is a stem modifi cation, as found in 
Dichrostachys cinera (sickle-bush), and the spines are modifi ed leaves. The 
Acacia spp., the thorn trees, and citrus have thorns. Spines and thorns can 
be short or reach several centimetres in length.

fIGurE 3.12
Stem modifi cations

 (1) Stolon
(2) Spur
(3) rhizome
(4) Tuber
(5) bulb
(6) Cladode
(7) Thorn and spine
( a. node; b. internode; c. bud; d. growing point; e. normal stem; f. spur; g. stem; 
h. adventitious roots; i. fl eshy leaf base; j. cladode; k. spine; l. thorn)
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ACTIvITY 3
(1) What are the functions of stems?
(2) What is the difference between a stem, a shoot and a branch?
(3) List examples of stem modifications.

3.15 lEAvES
Leaves are usually the most prominent structures on plants, which is why 
we often use them to identify and differentiate between plants. Botanists 
have developed a range of technical terms to describe leaves accurately and 
in great detail. If you would like to learn some of these terms and what they 
mean, you are welcome to consult a good book or online source on botany.

Leaves originate from the apical meristem (you saw this in Figure 3.8). 
Their primary function is photosynthesis, the production of organic nutri-
ents from carbon dioxide from the air and radiant energy from the sun. A 
secondary function (or problem, depending on how you look at it) is water 
loss by means of transpiration. Leaves also protect plant organs against 
the damaging incoming radiation by shading them. Without a proper leaf 
canopy, fruit and stems that are exposed to full sun will become severely 
sunburnt.

3.15.1 External structure of leaves
The typical structure of a dicotyledonous leaf is shown in the first diagram 
in Figure 3.13. It consists of a thin, flat leaf blade and a slender petiole. The 
leaf blade is traversed by an extensive network of vascular bundles or veins. 
These connect the various segments of the leaf to the other plant parts. The 
central vein is also called the main vein. The venation, or arrangement of 
veins, in monocots is different from that in dicots. Monocotyledons normally 
have parallel venation, and dicotyledons netted venation. Depending on 
the plant species, the netted venation can be palmate (main veins arise 
from a common point of origin), or pinnate (the veins are arranged later-
ally on each side of a main vein, like a bird’s feather).

The leaf axil (the angle between the petiole and stem) contains one or 
more axillary buds. You can see the structure of a monocotyledonous leaf 
in diagram 2 of Figure 3.13. These leaves have no petiole. There is a leaf 
sheath, which surrounds the stem, and a leaf blade.

An abscission zone may develop at the base of the petiole. This is the place 
where the leaf breaks off from the stem. These abscission layers form natu-
rally in autumn, before deciduous trees drop their leaves, or in response 
to certain stress conditions, like a water deficiency.
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fIGu  rE 3.13

The external structure of a typical leaf

 (1) dicotyledon
(2) Monocotyledon
( a. node; b. internode; c. axillary bud; d. petiole; e. leaf blade; f. main vein; 
g. secondary vein; h; leaf sheath; i. auricle; j. ligula)

3.15.2 Internal structure of leaves
The epidermis, a single layer of cells, covers the outer surface of the leaf. 
It contains openings called stomata (we speak of one stoma, but two or 
more stomata). Normally, most of the stomata occur on the lower epidermis 
(away from the sun). At the entrance to each stoma there are two guard 
cells, which control the opening and closing of the stoma. Carbon dioxide, 
the raw material for photosynthesis, enters the leaf via the stomata, and 
oxygen, a by-product of this process, is released via the same route. Water 
also leaves the leaf via the stomata (it can even enter via that route when 
the leaf is wet). The loss of water is called transpiration. This process helps 
to regulate leaf temperature.



62

 

fIGurE 3.14

The internal structure of a typical leaf

  (a. cuticle; b. upper epidermis; c. palisade parenchyma; d. spongy parenchyma;    
  e. mesophyll; f. vascular bundle; g. substomatal chamber; h. lower epidermis; 
i. stoma; j. guard cell)

Sometimes the epidermis is covered with trichomes, or hairs. They reduce 
the wind velocity at the leaf surface, in that way reducing transpiration. 
Some trichomes are glandular, and secrete etheral oils with distinct aromas. 
Trichomes can also produce a sticky substance on the surface of young 
leaves, as in tobacco leaves, tomato leaves, and aromatic herbs.

On the outer side of the epidermis is a waxy layer, the cuticle. This greatly 
reduces the loss of water from the leaf surface between the stomata. The 
cuticle can be of varying thickness. For example, cabbage and desert plants 
(xerophytes) normally have very well developed cuticles.

Photosynthesis occurs in the mesophyll cells of leaves. There are two dis-
tinct regions: the columnar palisade parenchyma is situated on the upper 
side of the leaf (which is exposed to sunlight), and the rounder spongy 
mesophyll on the underside (which is shaded from sunlight). The spongy 
mesophyll contains large intercellular spaces. These spaces allow free 
movement of carbon dioxide, oxygen and water vapour through the leaf 
interior. The majority of stomata are usually situated on the underside of 
leaves, and this makes good contact between the atmosphere outside the 
leaf and the leaf interior possible. This allows excellent movement of carbon 
dioxide and oxygen, and also of water vapour.

The vascular bundles (veins) consist of xylem and phloem. The vein con-
nects the “factory part” of the leaf with the rest of the plant.
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ACTIvITY 4
(1) Examine the leaf of one monocot and one dicot growing in your neighbourhood.
(2) Study figure 3.13. Then draw and label the external structures of a monocot 

and a dicot leaf without looking at the figure.

3.16 SuMMArY

Roots, stems and leaves are vegetative structures. Roots develop either 
from the radicle of the germinating seed, or as adventitious roots from a 
non-root source. There are various types of normal and modified roots. 
The external and internal structure of normal roots is adapted to absorb 
adequate amounts of the soil solution and conduct it to the stem.

The stem originates from the plumule. Its growing points are the apical 
or axillary meristems. There are various types of normal and modified 
stems. The form, shape and size of different kinds of stems vary greatly. 
One marked difference between monocotyledons and dicotyledons is the 
way the vascular tissue is arranged.

Leaves come in a great variety of shapes and sizes. They originate from the 
apical meristems on stem tips. Their main function is to produce organic 
food by means of photosynthesis. Their structure allows carbon dioxide 
to readily enter the leaf.

3.17 SuGGESTEd ANSwErS TO ACTIvITIES

Activity 1

(1) The plant body. The various tissues are united in a structured and 
organised way to form organs such as roots, stems, leaves, flowers, 
fruits, and seeds. These organs make up the plant body. When a plant 
first begins to grow from seed, the original organs are the plumule 
and the radicle. A plant body consists of a root system, usually un-
derground, and a shoot system, usually above ground. The shoot 
system bears flowers and fruits and photosynthesises, whereas the 
root system provides anchorage and is responsible for water and 
mineral uptake from the soil.

(2) The functions of roots are:

 • to anchor and support the plant in the soil or on other structures.
 • to absorb water and mineral elements from the soil and conduct 

these to the stem.
 • vegetative propagation.
 • to store nutrient reserves produced through photosynthesis.

(3) Three ypes of root systems are: fibrous root system, tap root system 
and adventitious root system.

(4) You would each have examined the roots of different monocots and 
dicots.
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(5) Modified roots: Fleshy roots, as in carrots, beetroot and sweet pota-
toes, able to store large amounts of nutrient reserves. Prop roots, as 
in maize, help to support the plant.

Activity 2

Please compare your labelled drawings with figure 3-5.

Activity 3

(1) Stems function as a scaffold for the aerial parts, which support leaves, 
flowers and fruit. This allows good exposure to light for photosyn-
thesis, ventilation for the exchange of gasses and good accessibility 
by pollinators, etc.

 • Transportation. Water and dissolved mineral elements from 
the roots are conducted to the leaves, flowers, fruit and seeds. 
Organic compounds and growth regulators from the stem apex and 
leaves are translocated to the rest of the plant. Nutrient reserves 
are translocated from the storage tissue to the areas where this 
energy is needed, such as growing stems, leaves, flowers and roots.

 • Storage organ for nutrient reserves produced by leaves, and, in 
some cases, for “waste products” that the plant does not need any 
more.

(2) Stems younger than one year are called shoots. They are usually green 
and relatively tender. Stems older than one year are generally called 
branches (or the trunk in the case of a central stem). In deciduous 
plants, it is easy to identify shoots and branches. The resting apical 
bud produces an apical bud scar. This scar is the transition between 
a shoot and a branch, or between “young” and “old” wood.

(3) Plant crown, corms, spurs, stolon, rhizome, tuber, bulb, cladode, thorn 
and spines are all stem modifications.

Activity 4

You must be able to draw and label the external structures of a monocot 
and a dicot leaf. Compare your completed labelled drawing with figure 3.13.

3.18 QuESTIONS fOr SElf-EvAluATION
(1) Choose the correct answer from the given list of alternatives. (6)

 (1.1)  Which of the following modified stems has relatively long 
internodes?

  a. rhizome, b. stolon, c. tuber, d. corm, e. bulb

 (1.2)  An increase in the girth of a tree is due to the activity of … 
a. vascular cambium, b. ground meristem, c. protoderm, d. 
periderm, e. procambium

 (1.3)  Axillary buds are found … 
a. in axils of leaves, b. on internodes, c. at the tips of stems, d. 
on terminal buds, e. on roots
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 (1.4)  The primary aim of this tissue is the translocation of organic 
nutrients:

   a. epidermis, b. phloem, c. parenchyma, d. xylem, e. vascular 
bundle

 (1.5)  The following is absent in dicotyledonous roots: 
   a. xylem, b phloem, c. epidermis, d. cortex, e. nodes

 (1.6)  The outer surface of a leaf is normally covered with: 
  a. epidermis, b. mesophyll, c. cuticle, d. endodermis, e. cork

(2)  Replace the following definitions and descriptions with the correct 
botanical term: (3)

 (2.1)  the barrier that causes water to pass through the endodermis 
cells of roots only

 (2.2) fleshy leaf bases of the onion

 (2.3) the loss of water in the form of water vapour by plants

(3) Make a clear labelled line sketch of a cross-section of a leaf. (10)

(4)  Differentiate between the development of a branched stem and a 
branched root. (10)

(5)  Differentiate between the roles of the apical meristem and the vascular 
cambium. (2)

(6)  List the different types of normal roots and state where each one 
originates. (10)

(7) Differentiate between a stolon and a rhizome. (6)
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Part 3: flowers, fruits and seeds

3.20 STudY ObjECTIvES
After you have studied this part of unit 3, you should be able to:

 • define and use the terminology used here
 • make labelled line sketches of the internal and external structures illustrated 

here
 • discuss the development of a flower
 • explain the structure and function of the different floral parts
 • list and discuss the different kinds of inflorescences
 • explain the structure and function of the different components of fruits
 • discuss the different types of fruits and their classification
 • explain the structure and function of the different parts of seeds

3.21 INTrOduCTION
Flowers, fruits and seeds belong together logically, and so we will be dis-
cussing them together in this part of unit 3.

Flower buds form by the differentiation of vegetative buds into flower 
parts. In angiosperms, specialised floral leaves borne and arranged on 
the stem are adapted for sexual reproduction. These are the flowers. After 
fertilisation, parts of the flower develop into a fruit, which bears the seeds. 
Flowers may be borne at the apex of a stem, as in the sunflower and the 
rose, or in the axils of the leaves lower down on the stem, as in the tomato.

Flowers, fruits and seeds (especially seeds) are the most important agri-
cultural produce, which is why it is so important that you should know 
about them. (Grain crops and fruit crops make up the vast majority of all 
crops produced globally.) The background knowledge you are about to 
gain from this unit will give you a better understanding of production, 
and you will be able to understand many of the manipulations done in 
plant production.

Collect and examine as many examples of live material as you can as you 
study this unit. A diagram or figure is a good study aid, but it doesn’t come 
close to seeing the real thing!

3.22 flOwErS
A certain time after germination, plants undergo a transition, during which 
they leave the vegetative stage and enter the reproductive stage. During 
this stage, flowers are formed. After fertilisation, parts of the flower produce 
a fruit which bears the seeds. Once the seeds mature, the cycle is complete.
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fIGurE 3.15

A comparison between the vegetative and the reproductive  
growing point (floral apex)

(1) vegetative apex  
(2) Transitional apex  
(3) floral apex 
( a. apical meristem; b. leaf primordium; c. lateral/axillary bud; d. flattening apical 
meristem; e. carpel primordium; f. stamen primordium; g. petal primordium; h. sepal 
primordium; i. no further growth from apical meristem)

3.22.1 flower formation
A flower originates from an apical or axillary meristem. Flowers develop 
in a very similar way to leaves. Just as the vegetative meristem produces 
leaf primordia, the reproductive meristem produces floral leaves. These 
“leaves” form the flowers.

In Figure 3.15, you can see a comparison of the vegetative apex and the 
development of a floral apex. The apical meristem flattens when the transi-
tional stage is reached. The floral leaves develop from the outside inward. 
At this stage the floral leaves are very small and not yet developed, which 
is why we call them floral primordia. The sketch shows a longitudinal 
section only. In reality the floral leaves develop in circular patterns called 
whorls. The central or inner whorl develops last.

3.22.2 floral parts
The floral parts are in fact modified leaves. Starting from the outside, a 
typical flower consists of the following floral whorls:

(1) Sepals (collectively called the calyx). They are usually green, and 
when they are closed they enclose and protect the flower bud.

(2) Petals (collectively called the corolla). Petals are usually brightly 
coloured (very often yellow). They often contain nectaries, which 
secrete nectar (a viscous (thick and sticky), sugary substance). The 
function of the nectaries is to attract insects that will pollinate the 
flower. Flowers that rely on insects for pollination tend to have very 
showy petals.
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(3) Stamens (collectively called the androecium). These are the male 
reproductive organs. They consist of an anther, carried on a filament. 
The anther produces the pollen.

(4) Pistil (also called the gynoecium). This is the female reproductive 
structure. Pistils are formed from the central floral leaves, called 
carpels. The pistil consists of

 • a stigma, the receptive surface which will receive the pollen
 • a style, connecting the stigma with the ovary
 • an ovary, which contains the ovules. The mature ovary will 

develop into a fruit. After fertilisation, the ovules will develop 
into the seeds.

(5) All of these floral parts are borne on an enlarged stem apex, called 
the receptacle.

Flowers that have all these floral parts are called complete flowers. Flow-
ers that do not have all these floral parts are called incomplete flowers.

Perfect flowers contain a functional gynoecium and androecium (even 
when the corolla or calyx is absent). However, flowers in which either 
the gynaecium or the androecium is absent are called imperfect flow-
ers. Female flowers lack functional stamens, and male flowers have no 
functional pistils.

fIGurE 3.16

A typical flower

 (a. stigma; b. style; c. ovary; d. pistil; e. anther; f. filament; g. stamen; h. petal;  
  i. sepal; j. receptacle)

Monoecious plants have separate male and female flowers on the same 
plant. Examples are maize (the cob is female, while the tassel is the male 
flower) and the pecan (which bears female flowers and male catkins). In 
dioecious species, male and female flowers are borne on separate plants, 
as in asparagus, kiwi fruit and papaya.
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3.22.3 Position of the ovary
The position of the ovary in relation to the other fl oral parts determines 
what type of fruit will develop from that fl ower. There are various types 
of ovaries, but we will talk about just two.

(1) Superior ovary. The ovary is situated above the point where the 
other fl ower parts arise, as in tomatoes, legumes and strawberries.

(2) Inferior ovary. The ovary is situated below the point where the other 
fl ower parts arise. Sometimes the basal parts of the sepals, petals and 
fi laments fuse with each other and with the receptacle. This structure 
is called the hypanthium, and surrounds the pistil. The cup-shaped 
hypanthium can fuse with the ovary during fruit development, as in 
apples and pears (when you eat an apple, you are actually eating the 
hypanthium). In other fruit types, the cup-shaped hypanthium stays 
separate from the fruit and does not take part in fruit formation, as 
in peaches and other stone fruit.

3.22.4 The gynoecium
The gynoecium is situated in the centre of the fl ower. In their primordial 
form, the carpels roll up to form a cylindrical structure we call the pistil. 
At the back we fi nd the dorsal suture, which is the midrib of the carpel. 
When the carpel rolls up, its margins (edges) join and fuse in front. These 
fused margins form the ventral suture, which we call the placenta. The 
ovules form from the meristematic tissue of the placenta.

Have a look at Figure 3.18. When the ovary is formed from just one carpel, 
the gynoecium is called an apocarpous ovary (“apo-” means “one”). When 
it consists of many carpels, it is called a syncarpous ovary. The arrange-
ment of the carpels and the relative position of the ovules in the ovary is 
called the placentation (this means the way the placenta is arranged). We 
classify fruit types according to the placentation.

fIGurE 3.17

Position of the ovary in relation to the other fl oral parts

 (1) Superior ovary 
(2) Inferior ovary (hypanthium not fused) 
(3) Inferior ovary (hypanthium fused) 
(a. ovary; b. sepal; c. petal; d. stamen; e. receptacle; f. hypanthium)
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fIGurE 3.18

Cross-sections through an apocarpous ovary and syncarpous ovaries

 (1) Apocarpous ovary 
(2) & (3) Syncarpous ovaries 
(a. carpel; b. dorsal suture/vein; c. ventral suture/placenta; d. ovules)

3.22.5 The inflorescence
Some plants, like the peach, passion fruit (granadilla) and pumpkin, and 
citrus and cotton bear solitary flowers. However, in most flowering plants 
the flowers are borne in clusters, called inflorescences.

An inflorescence is a flower-bearing branch or system of branches. Many 
agricultural plants bear inflorescences. Examples are grasses, maize, wheat, 
beans, tomatoes, apples, grapes and strawberries. The thing to remember is 
that an inflorescence bears a number of flowers. Each one of these flowers 
normally develops into a single fruit. For instance, the inflorescence of a 
tomato can bear ten or more flowers, which then produce seven or more 
tomatoes, depending on the number of flower buds that abscise (drop). 
Figure 3.19 shows a typical inflorescence.
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fIGurE 3.19

A typical inflorescence

 (a. stem; b. bract; c. peduncle or main axis; d. pedicel; e. flower)

Because they vary so much in structure and size, flowers and inflorescences 
are an excellent basis for classifying and identifying plants. Over the years, 
scientists have placed inflorescences in a number of groups. These group-
ings can seem very confusing at first! We will study just a few important 
examples – please try to collect samples of the ones we discuss. Some of 
the examples we will be discussing are not agricultural plants.

(1) Raceme. This is a single, elongated, indeterminate arrangement of 
stalked flowers, found in the mustard and cole crops. This is a simple 
inflorescence with a single peduncle or main axis. Each flower is at-
tached to the peduncle by means of a pedicel, or short branch. The 
oldest flowers are at the base of the inflorescence and the youngest 
at the apex. Examples: radish, tomato.

(2) Panicle. This is an indeterminate, branching raceme found in many 
grasses. A panicle is a compound raceme, having a branched pedun-
cle. Examples: various grasses, grapes.

(3) Spike. This is an elongated, simple, indeterminate inflorescence with 
sessile flowers. When the flowers on a raceme are sessile (in other 
words, they have no pedicels), the inflorescence is called a spike. 
Spikes can be simple or compound. Examples: wheat, maize cob, oats.

(4) Catkin. This is a special type of spike made up of only pistillate 
(female) or staminate (male) flowers. Examples: walnut, pecan, 
macadamia.

(5) Umbel. This is an indeterminate, often flat-topped, cluster of flowers 
that are of equal length and arise from a common point. The pedicels 
of the flowers are of roughly the same length and originate at the same 
level on the apex of the peduncle, which means that this inflorescence 
looks a bit like an umbrella. Examples: onions and agapanthus have 
simple umbels, and carrots have compound umbels.

(6) Head. A head is a short, dense spike. The peduncle is compressed and 
flattened to produce a disk with sessile flowers. The outer circle of 
flowers has specially elongated petals. This makes the entire structure 
look like a single flower. Examples: sunflower, daisy.
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(7) Spadix. This is a complete densely fl owered structure surrounded 
by a spathe. Example: calla lily.

fIGurE 3.20

Common infl orescences

 (1) raceme 
(2) Panicle 
(3) Spike 
(4) Catkin 
(5) umbel 
(6) head 
(a. stem; b. bract; c. peduncle; d. pedicel; e. fl ower)

ACTIvITY 1
(1) Pick the fl owers of two monocots and two dicots growing in your neighbour-

hood. (However, please don’t pick fl owers from parks or gardens without 
permission!) Examine them carefully, and make sure that you can identify 
all the fl ower parts.

(2) Study all the fi gures given so far in this part of the unit, and make sure that 
you can redraw them, and label them correctly.

(3) Differentiate between a complete and incomplete fl ower, a monoecious and 
a dioecious plant, and a superior ovary and an inferior ovary.

(4) List and describe the various types of infl orescences we have discussed 
so far.
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3.23 fruITS

3.23.1 Definition of a fruit
What is a fruit? This seems like a simple question, but it can cause some 
confusion. Botanically, the following are fruits, although we refer to them 
differently when we are speaking generally:
(1) Nuts, such as pecans and walnuts, are fruits, not seeds.
(2) Maize, wheat, oats and sunflower seeds are in fact fruits, not seeds.
(3) Tomatoes and pumpkins are fruits, even though they are sold as 

vegetables.

You need to be able to differentiate between a fruit and a seed. For the 
purpose of this unit, we will define a fruit as a mature ovary, and a seed 
as a mature ovule.

3.23.2 The function of fruits
Fruits fulfil a number of important functions.

(1) They protect the seeds in some plants. Think of a coconut, drifting 
in sea currents for hundreds of kilometres. When it washes ashore 
on a distant island, it germinates, and a new tree grows.

(2) Fruits help in seed dispersal. For instance, animals eat the pods of 
acacia trees, which contain hard seeds. The seeds are adapted to 
pass undamaged through the gut, and are deposited elsewhere in 
the dung or droppings.

(3) The flesh of the fruit helps to keep the seed dormant for a while, after 
which it germinates. In nature, the flesh is often digested as it passes 
through the digestive tract of an animal, and is removed in that way. 
In a production setting, the flesh of the fruit is removed by hand and 
the seed is washed thoroughly to break dormancy.

3.23.3 Components of a fruit
A fruit is the matured ovary of a flower. Normally fruit will not develop 
without pollination, fertilisation of the ovule and the development of one 
or more seeds in the fruit. However some fruit, like bananas and navel or-
anges, develop without seed. These fruits are called parthenocarpic fruits.

A typical fruit consists of the following parts:

(1) Seeds, which arise from ovules.
(2) The pericarp, which arises from the ovary. Very often the pericarp 

differentiates into three distinct regions, namely the
 • exocarp, or outer part 
 • mesocarp, or middle part
 • endocarp, or inner part

(3) Other fruit parts which arise from other floral structures, like the 
receptacle, sepals, petals and stamens. Even parts of the style can 
be involved in fruit formation. Collectively this fused structure is 
called the hypanthium.
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fIGurE 3.21

A typical peach fruit

  ( a. fruit stalk; b. exocarp; c. mesocarp; d. endocarp; e. pericarp; f. seed with 
seed coat; g. kernel)

Many fruits taste pleasant and contain large quantities of nutrients. These 
edible parts can develop from any part of the pericarp, or other floral parts. 
This characteristic helps in seed dispersal, as the fruits are readily eaten 
by animals and birds. The fleshy parts and the seeds of fruits are also an 
important source of nutrition for humans.

3.24 ClASSIfICATION Of fruITS
Let’s have a look at some of the groups that we divide fruits into. Please 
collect examples of some of the fruits that we talk about, and study them 
carefully. Try to identify the different parts that we identify and discuss.

3.24.1 Simple fruits
A simple fruit develops from a single ovary formed from one flower. Other 
floral parts, like the receptacle, can be involved in fruit formation. These 
fruits are the most common types. We subdivide simple fruits into fleshy 
and dry.

3.24.1.1 Simple fleshy fruits

The pericarp of these fruits is normally fleshy, and it can be readily eaten.

(1) Drupe or stone fruit. The pericarp develops from a single carpel, 
which surrounds one seed. The pericarp differentiates into three 
layers. The exocarp is thin, and forms the skin of the fruit. The 
mesocarp is fleshy – this is the edible part. The inner part of the 
pericarp is the stony endocarp. When you split open the endo-
carp, inside you will find a complete, separate seed with a seed 
coat. This confirms that the endocarp is not part of the seed, but 
in fact part of the pericarp. We call the hard endocarp, with the 
enclosed seed, the stone – this is why we speak of stone fruit. 
Examples: peach, plum, cherry, apricot, olive, mango, loquat, almond.

(2) Bacca or berry. The pericarp is fleshy. Baccae (we speak of one bacca, 
but two or more baccae) develop from two or more carpels and two, 
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sometimes more seeds. It is often very diffi cult to identify the en-
docarp. For instance, in grapes you will fi nd an exocarp (skin) and 
the mesocarp (pulp), but it is very hard to identify the endocarp. 
Normally the endocarp is a thin, leathery membrane covering the 
seed. The “skin” or shell of a pumpkin seed is in fact the endocarp: 
peel off this endocarp, and you will fi nd a complete seed with seed 
coat on the inside. The mesocarp of these fruit is usually fl eshy. 
The exocarp of some berries is thin, as in grapes, chillies and tomatoes. 
Other berries have a hard exocarp, as in the pumpkin and tamarisk, 
and in others the exocarp is leathery, as in citrus fruit. The “skin” of 
some fruit, such as the pumpkin, consists of an exocarp as well as 
parts of the receptacle. However, it is really diffi cult to distinguish 
between these two tissues.

(3) Pome or pipfruit. These fruits originate from several fused carpels 
and parts of the hypanthium, which is fl eshy and constitutes the 
edible part of the fruit. The carpels (the pericarp of the different 
drupe-like structures) fuse to produce a core. In apples, the core is 
made up of the seed; the hard, paper-like endocarp; and the mesocarp. 
The exocarp is fl eshy, and it is quite diffi cult to tell it apart from the 
hypanthium. However, when you look carefully at a cross-section of 
an apple, you will see small “spots” in roughly the inner third of the 
fl esh of the apple. These “spots” are the original vascular bundles or 
veins of the carpels. Examples: apples, pears, quinces.

fIGurE 3.22

Fleshy fruit

  (1) drupe (peach) 
(2) bacca (grape) 
(3) bacca (citrus) 
(4) Pome (apple)

 (a. seed; b. endocarp; c. mesocarp; d. exocarp; e. hypanthium)
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3.24.1.2 Dry fruits

The pericarp of these fruits is hard and dry.

(1)  Indehiscent dry fruits. The pericarp does not split open when dry. 
The seeds are therefore not scattered, but are instead normally eaten 
with the pericarp.

 (1.1)  Caryopsis or grain fruit. These fruits consist of one seed, 
originally enclosed in one carpel. The dry, paper-like peri-
carp is firmly united with the seed. The seed coat disap-
pears prior to ripening, and so the ripe fruit consists of a 
pericarp enclosing a single seed that has no seed coat. Af-
ter a few hours of imbibition, the pericarp can be peeled off. 
If you inspect a maize grain carefully, you can actually see 
the connection point between the pericarp and the ovule.  
Examples: all grasses, maize, wheat, barley, rye and oats. (The 
maize cob is an inflorescence made up of many separate little 
flowers.)

 (1.2)  Achene. This is a one-seeded fruit. The ovary is made up 
of two carpels. The seed is attached to the pericarp at one 
point only. Try and split open one of these fruits. You will see 
that it can be easily opened, and the seed will separate easily. 
Examples: sunflowers (the inflorescence is made up of lots of 
separate flowers – even though it looks like a single flower, it 
isn’t).

(2)  Nut. Botanically speaking, a typical nut is a one-seeded indehis-
cent dry fruit with a hard or stony pericarp (the shell). People speak 
informally of a number of hard-shelled fruit and seeds as nuts. 
The stones of stone fruit therefore are similar to drupes, but with-
out the exocarp and fleshy mesocarp. Many of the “nuts” we buy 
therefore are not true nuts, but are instead the stones of stone fruit. 
Examples: walnut, pecan, macadamia, oak.

(3)  Dehiscent dry fruits. The pericarp of these fruits splits open when 
dry. This happens because differential tensions develop as a result of 
the drying of the pericarp.

 (3.1)  Legume or pod. A fruit from a single carpel that splits open 
along sutures, the midrib and placenta of the carpel.

  Examples: The legumes, like peas, beans, indigenous acacias.
 (3.2)  Silique. The silique corresponds to a legume, but is constructed 

from two carpels. When this fruit splits open, the pericarp splits 
at both sides of the placenta. This leaves two separate outer 
parts, the pericarp and a central part, the original placenta 
with the seeds.

  Examples: Brassicaceae, such as cabbage, and cleome.
 (3.3)  Capsule. This fruit is constructed from two or more carpels, each 

of which produces many seeds. Capsules can split in many ways. 
Examples: poppy, Datura or thorn apple, castor oil, cotton.
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fIGurE 3.23

Indehiscent dry fruits

(1) Caryopsis (maize) 
(2) Achene (sunfl ower) 
(3) Nut (acorn) 
(a. pericarp; b. remnant of style; c. endosperm; d. cotyledon; e. seed coat; f. embryo)

fIGurE 3.24

Dehiscent dry fruits

(1) legume (pea) 
(2) Silique (cabbage) 
(3) Capsule (thorn apple) 
(a. pericarp; b. seed; c. remnant of style; d. placenta; e. vein)
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3.24.2 Aggregate fruits
Aggregate fruits develop from a single fl ower that produces many ovaries. 
This means that these fruit develop from a single fl ower with many pis-
tils (carpels). In this case the carpels do not fuse, but instead develop into 
multiple separate ovaries. Other fl oral parts, like the receptacle, can play 
a role in fruit formation.

These fruits are classifi ed according to the type of individual fruitlets car-
ried on the fruit. These could be aggregate achenes, aggregate drupes, and 
so on. Here are a few examples.

(1) The strawberry is an aggregate achene. It consists of a fl eshy, edible 
receptacle. The small individual fruitlets are achenes. These are the 
small black “gritty” objects on the smooth red receptacle.

(2) The bramble and raspberry are aggregate drupes. These fruits consist 
of individual drupes on a receptacle. These individual drupes can 
be removed from the receptacle.

fIGurE 3.25

Aggregate and multiple fruit

(1) Strawberry 
(2) bramble 
(3) (4) Pineapple 
( a. receptacle; b. achene; c. drupe; d. male fl ower; e. female fl ower; f. ostiole 
(entrance); g. peduncle; h. fl ower; i. growing point)

3.24.3 Multiple fruits
Multiple fruits develop from an infl orescence. The individual ovaries of 
the infl orescence are fused together and form a single structure borne on 
a common stalk.
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(1) The fig “fruit” we eat is a syconium. It consists of small drupes inside 
a fleshy receptacle.

(2) The pineapple develops from an inflorescence called a spike. The 
whole inflorescence contributes to the formation of this fruit. The 
central core is in fact a fleshy “stem”. The parts around the core are 
parthenocarpic berries.

ACTIvITY 2

(1) Differentiate between a fruit and a seed.

(2) What are the functions of fruits?

(3) Study all the figures in section 3.24, and make sure that you can redraw 

and label them.

(4) Discuss aggregate fruits.

3.25 SEEdS

A seed is a dormant, mature ovule developed from a fertilised ovule. It is 
a dormant structure – by this we mean that it is in a resting phase.

Seeds vary considerably in size, shape and structure. There are about 
5 000 000 tobacco seeds and some 3 000 maize kernels in one kilogram. 
The biggest seeds weigh between 2 and 3 kg. The variations in shape and 
structure determine the mode of seed dispersal. Some, like the dandelion, 
are adapted to float over great distances on wind currents. Others, like 
the bird-lime (mistletoe), are adapted to be carried by birds. Many fruit 
seeds have the ability to pass through the digestive tract of animals and 
be deposited and germinate on distant sites.

Seeds consist of three basic parts:

(1) The embryo. This is a dormant miniature plantlet that forms in the 
seed, having developed from the fertilised egg. It consists of a radicle 
(embryonic root) and the plumule (the embryonic shoot). Between 
these two growing points are the cotyledons.

(2) Food storage tissue. Food reserves are stored in the endosperm or 
the cotyledons. These reserves can be stored as starch (endosperm in 
grain seed), protein (cotyledons of the protein-rich seeds, like beans) 
or fats (cotyledons of the oil-rich seeds like sunflower).

(3) The seed coat very often (but not always) is a tough coating which 
prevents damage to the seed. The seed coat develops from the in-
teguments, which are the outer layers of the ovule. Remember that 
some seeds are covered by the pericarp. To be completely accurate, 
these “seeds” are fruits.
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fIGurE 3.26
Seeds of a monocotyledon and a dicotyledon

(1)  dicotyledon: 
a. seed coat; b. cotyledon; c. radicle; d. plumule; e. embryo. 

(2)  Monocotyledon: 
a. remnant of style; b. pericarp; c. endosperm; d. plumule; e. coleoptyle; 
f. radicle; g. root cap; h. scutellum; i. embryo

3.26 SuMMArY

Flowers originate from an apical or axillary meristem which fl attens and 
generates four fl oral whorls. The two central whorls are the most important 
from the point of view of agriculturists. They produce the male and female 
fl oral parts. The central whorl ultimately forms the ovary and ovules. Most 
plants bear perfect fl owers, but some bear separate male and female fl ow-
ers on the same plant, while others have separate male and female plants.

Plants differ in the way they bear fl owers. Some have solitary fl owers, but 
very often the fl owers are borne in clusters, called infl orescences.

Fruits develop from the ovary and contain one or more seeds. Sometimes 
other fl oral parts play a role in fruit formation. There are many kinds of 
fruits. Simple fruits are classifi ed according to the way the pericarp devel-
ops. Some plant species develop aggregate fruits because the carpels of the 
solitary fl ower do not fuse. Still other fruits, the multiple fruits, develop 
from an entire infl orescence.

Normal fruits contain seeds. Seeds contain an embryo and store food re-
serves for initial seedling emergence and growth. For this reason, seeds 
contain concentrated amounts of nutrients. Human beings capitalise on this 
phenomenon, as the staple diet of many people is grain food in the form 
of maize, wheat, rice or sorghum. The livestock industry also is heavily 
dependent on seeds. The bulk of the concentrated feed for chickens (bred 
for eggs and meat), pigs, dairy cows and animals in feedlots consists of 
grains. Therefore, our major food sources are directly or indirectly obtained 
from grains.
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Knowledge of the structure and function of flowers, fruit and seeds is es-
sential for meaningful and informed manipulations.

3.27 SuGGESTEd ANSwErS TO ACTIvITIES

Activity 1

(1) and (2) You will find the information you need in this unit.

(3)  Flowers in which all the floral parts are present are called complete 
flowers. Flowers that lack one or more of these floral parts are termed 
incomplete.

Monoecious plants have separate male and female flowers on the 
same plant; examples are maize (the cob consists of female flowers, 
and the tassel male flowers) and pecan (female flower and male 
catkin). In dioecious species, male and female flowers are borne on 
separate plants, as in asparagus, kiwi fruit and papaya.

Superior ovary. This means that the ovary is situated above the 
point where the other flower parts arise, as in tomatoes, legumes 
and strawberries.

Inferior ovary. Here the ovary is below the point where the other 
flower parts arise. Sometimes the basal parts of the sepals, petals and 
filaments fuse with each other and with the receptacle.

(4)   The types of inflorescences we have discussed are the raceme, panicle, 
spike, catkin, umbel, head, and spadix.

Activity 2

(1) A fruit is a mature ovary, and a seed is a mature ovule.
(2) Fruits fulfil a number of important functions. For example:

 • They protect the seeds in some plants.
 • Fruits help in seed dispersal, for example, some animals eat the 

pods of acacia trees.
 • The flesh of the fruit helps to keep the seed dormant for a while.

(3) Please compare your labelled drawings with those in section 3.24.
(4) Aggregate fruits develop from one flower, which produces multiple 

ovaries. This means that these fruits develop from a single flower 
with multiple pistils (carpels). In this case the carpels do not fuse, 
but instead develop into many separate ovaries. Other floral parts 
like the receptacle can play a role in fruit formation.

3.28 QuESTIONS fOr SElf-EvAluATION

(1) Choose the correct answer from the given list of alternatives. (6)

 (1.1)  A flower develops from the …
  a. primordium, b. peduncle, c. calyx, d. pedicel, e. androecium.
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 (1.2)  The skin of most fleshy fruits is technically the …
  a. endocarp, b. pericarp, c. exocarp, d. mesocarp, e. dermocarp.

 (1.3)  Seedless fruits which deve op without fertilisation occurring 
are called …

   a. clones, b. parthenocarpic fruit, c. nucellar fruit, d. apomictic 
fruit, e. haploid fruit.

 (1.4)  A simple, fleshy fruit derived from a single flower having more 
than one carpel is a …

  a. pome, b. pepo, c. drupe, d. samara, e. multiple fruit.

 (1.5)  The part of the flower that eventually becomes the seed is the … 
a. ovary, b. style, c. stigma, d. ovule, e. peduncle.

 (1.7)  Which of the following is part of the embryo of a seed? 
a. root hair, b. hair roots, c. fibrous roots, d. tap root, e. adventi-
tious roots.

(2) Give the correct botanical term for each of the following:  (5)

 (2.1) The male part of the flower

 (2.2) A ripened ovary plus associated parts

 (2.3) A flower having both male and female parts

 (2.4) The fruit of the sunflower

 (2.5) The hard covering of seeds

(3) Define the following: (10)

 (3.1) Carpel

 (3.2) Androecium

 (3.3) Hypanthium

 (3.4) Raceme

 (3.5) Fruit

(4) Discuss the classification of the simple fleshy fruits. (3)

(5) Define a caryopsis and explain its structure. (10)

(6) Give two agricultural examples for each of the following: (5)

 (6.1) Raceme

 (6.2) Umbel

 (6.3) Dioecious plant

 (6.4) Multiple fruit

 (6.5) Legume
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(7) Make a clear, labelled line sketch of an umbel. (4)

(8) Make a clear labelled sketch of the seed of a monocotyledon.  (10)

(9) Explain how a flower bud is formed. (15)
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4STudY uNIT 4
4Growth and development

Part 1: vegetative growth and development

4.1 STudY ObjECTIvES
After you have studied this part of unit 4, you should be able to:

 • define and use the terminology we have used here
 • explain the concepts “growth” and “development”
 • explain the concepts “growth habit” and “flowering habit” and discuss their 

relevance to agriculture
 • discuss the different stem and root growth patterns of plants and their 

relevance to agriculture
 • explain the different types of bud dormancy and how this can affect agriculture
 • discuss the factors affecting the growth and development of agricultural 

plants
 • discuss the phases in the life of a plant and the relevance of these for 

agriculture

4.2 INTrOduCTION
Plants are able to grow and develop as the result of a complex series of 
changes in plant cells, tissues and organs. This important cycle begins 
with germination, and progresses through a vegetative and a reproductive 
phase. It is completed after fruiting, when a viable seed is formed, and at 
this point a new cycle can begin. In the case of annuals, the cycle ends with 
senescence and death, but in the case of perennials, the cycle of vegetative 
and reproductive growth can be repeated after a brief time of rest.

Vegetative growth and development determines the plant canopy, which is 
made up of the above ground plant organs. Some plants, like lucerne and 
spinach, are harvested in the vegetative stage. In most cases, vegetative 
growth and development presents us with the plant canopy which also 
includes reproductive organs.

4.3 GrOwTh ANd dEvElOPMENT
Let’s begin our discussion by considering the concepts “growth” and “de-
velopment”. People tend to use these terms very casually, without really 
understanding everything that is involved.

When we talk about plants, growth is the irreversible increase in the size, 
length, height, volume or dry weight of the plant. It can also mean an in-
crease in the number of cells, even when the actual size or weight of the 
plant stays the same.
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To understand development, we need to understand two other concepts, 
namely initiation and differentiation.

When cells divide normally, the product is two identical cells of the same 
type as the original. This represents growth. However, when a cell receives 
a stimulus or message of some sort (growth regulator, light, temperature, 
etc.) that makes it divide into something different (a vegetative bud becomes 
a flower, for instance), we call that reaction initiation. The result of initia-
tion is a cell that produces tissue of a different kind when it divides. The 
outcome of initiation is a visible change in the plant, called differentiation. 
Differentiation is development from one cell to many cells, together with a 
modification of the new cells to perform a particular function. The result 
of differentiation will be:
(1) specialisation – tissue specialises to become an organ doing special-

ised work, e.g. differentiation of a glandular trichome
(2) an increase in complexity – a single stem becomes a group of stems 

that further develop into stems with leaves and flowers, and so on

The word we use to refer to the combination of initiation and differentia-
tion is development. The result is specialisation and greater complexity. 
Development is an umbrella term that we use to refer to all the changes 
that a plant undergoes during its life cycle, from germination of the seed 
through growth, maturation, flowering, seed formation, and senescence.

4.3.1 Growth habit
The growth habit of the plant is its general aspect or mode of growth. So, 
for example, a plant may be low-growing or tall, erect or prostrate, spread-
ing, bushy and so on. We can name and classify plants on the basis of their 
growth habit. You already know that we speak about woody plants, trees, 
shrubs, vines and herbaceous plants – if you need to refresh your memory, 
have another look at unit 1, as we won’t be going into detail here.

4.3.2 flowering habit
Different plants have different flowering habits:

(1) Determinate flowering habit (we call plants with a determinate 
flowering habit determinate growers). In plants with a determinate 
flowering habit, after a period of vegetative growth, a flower or in-
florescence will develop from the apical meristem on the stem apex. 
Growth effectively stops on that stem. Field crops like wheat, maize 
and sunflowers are examples of crops with a determinate flowering 
habit, as well as many vegetables, like cabbage and onion.

(2) Indeterminate flowering habit (we call plants with an indeterminate 
flowering habit indeterminate growers). In plants with an indeter-
minate flowering habit, the stem apex stays vegetative. The stem 
continues to grow until the onset of senescence (this is something 
we will discuss later). Flowers and fruit normally are borne on lateral 
buds, and the stem apex (apical meristem) stays vegetative. Cotton 
and passion fruit are good examples.
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(3) The same crop can exhibit either the one or the other flowering habit, 
depending on the cultivar planted. For example, there is a bush bean 
cultivar with a determinate flowering habit, and also a trailing pole 
bean cultivar that has an indeterminate flowering habit.

This has a number of implications for agriculture – here are three examples 
to show you what we mean.
(1) Indeterminate growers have an extended growth and harvesting 

season. They flower later, and can be harvested several times (over 
a longer period).

(2) The plant size (height, area) of indeterminate growers tends to be 
larger. For example, pole beans grow to more than 2 m, whereas bush 
beans grow to 0,5 m.

(3) Indeterminate growers accumulate more vegetative material over the 
growing season than determinate growers. The ratio of vegetative to 
reproductive growth is higher.

ACTIvITY 1
(1) Differentiate between

 • growth and development
 • determinate flowering and indeterminate flowering habit

(2)  Examine six plants growing in your neighbourhood. See which of them have a 
determinate flowering habit, and which have an indeterminate flowering habit.

4.3.3 Stem growth patterns
Different kinds of plants have different stem growth patterns. In annuals 
grown in optimal conditions, stem growth normally follows a typical sig-
moid growth curve. At the beginning of the growth cycle, after emergence, 
the growth rate of annuals is relatively slow. This increases, advancing in a 
straight line (linear growth), and then tapers off at the end of the growing 
season. After the seeds have matured, the plant dies (Figure 4.1).
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Perennial plants remain alive for many years. They follow a pattern 
similar to annuals, depending on the climate. Perennial tropical crops 
grown in a tropical climate will follow the same growth pattern as an-
nuals. (Any environmental variation will, of course, have an influence on 
the growth pattern. The above statements apply in the case of a relatively 
stable environment.)

Perennial deciduous crops (which lose their leaves in winter) have a growth 
pattern of recurring cycles, as shown in Figure 4.1. Of course, the growing 
conditions in each season will determine the extent of growth occurring 
in that season. The growing conditions, and therefore the growth pattern, 
can vary considerably from year to year.

The growth pattern of annuals and tropical perennials is determined by 
external (environmental) factors, like temperature and moisture. The other 
perennials, especially deciduous perennials, have natural resting periods, 
controlled by internal plant factors (growth regulators, etc.) and not external 
factors like temperature and moisture. (The external factors, of course, can 
influence the internal factors indirectly.) The following growth patterns 
can be recognised in perennials:

(1) Continuous growth throughout the year. The growing apex never 
enters a resting phase. This is typical of tropical crops such as bananas.

(2) Recurrent flushes. After each growth flush, the terminal apex forms 
a dormant apical bud during a brief resting period, followed by the 
next flush. This is typical of subtropical evergreen perennials, a well-
known example being citrus, which has about three flushes per year.

(3) A single flush of terminal stem growth. This begins in spring and 
ends when the apical apex forms a dormant bud in autumn. These 
plants stay dormant during winter. Deciduous trees like peaches are 
a good example.

(4) A flush of growth followed by shoot tip abortion at the end of the 
season, with the shoot the following season starting up from a lateral 
bud. This gives a zigzag pattern of shoot development.
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4.3.4 root growth patterns
Stem growth is influenced mainly by internal plant factors. Root growth, 
on the other hand, seems to be influenced mainly by environmental fac-
tors, such as physical soil conditions, the availability of water and nutrient 
reserves, and, very important, soil temperature.

4.3.4.1 Root growth

Roots are usually invisible, hidden in the soil. Root systems are much 
more extensive than most people suspect – as a general rule, plants oc-
cupy roughly the same amount of space below ground as they do above 
ground. This holds true for most of the smaller annual crop plants, like 
vegetables and grain crops. The ultimate size and distribution of the root 
system is very important to agriculturists, because this will determine the 
water and nutrient uptake potential of the crop, which in turn determines 
yield potential.

Root growth and root distribution patterns depend on:

(1) The availability of soil moisture. Roots absorb water from the soil 
directly around them. When the water around the root is depleted, 
their growth “follows” the water in the soil. Roots cannot grow from 
one place to another through dry soil. A root will stop growing the 
moment the growing point touches dry soil.

(2) Changes in the soil profile. Roots do not readily grow across any 
abrupt change in the soil. Sudden changes, for instance a hard area 
such as a plough sole (compacted soil) or an abrupt change in clay 
percentage (from a sandy to a clay layer or vice versa) will cause 
roots to follow the line of least resistance and change the direction 
of growth to stay in familiar conditions.

(3) Soil fertility. Plants growing in sandy soils of poor fertility tend to 
produce a weak, thin root system. Fertile, loamy soils yield a compact, 
actively growing, strong root system.

4.3.4.2 Annuals

The rate of root growth does not follow exactly the same pattern as that 
of stem growth. The initial growth of roots after emergence is very rapid. 
Vegetative stem growth lags behind and in a sense “follows” root growth. 
In the later vegetative stage, stem growth catches up with root growth. At 
the flowering stage, the root system of most crops will occupy most of the 
potential root zone. After this, very little expansion of root growth occurs. 
From this stage onwards, there is a continuous dying of thin roots, which 
are replaced with new roots within the root zone, assisting in nutrient and 
water uptake.

4.3.4.3 Perennials

Root growth normally begins prior to budbreak in spring and continues 
until leaf drop in autumn. The speed and direction of growth depend 
entirely on the availability of nutrient reserves, temperature and water.
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The spring growth flush is very active because of the nutrient reserves 
which the plant stored from the previous year. After this flush, growth 
decreases. The growth rate increases again in autumn, due to the accumu-
lation of nutrients built up through photosynthesis. In winter time, roots 
do not grow because the soil is cold.

4.3.5 bud dormancy
Dormancy can be defined as a period of arrested growth. It may affect the 
whole plant, or it may be restricted to certain plant parts, especially seeds 
and buds. Buds become dormant because the growth in the apical meris-
tems stops. Bud dormancy is a survival mechanism that enables plants to 
live through unfavourable environmental conditions.

There are two basic types of bud dormancy:
(1) Environmental dormancy occurs in response to unfavourable envi-

ronmental conditions, such as a lack of water or temperature extremes. 
Take a turf grass like kikuyu as an example. The growth of this grass 
is stopped by drought. The top growth might even die. When the 
grass is supplied with adequate water again, growth resumes from 
the stolons.

(2) Winter dormancy (winter rest) of deciduous plants occurs in re-
sponse to internal plant factors (growth regulators). The plant stays 
dormant even when all environmental requirements for growth, such 
as pH, temperature, moisture and oxygen, are met. Plants which are 
in winter dormancy must be subjected to a certain amount of chill-
ing before normal budbreak will occur. The optimum temperatures 
needed to accumulate the required chilling units of deciduous plants 
lies between 4 and 7 °C. 

Inadequate chilling of deciduous plants causes delayed foliation: plants 
do not show the profusion of budbreak (flowers first, followed by leaves) 
expected under normal conditions. For example, peaches generally need 
about 600 hours of temperatures below 7 °C for normal spring budbreak. 
Many regions in South Africa (the summer rainfall areas, for example) 
accumulate too few chilling units, and are too warm for normal peach pro-
duction. Fortunately, there has been a lot of progress in breeding peaches 
that require less chilling. This opened the way for producers in Pretoria, 
Rustenburg and similar regions to successfully produce peaches.

4.4 fACTOrS AffECTING PlANT GrOwTh ANd dEvElOPMENT
From our discussion so far, you know that growth is an irreversible in-
crease in volume or size, and that development characterises the plant life 
cycle from germination through to senescence. Various factors affect plant 
growth and development – this is our next topic of discussion.

4.4.1 Genes
The genes in the fertilised egg (zygote) direct the future form, shape and 
functioning of each organ and tissue in the plant body. This genetic code 
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is exactly the same in all plant parts (the root, stem, leaf or flower), even 
though the expression of that code is so diverse (leaves and roots dif-
fer completely in appearance and function, for instance).

This diversity can only be achieved when some genes on the chromosomes 
are inactive at certain stages, and active at others. The genes that form 
flowers are already present, but they are inactive in the cells during the 
vegetative stage. Then, by some unknown process, the “flower genes” are 
activated or “switched on” (and others, e.g. “leaf genes” are “switched off”) 
in one or more cells during cell division.

Although this process is not clearly understood, we think that the plant 
cells receive some signal that triggers initiation and differentiation. There 
is, however, enough evidence to have scientists believe that growth regu-
lators (hormones), enzymes and other metabolic products, even certain 
inorganic ions, are such triggers. External factors like light, temperature 
and water can also act as triggers. Together these internal and external 
factors ultimately determine the way the plant will develop and grow.

4.4.2 Sunlight
Part of the radiant energy from the sun falls within the visible spectrum 
of the human eye. We call this sunlight. The wavelengths of the radiant 
energy that fall within the visible spectrum determine the growth and 
development of plants in different ways.

4.4.2.1 Photosynthesis

Sunlight is the source of energy which drives photosynthesis, which is a 
photochemical process. The degree of photosynthesis will determine the 
extent of plant growth, and therefore of production. The photosynthetic 
rate and the sum of photosynthesis are affected by the following:

(1) Light intensity. Crop productivity is directly related to light inten-
sity. As light intensity increases, so does photosynthetic activity. 
Photosynthetic rate will increase up to a certain saturation point, but 
photosynthesis will not increase any further when additional light 
beyond the saturation point strikes a leaf. Photosynthetic rates are 
low at dawn. They peak around noon, and gradually decline as the 
day progresses towards sunset. Leaves can compensate to a certain 
degree for reduced light intensity. They become thinner and larger 
in shade, and the mesophyll cells contain more chloroplasts, with 
the result that there are more photosynthetic centres, are more abun-
dant and these are more exposed to light. Leaves that compensate 
for reduced sunlight by being thin with comparatively large surface 
areas are referred to as shade leaves. Leaves that are consistently 
exposed to sunlight are referred to as sun leaves. Sun leaves are gen-
erally smaller than shade leaves, as they do not need to compensate 
for reduced light. The fact that sun leaves are smaller than shade 
leaves is advantageous to plants, since because their surface area is 
smaller, they lose less moisture, reduced surface area is associated 
with reduced moisture loss especially during times of exposure to 
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high sunlight intensity. Once you know the difference, it is easy to 
tell sun leaves and shade leaves apart. Try and find some examples 
for yourself.

(2) Duration of exposure to sunlight. More hours of exposure to sunlight 
means more photosynthesis.

(3) Light quality. Photosynthesis requires light of certain wavelengths. 
The quality of the light (the light spectrum) that strikes the leaf will 
determine the rate of photosynthesis. Only very specific wavelengths 
of light drive photosynthesis. Blue and red light at 440 and 650 nm 
respectively are more effective in driving photosynthesis than green 
light.

4.4.2.2 Photo stimulus

Sunlight also stimulates certain reactions in the plant, which will deter-
mine its development. For these reactions the intensity of the sunlight is 
of minor importance. More important are

(1) daylight length (photoperiod)
(2) wavelength of the light (red and far-red spectrum)
(3) direction of the incidence of light

Here are some examples of reactions that can be brought about by 
photostimulus:

(1) Flower initiation. Plants are classified as being either short-day, long-
day or day-neutral. This depends on the way in which photoperiod 
controls flower development (we will discuss this in part 2 of this unit).

(2) Onset of dormancy, due to the shorter photoperiod in autumn.
(3) Formation of storage organs. For instance, potato tubers are initiated 

as photoperiods shorten. Onion bulbs, on the other hand, are initiated 
when photoperiods are longer.

(4) Direction of growth. Stems and flowers tend to grow towards the light, 
depending on the direction of the incidence of light. This tendency is 
called phototropism. The light directs the flow of the growth regula-
tor auxin towards the shade-side of plants. As auxin promotes cell 
elongation, the differential growth “bends” the plant part towards 
the sun, and the plant grows towards the light.

(5) Seed germination. Light of a certain wavelength can stimulate some 
seeds to germinate, but inhibit others. For instance, the seeds of some 
weeds, like Datura, need light to germinate. When fields are being 
cultivated, seeds are brought to the surface from deeper layers; when 
they are exposed to light, they germinate.

4.4.3 Temperature

The radiant energy from the sun not only gives us visible light, but also 
produces heat (longer wavelengths). Plants require a certain amount of 
heat for growth and development, and they react in different ways to 
temperature.
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4.4.3.1 Length of the growing season

Temperature determines the length of the growing season. Different climatic 
zones differ widely in this respect. For many plants, the number of days 
available for plant growth, called the growing season, is determined by 
the last day of frost in spring and the onset of frost in autumn. When the 
growing season is too short for a crop, no successful plantings are possible. 
Yield can be drastically reduced, or a total crop failure can be experienced. 
The total growing season (last spring frost to first autumn frost) in certain 
cold areas in South Africa might be less than 200 days. On the other hand, 
the growing season in the Lowveld areas can be more than 300 days.

4.4.3.2 Cardinal temperatures

Plants need a certain optimum temperature for maximum growth and 
development. There are also a maximum and minimum temperature that 
mark the limits for plant growth. These temperatures are known as cardinal 
temperatures. Figure 4.2 is a generalised representation of the influence of 
temperature on the rate of respiration and photosynthesis. Between points 
a and d the amount of energy accumulated through photosynthesis is 
greater than the energy used by the respiration of the plant. Below a and 
beyond d, you will see that the plant actually needs more energy than it 
accumulates. The region bcef designates the area of maximum accumula-
tion of energy, and therefore maximum growth. This temperature range 
is the optimum temperature.

The cardinal temperatures differ widely for different crops. Table 4.1 
gives examples of the cardinal temperatures for a number of crops. 
Note the difference between the cardinal temperatures and temperatures 
that would kill a plant outright. For instance, cabbage plants will be killed 
outright at a temperature of minus 6 °C. The minimum cardinal tempera-
ture is roughly plus 4 °C. Between these two temperatures no growth 
will occur, but the plant loses reserves, and will in fact slowly decline and 
ultimately die.

TAblE 4.1
The cardinal temperatures for a number of crops

CROP MINIMUM (°C) OPTIMUM (°C) MAXIMUM (°C)

small grain 0–5 25–31 31–37

carrot, cabbage, 
onion

2–4 20–25 35–40

maize, peas 7–9 25–32 38–45

cotton, tobacco, 
sorghum, pumpkin

15–18 31–37 44–50
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The influence of temperature on the rate of photosynthesis and respiration

4.4.3.3 Heat units

The area bcef in Figure 4.2 shows the temperature range where maximum 
growth is expected. This also implies that the growing season of plants in 
that temperature range will be shorter than at points a and d. Research-
ers have established that heat unit summation is a more accurate means 
of measuring growth than a time unit system (for instance, a system on 
based on days).

A heat unit is the number of temperature degrees above an established 
minimum growing temperature for that plant. So, if we determine the av-
erage temperature for a given day and subtract the established minimum 
growing temperature, we have the heat units of that day. Therefore,

Heat units for a specific day = max temp + min temp – base temp 

      2

Normally: maximum temperatures above 30 °C are taken as 30 °C, and 
   minimum temperatures below 10 °C are taken as 10 °C.

This gives producers a system for planning their plantings (of maize, for 
example) and avoiding the typical mid-summer drought often encountered 
in January in the summer rainfall areas. This method makes it possible to 
synchronise the flowering dates of male and female plants for the produc-
tion of hybrid seed or for plant breeding (the male and female plants are 
planted on different dates in order to have them flower at the same time). 
It can also be used to schedule crop plantings for an orderly pattern of 
harvesting. (The harvesting machine for peas can only harvest a certain 
area per day. The plantings can be scheduled to get the maximum benefit 
of the very expensive harvester.) Processing firms are able to plan their 
harvesting schedule by basing their planting schedule on heat units.
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Information needed:

(1) The base temperature for the crop. For maize it is 10 °C, for cotton  
16 °C, and for wheat and peas 4 °C.

(2) The number of accumulated heat units the crop needs for the grow-
ing season or part of the growing season. This must be determined 
for each cultivar! This information is available from seed firms for 
certain crop types, especially maize.

(3) Temperature data. This can be obtained from the weather bureau, or 
can be locally measured with a maximum/minimum thermometer.

4.4.3.4 Sunburn

Plants and plant parts can suffer sunburn through being exposed to 
high levels of radiant energy. Leaves have the capacity to cool themselves 
by means of transpiration. Other plant parts that are not equipped with 
large numbers of stomata do not have this cooling mechanism. Stems 
and fruit are usually shaded by leaves, but sometimes can be exposed to 
direct sunlight. Sunburn occurs because the radiant energy heats up the 
exposed plant parts. When the temperature rises above a critical threshold 
temperature of about 42 to 45 °C, the protein in the cells denatures, and 
the cells die. (The protein is the “living” component of cells. Denaturation 
is a process you know from boiling an egg. The protein structure changes: 
it coagulates and becomes “lifeless”.)

4.4.3.5 Frost damage

Plants can experience frost damage. However, plants differ in their sus-
ceptibility to frost.

(1) Species differ. For instance, cabbages can withstand temperatures of 
approximately –6 °C and tomatoes –1 °C, but pumpkins are severely 
damaged at 0 °C. One of the reasons is that the cells of some plants 
contain a large quantity of colloids (“water loving” molecules that 
absorb large amounts of water). These organic compounds absorb 
cellular and intercellular water, and lower its freezing point. (Think 
about water to which salt has been added: the freezing temperature 
drops below zero.)

(2) Susceptibility of a species to chilling can differ at different times 
of the year. An apple tree can withstand temperatures of below  
–34 °C  (yes, you read that correctly! Minus thirty-four degrees!) while 
it is dormant. However, during the growing season, the same plant 
can be killed outright by temperatures only few degrees below 0 °C.

(3) Plant parts differ in their susceptibility to chilling. Take peas, for 
instance. The older stems and leaves can withstand chilling tem-
peratures of up to –4 °C, but young, tender vegetative growth can-
not withstand a temperature of –2 °C. Plants are most susceptible to 
chilling damage during flowering and fruit set. A temperature of just 
below 0 °C will kill most of the flowers and young fruit on any plant.

(4) Growing conditions prior to chilling determine susceptibility to 
chilling. The better the growing conditions, the more sensitive plants 
are to chilling damage. Plants therefore adapt to a certain degree to 
the environmental conditions they grow in.
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We usually assume that low temperatures will affect plant processes 
negatively. However, low, non-freezing temperatures are sometimes cues 
to plants to coordinate growth and development with changing seasons. 
Temperatures that initiate these cold-induced processes are usually in the 
range of 0 to 10 °C. Examples of cold-induced processes include

 • Seed germination. Some seeds require a period at low temperatures 
before they will germinate.

 • Flowering. Some plants will flower only if the plant or seed was exposed 
to winter cold. We call this exposure to cold in preparation for spring 
vernalisation.

4.4.4 water
Most growing plants are made up of about 90 per cent water. To function 
properly, plants absorb large amounts of water through their roots. A 
lucerne plant, for instance, needs about 900 ℓ of water to produce 1 kg of 
dry material. Very little of this water is used structurally (in other words, 
very little of it stays in the plant): most of it is lost via the stomata through 
transpiration.

When the transpiration demand of a plant exceeds the absorption rate, 
the stomata close, and the plant experiences moisture stress. When the 
demands are severe, the plant wilts. This reaction reduces the leaf area 
exposed to the sun. In the heat of the day, wilting is quite normal for her-
baceous plants, like pumpkins.

When the stomata close, the outflow of water is limited. However, the in-
flow of carbon dioxide to the mesophyll is reduced at the same time, and 
photosynthesis decreases (we call this situation the paradox of pores). At 
this point, the plant’s “production factory” slows down, or even comes to 
a complete standstill. Stomata close long before the onset of wilting, and 
so production stops long before we see visible signs of moisture stress (e.g. 
wilting). Most crops are able to compensate for brief periods (an hour or 
so) of mild moisture stress. However, when wilting occurs for extended 
periods of the day, a loss in production can be expected.

When sunlight is intense, the leaves tend to lose large quantities of water 
by transpiration, while at the same time the soil loses water by evapora-
tion. We call this loss of water through transpiration and evaporation 
evapotranspiration.

4.4.5 Nutrients
We will be discussing this topic in unit 5.

4.4.6 Gases
Oxygen (O2) and carbon dioxide (CO2) are the two most important gases 
for plant growth.
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4.4.6.1 Carbon dioxide (CO2)

CO2 is the building block of all organic compounds produced in the plant. 
During photosynthesis, sugars are manufactured through the linking of 
CO2 molecules. For this process, the plant uses CO2 from the atmosphere 
and light (radiant energy) from the sun. Photosynthesis can be promoted 
by the following:

(1) Allowing free entry of CO2 into the leaf through the stomata (keep-
ing the stomata open). This can be achieved by avoiding moisture 
stress through adequate irrigation. The rate of transpiration (outflow 
of water) can also be slowed down, for example by:

 • using anti-transpirants on young plants that have been transplanted 
(lettuce transplants, for instance)

 • partially shading plants (however, take care not to block out too 
much sunlight, as the plants need this for photosynthesis)

 • cooling plants by wetting the canopy through irrigation

(2) Increasing the amount of CO2 in the mesophyll. You could add CO2 to 
the air in closed environments, like glass houses. Another novel way 
tested recently in South Africa is to add CO2 to the irrigation water. 
This method is based on the fact that large volumes of irrigation water 
are absorbed by the roots. Almost all of this water ultimately passes 
into the mesophyll cells, where the CO2 is released and is used in 
photosynthesis. Producers who farm on open fields could implement 
this strategy. However, it has not proved to be economical.

4.4.6.2 Oxygen (O2)

Plants produce O2 as a by-product of photosynthesis. This O2 is released 
back into the atmosphere.

All living cells use oxygen for their living processes. Therefore, although 
plants produce oxygen, they also use it for their normal functioning. All 
living plant parts, such as roots, leaves and stems, use oxygen for respira-
tion, or to convert the sugars produced through photosynthesis into new 
plant tissue.

We tend to forget that to function normally, roots also need oxygen. Poorly 
aerated and waterlogged soils cannot provide enough oxygen for normal 
root functioning. Under these circumstances, roots cannot respire, and 
will not absorb minerals from the soil. They will ultimately die unless the 
conditions are reversed.

4.4.6.3 Atmospheric pollution

Our modern, technological society is guilty of gross atmospheric (and 
other) pollution. For example, exhaust fumes from cars emit boron and lead 
into the atmosphere. Just about all fossil fuels that are burnt emit sulphur 
dioxide, as do smelting processes. Most of the pollutants do considerable 
harm to plant growth and development.
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Here in South Africa, we are becoming increasingly concerned about 
atmospheric pollution. Measures are being taken in Europe and America 
to reduce this type of pollution, but even there, concern is mounting. At-
mospheric pollution is thought to lead to

 • an increase in harmful radiation through the hole in the ozone layer of 
the atmosphere. Pollution is being blamed for making this hole bigger.

 • global warming, caused by the hothouse effect of pollutants.
 • the poisoning of plants by pollutants.

ACTIvITY 2
(1) What environmental factors influence root growth?
(2) Define bud dormancy, and describe two types of bud dormancy.
(3) List factors affecting plant growth and development.
(4) Define the following: cardinal temperatures, evapotranspiration and 

vernalisation.
(5) What are the consequences of atmospheric pollution?

4.5 PhASES IN PlANT lIfE
The phases in plant life are embryonic growth, juvenility, maturity, senes-
cence and death.

4.5.1 juvenility and maturity
Hartmann et al (1988) and McMahon et al (2007) point out that during the 
early stages of their life cycle many plants look strikingly different from 
what they do at maturity. For instance, eucalyptus seedlings have opposite, 
broad leaves with no petiole (each node has two leaves, opposite each other). 
Older plants have alternate narrow leaves on a distinct petiole (each node 
has one leaf on the opposite side from that on the previous node). The leaf 
colour also changes from blue-green to a deep green. Another example is 
that of citrus trees. Young citrus seedling trees are very thorny. However, 
when these trees mature, new stems are less thorny.

Here are some observations about juvenility and maturity:

(1) Juvenile plants do not flower, even when all environmental condi-
tions are optimal. Plants that have entered maturity will flower under 
favourable conditions.

(2) Cuttings made from juvenile plants readily form adventitious roots. 
Mature wood, however, can be quite difficult to root.

(3) There is not always a clear-cut transition between juvenility and 
maturity. For instance, productive citrus trees (in other words, those 
bearing fruit) can still be very thorny.

(4) The basal parts of a plant can have juvenile characteristics even though 
the stem apex has reached maturity. In apples, we take advantage 
of this feature for the production of cuttings. New growth is forced 
from the tree base by pruning, and then used as cuttings.

(5) Not all young woody perennial plants are in the juvenile stage. For 
example, suppose we propagate a plant vegetatively, using a root 
cutting. The young plant will in fact be just as mature as the mother 
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plant from which it came. However, when we propagate that crop 
from seed, the young plant would be in the juvenile stage. This is 
one of the reasons why we propagate fruit trees vegetatively: trees 
propagated in this way bear fruit sooner than trees propagated from 
seed. For instance, a vegetatively propagated avocado tree will bear 
its first fruit within the second year. Trees from seedling plants, on 
the other hand, normally take 7 to 12 years before bearing fruit.

(6) Mature wood grafted to a juvenile rootstock stays mature – it does 
not take on the qualities of the young wood. This means that fruit 
trees like peaches and avocados can be grafted onto seedling stock 
without losing their mature characteristics.

4.5.2 Senescence
Senescence signals (is an indication of) the end of the normal plant life 
cycle. It is an irreversible period of physical decline in living organisms, 
leading to the breakdown of tissues and ultimately death, very often with-
out any sign of disease.

Senescence occurs in individual plant parts like leaves and fruit. You will 
observe it in annuals as well as perennials.

Senescence can be linked to physiological changes in the plant. Sometimes 
it can be linked to attack by pathogens or environmental stress. During 
senescence, either parts of or the whole plant becomes more vulnerable to 
attack by bacteria, fungi and viruses. For example, from a botanical point 
of view we consider the tomato to be a perennial plant, and so we could 
expect these plants to live on indefinitely. In reality, though, they rarely 
survive more than one growing season, and die as a result of pathogen 
attack. Because they usually die of some or other disease, we grow them 
as annuals.

The following bring on senescence more quickly:

 • Decline in photosynthesis of many determinate annuals leads to 
senescence and death.

 • Transfer of stored nutrients to the reproductive parts (flowers, fruits 
and seeds).

 • Ethylene plays a major role in fruit ripening and deterioration.

ACTIvITY 3
(1) Explain what senescence is.
(2) What brings on senescence more quickly?

4.6 SuMMArY
The plant life cycle is characterised by the development and growth of 
different tissues, organs and plant parts. Plants have either a determinate 
or indeterminate flowering habit. The growth of plants follows a sigmoid 
growth pattern. In perennials, this pattern can be one of continuous growth, 
or of periodic flushes.

Root growth and development is determined by environmental conditions 
as well as the plant type. It normally precedes aerial growth.
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When plants become dormant, the stem apex stops growing. Dormancy 
can be caused by environmental conditions. In deciduous plants, winter 
dormancy is caused by internal factors. A certain amount of chilling is 
necessary to break winter dormancy.

Plant growth and development is affected by environmental conditions. 
Solar radiation contributes to the growth of plants in that plants use sunlight 
for photosynthesis. It also serves as a stimulus that triggers development. 
Plants require a certain temperature for survival. Within the cardinal tem-
perature range, growth rate is highest within the optimum temperature 
range. Growth rate can be estimated by means of heat unit summation, 
which can be used to predict important growth stages of agricultural crops.

The stomata regulate the exchange of water vapour and carbon dioxide 
between the atmosphere and the mesophyll cells in the leaves. When the 
stomata close, the rate of photosynthesis, and therefore production, is 
reduced. Plants produce oxygen, but also use it. In order for plants to take 
up mineral elements from the soil, there has to be oxygen in the root zone.

The principal life phases of plants are embryonic growth, juvenility, ma-
turity, senescence and death. Plants look and function differently during 
each of these life phases.

4.7 SuGGESTEd ANSwErS TO ACTIvITIES
Activity 1

(1) Growth is the irreversible increase in plant size, length, height, vol-
ume or dry weight. It can also entail an increase in the number of 
cells, even when the actual size or weight of the plant stays the same.

 • To understand development, we need to understand two other 
concepts, namely initiation and differentiation. Differentiation 
means development from one cell to many cells, together with a 
modification of the new cells to perform a particular function. 
Initiation refers to the process during which a cell receives a stimulus 
or message of some sort (growth regulator, light, temperature, etc.) 
that causes that cell to become something different (a vegetative 
bud becomes a flower, for instance).

 • Determinate flowering habit: after a period of vegetative growth, 
a flower or inflorescence will develop from the apical meristem on 
the stem apex. Growth effectively stops on that stem. Field crops 
like wheat, maize and sunflowers are examples of crops with a 
determinate flowering habit, and many vegetables, like cabbages 
and onions, also have a determinate flowering habit.

 • Indeterminate flowering habit: the stem apex stays vegetative. The 
stem will continue to grow until the onset of senescence. Flowers 
and fruit are normally borne on lateral buds and the stem apex 
(apical meristem) stays vegetative. Cotton and passion fruit are 
good examples.

(2) You would each have examined different plants for this part of the 
activity.
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Activity 2

(1) Root growth is influenced mainly by environmental factors, such 
as the physical soil conditions, the availability of water and nutrient 
reserves and (a very important factor), soil temperature.

(2) Dormancy is a period of arrested growth. Buds become dormant 
because the growth in the apical meristems is stopped. Bud dor-
mancy is a survival mechanism that enables plants to live through 
unfavourable environmental conditions.

There are two basic types of bud dormancy:

 • Environmental dormancy, which is a response to unfavourable 
environmental conditions, such as a lack of water or temperature 
extremes.

 • Winter dormancy (winter rest) of deciduous plants is brought 
about by internal plant factors (growth regulators). The plant stays 
dormant even when all environmental requirements for growth 
are met, for instance pH, temperature, moisture and oxygen. Plants 
in winter dormancy must undergo a certain amount of chilling 
before normal budbreak will occur. The optimum temperature in 
the case of deciduous plants lies between 4 and 7 °C.

(3)  Factors affecting plant growth and development are genes, tempera-
ture, nutrients, sunlight, water and gases.

(4)  Cardinal temperatures. Plants need a certain optimum temperature 
for maximum growth and development. There is a maximum and a 
minimum temperature marking the limits for plant growth.

Evapotranspiration. The loss of water by transpiration and evaporation
Vernalisation. The induction of flowering through exposure to cold

(5) The consequences of atmospheric pollution are thought to be:

 • an increase in harmful radiation through the hole in the ozone 
layer of the atmosphere. It is thought that pollution is making this 
hole bigger.

 • global warming, caused by the hothouse effect of pollutants.
 • poisoning of plants by pollutants.

Activity 3

(1) Senescence signals the end of the normal plant life cycle. It is an ir-
reversible period of physical decline in living organisms, leading to 
the breakdown of tissues and ultimately death, very often without 
any sign of disease. Senescence occurs in individual plant parts like 
leaves and fruit. It occurs in both annuals and perennials.

(2) The following bring on senescence more quickly:

 • Decline in photosynthesis of many determinate annuals leads to 
senescence and death.

 • Transfer of stored nutrients to the reproductive parts (flowers, 
fruits and seeds).

 • Ethylene plays a major role in fruit ripening and deterioration.



102

 

4.8 QuESTIONS fOr SElf-EvAluATION

(1) You intend to plant the maize cultivar TSA2001, which needs 950 heat 
units from planting to 50% pollination.  You want to avoid the mid-
summer drought in your area.  This means that 50% of pollination 
must be completed by 10 January. The weather bureau has supplied 
the long-term temperature data for your area. When is the last day 
on which you can safely plant the maize?  

Average daily temperature in °C

Month Maximum temp Minimum temp

Aug 18 12

Sep 20 13

Oct 22 15

Nov 23 17

dec 24 19

jan 25 21

feb 24 19

Hints on how to answer this question:

(1) Calculate the heat units for the first 10 days in January. (2) Then 
work backwards (some months have 31, others 30 days!) (3) With the 
remaining fraction you can calculate the number of days needed in 
the planting month. (4) Now determine your latest planting date. (8)

(2) What is meant by growth and development? (10)
(3) Distinguish between growth and flowering habit. Why are these 

important for practical agriculture? (15)
(4) Explain the different stem growth patterns found in annual and 

perennial plants.  (10)
(5) Compare root and stem growth patterns. (10)
(6) Explain what is meant by cardinal temperatures. Why are these 

important for practical agriculture? (15)
(7) A young tomato fruit is exposed to extended periods of direct sun-

light. Explain the possible consequences of this. (5)
(8) You planted some peach trees in a shallow, poorly drained soil. What 

do you expect to happen in a very wet and rainy year? (5)
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Part 2: reproductive growth and development

4.10 STudY ObjECTIvES
After you have studied this part of unit 4, you should be able to:

 • define and use the terminology we have used here
 • discuss photoperiodism and vernalisation and their effect on flower initiation
 • discuss pollination and fertilisation
 • discuss fruit set, normal fruit drop and possible causes of poor fruit set
 • discuss fruit growth and draw a graph to illustrate the different fruit growth 

curves
 • discuss fruit ripening, with special reference to the changes that occur in 

different types of fruit, how ripening can be measured, and the respiration 
patterns of different types of fruit

4.11 INTrOduCTION
As you know, a plant is mature when it has the potential to enter into its 
reproductive phase. However, this does not mean that the plant will begin 
to flower immediately. The initiation and development of flowers will still 
be determined by the environment.

ACTIvITY 1
Make a list of all the field (agronomic), vegetable and fruit crops you know. Now 
transfer all this information to a table consisting of two columns. In the first column, 
write the crops planted for their fruits, seed or flowers, and in the second column 
write the crops grown for their vegetative parts. What do you conclude? Can you 
see how much we depend on the reproductive phase of plants in agriculture?

All producers want their crops to be as productive as possible. They achieve 
this by manipulating the vegetative and the reproductive phases in the life 
cycle of the crop. Manipulation refers to the way we change the environ-
ment through different cultural practices, like cultivation, planting time and 
spraying. A producer who wants to manipulate a crop successfully must

(1) understand how the crop (its structure and functioning) will respond 
to the different manipulations

(2) know how to do the manipulations

The first aim in production is to establish a plant canopy within the crop 
with the potential for abundant flowering. To achieve this, we have to 
understand the vegetative phase of plants (this is something we have 
already discussed). The second aim is to have the flowers develop into an 
abundant harvest. For this, we need to understand the reproductive phase 
in the plant life cycle.
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Fruit and seed production consists of the following stages:
(1) Initiation and differentiation of flowers and fruit
(2) Pollination, fertilisation and fruit set
(3) Fruit growth
(4) Ripening of fruit
(5) Fruit senescence

4.12 INITIATION ANd dIffErENTIATION
The period between germination and maturity can vary from just a few 
weeks in some annuals to many years in some perennial trees. Once they 
are mature, plants flower in response to environmental conditions. Let’s 
begin our discussion by talking about the effect of photoperiodism and 
vernalisation on flower initiation.

4.12.1 Photoperiodism
Photoperiodism is the response of plants to the relative length of light 
and dark periods. When this phenomenon was originally discovered, 
scientists thought that the length of the light period was the determining 
factor. However, they later established that the length of the dark period 
is in fact the critical factor in photoperiodism. However, we still use the 
term “day length”.

Plants fall into three major categories (have a look at Figure 4.3):
(1) Short-day plants require a dark period longer than a certain criti-

cal length in order to flower. Examples: tobacco, cotton, soya beans, 
sunflowers, garden beans, and many crops flower more readily in 
autumn.

(2) Long-day plants require a dark period shorter than a certain criti-
cal length in order to flower. Examples: wheat, potatoes, carrots, and 
many of the temperate plants flower more readily in summer.

(3) Day-neutral plants flower irrespective of the length of the dark 
period. Examples: tomatoes, maize, pumpkins, and many tropical 
crops flower all year round.

In plants, once light has been absorbed by the pigment chlorophyll, it is 
involved in photochemical work during the process of photosynthesis. 
In the case of photoperiodism, however, the light energy is not used for 
chemical work; instead, it acts as a stimulus. The pigment involved in 
photoperiodism is called phytochrome, and it is capable of “reading” the 
length of the dark period.

To understand Figure 4.3, accept that all other possible factors that could 
affect flowering are equal. In day-neutral plants, the basic vegetative phase 
is unaffected, irrespective of the photoperiod. In short-day plants, the onset 
of flowering is unaffected up to a critical maximum photoperiod, after 
which the time to flowering lengthens. For the long-day plants it works the 
other way round: the time to flowering lengthens when the photoperiod 
is shorter than the critical length.
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fIGurE 4.3

Responses of plants to photoperiod

(PIP = photoperiod-induced phase; bvP = basic vegetative phase)

Photoperiod reactions have real implications in practical farming. For 
example, no matter whether soybeans and sunflowers are planted early 
or late in spring, the plants will flower at approximately the same date, 
because they are short-day plants. Early plantings will have a longer grow-
ing season, resulting in a higher yield potential. However, both plantings 
will be harvested on roughly the same date. The same is true for a long-
day plant like wheat, planted in autumn: the harvesting date will be more 
or less the same no matter whether the wheat is planted early or late. The 
flowering time of day-neutral plants like tomatoes, however, is not affected 
by photoperiod.

Photoperiod is not the only thing that plants react to – they also respond 
to a combination of environmental factors, temperature in particular. The 
critical photoperiod for a plant may be changed by the environmental tem-
perature. Generally, lower temperatures will lengthen the time to flowering.

4.12.2 vernalisation
Vernalisation is the process by which flower initiation is promoted by 
exposing plants to low temperatures for a certain length of time. Species, 
and even cultivars within a species, differ in terms of temperature require-
ments or the best time for treatment.

Many biennials require a period of vernalisation before they will flower. 
Cabbages, onions, beetroot and carrots are typical examples. These plants 
produce a storage organ in the first growing season (cabbage head, onion 
bulb, etc.). In the second season, they normally produce a flower. When 
these plants are subjected to temperatures below their optimum tem-
perature range for a certain critical period (the optimum temperature for 
vernalisation of these plants lies between 0 and 10 °C for about six weeks), 
they will start to flower without producing the storage organ. This type of 
“early flowering” is called bolting.
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In the past, bolting was a common problem in winter plantings of biennial 
crops. Instead of the marketable storage organs, plants produced flower 
stalks and seed. Fortunately, plant breeders have achieved considerable 
success in breeding new cultivars that are less susceptible to bolting. Nev-
ertheless, a number of lettuces, beets and carrots do tend to bolt in spring.

Some annuals, like the cereal crops, wheat, oats, barley and rye, also need 
a cold period to induce the reproductive stage. However, many modern 
cultivars have been bred to flower without the need for vernalisation.

You will remember from the previous unit that many deciduous perennial 
trees require a cold period to break dormancy. Some other perennials also 
require low temperatures for flower initiation. For instance, the kiwifruit 
and olive tree require chilling for the initiation of flowers.

ACTIvITY 2
(1) List the five stages in fruit and seed production.
(2) Define photoperiodism.
(3) Discuss three important categories of plants as dictated by day length.

4.13 POllINATION, fErTIlISATION ANd fruIT SET

4.13.1 Pollination

In floral crops and flowering shrubs like carnations, petunias, chrysanthe-
mums, roses and camellias, the flower itself is the desired product. There 
is little interest in the fruit and seeds, unless plant breeders are working 
on those particular species. In food crops, like cereals, fruits, and many 
vegetable crops, the post-flowering structures are the desired products, as 
it is the grains, fruits, and seeds that are harvested.

In angiosperms (flowering plants), pollination is a crucial event in the 
growth and development of fruit and seed. It provides the male gamete that 
will fertilise the egg cell, and it initiates a series of events that culminates 
in fruit set. It also prevents flower and fruit drop.

Pollination is the transfer of pollen from an anther to a stigma. When the 
pollen is transferred from the anther to the stigma in the same flower, or 
from the anther of a flower to the stigma of another flower on the same 
plant, self-pollination occurs. In cross-pollination, the pollen is trans-
ferred from the anther of a flower on one plant to the stigma of a flower 
on another plant of the same or a different cultivar.

When the pollen is mature, the anther ruptures and the pollen is released. 
Normally this event coincides with the opening of the flower. In most cases 
the pollen is transferred to a receptive stigma by means of wind or insects, 
especially honey bees. Other pollinating agents are slugs and snails, birds 
and even mammals.
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A longitudinal section through a pistil just before fertilisation

   ( a. pollen grain; b. pollen tube; c. style; d. ovary wall; e. 3 antipodal nuclei; 
f. 2 polar nuclei; g. egg cell + 2 synergids; h. nucellus; i. integuments; j. micro-
pyle; k. ovule; l. ovary)

4.13.2 fertilisation
After pollination, the pollen grain germinates and the pollen tube grows 
down the style to the ovary. It enters the ovule through the micropyle, enters 
the embryo sac, ruptures and releases two sperm nuclei (these sperm nuclei 
are haploid – they each have only one set of chromosomes). One sperm 
unites with the egg, forming the zygote. The zygote is diploid (it has two 
sets of chromosomes), and will become the embryo of the seed. The other 
sperm unites with the two haploid polar nuclei to form the endosperm, 
which is triploid (it has three sets of chromosomes) and develops into food 
storage tissue. The remaining nuclei and synergids seem to play no further 
role, and disintegrate. This is called double fertilisation. In many crops 
the period from pollination to fertilisation is about 24 to 48 hours.

4.13.3 fruit set
After fertilisation the ovule will develop into a seed and the ovary around 
it into a fruit. This developing fruit receives most of its stimuli from the 
developing seeds inside it rather than from the parent plant. For instance, 
it has been demonstrated that fl ower and fruit drop occur in response to 
a decrease in the level of auxin (auxin is a growth regulator). It has also 
been demonstrated that growth regulators such as auxins, gibberellins and 
cytokinins are produced in the embryo and endosperm of the developing 
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seed. We expect a flower or developing fruit to drop when there is an im-
balance in these growth regulators. When pollination or fertilisation does 
not take place, there is an imbalance in growth regulators, and flowers or 
fruit will drop. The same thing happens when the growing embryo aborts 
for some reason (frost, for instance).

“Fruit set” is rather a vague term. It means that a certain percentage of fruit 
remains on the tree for a predetermined time after the flowering stage. 
We could say that fruit set means that the flower has been pollinated and 
fertilised, and that the fruit tissue, mainly the ovary, will be capable of 
growing into a fruit.

One of the chief difficulties in fruit production is to achieve the optimum 
level of fruit set. If fruit set is too low, there will be a small, unprofitable 
crop. If fruit set is too high, however, the fruit will be small and of poor 
quality, and it will mature late, possibly exhausting the plant’s food sup-
ply and often resulting in a small crop or no crop at all the following year.

4.13.3.1 Thinning

To ensure optimum fruit set, half or more of the fruit is removed at a very 
early stage. This is done either by hand thinning, machine shaking, or 
chemical sprays. The fruits of some species (like Washington navel oranges) 
are in fact self-thinning.

4.13.3.2 Parthenocarpy

In a few cases, fruit are formed without pollination and fertilisation. These 
fruit are called parthenocarpic fruit, and they are seedless, because no 
fertilisation has taken place. Examples are navel oranges, sultana grapes, 
oriental persimmons, bananas, and some fig cultivars. Parthenocarpy may 
also be induced when the embryo aborts for some reason, for instance as 
a result of frost damage. Normally, if the embryo aborts, the fruit drops. 
However, scientists have not yet found out why parthenocarpic fruits do 
not drop.

4.13.3.3 Fruit drop

Fruit drop is a normal occurrence. Trees with large fruit, like oranges, 
retain only about 2 to 5% of the original flowers, and the rest drop as flow-
ers or fruit. In crops with small fruit, like berries, up to 20% of the flowers 
develop into ripe fruit. “Normal” fruit drop does not present problems. 
The real problems occur when flower or fruit drop is higher than normal.

We tend to see fruit drop during certain developmental stages. These are:

(1) Early flowering. Flowers that drop during this stage normally have 
some abnormality, like undeveloped pistils.

(2) Late flowering. Flowers that drop during this stage normally were 
not pollinated, or were unsuccessfully fertilised.
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(3) Mid-season. Flowers and fruit drop at the stage when the embryos 
begin to develop, or rather, when they fail to develop. Very often this 
is a late response to some fertilisation problem.

(4) Pre-harvest. Fruit drop occurs shortly before fruit begins to ripen.

Flower and fruit drop during the first three stages tends to occur because a 
particular organ does not develop, and this causes a deficiency in a growth 
regulator. During the fourth stage, growth is slowing down and growth 
regulator levels are declining.

4.13.3.4 Causes of poor fruit set

The main cause of poor fruit set is unsuccessful pollination and fertilisation. 
If we understand the factors influencing this, we have a better chance of 
overcoming the problem and improving fruit set. Pollination and fertilisa-
tion may be unsuccessful because:

(1)  No viable pollen is available when the stigma is receptive to pollina-
tion. This could be because

 (1.1)  No cross-pollinator is available, as in pawpaws and kiwifruit. 
To achieve proper fertilisation, producers must plant male 
plants in between the female plants.

 (1.2)  The pollen is released before or after the stigma is receptive. 
This sometimes happens in fruit like pecans, but also in crops 
like maize.

 (1.3)  The pollen is sterile and not capable of germinating on the 
stigma, as in navel oranges.

(2) The egg is infertile.

 (2.1)  This is true for parthenocarpic fruit like seedless grapes (sul-
tanas) and navel oranges.

 (2.2)  A percentage of the eggs in plants which normally have viable 
eggs are not viable. Very often the flowers are small and have 
no pistils. (In the case of stone fruit, sometimes up to 20% of 
the flowers have no pistils, or have poorly developed pistils.)

(3)  Pollination might be successful, but the pollen tube is not able to grow 
down the style into the embryo sac because there is a genetic (and 
therefore biochemical) incompatibility between pollen and pistil. 

Flowers, plants or clones that are capable of successful self-pollination 
are said to be self-compatible. When self-pollination does not result 
in fertilisation, we say that they are self-incompatible. Clones can be 
fertilised by another cultivar which is cross-compatible. Two cultivars, 
however, might be cross-incompatible. Fruit like cherries, plums, ap-
ples and pears are self-incompatible. For normal production, producers 
must plant two cultivars that are cross-compatible in the same orchard.
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There are various degrees of self-incompatibility, ranging from total 
incompatibility to partial incompatibility. In the case of partial incom-
patibility, a moderate harvest can be achieved without cross-pollination.

(4) External factors.

 (4.1)  Mineral nutrition. Fruit set will be reduced by the incorrect use 
of fertilisers. For example, the application of the right amount 
of nitrogen will increase fruit set. However, too much nitrogen 
will stimulate the vegetative growing phase and reduce flower 
bud initiation.

 (4.2)  Temperature. Temperatures below 15 °C, particularly in com-
bination with cloudy weather, reduce bee activity in cross-
pollinated crops. Temperatures under 0 °C (especially –2 °C 
or lower) during the flowering stage will kill the tender pistils 
on most agricultural plants, even those we would consider 
hardy. Low temperatures can also slow pollen germination 
and pollen tube growth. Any partial incompatibility between 
pollen and stigma will be worsened by these stress conditions. 
Very hot, dry conditions can result in the desiccation (drying 
out) of stigmas, reducing the period during which flowers are 
receptive to pollination.

 (4.3)  Light. Flowers and young fruit need adequate light for good fruit 
set. Light intensity is reduced during long periods of cloudy 
weather, and by shading due to high crop plant populations 
and poor pruning and training of fruit trees and vines.

 (4.4)  Rain. Rain prevents bees from flying, prevents anther dehis-
cence, and washes the necessary secretions off the stigma.

 (4.5)  Wind. Hot, dry winds cause desiccation (drying out) of stigmas, 
and strong winds reduce bee activity. (Bee activity decreases 
by degrees at wind speeds of 3 to 35 km/h, which is when bee 
activity stops altogether.) However, light wind promotes the 
pollination of wind-pollinated crops like maize and walnuts.

 (4.6)  Insects. Bees promote cross-pollination. Some insects, like 
thrips, however, destroy anthers and stigmas and spoil fruit 
set.

 (4.7)  Diseases reduce general plant vigour, and so have a negative 
effect on fruit set.

 (4.8)  Sprays. Sprays reduce the insect population, and so indirectly 
reduce fruit set. Spraying with insecticides should be discour-
aged during flowering. If spraying is necessary, systemic sprays 
should be used, preferably in the afternoon when bee activity 
is low.
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ACTIvITY 3
(1) Define the following: pollination, fertilisation, fruit set and parthenocarpic fruit.
(2) List and discuss external factors that cause poor fruit set.

4.14 fruIT GrOwTh
Fruit growth results from three processes: cell division, cell enlargement, 
and the enlargement of the spaces between the cells (intercellular spaces). 
In the first few weeks after flowering, cell division predominates. After 
that, the enlargement of cells and intercellular spaces predominates until 
fruits mature. There is not a clear division between these stages, however 
– they tend to overlap.

The length of the cell division stage is different for each fruit crop. It lasts 
about 4 weeks in apples, peaches and grapes, 6 to 8 weeks in pears and 
citrus, and continues until maturity in avocados and strawberries.

Fruit growth is controlled by auxins, gibberellins and possibly other growth 
regulators and inhibitors. For proper growth, a very fine balance is neces-
sary between the various growth regulators. We know that the developing 
seed produces large amounts of auxins and gibberellins. Try and get hold 
of a fruit that has not developed symmetrically – strawberries and apples 
are often good examples of where this has happened. If you cut open or 
examine fruit that has developed asymmetrically, you will tend to find 
more seeds in the larger, developed part of the fruit, and very few or none 
in the underdeveloped part. We can conclude that fruit with many seeds 
will grow larger. This growth is due to the growth regulators, especially 
auxin, produced by the seeds.

Growth regulators can be sprayed onto young fruit to promote larger fruit 
size. We can see this clearly in the case of sultana grapes, which are parthe-
nocarpic. When they are sprayed with gibberellins, they grow considerably 
bigger. Nowadays, many of the seedless grapes are sprayed with gibberel-
lins during the early stages of berry development to improve berry size.

We obtain two types of growth curves when we plot the cumulative in-
crease in the volume, weight or diameter of fruits is plotted against time 
(flowering to fruit ripening). The curve tends to be sigmoid in the case of 
fruit like tomatoes, avocados, oranges, cucurbits, apples, pears and straw-
berries. In the case of fruit like apricots, peaches, cherries, grapes and figs, 
we obtain a double sigmoid curve (Figure 4.5). The double sigmoid curve 
is sometimes divided into three growth stages, the first and third being 
separated by growth stage II, during which very little fruit growth occurs.
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Sigmoid (a) and double sigmoid (b) growth curves of fruit: plotting the cumu-
lative growth against time

Why does stage II, a period of very slow growth, occur in some fruit? 
One reason is that during this stage the endocarp hardens. This process 
requires large amounts of energy (nutrients), which are then not available 
for normal growth.

4.15 fruIT rIPENING
When fruit is approaching maximum size, significant changes occur. It 
becomes soft, palatable, sweet and juicy; the colour changes; and other 
substances that give the fruit its distinctive flavour and aroma accumulate. 
Ripeness and readiness for picking can be determined visually (colour, 
glossiness etc.). However, there is a danger that different people may per-
ceive these characteristics differently, and so more objective methods to 
determine readiness for picking have been developed.

Fruit ripeness can be determined by measuring the sugars (sometimes 
called soluble solids) with a refractometer or hydrometer. Figure 4.6 shows 
how the acid level decreases and the sugar level increases as fruit ripens. 
The sugar to acid ratio is also extensively used as indicator of readiness 
for picking.
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Changes in diameter, sugar and acid levels during ripening of fruit

The decreasing hardness can be measured by a pressure tester such as 
a penetrometer, and the changing colour can be compared with colour 
charts. The changing acid concentration must be determined chemically. 
However, although there are scientific methods of testing ripeness, the 
human eye and hand (and palate) will ultimately determine which fruit 
are ripe enough to be picked.

The refractometer determines the refraction angle of light passing through 
a drop of fruit sap. It measures the degrees brix, which is a measure of the 
soluble solids in the sap. because sugar accounts for most of the total soluble 
solids (TSS), the refractometer estimates sugar concentration. A drop of fruit 
sap is placed on the machine and the degrees brix determined.

The penetrometer determines the pressure which can be applied over a 
given area on the fruit before the flesh is compressed. Normally the skin is 
removed from the area where the measurement is being taken. Pressure is 
measured in kPa.

Some fruit can be picked before it is completely ripe, as in the case of ap-
ples, pears, peaches, avocados, pawpaws and bananas. These fruit, which 
are able to ripen when detached from the tree, are called climacteric fruit. 
Other fruit, like oranges, cherries, figs, strawberries, pineapples and grapes, 
can only ripen on the plant/tree and must be totally ripe before harvesting. 
They are called non-climacteric fruit.

Figure 4.7 shows the respiration rate of climacteric and non-climacteric 
fruit. The sudden increase in the respiration rate of climacteric fruit (the 
peak is called the climacterium) is associated with a sudden rise in ethyl-
ene, which is the ripening agent for these fruit. The spontaneous rise in 
respiration rate releases the energy needed for ripening; this also occurs 
in detached fruit. It indicates an increase in the metabolic activities in the 
fruit, which causes ripening. There is no climacterium in the case of non-
climacteric fruit: they are dependent on the plant or tree to provide the 
necessary energy for the different reactions to take place.
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The rate of respiration in climacteric fruit and non-climacteric fruit and ethyl-
ene production in climacteric fruit

ACTIvITY 4
(1) What happens during fruit ripening?
(2) Differentiate between climacteric and non-climacteric fruit.

4.16 SuMMArY
By volume, crops grown for their fruit and seeds are the most important 
crops grown. This means that their growth and development are very 
important to us. If we understand how they grow and develop, we are 
able to understand and improve many of the actions and manipulations 
carried out during crop production.

The development of flowers is dependent on many factors, two important 
ones being photoperiod and vernalisation. There are short-day, long-day 
and day-neutral plants. Crops react differently to photoperiod, which can 
cause the synchronisation of flowering. Flower development in some crops 
is promoted if the plants undergo a period of chilling, called vernalisation. 
Biennials in particular are sensitive to this phenomenon.

Fruit set is dependent on good pollination and fertilisation. It is quite 
normal for a certain number of flowers and fruit to drop, and this is likely 
to happen during four particular stages. When flower and fruit drop is 
exceptionally high, fruit set is low. Various internal and external factors 
can cause abnormal drop. However, abnormal fruit drop can be prevented 
through correct crop manipulation.



116

 

Fruit growth depends on a balance between different growth regulators, 
the best known one being auxin. Producers can make use of this fact to 
increase fruit size in some crops. Fruit growth curves can be sigmoidal or 
double sigmoidal, depending on the crop.

When fruit ripen, they become palatable, sweet and juicy. Fruit pickers 
make use of visual observation, but they are assisted by equipment that 
provides objective measurements of soluble solids, sugar to acid ratio, 
hardness, and so on.

Climacteric fruits can be picked when they are mature but still green; they 
will ripen in storage. Non-climacteric fruits, however, must be picked when 
they are ready to be eaten.

4.17 SuGGESTEd ANSwErS TO ACTIvITIES
Activity 1

Each of you would have compiled a slightly different table for this activity.

Activity 2

(1) Fruit and seed production involves the following phases:

 • Initiation and differentiation of flowers and fruit
 • Pollination, fertilisation and fruit set
 • Fruit growth
 • Ripening of fruit
 • Fruit senescence

(2) Photoperiodism is the response of the plant to the relative length of 
the light and dark periods.

(3) Plants fall into three major categories dictated by day length:

Short-day plants require a dark period longer than a critical length 
in order to flower. Examples: tobacco, cotton, soybeans, sunflowers, 
garden beans, and many crops flower more readily in autumn.

Long-day plants require a dark period shorter than a critical length 
in order to flower. Examples: wheat, potatoes, carrots, and many of 
the temperate plants flower more readily in summer.

Day-neutral plants flower irrespective of the length of the dark 
period. Examples: tomatoes, maize, pumpkins, and many tropical 
crops which flower all year round.

Activity 3

(1)  Pollination is the transfer of pollen from an anther to a stigma.

 • Fertilisation is the union of an egg and a sperm (gametes) to form 
a zygote.

 • Fruit set occurs when the flower has been pollinated and fertilised.
 • Sometimes fruit are formed without pollination and fertilisation. 

These fruit are called parthenocarpic fruit.
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(2) External factors that cause poor fruit set are mineral nutrition, tem-
perature, light, rain, wind, insects, disease, and chemical sprays.

Activity 4

(1) When fruit approaches maximum size, significant changes occur. 
It becomes soft, palatable, sweet and juicy; the colour changes, and 
other substances accumulate which give the fruit its distinctive fla-
vour and aroma.

(2) Some fruit can be picked before they are completely ripe, like ap-
ples, pears, peaches, avocados, papaya, bananas. These fruit which 
can ripen when detached from the trees are called climacteric fruit. 
Other fruit like oranges, cherries, figs, strawberries, pineapples and 
grapes can only ripen on the plant/tree and must be totally ripe before 
harvesting. They are called non-climacteric fruit.

4.18 QuESTIONS fOr SElf-EvAluATION
(1) Draw a graph showing the response of a short-day plant to photo-

period, and explain what is being illustrated. (10)
(2) Biennials planted in winter will sometimes begin to flower in spring-

time without forming a storage organ. Discuss this phenomenon and 
its importance in agriculture. (5)

(3) Explain in detail what happens during fertilisation. (15)
(4) Discuss normal fruit drop in fruit trees. (10)
(5) Discuss the external causes of poor fruit set. (20)
(6) Some fruits grow rapidly after fertilisation. Growth is then retarded 

for a while, after which rapid growth continues until the fruit reaches 
its ultimate size. Discuss this phenomenon. (10)

(7) Draw and discuss a graph of the respiration pattern of climacteric 
fruit.  (10)
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5Absorption and translocation of  

water and minerals

5.1 STudY ObjECTIvES 
After you have studied this unit, you should be able to:

 • define and use the terminology we have used in this unit
 • discuss the route, forces and mechanism of and reasons for water transport 

from the soil, through the plant and into the atmosphere
 • list the principal essential macro and micro nutrients of plants
 • explain the important functions of mineral elements and their deficiency 

symptoms
 • discuss the absorption of mineral elements
 • discuss translocation and diffusion

5.2 INTrOduCTION
The plant is a living entity that needs water, mineral nutrients and photo-
synthates (the products of photosynthesis) in order to survive, grow, develop 
and reproduce. Water and dissolved products constantly travel in various 
directions in the plant. The dynamics of these movements are very complex, 
and scientists do not yet understand them completely. However, in this 
unit we will discuss in simple terms the forces involved in getting water 
from the soil into the roots and to the top of a plant.

In this unit we will focus on the importance of water to the plant as well 
as the absorption and transportation of raw materials that plants need. We 
will also look at how products produced in certain parts of the plants are 
transported to other localities, where they are used or stored.

5.3 wATEr

5.3.1 water in plants
Water accounts for about 80 to 90% of the fresh weight of herbaceous (non-
woody) living plants. Water performs many functions in plants, and it is 
probably the single most important limiting factor in plant growth. This is 
especially true in the more arid areas of the world, including large parts of 
South Africa. Plants under water stress have a lower production potential 
in terms of yield and/or product quality. Without sufficient water, plant 
growth and development is inhibited, and the plant may die.

As you study this unit, you may also want to refer to the units you have 
already studied dealing with plant tissues and organs.
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5.3.2 functions of water in plants
(1) Water provides mechanical stability, especially to plant parts like 

leaves and young stems, which have thin-walled cells. Water keeps 
cells firm (the term for this is turgid). As long as the cells are turgid, 
they give mechanical stability to plant parts. When water leaves the 
cells, they lose their turgor (firmness), and the plant wilts.

(2) Water is a reagent (a substance or compound that is added to a system 
in order to bring about a chemical reaction) in many essential chemi-
cal reactions and processes in plants, for instance photosynthesis.

(3) Water is a solvent of compounds in plants, and is also the medium 
in which the chemical reactions take place.

(4) All compounds are transported as solutes through the plant. Mineral 
elements (N, P, K, etc.) as well as compounds produced by metabolism 
(carbohydrates, protein, etc.) can only be absorbed and transported 
to their destination in the plant as solutes.

(5) Water has a high specific heat capacity and a very high specific la-
tent heat of melting and evaporation. This unique property of water 
stabilises plant temperature. This means that the temperature of 
the plant will change more gradually than that of the environment.

Plants lose up to 98% of the water absorbed by the roots through transpi-
ration (the loss of water vapour through the stomata).

5.3.3 Absorption and conduction of water
Under normal circumstances plants absorb water from the soil through 
their roots, and it is then distributed throughout the plant. Water enters 
the root from the soil through the epidermal cells in the vicinity of the 
root apex. The area of contact is enlarged by the presence of specialised 
epidermal cells, the root hairs.

Water diffuses through the soil slowly, and so it does not really move to-
wards roots. To use soil moisture effectively, the plant relies on root growth. 
The growing root apex makes contact with water in the soil pores. We call 
the maximum water that soil can hold against gravity field capacity. The 
soil water content at which plants can no longer extract water is termed 
permanent wilting point. The difference between field capacity and per-
manent wilting point is the water available to the plant.

Once water has entered the root through the epidermis, it moves through 
the cortex and endodermis by means of diffusion and osmosis, and enters 
the xylem (vascular tissue). Osmosis is the diffusion of water across a 
selectively permeable membrane. Diffusion is the process by which mol-
ecules move from areas of high concentration to areas of low concentration. 
Once water has entered the xylem of the root, its flow is almost completely 
dependent on pressure. Pressure decreases as the water travels from the 
root to the stem, and from there to the leaves, and to the air. The pressure, 
along with the cohesive (hydrogen bonding) properties of water, create a 
chain of water molecules that is pulled through the plant and out through 
the stomata to the air surrounding the leaf. The strong mutual attraction 
between water molecules resulting from hydrogen bonding is known as 
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cohesion. The forces that attract water molecules to one another will also 
attract water to solid surfaces; this process is known as adhesion.

The movement of water from the roots upward to other plant parts occurs 
mainly in the xylem, and is sometimes called the transpiration stream. 
This is because transpiration is the primary cause of the upward movement. 
The xylem consists of elongated, dead plant cells which are linked by their 
perforated ends, forming capillary tubes in which water is transported 
through the plant. The xylem is therefore a collection of thin, hollow tubes 
that extend from the root through the stem and other plant parts. Bubbles 
can form in the xylem. We call this cavitation. When the resulting large 
gas bubble forms an obstruction, we call this embolism. Embolism can 
potentially prevent the flow of water in the xylem. Cavitation increases 
when the plant experiences water stress, and decreases as water supply 
increases. The upward transpiration pull in the leaves is initiated (started) 
by the evaporation of water molecules from the outer surfaces of the meso-
phyll cells. As this water is lost, the mesophyll cells become water deficient, 
and a potential difference is created between the dry mesophyll cells and 
the walls of adjacent moist cells. The water from the moist adjacent cell 
walls begins to diffuse into the less hydrated cells, in that way relieving 
the pressure difference. This is how water moves between cells.

Not all the water leaves the leaf. Some water is part of the plant’s structure 
or is held in the cytoplasm, some is used for biochemical processes, and 
some is stored in the tonoplast. The pressure of water inside a cell creates 
turgor pressure, which gives plants rigidity. When there is insufficient wa-
ter to create turgor, the plant wilts. We say that a cell experiencing turgor 
pressure after taking up water is turgid, while a cell that is experiencing 
water loss to the point where turgor pressure is reduced to zero is flaccid.

ACTIvITY 1
(1) What are the functions of water in plants?
(2) Explain the route followed by water when it is absorbed from the soil by plants.
(3) Differentiate between osmosis and diffusion, cohesion and adhesion, and 

turgid and flaccid.
(4) Define transpiration stream, cavitation, and embolism.

5.4 dIffuSION
Water and solutes move from cell to cell by a process called diffusion. This 
movement is very slow, as molecules constantly have to pass through cell 
walls and membranes. The water does not flow in a single direction. The 
solutes move through the solution, and many collisions slow their progress. 
According to Rost et al (1984:100–101), phloem flow is slower than xylem 
flow, and can reach up to 1 m per hour. It can take days for a molecule to 
travel from the leaf to the root.

Diffusion is important for plants for a number of reasons. First, it is respon-
sible for all flow between living cells and the transporting tissue (the xylem 
and phloem). Second, auxin travels through the cortex from its source, the 
apical meristem in the stem tips, to lower stem parts, where it controls the 
growth of axillary buds.
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5.5 MOvEMENT Of wATEr ThrOuGh CEllS
Types of movement:

 • Symplastic movement – This is the movement of water and solutes 
through the cytoplasm via the plasmodesmata, which are very fine 
threads of cytoplasm that in some plants pass through openings in the 
walls of adjacent cells and form a living bridge between them.

 • Apoplastic movement – This is the movement of water and solutes 
through the cell walls and the intercellular spaces.

Transport processes:

 • Short-distance transport – this involves cell-to-cell movements of, for 
instance, ions and nutrients. This takes place by means of either a passive 
or an active process.

 • Long-distance transport – this is the movement of, for example, water 
and solutes (nutrients and sugars dissolved in water) throughout the 
plant. This takes place mainly by means of gradient and mass (bulk) flow.

Passive and active transport:

 • Passive – no energy is required. Movement takes place down the 
electrochemical gradient, from a more positive (high) to a negative 
(low) gradient.

 • Active transport – this uses energy, usually in the form of ATP. Movement 
takes place against (up) the electrochemical gradient, from a more 
negative (low) to a more positive (high) gradient.

5.6 wATEr lOSS
Water is transported by the xylem into the leaf blade by means of the leaf 
veins. There it evaporates from the moist mesophyll cell walls and diffuses 
as vapour through the stomata into the atmosphere. The cuticle on the leaf 
surface prevents water loss in other areas of the leaf. In effect, water can 
only enter or leave the plant through the root apex and stomata in the leaves.

We use the term transpiration to refer to the evaporation of water from 
the plant through the stomata into the atmosphere in the form of water 
vapour. The driving force of transpiration is the vapour pressure differ-
ence between the internal spaces in the leaf and the atmosphere around the 
leaf. When there is more water in the atmosphere, transpiration is low, and 
when there is less water in the atmosphere, transpiration is high. The rate 
of transpiration is influenced by humidity, temperature and wind speed. 
Transpiration is higher at higher temperatures, and this mechanism helps 
plants to cool themselves.

Some plants also lose water by guttation. Many leaves have special struc-
tures through which liquid water is literally forced out. We call this loss of 
liquid water guttation, and it takes place when virtually no transpiration 
is taking place, and available soil moisture is high. Guttation typically oc-
curs at night, because the stomata are closed, but water continues to move 
into the roots by osmosis.
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From a water management point of view, transpiration is a very ineffec-
tive process. The open stomata and the moist cell walls of the mesophyll 
cells result in the loss of large quantities of water. On the other hand, it is 
critical for the absorption of CO2, which must be available in solution in 
order for photosynthesis to take place. To absorb CO2, the moist mesophyll 
cell walls must be in direct contact with the atmosphere via open stomata, 
and evaporation of water (transpiration) thus occurs. This is sometimes 
referred to as the paradox of pores.

Water lost through transpiration is replaced with water taken up from the 
soil by the roots. This establishes an integrated flow of water from the soil, 
through the plant, and into the atmosphere. We call this the soil-plant-
atmosphere continuum.

ACTIvITY 2

(1) Define diffusion, transpiration, vapour pressure difference, and guttation.
(2) Differentiate between symplastic movement and apoplastic movement, 

passive transport and active transport.
(3) Explain what is meant by the paradox of pores.

5.7 COhESION-TENSION ThEOrY

This theory proposes that water vapour diffuses from the surface of leaf 
mesophyll cells to the drier atmosphere through the stomata. This produces 
a tension that pulls water out of the leaf xylem towards the mesophyll 
cells. The cohesion of the water molecules, caused by hydrogen bonding, 
allows unbroken columns of water to be pulled up the narrow vessels and 
tracheids of the stem xylem. This in turn pulls water up from root xylem to 
stem xylem to leaf xylem. As water moves upward in the root, it produces 
a pull that causes soil water to diffuse into the root.

5.8 AbSOrPTION ANd TrANSlOCATION Of MINErAl ElEMENTS

In higher plants, minerals needed to start the growth of a new plant are 
normally provided by the seed or stored in the propagating tissue. The 
plant has to absorb additional nutrients that it needs for continued growth 
and development from the soil. Chemical analysis of the sap in root cells 
has revealed that the concentration of various nutrients in these cells is 500 
to 10 000 times higher than that of the same elements in the soil solution. 
If simple diffusion was the only mechanism involved in taking up mineral 
elements, it would be difficult for the plant to move the minerals up within 
its structure. Energy is required to move ions against the concentration 
gradient and through the membranes. In root cells, energy is obtained from 
the respiration of starches and sugars produced through photosynthesis. 
A plant absorbs mineral nutrients against a high concentration gradient 
by a process called active transport.
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5.8.1 Phloem conduction
The phloem consists of sieve tubes, which are capable of rapidly moving 
organic materials through the plant. The food synthesised by the plant dur-
ing photosynthesis and many other organic substances, especially growth 
regulators, move through the phloem. This movement is from a source 
to a sink. The source can be the place where the substance was manufac-
tured, or where it was stored. The movement can be forward or backward, 
depending on where the product is used. We do not know exactly how 
this system works, but one widely accepted theory is mass flow theory.

A product, say glucose, is produced through photosynthesis in the meso-
phyll cells of leaves (parenchyma tissue). This is the source. This glucose 
is converted to sucrose and actively transported into the sieve tube. This 
means that energy (ATP) is used to pump the glucose into the sieve tube. 
Water follows the sucrose into the sieve tube, and the pressure builds up 
in the sieve tube on the source side.

On the other side, say in the stem tip, sucrose is needed as a source of 
energy and as building blocks to grow new stems. In our example, this is 
the sink. The sucrose is taken from the sieve tubes into the stem tip, and 
the water follows the sucrose into the stem parenchyma tissue. The dif-
ference in pressure causes the sieve tube contents to move in the direction 
of the roots.

The rate of metabolic activity in different plant parts determines the direc-
tion of phloem translocation. When young stem growth is active in spring, 
the movement is in that direction. When nutrient reserves are deposited 
in the roots in late summer, the principal movement in the phloem is in 
the direction of the roots.

In short, we can say that the

 • source is any region that produces more photosynthates than it needs 
and exports them to other regions, such as matures leaves, and that the

 • sink is any non-photosynthetic organ or an organ that does not produce 
enough photosynthates to meets its own needs, and therefore imports 
them from the source.
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Phloem sieve tubes and an illustration of mass flow theory

5.8.2 Translocation of sugars
Sugars that are synthesised during photosynthesis move throughout the 
plant, primarily in the phloem tissue. The movement is mostly downward 
from leaves (source) to roots, but lateral or even upward movement from 
leaves to fruits or buds or other storage organs also occurs.

5.8.3 The pressure flow hypothesis
Sugar is actively loaded into the sieve tube member at the source. (We call 
the individual cells sieve tube elements or sieve tube members. The ends 
of these sieve tube members are joined up with the ends of other sieve 
tube members, and together they make up the sieve tube.) As a result, 
water diffuses from the xylem into the sieve tube member. At the sink, the 
sugar is either actively or passively unloaded, and water diffuses from the 
sieve tube member into the xylem. The pressure gradient within the sieve 
tube causes translocation from the area of higher hydrostatic pressure (the 
source) to the area of lower hydrostatic pressure (the sink).

ACTIvITY 3
(1) In simple terms, explain cohesion-tension theory.
(2) Differentiate between source and sink organs in plants.
(3) Discuss translocation of sugars.
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5.9 MINErAlS ANd MINErAl AbSOrPTION

5.9.1 Essential mineral elements
Essential mineral elements are those elements that the plant must have in 
order to complete a normal life cycle (e.g. seed to seed). Please learn the 
symbols for the 17 most important elements. About 60 elements have been 
found in plants, but only 17 of these are essential elements. They are:

Macronutrients: carbon (C), hydrogen (H), oxygen (O), nitrogen (N), phos-
phorus (P), sulphur (S), potassium (K), calcium (Ca) and magnesium (Mg).

Micronutrients: iron (Fe), boron (B), zinc (Zn), manganese (Mn), copper 
(Cu), molybdenum (Mo), chlorine (Cl) and nickel (Ni).

Non-essential nutrients (also called beneficial nutrients): silicon (Si), cobalt 
(Co), sodium (Na) and selenium (Se).

The first three macro-elements (macronutrients) normally come from the 
water (H2O) in the soil, or from the oxygen (O2) and carbon dioxide (CO2) 
in the atmosphere. About 96% of the total dry matter in plants is made up 
of these first three elements. The other elements are normally taken up 
from the soil. Plants take up mineral elements in their ionic form, when 
these are dissolved in water.

5.9.2 Mobile and non-mobile elements

 • Mobile elements are elements that move from source to sink organs. 
Deficiency symptoms appear in older tissue first, while the new tissue 
looks healthy. N, P, K, Mg, Mo, Ni and Cl are mobile elements.

 • Non-mobile elements are elements that are not easily moved to another 
part of the plant once they are fixed in tissue. Deficiency symptoms 
appear in younger tissue first. S, Ca, Fe, Mn, Cu, Zn and B are non-
mobile elements.

5.9.3 The role played by mineral elements
(1) Nitrogen (N) is a component of protein, chlorophyll and many other 

molecules. N is translocated very easily from mature to immature 
regions. The first signs of an N deficiency are pale green leaves (the 
older leaves in particular), followed by severe stunting and dying 
of lower leaves. Deficiency symptoms include uniform yellowing of 
leaves, including veins. An excess of N causes vigorous vegetative 
growth and suppresses fruit and seed development. This element 
is taken up by plants in the form of ammonia (NH4+) and nitrate  
(NO3–). NO3– has to be reduced to an NH2 form in order to be con-
verted into organic compounds inside the cell. Typical fertilisers: 
limestone ammonium nitrate (LAN) and ammonium sulphate. N 
deficiency is the most common deficiency in neglected crops.

(2) Phosphorus (P) is a component of energy-carrying molecules like 
ATP, cell membranes, proteins and DNA. It is easily translocated to 
the rapidly growing plant parts, like stem tips and fruit. Therefore 
the lower, older leaves of deficient plants are a dark, dull green or 
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purple in colour. Flower drop occurs. Plants that are not deficient in 
phosphorus have a larger, stronger root system and mature faster. 
Deficiency symptoms include small plants with slender stems, leaves 
showing malformation and necrosis, premature senescence of older 
leaves, and possibly intense purpling due to anthocyanin accumula-
tion. Plants take up P as phosphates. Typical fertiliser: super phos-
phate; this is quickly bound by the soil and may become unavailable 
to plant roots.

(3) Sulphur (S) is a vital part of protein molecules and therefore of the 
enzymes in plants. It is also a component of chlorophyll, and vital in 
photosynthesis. It is not readily translocated in the plant. Deficiency 
is very rare because of microbial activity in soil. S deficiency looks 
like N deficiency (pale green leaves), but the symptoms will only 
occur in the younger leaves. There may be chlorosis due to low pro-
tein content in leaves. S is taken up as SO4

2–. Nodulation in legumes 
may be reduced. Typical fertiliser: Normally a component of other 
fertilisers like ammonium sulphate, and not administered on its own.  
(Just a quick note about nodulation: Rhizobium bacteria live in sym-
biosis with legumes, forming nodules on legume roots. They receive 
their nutrients from the legume, and in return supply it with nitrates 
they bind from the air, which is something the plant cannot do.)

(4) Potassium (K) activates enzymes and controls the opening and 
closing of stomata. K is very mobile. It is taken up by plants as K+.  
A deficiency results in small patches of dead tissue between the 
veins of older leaves, especially at the margins of leaves. Deficiency 
symptoms include shedding of leaves or chlorosis; the stem and roots 
are weak, and roots may rot. Typical fertiliser: potassium chloride. 
Applying too much may cause Mg or Ca deficiencies.

(5) Calcium (Ca) is a component of cell membranes and cell walls. It 
regulates the permeability of membranes to other elements, and so 
regulates the translocation of food reserves. It is taken up by plants 
as Ca2+. Ca is not readily translocated in plants, which is why the 
symptoms of a Ca deficiency are always found in the young growth. 
A general symptom is the cupping of leaves and necrosis (death or 
dying back) of growing tips. Typical fertiliser: agricultural lime.

(6) Magnesium (Mg) is a constituent of chlorophyll and activates a 
number of enzyme reactions. It plays a vital role in the synthesis of 
proteins. Mg is easily translocated from the older leaves. It is taken 
up by plants as Mg2+. Deficiency is indicated by chlorosis (no chloro-
phyll) around the larger veins of older leaves, resulting in pale yellow 
leaves. Deficiency usually occurs in sandy and acidic soils. Typical 
fertiliser: dolomitic lime.

(7) Iron (Fe) is needed for chlorophyll synthesis, respiration and photo-
synthesis. A deficiency causes interveinal chlorosis (no chlorophyll 
between the veins) of younger leaves, resulting in white leaves with 
prominent green veins. It is most common in alkaline soils, and is 
taken up as Fe2+ and Fe3+. Iron acquisition strategies include acidi-
fication of soil, production of siderophores and chelators. Typical 
correction: foliar feeding with iron chelates.

(8) Boron (B). Scientists are not entirely sure about the role of B, but it 
seems to be necessary for cell division, cell wall structure and pollen 
tube germination. Deficiency symptoms are corky lesions on roots and 
black, hollow stems (the cabbage family is very susceptible to boron 



128

 

deficiency). Other deficiency symptoms include retarded meristem 
growth, shortened buds and softer fruits. Boron easily becomes toxic 
in soils, and an oversupply is just as dangerous as a deficiency. Typi-
cal correction: borax powder.

(9) Zinc (Zn) activates many enzymes in plants and is essential in the 
synthesis of the growth regulator auxin. A deficiency causes severe 
inhibition of growth, resulting in shortened internodes and small 
leaves (known as “little leaf” or “rosette”) due to auxin deficiency, 
die-back of stem tips and increased guttation. Typical correction: 
foliar feeding with zinc sulphate.

(10) Manganese (Mn) also activates enzymes and is essential in chloro-
phyll synthesis, as well as photosynthesis. Mn is not readily trans-
located in the plant. Therefore, a symptom of deficiency is chlorosis 
(white spots) on young leaves, giving them a mottled appearance. 
Typical correction: foliar feeding with manganese sulphate.

(11) Molybdenum (Mo) is involved in nitrogen fixation. For some rea-
son, plants with a Mo deficiency are not capable of utilising the N in 
nitrates in the normal way. When ammonium fertilisers are used, 
the effect of the Mo deficiency is less severe. Mo deficiency can be 
observed as whiptail in cauliflower (the main vein develops, but in 
severe cases the leaf blade may not develop at all) or N deficiency 
symptoms in legumes. Typical correction: foliar feeding with am-
monium molybdate.

(12) Copper (Cu) is a component of certain enzyme systems, resulting in 
abnormal growth. Deficiency symptoms include chlorosis, distorted 
leaves (especially in citrus) and stunted growth. Deficiencies occur 
only in localised areas of South Africa, such as the Tsitsikamma. 
Typical correction: foliar feeding with copper oxide.

5.10 SuMMArY
Water is a vital component in plants, where it performs chemical and physi-
cal tasks. It is absorbed from the soil by the root hairs on the root apex and 
enters the xylem by osmosis through the endodermal cells. From there, 
water moves by means of bulk flow to the leaves and passes through the 
stomata, out into the atmosphere. Water movement in the plant is passive 
and in the direction of a water potential gradient, beginning in the soil 
and ending in the atmosphere. The water potential of the atmosphere is 
the driving force for this transpirational pull.

There are 17 essential elements, of which the majority are essential min-
eral elements absorbed by the plant roots. The mineral elements serve a 
variety of functions in plants. The dissolved mineral elements are actively 
absorbed by the plant roots. Energy is used to move the mineral elements 
into the root xylem. From here, the solutes are transported in water to the 
other plant parts.

Sugars and many other products are transported via the phloem from a 
source to a sink. The main sinks are the roots, stem apexes, fruit and other 
storage tissues.

The movement of water and solutes between cells is by means of diffusion. 
This is very slow compared with the xylem and phloem transport, but it 
is the only route between the plant cells and the vascular tissues (xylem 
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and phloem). Some important products, like auxins, are translocated in 
this way via the cortex.

Water moves from soil to root cells, from root cells to root xylem, from root 
xylem to stem xylem, from stem xylem to leaf xylem, from leaf xylem to 
leaf cells, and from leaf cells to air.

5.11 SuGGESTEd ANSwErS TO ACTIvITIES
Activity 1

(1) Functions of water in plants:

 • Water provides mechanical stability, especially to plant parts 
like leaves and young stems that have thin-walled cells. Water 
keeps cells firm (turgid). As long as cells are turgid, they give 
mechanical firmness to plant parts like leaves and young, tender 
stems. When water moves out of the cells, they lose their turgor 
and the plant wilts.

 • Water is a reagent (substance or compound that is added to a 
system in order to bring about a chemical reaction) in many 
essential chemical reactions and processes in plants, for instance 
photosynthesis.

 • Water is a solvent of compounds in plants, and also is the medium 
in which the chemical reactions take place.

 • All compounds are transported as solutes through the plant. 
Mineral elements (N, P, K, etc.) as well as compounds produced 
by metabolism (carbohydrates, protein, etc.) can only be absorbed 
and transported as solutes to their destinations in the plant.

(2) Water movement summary: Water moves from soil to root cells, from 
root cells to root xylem, from root xylem to stem xylem, from stem 
xylem to leaf xylem, from leaf xylem to leaf cells, and from leaf cells 
to air.

(3) Osmosis is the diffusion of water across a selectively permeable 
membrane. Diffusion is a process by which molecules are distrib-
uted from areas of high concentration to areas of low concentration.
The strong mutual attraction between water molecules resulting 
from hydrogen bonding is known as cohesion. The forces that at-
tract water molecules to one another will also attract water to solid 
surfaces. This process is known as adhesion.

We say that a cell that experiences turgor pressure after taking up 
water is turgid, while a cell that experiences water loss to the point 
where turgor pressure is reduced to zero is flaccid.

(4)  The movement of water upward from the roots to other plants parts 
occurs mainly in the xylem and is sometimes termed the transpira-
tion stream.

Bubbles may form in the xylem. This is termed cavitation. When 
the resulting large gas bubble forms an obstruction, this is called 
embolism. Embolism can prevent the flow of water in the xylem.
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Activity 2

(1) The movement of water and solutes from cell to cell is called diffusion.

The evaporation of water from the plant through the stomata into 
the atmosphere in the form of water vapour is termed transpiration.

The driving force of transpiration is the vapour pressure difference.

Many leaves have special structures through which liquid water is 
literally forced out. This loss of liquid water is known as guttation.

(2)  Symplastic movement is the movement of water and solutes through 
the plasmodesmata, which are very fine threads of cytoplasm that in 
some plants pass through openings in the walls of adjacent cells and 
form a living bridge between them.

Apoplastic movement is the movement of water and solutes through 
the cell walls and the intercellular spaces.

Passive transport – no energy required, movement (if down the electro-
chemical gradient) from more positive (high) to negative (low) gradient.

Active transport – uses energy, usually in the form of ATP, movement 
against (up) electrochemical gradient, from more negative (low) to 
(high) gradient.

(3)  The open stomata and the moist cell wall of the mesophyll cells lead 
to the loss of large quantities of water. However, they are vital for the 
absorption of CO2, which must be available in solution in the mesophyll 
in order for photosynthesis to take place. Thus, the moist mesophyll 
cell walls must make direct contact with the atmosphere by means of 
open stomata to absorb CO2; in this way, evaporation of water (transpi-
ration) occurs. This is sometimes referred to as the paradox of pores.

Activity 3

(1) Cohesion-tension theory: This theory states that water vapour dif-
fuses from the surface of leaf mesophyll cells to the drier atmosphere 
through stomata. This produces a tension that pulls water out of leaf 
xylem towards the mesophyll cells. The cohesion of the water mol-
ecules, caused by hydrogen bonding, allows unbroken columns of 
water to be pulled up the narrow vessels and tracheids of the stem 
xylem. This in turn pulls water up from root xylem to stem xylem 
to leaf xylem. As water moves upward in the root, it produces a pull 
that causes soil water to diffuse into the root.

(2) Source: any region that produces more photosynthates than it needs 
and exports these to other regions, such as mature leaves.

(3) Sink: any non-photosynthetic organ or an organ that does not pro-
duce enough photosynthates to meets its own needs, and therefore 
imports these from a source.

(4) Translocation of sugars: Sugars synthesised during photosynthesis 
move throughout the plant, primarily in the phloem tissue. The move-
ment is mostly downward from leaves (source) to roots, but lateral or 
even upward movement from leaves to fruits or buds or other storage 
organs also occurs.
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5.12 QuESTIONS fOr SElf-EvAluATION

  (1) Define the following:

 (1.1) Transpiration (2)

 (1.2) Transpiration stream (3)

 (1.3) Cavitation (2)

 (1.4) Root pressure (3)

 (1.5) Macronutrient (2)

 (1.6) Chlorosis (1)

 (1.7) Selectively permeable membrane (2)

  (2)  Follow a drop of water on its route from the soil, through the plant, 
and into the atmosphere. Give the names of the tissues and cell parts 
it comes into contact with or crosses. (15)

  (3) Differentiate between the following:

 (3.1) Osmosis and diffusion (6)

 (3.2) Cohesion and adhesion (6)

 (3.3) Transpiration and guttation (6)

 (3.4) Turgid and flaccid (4)

 (3.5 Symplastic and apoplastic movement (8)

 (3.6) Mobile and non-mobile elements (6)

  (4) Explain the paradox of pores. (10)

  (5)  Describe vapour pressure difference and explain what makes it the 
driving force of transpiration. (8)

  (6) Explain the soil-plant-atmosphere continuum. (4)

  (7)  Explain the cohesion-tension theory or tension-cohesion model of 
ascent of xylem sap. (8)

  (8) Explain why stomata are so important to plants. (8)

  (9)  Discuss the fundamental mechanism by means of which large quanti-
ties of water travel through plants. (10)

(10) List and discuss the functions of water in plants. (10)

(11) List the essential plant micronutrients. (7)

(12) Which elements do plants normally absorb from the atmosphere? (2)

(13)  State two functions of nitrogen and list the nitrogen deficiency symp-
toms in plants.  (5)

(14) Explain phloem conduction. (15)
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(15)  State the form in which plants take up the following nutrients from 
the soil, and also give an example of a fertiliser you could apply to 
ensure a good supply of each element.

 (15.1) Nitrogen (4)
 (15.2) Sulphur (4)
 (15.3) Potassium (4)
 (15.4) Calcium (4)
 (15.5) Magnesium (4)
 (15.6) Iron (4)
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