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A person credited with this unit standard will be able to:
•

Identify the major soil types.

•

Define the specific characteristics of each soil type.

•

Evaluate the suitability of various soils for use in planting.

•

Apply knowledge of soils in plant propagation and landscaping.
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CHARACTERISTICS OF TOPSOIL AND IMPORTANCE FOR PLANT ESTABLISHMENT AND GROWTH
TIME: 180 MINUTES

T

ACTIVITY: SELF & GROUP

he Differences between Topsoil and Subsoil
Topsoil is the surface portion of undisturbed soil. It may be only an inch or so deep on thin
mountainous land, or several or many feet deep in the river valleys and coastal plains. It is usually
a darker colour than the deeper subsoil because of its higher organic content.

Because of this relative organic richness, it is generally easier to handle than subsoil. It cultivates better, is less
sticky or likely to cake. But with these advantages come some disadvantages, particularly the likelihood of
weed seeds that accumulate in surface soil.

Subsoil is usually lighter in colour, stickier, less fertile and more difficult to handle. Typical are foundation
diggings. Because such soil comes from a greater depth, it usually contains no weed seeds. For lawn making
this advantage may be big and even outweigh the disadvantages. Subsoils are fairly easy to improve

Textural differences between parent material, topsoil, and subsoil are common in soils of virtually all climates.
Sometimes, such differences are inherited from the substrate (e.g., textural variations in sediments).
Frequently, however, the differences are due to soil forming processes. Textural differentiation leads to
topsoils and subsoils that are either finer, or coarser than the parent material.

At least eight processes can result in textural differentiation:
1. Physical and chemical weathering of parent material
2. Upward vertical transport of fine fractions by biological activity
3. Downward transport of clay suspended in percolating soil water
4. Superficial removal of clay by erosion without illuviation
5. Superficial removal of clay due to tillage in wetland rice agriculture
6. Clay formation in the subsoil by precipitation from solution
7. Weathering/dissolution of clay
8. Vertical movement of soil (matrix) material
Let’s take a more in-depth look at the formation of the soil.
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S

oil formation
People are dependent on soils and conversely good soils are dependent on people and the uses,
made by them. They provide the starting point for successful agriculture. Soil may be defined, as a
thin layer of earth's crust which serves as a natural medium for the growth of plants. But they have

other meanings for human kind.

To a farmer, soil is that portion of earth's surface which he can plough and grow crops on to provide him food
and fibre for his own needs and that of his animals. For a civil engineer, soil provides the foundation for all
construction activity roads, highways, buildings, embankment of canals and drains. For an oil technologist, soil
clays and clay minerals are the sources of petroleum cracking agents and drilling muds. Thus, it is a vital natural
resource which needs proper care and management to maintain and improve its productivity.

Soil productivity is the ability of the soil to produce vegetation. Some soils are naturally productive and some
respond well to good cultural management and can be made productive. They can affect and are affected by
environmental deterioration. The quality, management and conservation of soils need proper knowledge of
soils, their formation, factors contribute to the soil formation etc. Soil science is a branch of agriculture which
deals with all the aspects of soils and composition.

Major Components of Soil
Soils may be organic or inorganic (mineral) in composition. Organic soils contain more than 50% organic matter
by volume (more than 20% by weight). Mineral soils are low in organic matter which generally ranges from
1:6% and rich in inorganic constituents. The majority of the soils of India are mineral soils. Four major
components of these soils are described here.

A. Inorganic (mineral) constituents
The inorganic portion of soils is composed of small rock fragments and minerals of various kinds. The
composition depends on the weathering. Mineral particles present in soils are extremely variable in shape &
size. Some stone and gravel pieces are as large as the smaller rock fragments.

Sands are somewhat smaller in size (0.05 -.2 mm in diameter), but each particle can be seen easily with naked
eyes. The sand particles do not stick together and feel gritty when rubbed between the fingers. Still smaller in
size are the silt particles (0.002-0.05 mm) which are powdery when dry and even when wet they are not sticky.
The smallest mineral particles are the clays (0.002 mm) which form a sticky mass when wet and becomes very
hard in dry conditions. Soil texture and structure depends on mineral particles.
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Primary and secondary minerals are the two types of minerals that constitute inorganic matter. Primary
minerals come from the molten lava with little change in composition and the minerals that are derived from
primary minerals are, secondary minerals. These secondary minerals constitute the most active ingredient of
soils with respect to physical, chemical and mineralogical properties.

The most abundant primary minerals are quartz, pyroxenes, amphiboles, micas etc. The primary minerals
broken down to small fragments such as silica, alumina, iron oxide etc. Secondary minerals with soil clay
fraction are called as clay minerals. Besides, primary and secondary minerals, minerals matter contains calcium
carbonates, soluble salts, free oxides of silicon, iron and aluminium,

B. Organic constituents
Soil organic matter comprises an accumulation of partially disintegrated and decomposed plant and animal
residues and other organic compounds synthesized by the soil micro-organisms as the decay occurs. Such
material is continually being broken down and resynthesized by soil microorganisms. This constituent requires
maintenance, by the regular addition to the soil of plant/animal residues which are the sources for organic
constituents.

In the process of microbial decomposition of organic materials, most of them are fully decomposed but a small
portion is transformed into new products which get thoroughly mixed up with the soil and become an
ingredient of it called soil humus, The humus and humus like fractions constitute the soil organic matter. The
organic matter content of the soils of India is in the range of 1-2 percent.

Regarding living organisms of the soil, some of them are visible to be naked eye (roots of higher plants,
macroflora) and some are microscopic (bacteria, fungi, actinomycetes). A gram of fertile soil contains billions
of these micro-organisms.

C. Soil water
Generally, 40-50% of the bulk volume of the soil body is occupied by soil pores which may be completely or
partially filled with water. A considerable portion of the rain water is absorbed by the soil and stored in it But,
it will return to the atmosphere by evaporation or by transpiration through plants and their parts.

The same thing happens to irrigation water also. Soil water acts as a reservoir for supplying water to plants for
their growth. It keeps the soluble salts in solution which act as plant nutrients. Water is held by the soil pores
and when all the pores are filled with water the soil is said to be saturated.
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Amount of water that can be held by the soil depends on the size of the pore spaces. The soil water is utilised
by the plants for their growth and it moves in the soil either by gravity, upwards or downwards. Though some
of the soil moisture is removed by the growing plants, some remains in the tiny pores and in thin films around
the soil particles.

When field is irrigated or if any rain occurs, water enters into the soils till it becomes saturated. After that,
water starts draining off from the bigger pores first, after a few hours, say 24 hrs of saturation stage, the
downward movement of water is almost negligible and water is retained in the soil. Up to a certain limit, this
water is utilized by the plants. The pores which are drained of water are simultaneously filled with air.

D. Soil air
Soil air occupies the pore spaces and its composition differs from place to place within a given soil. Some gases
are utilized by the plant roots and some gases are released by the micro-organisms often changing the
composition of soil air.

When compared to atmospheric air, soil air has higher moisture content, sometimes it reaches 100% (in terms
of relative humidity) and it has carbon-dioxide hundred times higher than atmospheric air. But oxygen content
is less and decreases even up to 5% or even less than that.

The water content of the soil determines the content and composition of soil air because soil air occupies
those soil pores which are not filled with air. After a heavy rain or irrigation, large pores are the first to drain
and fill with air followed by medium-sized pores, and finally from the small pores where the water is removed
by evaporation and plant use. The soil having more number of small pores will have less aeration while soil
having more number of large pores will have high aeration and low water content.

E. Phases of Soil
The four major constituents that are described above can be put into three phases; solid phase, liquid phase
and gaseous phase. Solid phase denotes the inorganic and organic constituents and living organisms. It
provides mechanical support for the plants and supplies nutrients to the plants.

Soil water denotes the liquid phase which supplies water along with dissolved nutrients to the plant roots.
Gaseous phase denotes soil air which satisfies the aeration needs of the plants.
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Weathering
Soil is formed due to the weathering of rocks and minerals. Weathering is the disintegration and
decomposition of rocks and minerals by physical, chemical and biological agents, individually or in
combination. Disintegration means breaking down into smaller pieces and decomposition is nothing
undergoing chemical changes to form a new product with different composition.

A. Physical weathering
Weathering due to mechanical forces which will not change the original composition i.e. retains original
chemical and mineral composition is physical weathering. Temperature, water, ice, wind, plants and animals
are the factors responsible for physical weathering.

In arid regions, temperature plays an important role in weathering. During day time rocks gets heated up and
expands and during night time they contract. Due to the seasonal variation, they expand and contract and due
to there different stresses they produce cracks, thus encouraging mechanical breakdown. Similarly, alternate
freezing and thawing results in breaking down of rocks and minerals in cold regions.

Water movement and glacier movement also contributes to weathering by abrasion of soil particles. Wind,
when transports the soil from one place to another, abrasion of one particle against another occurs which
results in weathering. Plant roots, when they are growing on rocks, exert pressure on rocks or they enter the
cracks of the rocks and disintegrates it.

B. Chemical weathering
Along with physical disintegration of rocks and minerals, chemical decomposition also starts. Chemical
processes (weathering is commonly noticed in warm and humid regions. It results in drastic alterations in the
constituent minerals, which results in secondary minerals which are entirely different from the mother
material. The principal reactions that contribute to chemical weathering are given here.
a. Hydrolysis:
The interaction of a compound with water as a result of which the compound is broken down into basic or
acidic constituents or both.

b. Hydration:
A combination of a compound with a hydrate. I. c. Carbonation: It is the chemical weathering of rocks by CO2
containing rain water especially on lime stones and on rocks containing other basic oxides. The dissolved CO2
function as weak carbonic acid which dissolves limestone as calcium bicarbonate.
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d. Oxidation:
An important geochemical reaction 4 occurring in well aerated rock and soil materials where oxygen supply is
high and demand is low.

e. Reduction:
It occurs in the anaerobic conditions. Loss of oxygen by a compound is called reduction. It is opposite to
oxidation.

C. Biological weathering
Biological agents are responsible for physical and chemical weathering, in a strict sense. Plant roots exert
tremendous pressure in widening the cracks and crevices in rocks and causes disruption of rocks. Plant roots
releases carbon-dioxide which favours carbonation. Micro-organisms bring about mineral transformation
causes weathering.

Soil Forming Factors
Soil is the resultant of combined activity of climate, topography, age of the land, parent material, plant and
animal organisms etc. which are called soil forming factors. According to Jenny, Soil formation is a function of
climate (d), organisms (o), relief (r), parent material (p) and time (t, age of land).
S = f (d, o, r, p, t...)
where S is soil formation.

A. Climate
Climate is the most influential factor because it determines the nature of weathering. Climate includes
temperature and rainfall. They effect the physical, chemical, biological processes responsible for soil profile
development. They control the nature and rate of weathering reactions. The total amount of water passing
through the soil or amount of available water is important.

Water acts both physically and chemically when rainfall occurs. Water percolates down and it translocates clay
and other soil constituents -the movement may be in any direction. This moulds the physical, chemical and
morphological features of soil profile; leaching of the water results in the movement of clay in high rainfall
areas. Intensity duration and distribution of rainfall are important.

Regarding the temperature, for every 10°C rises in temperature, the rate of biochemical reactions double
which takes place during weathering.
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The higher the precipitation and lower the temperature, the higher is the organic matter content. If the
temperature is low, the organic matter will not be decomposed and un-decomposed organic matter
accumulates. Thus physical, chemical and biological features of the soil are affected by water and temperature.

B. Organisms
Organisms include flora and fauna of the soil. The plant roots penetrate in to the cracks, and make channels
which create favourable environmental conditions for biological activity. They play an important role in profile
differentiation.

Organic matter accumulation, profile mixing, nutrient cycling and structural stability are enhanced by the
activities of organisms in a soil higher organic matter content results in high water holding capacity, nutrient
cycling and also stability of the aggregates increases which represent structural stability.

Vegetation causes conservation of soil as well as water. This retains water from runoff. Water movement
influences soil formation. The organic matter status of soil determines some diagnostic soil horizons.

The role of fauna in soil formation has not been studied in detail. Some fauna, harbouring soil, dig into the soil
body and mix the materials of different horizons; for example, earthworms. Other fauna such as ants, rodents,
termites, carry material from lower depths upwards and even to the surface there by affect the soil formation.

C. Parent material
It is initial soil material which may be formed in place by weathering of rocks may be transported from the
place of origin. The material if transported by water and deposited along the streams banks, it is known as
alluvium. If it is deposited by gravity at the base of a strong slope, it is colluvium. Lacustrine deposits consists
of material that have settled out of the quiet water of lakes.

Glaciers pick up the disintegrated materials and transports to another place and deposits. The wind-blown
materials are known as loess when the texture is silty and aeolian when the texture is sandy.

The properties of parent materials have a significant effect on soil formation. The texture of the parent
material determines the depth of soil profile during soil development. Finer the texture, higher is the rate of
reaction. In general, soils are deeper on light textured parent material than on heavy textured parent material.
The chemical composition of the soil depends on the rocks from which parent material has been formed.
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D. Topography
It is defined as elevations or inequalities of land surface considered collectively. Soil slope as a part of the relief
and an integral part of soil as a natural body is the incline of the surface of the area to the horizon. It influences
soil formation through its effect on drainage, runoff, erosion, micro-climate (i.e. exposure of the land surface
to the sun and wind).

On a hilly topography, water is lost as runoff and very little of it take part in soil formation. The transported
parent material accumulates at the base of the high slope, where other factors of soil formation act on it.
When the slope is relatively small, internal drainage is more and water acts in shaping the soil profile
development

The depth of soil solum also depends on degree of slope. If degree of slope is less depth of soil solum will be
more. If slope is more, depth of soil solum decreases. As a result a deep solum is usually observed in the plains
and it decreases as the slope gradient increases.

E. Time
The length of time that materials have been subjected to weathering influences soil formation. The period
from the inception or zero point of soil development to the present stage is soil age. Soil formation is a very
slow process.

Age may vary from a few years to several thousand years. Rate of soil development is more rapid on
permeable, unconsolidated parent material in a warm and humid climate than on hard rock and hence time
taken for soil formation will be more in case of hard rocks.

Young soil means the soil where the factors of soil formation and processes are still operative and they have
not made a distinct impression on tile soil profile. The horizons are not well developed. A mature soil
represents a steady state in respect of parent material having distinct horizons.
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V. Soil Formation Process
Soil formation is nothing but soft genesis. Soil genesis is the evolution of a soil from its parent material. Soil
genesis is brought about by a series of processes.

Major processes are as follows:
1. Weathering and organic matter breakdown by which some soil components are modified or destroyed and
others are synthesized.
2. Translocation of inorganic and organic material by water and also by soil organisms within the profile.
3. Accumulation of transported material in horizontal layers in the profile. Besides translocated material,
accumulation of soil materials can be from the same place itself.

Soil formation starts from the parent material. When plants starts to grow on parent material, their residues
gets deposited on the parent material which starts soil formation process the deposited plant residues are
disintegrated and partly decomposed by soil organisms.

They synthesise new organic compounds that make up humus. These organic materials will be mixed with
mineral matter which is near the surface of the parent material by earthworms ants, termites etc which
burrow the soil. This mixture commonly forms the first soil horizon which is different from the parent material
in colour, composition etc.

As the plant residues decay, organic acids are formed. These acids are carried by percolating water the soil and
there, they stimulate the weathering processes, As weathering proceeds some primary minerals are
disintegrated and altered to form different kinds of silicate clays. Others are disintegrated and decomposition
products are recombined into new materials such as hydroxides of iron and aluminium.

The newly formed materials may accumulate at one place where they are formed or they may be Tranlocated
from one soil zone to another which leads to the formation of soil horizons. Upper horizons or layers of the soil
are characterized by the removal of specific constituents and lower layers will be characterized by the
accumulation of the removed constituents from the upper layers.

In either, all these horizons are different in character from the original parent material. Thus, soil genesis
involves change in physical as well as horizons. If soil is having instinct horizon differentiation, it is called as a
well-developed soil”.
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SoiI Profile
Soil formation leads to the formation of different horizontal layers which are called "Soil horizons". If we take
the vertical section of the soil, it reveals distinct horizons. Such a section is called as Soil Profile. Every welldeveloped soil has its own distinctive profile characteristics. Based on these characteristics, classification of
soils and soil surveys are carried out.

The upper most layers or horizons of soil profile are darker in colour than the lower horizons. This is due to the
accumulation of organic matter that results from the decay of plant roots and other organic residues
incorporated into the upper soil layers. Weathering process is also more intense in these layers than in the
lower layers. Some products of weathering will be leached out of these upper layers and these layers
collectively called as "A horizons".

The lower layers contain less organic matter than those nearer to the surface and are characterized by the
accumulation of silicate clays, iron and aluminium oxides calcium carbonates, gypsum that have washed down
from the upper layers.

These underlying horizons are referred to as B horizons. These upper and lower horizons resulted from the soil
forming processes of biochemical breakdown, weathering and synthesis. They are the evidences of the soil
genesis. Collectively A and B horizons are known as "Solum" (means soil or land) or upper part of the profile
above the parent material. Normally its depth varies from l-2-mts in temperate soils and in highly weathered
tropical soils, it will be much deeper. The various layers of soil profile are not always distinct and well defined.
Sometimes it is difficult to
recognize the boundaries.
Nevertheless, for any soil,
the various soil horizons are
characteristic and their
properties greatly influence
the use that can and should
be made of soils.

The horizons of a soil profile
are described here. (Ref.
Fig. 1)
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1. 0 horizons
The 0 group is composed of organic horizons that form above the mineral soil. Litter formed from the dead
plants and animals forms these layers. These are usually present in forest areas and are absent in grassland
regions. The specific horizons are Q1, Qe, and Qa.
Q1 : Slightly decomposed plant and animal residues are present.
Qe : Residues are intermediately decomposed.
Qa : Highly decomposed residues are present.
Hypothetical mineral soil profile showing the major horizons that may be' present in a well-drained soil in the
temperate 'humid' region. Any particular profile may exhibit only some of fuse horizons) and the relative
depths vary. In addition, however, a soil profile may exhibit more detailed sub-horrizons than indicated here.
The solum includes the A, E, and B horizons plus some cemented layers of the C horizon.

2. A horizons
These are the top most mineral horizons. They contain a strong mixture of partially decomposed organic
matter, which impacts dark colour to these horizons.

3. E- horizons
E-horizons are generally lighter in colour than the A- horizons and are present under the A-horizons. Leaching
of clay, iron and aluminium oxides takes place in these layers.

4. B horizons
The leached out materials from A horizons will get accumulated in these horizons, Clays, iron and aluminium
oxides accumulates in humid regions where as in arid and semi-arid regions, calcium-carbonate, calcium
sulphate and other salts accumulates in the B horizon.

The B horizons are sometimes incorrectly referred as the subsoil, In soils with shallow A horizons, part of B
horizon may be incorporated into the plough layer and thus becomes a part of top soil. If a deep A horizon is
there, top soil includes only upper part of the A horizons and subsoil include the lower part of A horizon along
with B horizon. This emphasizes the need to differentiate between the terms top soil and subsoil.

When a soil is ploughed and cultivated, the natural state of the upper 12-18 cm (5-7 inches) is modified This
manipulated part of the soil is surface soil or top soil. It is the major zone of soil development for crop plants
and contains many available nutrients for plants, It is a water reservoir.
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The sub soil is comprised of those soil layers under- earth the top soil. it is not commonly disturbed by soil
cultivation practices. Subsoil should be permeable in nature for the downward movement of the water. But,
land use decisions are made based on the sub-soil characteristics, not on top soil characteristics,

5. C horizons
It is the unconsolidated material underlying the A and B horizons. It may or may not be same as parent
material. As weathering continues the upper layers of it will be added to the solum.

6. R layers
Beneath the C horizon, Consolidated rock is present where these is little evidence of weathering.

Soil Survey
The soil that is formed should be classified by surveying the soil. Soil survey shows each soil unit on a suitable
base map, such as aerial photograph. By taking aerial photographs, soil surveyor can quickly locate the position
on the map and furnishes the information. Soil scientists visit the fields and tests the soils and based on the soil
properties they
classify the soil.
Soils are classified
up to series in the
sequence; soil
orders, suborders, great
groups, subgroups, family
and series. Study
of classification of
soils is called "Soil
taxonomy".
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Soil orders are eleven in number and to differentiate these orders, a simplified key has been given here [Refer:
Fig:2]. Orders are further classified into Sub. Orders, great and sub groups, family and series. Thus soil
classification facilitates research on crop production, land use and classification and it has greatest practical
value in land classification for agricultural and other uses.

Besides this, for engineers and hydrologists, soil survey maps helps in selecting roadbeds and building sites and
intimating the water runoff and infiltration. Home owners can also use the survey maps for selecting trees and
shrubs to be grown. They can also be used to indicate the limitations use as cropland, pasture, woodland,
wildlife habitate, community development, sewage proposal, recreation and engineering uses.

Scientifically, soil survey is a study of soil morphology in the field, diagnosing soil properties in the laboratory,
classification of soils, plotting their extent and boundaries on a map and prediction of the adaptability of these
soils to various uses.

Conclusion
Soil formation and weathering, both takes place side by side. If weathering occurs at shallow depth, coarse
textured soils are formed and when occurs at deeper layers, fine textured soils are formed. When the soil
formed by weathering is not removed from the actual site of its formation, it rests over the rocks from which it
is derived. Such soils are called as Sedentary soils. There is a genetic relationship between the soil and the
underlying parent rock in this case.

Soils formed on sloping terrain are removed by flowing water and deposited in low-lying areas or by rivers and
streams also they are transported and deposited in deltas. Similarly, winds are also responsible for soil
transportation.

Soils so formed in places other than the site of formation are called "transported soils". The soils transported
by running water are called alluvial soils and those deposited by winds are called aeolian soils. The soils formed
on the hilly slopes slide down due to gravity and gets deposited in the valley which are known as colluvial soils.

The transported soils have no relationship with the parent rock. Thus, whether it is sedentary or transported
soil, it is necessary to conserve the soil from erosion and also to protect the natural inherited properties that
are acquired by the soils from their parent rocks to encourage the natural farming.
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T

he formation of humus
Humus is a dark soil material that is one of the three components resulting from the degradation
of organic material in soil. The other two are heat and simple end products (like nitrogen, carbon
etc.). Humus is formed when organic material (such as leaves, dead animals etc.) is degraded by a

combination of fungi, bacteria, microbes and other animals (earthworms for example) that reside in the soil.

At first when the organic material is added to the soil, there is a great abundance of microbial activity as the
number of these organisms increase with the fresh influx of "food". Gradually, however, the organisms
numbers taper off to a final population that remains in the soil, essentially waiting for the next addition of
"food". What is left behind is humus- a dark rich soil mixture composed of compounds that resist degradation.
Humus has the following characteristics:
•

It is composed mostly of carbon, hydrogen and oxygen in the form of microbial resistant material (such
as lignin a complex compound that gives plants rigidity)

•

Has a very high water holding capacity

•

It does not stick together well, so when added to a soil, it tends to open the soil up to allow easier
movement of gasses, water and roots in the soil.

The rate at which humus is formed varies considerably. Some of the factors that control this rate are:
•

Temperature. Even though the degradation of organic material releases heat as a by-product,
temperature plays a very important role. Too cool and the degradation slows down or stops and too
hot will kill off the microbes that are doing the degrading.

•

Moisture. This is required for the degradation process. As with temperature, too wet or too dry will
slow or stop the breakdown of materials.

•

Organic material type and particle size. Of course the type of "food" that is offered to the microbes will
determine the speed at which it degrades. If the material has lots of resistant material (like lignin) in it,
the breakdown process will be slower than if the material has very few resistant materials. Likewise,
the size of the particles is important. Smaller particles offer a larger surface area for microbes to work
on compared to large pieces.

The formation of humus in a soil takes a long time. In some climates it can take decades for material to
completely degrade. For this reason, a class experiment to actually create humus in a soil may not be feasible.
Instead, to understand and observe the degradation process, you might want to try a compost experiment.
With this type of experiment you can observe how fast material decomposes and you can control the factors
that affect decomposition.
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A simple compost experiment might start with only one type of organic material (like leaves) or a mixture
(vegetable scraps, leaves and grass clippings). Place the material in a pile outside. Ideal composting requires
some moisture (usually the material composting has enough in it), chopping up the material into smaller
pieces (to offer more surface area) and aerating the material (allowing air to move freely about the material).

Aeration is an important factor, allowing aerobic organisms to thrive. If anaerobic (no air) conditions exist, the
compost material may stagnate and start to really stink! To really speed up the decomposition of material, you
may add some sort of inoculum that is a mixture of microbes, bacteria or fungi that artificially starts the
composting process. You may be able to buy pellets that are used in home compost piles to speed up
degradation.

The easiest way to check and see if you have active decomposition happening is to record the temperature of
your mixture. You should see a rapid increase in temperature as the microbes start to work on the material,
and then, over time, a decrease in temperature. After some time, you will be left with rich dark humus like
material

The soil complex is a trading place. It is constantly trading one action for another, plus opposite charged
nutrients can pull another nutrient from the soil solution. This "trading place" can be good or bad. In our new
modern age of agriculture it is so often BAD. To simplify soil life, it consists of four basic types of plants;
Bacteria,
Actinomycetes, Fungi
and Algae. Four types
of animal life in the soil
are Protozoa,
Nematodes,
Earthworms and
Insects. Nature
designed all EIGHT
types to build, or
destroy depending on
the soil condition at the
present time or
possible
changing to.
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T

he value of organic material in topsoil
Quality topsoil is the foundation of quality landscapes. The growth rate, health and visual
appearance of landscape plants are all directly related to soil quality. Quality topsoil is also a
limited resource. As urban development continues, locating quality topsoil becomes more difficult

and the price increases. Availability and price may also mean that marginal topsoils are used in some
landscapes. This section describes guidelines for topsoil and provides suggestions for homeowners,
landscapers, and architects on acquiring quality topsoil.

Soil is divided into horizontal layers called horizons (figure below). The surface layer - the A horizon - is usually
darker than the subsurface layers - the E, B and C horizons. Organic matter gives the A horizon its characteristic
dark colour while enhancing desirable physical properties such as tilth (ease of tillage), structure, water
infiltration, and water-holding capacity. Topsoil is defined as the A horizon only, while the E, B and C horizons
compose the subsoil. Subsoil horizons have higher levels of clay, salts and lime than topsoil. These properties
make subsoils poor substitutes for topsoils. Topsoil layers commonly range from five to thirty centimeters
thick. Many materials sold as topsoils, particularly those from pits, are in fact subsoils. The true topsoil was
removed from the surface of the pit in the first sale.
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T

opsoil quality guidelines
Several chemical and physical characteristics influence topsoil quality: soluble salts, pH, texture,
organic matter, coarse fragments and nutrient content. The sodium adsorption ratio (SAR) is an
additional property to consider if salinity and/or soil pH approach unacceptable levels.

It is imperative that topsoil meet acceptable standards for these properties. If soil falls outside of acceptable
standards for any one of the properties, reject the material or realize that considerable time and money may
have to be invested to improve soil conditions before plants will thrive.

The old saying “an ounce of prevention is worth a pound of cure” applies to soil. Make the effort to acquire
high quality soil, even if it costs more initially. It will be less expensive in the long term than treating recurring
problems or having to replace landscape plants that fail due to poor soil conditions.

The following paragraphs briefly describe important topsoil quality parameters. Soils with the Ideal
classification for all of the parameters described in this guide have virtually no limitations for growing common
landscape plants.

Soils with the Acceptable classification may require selection of plants adapted to those conditions (e.g., high
pH), or slight modification to improve soil conditions. Unacceptable soils will require major improvements
before most landscape plants will survive.

Soluble salts
High levels of soluble salts make it difficult for plants to absorb water, and can have direct toxic effects on
many landscape plants. Electrical conductivity of the extracted soil solution (ECe) is the measure of soluble
salts. Soluble salts are removed (leached) relatively easily by applying excess, low salt water to a well-drained
soil. This must be done before seeding or transplanting since plants are most sensitive to salts at these times.

ph.
PH is an indication of the acidity or alkalinity (basic nature) of soil. A pH of 7.0 is neutral, while values below 7.0
are acidic and values above 7.0 are alkaline or basic. Most soils have pH values in the mid-7.0 to low 8.0 range.
Many plants grow well over a broad range of soil pH; however, some acid-loving plants such as blueberry,
rhododendron and azalea will not grow well above pH 7. Other sensitive plants are susceptible to iron
deficiency (iron chlorosis) above pH 7.5.
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Texture
Texture refers to the proportion (%) of sand-, silt-, and clay-sized particles in soil. The percentages by weight of
sand, silt and clay are used to assign soil to a specific texture class (e.g., silt loam). Texture influences the
water-holding capacity, aeration (gas exchange), drainage, tilth, and compaction and nutrient retention
properties of soil.

A mixture of sand, silt and clay is desirable. Soils are unacceptable if they are dominated by one particle size. It
is not practical to change soil texture on a large scale. Large amounts of sand, silt or clay would be required to
change soil texture, and it is difficult to incorporate this material thoroughly. Large amounts of organic matter
will improve the physical characteristics of soil composed of too much sand, silt or clay.

Organic matter
Organic matter is essential in the formation of soil structure, reducing soil compaction and retaining essential
plant nutrients. Generally, the higher the level of organic matter, the better the soil quality. In Utah, native soil
organic matter levels are low, often less than 1 percent by weight. Soil organic matter content can be
increased by adding compost, peat moss or other organic amendments.

Coarse fragments
Coarse fragments (gravel, rocks, etc.) can, if present in large amounts, make it difficult to till, seed, aerate and
generally manage soil in a landscape. Construction wastes such as concrete can also contribute unacceptable
coarse fragments to soil. If the percentage of coarse fragments is high the soil should be screened before use.

Sodium adsorption ratio (SAR)
The sodium adsorption ratio is a measure of the amount of sodium (an undesirable element) relative to
calcium and magnesium (desirable elements) in soil. Soils with high SAR values tend to have poor structure and
low water infiltration and percolation rates. Soils with a high SAR also have a high pH and/or ECe. If pH and ECe
are within acceptable ranges, SAR should also be acceptable.

Nutrient concentrations
Nutrients are essential for plant growth. High quality topsoils normally have adequate phosphorus (P),
potassium (K) and iron (Fe). Additional nitrogen (N) is usually required on an annual basis. If the topsoil meets
these nutrient guidelines, then no additional fertilizer is needed until future soil tests indicate a deficiency.

Training Provider Accreditation Number: AGRI/c prov/0282/10
NPO Registration Number: 030-972

Other considerations
Topsoil should be free from noxious weeds and weed seeds, and not previously treated with herbicides having
a long residual effect. It is difficult and expensive to test for weeds and herbicides. Ask the topsoil supplier
whether the material was treated to control noxious weeds and if so what the residual or planting restriction
time is for the chemical used.

If possible, have soil tested to ensure that it meets acceptable chemical and physical guidelines before
purchasing the material. In some situations, importing topsoil is essential to a successful landscape. In others,
the purchased soil may be no better than the resident soil on site.

Before deciding to purchase new topsoil, determine whether the soil will be any better than material already
on the site. If possible, have both soils tested. Compare the test results with these guidelines. Determine the
cost of purchasing new topsoil and if the money is better spent improving the soil already on the site.

Qualitative indicators
There may be situations in which a soil test is not possible, or where it is desirable to make a final, visual
inspection of the soil before delivery to the site. Visual appearance alone is not always a reliable indicator of
soil quality. A material may look like quality topsoil while it is unacceptable due to high salinity, pH, or other
factors. The following are some qualitative characteristics to look for when inspecting a soil:
•

Check for signs of salt crusting on the surface. Soils with high salinity often have light coloured deposits
on their surface. Do not accept a material if there is evidence of salt deposits unless the soil has been
tested for salinity.

•

Take a handful of soil and attempt to crush a few dry aggregates. Ideally, dry aggregates crumble easily
under pressure. Be suspicious of material that is extremely hard. Hard soils indicate low organic matter
or unacceptably high clay content. Remember that the material will behave in a similar way in the
landscape.

•

Wet a small sample of soil in the palm of your hand. Does a gritty (indicating high sand), smooth
(indicating high silt), or sticky (indicating high clay) feeling dominate? Ideally, no one particle size or
characteristic should dominate the feel. Generally, how does the material feel and behave when wet?
Again remember that the material will behave in a similar way in the landscape.

•

Check the colour of the soil. Generally, light coloured materials have lower organic matter contents
than dark brown or black soils. Soils that are very light or white may contain excess salts and/or lime.
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MAIN SOIL TYPES AND THEIR MAJOR CHARACTERISTICS
TIME: 240 MINUTES

S

ACTIVITY: SELF & GROUP

oil layers
The top layer of soil is called the topsoil. This layer of soil is usually darker in colour than the other
layers of soil because it has a high content of organic material such as leaves and animal litter. As
this organic matter breaks down it makes humus. Humus is rich in nutrients, which gets taken up by

plants and these nutrients help the plants to grow healthy and strong. Because humus is a soft material it helps
bind together very, very small clay particles into larger crumbs. This helps the soil to absorb and hold water.
In this layer you will also find bacteria, fungi and other small organisms, although you won’t be able to see
these with the naked eye.

The next layer of soil is called the subsoil. This layer of soil is rockier, often sticky and normally a lighter colour
than the topsoil because all the irons and organic matter or humus has been washed out. Subsoil is usually
harder to dig than topsoil and it is very difficult for plants to grow in subsoil. Underneath the subsoil is the solid
bedrock called the parent material this is where the subsoil and topsoil come from in most examples of soil.

It takes about two thousand years for nature to make 3cms of topsoil and about 60 years for good humus to
form from organic matter in the soil. Topsoil is valuable because it cannot easily be replaced (it takes many
years to form). But it takes a very short time for man to destroy this topsoil if it is not looked after properly.
Most South African soils are usually very shallow and so when you dig you must be careful to keep the topsoil
on top and not bury it under subsoil.

To grow into healthy, strong plants, plants need:
▪

Water.

▪

Air/oxygen.

▪

Nutrients.

▪

Space between soil particles for roots to grow.

The organic material and humus found in topsoil:
▪

Gives the topsoil a darker colour than the subsoil.

▪

Gives the topsoil a smoother texture than the subsoil, which is rougher to the touch.

▪

Improves the soil structure.

▪

Absorbs and holds lots of water, this is called the water holding capacity of the soil. This helps plants to
get the water that they need in order to grow. Subsoil has poor water holding capacity.
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▪

Holds nutrients that help the plant to grow. Subsoil has very little plant food or nutrients.

▪

Improves the aeration in the soil and allows for more air spaces in the soil. This helps the plant’s roots to
get the air/oxygen that they need. Subsoil has fewer air spaces and less aeration than topsoil.

▪

Improves the drainage of the soil, so that the plant doesn’t drown. Subsoil has less organic matter than
topsoil and the nutrients leach (get washed down) through the subsoil.

Why do you think you it is important to know the difference between topsoil and subsoil?
Soil is the “home” of plants and it is from the soil that the plant’s roots gets the water, nutrients and
air/oxygen that the plant needs to grow. But the roots of plants are not only found in the top of the soil. The
plants roots often go deep down into the soil and so we need to dig into the soil to see what type of soil the
roots of the plant will find.

If the plant’s roots find topsoil the plant will grow strong and healthy, but topsoil varies in depth from garden
to garden from a few centimeters to a meter or more. If the plant’s roots only have a few centimeters of
topsoil and then lots of subsoil, the plant will not be able to reach its full size and spread. Always remember
that without good healthy soil plants will struggle to grow.

The organic material and humus found in topsoil:
▪

Gives the topsoil a darker colour than the subsoil.

▪

Gives the topsoil a smoother texture than the subsoil, which is rougher to the touch.

▪

Improves the soil structure.

▪

Absorbs and holds lots of water, this is called the water holding capacity of the soil. This helps the plant to
get the water that they need in order to grow. Subsoil has poor water holding capacity.

▪

Holds nutrients that help the plant to grow. Subsoil has very little plant food or nutrients.

▪

Improves the aeration in the soil and allows for more air spaces in the soil. This helps the plant’s roots to
get the air/oxygen that they need. Subsoil has fewer air spaces and less aeration that topsoil.

▪

Improves the drainage of the soil, so that the plant doesn’t drown. Subsoil has less organic matter than
topsoil and the nutrients leach (get washed down) through the subsoil.

We need to stockpile topsoil during building or construction projects because:
▪

Topsoil cannot be easily replaced.

▪

Saving this topsoil on a site is cheaper than buying new topsoil.

If new topsoil is brought onto the site it can be different from the original topsoil. If the topsoil is too different
form the subsoil you can get problems with the soil draining too quickly or too slowly.
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oil Types
The three main soil types that you will find when you are preparing an area for planting are:
•

Sandy soil

•

Loam soil

•

Clay soil

When you are preparing an area for planting, you need to see if the soil has a high sand content or a high clay
content or is loamy (a mixture of sand and clay). You will then know how to prepare the soil for planting. A
simple and cheap way to test which soil type you are working with, is to pick up a handful of soil, wet the soil
slightly and then try to roll your handful of soil into a sausage shape, this is called the sausage test.

Sandy Soil
Sandy soil will feel gritty and
rough in your hand.

Loam Soil
Loam soils don’t feel very rough
or very smooth.

With sandy soils you will not be
able to form a sausage shape at
all.

With loam sands you will be
able to form a sausage shape
but it will keep breaking apart.

Soil Types

Sandy soil

Loam soil

Clay soil

Clay Soil
Wet clay soils are smooth and
will feel sticky in your hand. Dry
clay soils will feel powdery in
your hand.
With clay soils you will be able
to form a sausage that holds its
shape.

Particle size and texture
Sandy soil has large particles (marbles) and a rough texture that feels harsh and gritty to
touch. These large particles of sandy soil do not hold together when wet and the large air
spaces between these particles are called macro pores. This soil is light, easy to dig and
difficult to compact.
Loam soil has a mixture of small and large particles and a medium texture that feels
neither rough nor smooth to the touch. This mixture of particles in loam soil means that
loam has a mixture of macro and micro pores. This soil is fairly easy to dig.
Clay soil has very fine flattened particles (coins) and feels smooth. These small particles
hold together when moist and the small air spaces between these particles are called
micro pores. This soil is sticky to work with when wet and hard to work with when dry.
This heavy soil is difficult to dig and compacts easily.
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Soil Types

Sandy soil

Loam soil

Clay soil

Description
The large particles of sandy soil do not hold together when wet and the large air spaces
between the particles are called macro pores. These large air spaces or macro pores:
▪ Hold a high amount of air/oxygen and so the soil has good aeration.
▪ Allow water to flow through the soil easily and so this soil has good drainage and a
high infiltration (filtering) rate.
But because plant nutrients are water-soluble and coarse sand has low water holding
capacity, water and therefore nutrients are washed down into the soil, which causes poor
nutrition and a shortage of water for the plants. To improve this soil add organic material
i.e. compost to increase the soil’s water holding capacity and therefore the available
nutrients to the plants.
The mixture of small and large particles in loam soil means it has a mixture of macro and
micro pores. These air spaces:
▪ Hold a medium amount of air/oxygen and so the soil has moderate aeration.
▪ Allow water to flow through the soil at a moderate rate and so this soil has moderate
drainage and a moderate infiltration (filtering) rate. This soil contains organic matter
that holds nutrients.
To improve this soil, you can add more organic material i.e. compost to increases the soils
water holding capacity and therefore the available nutrients to the plants.
Clay soil has small particles that hold together when moist and the small air spaces
between these particles are called micro pores. Even though these pores are small there
are a lot of them and this means that these air spaces or micro pores:
▪ Hold a low amount of air/oxygen and so the soil has poor aeration.
▪ Allow water to flow through the soil slowly and so this soil has low infiltration
(filtering) rate and poor drainage. This soil holds nutrients.
Because this soil can become water logged it leads to lack of air for the plant’s roots and
may cause plant drowning. To improve this soil add organic material i.e. compost to open
up the soil particles and clump them together to form bigger particles which allows for
better air and water movement to the plants.

In summary; the three main soil types and their infiltration rates are:
▪

Sandy soil, which has large particles (macro pores) and a rough texture that feels harsh and gritty to touch.
This soil is light, easy to dig and difficult to compact. It has large particles and air spaces called macro
pores. This soil has a low water holding ability, good drainage and a high infiltration rate

▪

Loam soil, which has a mixture of small and large particles and a medium texture that feels neither rough
nor smooth to touch. This soil is easy to dig. It has large particles and air spaces called macro pores. This
soil has a low water holding ability, good drainage and a high infiltration rate.

▪

Clay soil, which has fine particles (micro pores) and a smooth texture. This soil is sticky to work with when
wet and hard to work with when dry. This heavy soil is difficult to dig and compacts easily. It has high
water holding ability, poor drainage and a low infiltration rate.
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oil Structure and Colour
When you dig or burrow into the topsoil like the plant’s roots, you will find that the topsoil structure
and colour doesn’t always look the same. The structure and colour of the soil tells us a lot about the
quality of the soil. Remember healthy soil equals healthy plants.

Soil Colour:
The colour of the soil can tell us how well the soil is draining:
Colour

Yellow or Grey

Blue-Grey

Tells us:
Suggests leaching this means
that the nutrients in the soil
are being washed out and is
often caused by poor
drainage.
Tells us that water logging
has taken place and this is
often caused by poor
drainage.

Possible Solutions
It is important to look for poor drainage
conditions before you plant so that you can
decide whether or not artificial drainage is
required. Possible solutions include to
drainage problems:
▪ If the soil is really badly drained, install
drainage pipes to remove the excess
water.
▪ Where water comes mainly from
adjoining higher land, joining ditches or
drains may be all that is needed.
▪ Where drainage is not possible, only
those plants, which tolerate wet
conditions, can be grown.

Any sign of blue or
rusty mottling below
the surface.

Where the drainage is bad in
winter but improves in
summer, rust stains and
deposits appear.

Uniform brown or
brown/black to dark
brown colours

Shows good drainage and humus content

Soil Structure:
The structure of the soil is just as important as its texture. In some soils the particles are clumped together like
crumbs on a loaf of bread and in other soils the particles look as if they are made up of angular blocks or clods.
(These crumbs and the crumb structure of the soil are called the soils friability).

To find out if your soil has good or bad structure:
Dig out a spade of undisturbed soil, let it drop onto a natural, hard surface and then notice how it breaks
up:
▪ A soil with poor structure will break into block-like clods with flattened surface and sharply angular
sides. A soil with lumpy clods with extremely fine and almost invisible pores, is a sign of compacting.
▪ A granular or crumb structure is associated with good tilth - a word that is used to describe the fitness
of soil for the growth of plants. A tilth that is good for lettuces to grow in is not always good for beans
or other larger seeds to grow in. For example, mature roots like to grow in a coarser soil. To build and
maintain good tilth we usually work into the soil bulky organic manure that rots down into humus.
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Soil structure is compacted through:
•

Heavy rain, because the raindrops batter the crumbs into individual particles, which then clog the soil
pores. When this layer dries, a hard crust forms.

•

People walking or driving over the soil.

•

Wheeling a wheelbarrow over the soil.

Benefits of tilling or digging soil before planting
Good soil conditions are very important for good plant growth. Though few gardeners are lucky enough to
start off with an ideal soil, almost any soil can be improved by tilling or digging, composting and fertilizing the
soil.

By tilling or digging the soil before planting we create a good growing environment for plants by:
•

Breaking soil compaction.

•

Breaking down soil clods (a clod is a lump or mass of soil).

▪ Breaking up soil pans. These are hard, compacted layers of soil that sometimes do not allow water to
drain.
•

Loosening the soil.

•

Introducing air into the soil.

•

Introducing soil enrichments into the soil.

This improves the soil by:
▪

Aerating the soil.

▪

Allowing water to easily move down into the soil.

▪

Controlling weeds.

▪

Covering plant residues and stones.

▪

Loosening the soil, especially if the soil is compacted. This allows better water penetration and better root
growth.

▪

All of this helps the plant to grow quicker and easier.

▪

Tilling and digging are also used to shape the soil for landscaping or drainage.
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Tilling
The word tilling means to turn the soil over either by hand or by using a mechanical method such as ploughing.
Often a generous layer of organic matter is applied to the top of the soil before tilling so that it can be turned
in at the same time. Tilling normally turns the soil to a depth of between 25cm and 30cm depending on the
purpose of tilling.

It is always best to try to do all the tilling steps like adding organic matter and other nutrients all at once –
especially if you are using mechanical method to till. This is called minimum tillage because fewer trips across
the soil as it is tilled will reduce:
▪

The amount of soil compaction.

▪

Costs.

▪

The amount of soil that is blown away by wind or carried away by water.

To manually till:
▪

Use a spade or a garden fork (if the soil is not too heavy).

▪

Insert the spade or garden fork straight into dry soil and not at an angle. Don’t till wet soils, especially clay

soils as this can damage the structure of the soil and cause soil pans especially if you are using a mechanical
tool.
▪

Now turn the soil over. As you turn the soil over, break up all the clods.

▪

When you are finished turning over the soil, use the head of a garden rake to firm the soil so that you

don’t leave behind big air pockets in the soil.
▪

Now you can use a hoe or the back of a garden rake to push and pull the soil to break any remaining clods

into finer particles and create good tilth. If fine seeds are to be planted they will need a finer and less coarse
tilth to say, for example, larger shrubs and trees.
▪

The soil has now been tilled in preparation for planting.

Rotavating
The word rotavating also means to turn over or “rotate” the soil. Rotavating can be done manually, but the
word usually refers to a rotavator or similar rotavating machine that can be hand or machine operated. This is
very convenient technique to use where large areas need to be tilled.

A rotavator has rotating steel blades that turn the soil. It has a depth adjuster, but is usually used to turn the
soil to a depth of between 15cm and 20cm. The traveling speed of the machine and the rotating speed of the
blades determines how finely the soil will be tilled.
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cope of Soil Science
Soil Science has six well-defined and developed disciplines. Scope of soil Science is reflected through
these disciplines.

Soil Science: The science dealing with soil as a natural resource on the surface of the earth, including Pedology
(soil genesis, classification and mapping) and the physical, chemical and biological and fertility properties of
soil and these properties in relation to their management for crop production.
1. Soil fertility: Nutrient-supplying properties of soil
2. Soil chemistry: Chemical constituents, chemical properties and the chemical reactions
3. Soil physics: Involves the study of physical properties
4. Soil microbiology: deals with microorganisms, its population, classification, its role in transformations
5. Soil conservation: Dealing with protection of soil against physical loss by erosion or against chemical
deterioration i.e. excessive loss of nutrients either natural or artificial means.
6. Pedology: Dealing with the genesis, survey and classification

Soil can be compared to various systems of human body
▪

Digestive - matters decomposition

▪

Respiratory - air circulation & exchange of gases

▪

Circulatory - water movement within the soil system

▪

Excretory - leaching out of excess salts

▪

Brain

- soil clay

▪

Colour

- soil colour

▪

Height

- soil depth

Components of Soil (Volume basis)
▪

Mineral matter – 45%

▪

Organic matter – 5%

▪

Soil water – 25%

▪

Soil air – 25%
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Weathering of Rocks and Minerals
Rocks and minerals are formed under a very high temperature and pressure, exposed to atmospheric
conditions of low pressure and low temperature and they become unstable and weather. Soils are formed
from rocks through the intermediate stage of formation of Regolith, which is the resultant of weathering.

The sequence of processes in the formation of soils is:
Weathering of rocks and minerals -> formation of regolith or parent material ->formation of true soil from
regolith
Rock ->Weathering ->Regolith ->Soil forming factors and processes ->True soil (otherwise)

Two processes involved in the formation of soil are:
▪

Formation of regolith by breaking down (weathering) of the bedrock

▪

The addition of organic matter through the decomposition of plant and animal tissues, and
reorganization of these components by soil forming processes to form soil

Weathering: A process of disintegration and decomposition of rocks and minerals, which are brought about by
physical agents, and chemical processes, leading to the formation of Regolith (unconsolidated residues of the
weathering rock on the earth’s surface or above the solid rocks).
(OR)
The process by which the earth’s crust or lithosphere is broken down by the activities of the atmosphere, with
the aid of the hydrosphere and biosphere
(OR)
The process of transformation of solid rocks into parent material or Regolith
Parent material: It is the regolith or at least its upper portion. May be defined as the unconsolidated and more
or less chemically weathered mineral materials from which soil are developed

Two basic processes of Weathering:
Physical (or) mechanical - disintegration
Chemical – decomposition

In addition, another process: Biological and all these processes are work hand in hand. Depending up on the
agents taking part in weathering processes, it is classified into three types.
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Different agents of weathering

Physical/ Mechanical
(disintegration)
1. Physical condition of rock
2.Change in temperature
3.Action of H2O
- Fragment & transport
- Action of freezing
- Alter. Wet & drying
- Action of glaciers
4.Action of wind
5. Atmosphere. Electric
phenomenon

Chemical (decomposition)
1. Hydration
2.Hydrolysis
3.Solution
4.Carbonation
5.Oxidation
6.Reduction

Biological (disintegration+
decomposition)
1. Man & animals
2. Higher plants & their roots
3.Micro organisms

Physical weathering of Rocks
The rocks are disintegrated and are broken down to comparatively smaller pieces, without producing any new
substances

1. Physical condition of rocks: The permeability of rocks is the most important single factor.
Coarse textured (porous) sand stone weather more readily than a fine textured (almost solid) basalt.
Unconsolidated volcanic ash weather quickly as compared to unconsolidated coarse deposits such as gravels

2. Action of Temperature: The variations in temperature exert great influence on the disintegration of rocks.
▪

During daytime, the rocks get heated up by the sun and expand. At night, the temperature falls and the
rocks get cooled and contract.

▪

This alternate expansion and contraction weakens the surface of the rock and crumbles it because the
rocks do not conduct heat easily.

▪

The minerals with in the rock also vary in their rate of expansion and contraction

▪

The cubical expansion of quartz is twice as feldspar

▪

Dark coloured rocks are subjected to fast changes in temperature as compared to light coloured rocks

▪

The differential expansion of minerals in a rock surface generates stress between the heated surface
and cooled unexpanded parts resulting in fragmentation of rocks.

▪

This process causes the surface layer to peel off from the parent mass and the rock ultimately
disintegrates. This process is called Exfoliation
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3. Action of Water: Water acts as a disintegrating, transporting and depositing agent.
1) Fragmentation and transport: Water beats over the surface of the rock when the rain occurs and starts
flowing towards the ocean
▪

Moving water has the great cutting and carrying force.

▪

It forms gullies and ravines and carries with the suspended soil material of variable sizes.

▪

Transporting power of water varies. It is estimated that the transporting power of stream varies as the
sixth power of its velocity i.e. the greater the speed of water; more is the transporting power and
carrying capacity

Speed/Sec
Carrying capacity
15 cm
Fine sand
30 cm
Gravel
1.2 m
Stones (1kg)
9.0 m
Boulders (several tons)
The disintegration is greater near the source of river than its mouth

2) Action of freezing: Frost is much more effective than heat in producing physical weathering
▪

In cold regions, the water in the cracks and crevices freezes into ice and the volume increases to one
tenth

▪

As the freezing starts from the top there is no possibility of its upward expansion. Hence, the increase
in volume creates enormous out ward pressure which breaks apart the rocks

3) Alternate wetting and Drying: Some natural substances increase considerably in volume on wetting and
shrink on drying.(e.g.) smectite, montmorilonite
▪

During dry summer/ dry weather – these clays shrink considerably forming deep cracks or wide cracks.

▪

On subsequent wetting, it swells.

▪

This alternate swelling and shrinking/ wetting or drying of clay enriched rocks make them loose and
eventually breaks

4) Action of glaciers:
▪

In cold regions, when snow falls, it accumulates and changes into ice sheet.

▪

These big glaciers start moving owing to the change in temperature and/or gradient.

▪

On moving, these exert tremendous pressure over the rock on which they pass and carry the loose
materials

▪

These materials get deposited on reaching the warmer regions, where its movement stops with the
melting of ice
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4. Action of wind:
Wind has an erosive and transporting effect. Often when the wind is laden with fine material viz., fine sand, silt
or clay particles, it has a serious abrasive effect and the sand laden winds itch the rocks and ultimately breaks
down under its force. The dust storm may transport tons of material from one place to another. The shifting of
soil causes serious wind erosion problem and may render cultivated land as degraded.

5. Atmospheric electrical phenomenon: It is an important factor-causing break down during rainy season and
lightning breaks up rocks and or widens cracks.

C

hemical Weathering of Rocks
Decomposition of rocks and minerals by various chemical processes is called chemical weathering.
It is the most important process for soil formation. Chemical weathering takes place mainly at the
surface of rocks and minerals with disappearance of certain minerals and the formation of

secondary products (new materials). This is called chemical transformation.

Feldspar + water -> clay mineral + soluble cations and anions

Chemical weathering becomes more effective as the surface area of the rock increases. Since the chemical
reactions occur largely on the surface of the rocks, therefore the smaller the fragments, the greater the surface
area per unit volume available for reaction. The effectiveness of chemical weathering is closely related to the
mineral composition of rocks. (e.g.) quartz responds far slowly to the chemical attack than olivine or pyroxene.

Chemical Processes of weathering:
1. Hydration: Chemical combination of water molecules with a particular substance or mineral leading to a
change in structure. Soil forming minerals in rocks do not contain any water and they under go hydration when
exposed to humid conditions. Up on hydration there is swelling and increase in volume of minerals. The
minerals loose their lustre and become soft. It is one of the most common processes in nature and works with
secondary minerals, such as aluminium oxide and iron oxide minerals and gypsum.

2. Hydrolysis: Most important process in chemical weathering. It is due to the dissociation of H2O into H+ and
OH- ions, which chemically combine with minerals and bring about changes, such as exchange, decomposition
of crystalline structure and formation of new compounds. Water acts as a weak acid on silicate minerals.
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3. Solution: Some substances present in the rocks are directly soluble in water. The soluble substances are
removed by the continuous action of water and the rock no longer remains solid and form holes, rills or rough
surface and ultimately falls into pieces or decomposes. The action is considerably increased when the water is
acidified by the dissolution of organic and inorganic acids.

4. Carbonation: Carbon dioxide when dissolved in water it forms carbonic acid.

5. Oxidation: The process of addition and combination of oxygen to minerals. The absorption is usually from
O2 dissolved in soil water and that present in atmosphere. The oxidation is more active in the presence of
moisture and results in hydrated oxides.

6. Reduction: The process of removal of oxygen and is the reverse of oxidation and is equally important in
changing soil colour to grey, blue or green as ferric iron is converted to ferrous iron compounds. Under the
conditions of excess water or waterlogged condition (less or no oxygen), reduction takes place.

In conclusion, during chemical weathering igneous and metamorphic rocks can be regarded as involving
destruction of primary minerals and the production of secondary minerals. In sedimentary rocks, which is
made up of primary and secondary minerals, weathering acts initially to destroy any relatively weak bonding
agents and the particles are freed and can be individually subjected to weathering.

B

iological Weathering of Rocks
Unlike physical and chemical weathering, the biological or living agents are responsible for both
decomposition and disintegration of rocks and minerals. The biological life is mainly controlled
largely by the prevailing environment.

1. Man and Animals:
The action of man in disintegration of rocks is well known as he cuts rocks to build dams, channels and
construct roads and buildings. All these activities result in increasing the surface area of the rocks for attack of
chemical agents and accelerate the process of rock decomposition. A large number of animals, birds, insects
and worms, by their activities they make holes in them and thus aids for weathering.

In tropical and sub-tropical regions, ants and termites build galleries and passages and carry materials from
lower to upper surface and excrete acids. The oxygen and water with many dissolved substances, reach every
part of the rock through the cracks, holes and galleries, and thus brings about speedy disintegration.
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Rabbits, by burrowing in to the ground, destroy soft rocks. Moles, ants and bodies of the dead animals,
provides substances which react with minerals and aid in decaying process. The earthworms pass the soil
through the alimentary canal and thus bring about physical and chemical changes in soil material.

2. Higher Plants and Roots:
The roots of trees and other plants penetrates into the joints and crevices of the rocks. As they grew, they
exert a great disruptive force and the hard rock may break apart. (e.g.) pipal tree growing on walls/ rocks. The
grass root form a sponge like mass prevents erosion and conserve moisture and thus allowing moisture and air
to enter in to the rock for further action.

Some roots penetrate deep into the soil and may open some sort of drainage channel. The roots running in
crevices in lime stone and marble produces acids. These acids have a solvent action on carbonates. The dead
roots and plant residues decompose and produce carbon dioxide which is of great importance in weathering.

3. Micro- organisms:
In early stages of mineral decomposition and soil formation, the lower forms of plants and animals like,
mosses, bacteria and fungi and actinomycetes play an important role. They extract nutrients from the rock and
N from air and live with a small quantity of water. In due course of time, the soil develops under the cluster of
these micro-organisms.

This organism closely associated with the decay of plant and animal remains and thus liberates nutrients for
the use of next generation plants and also produces CO2 and organic compounds, which aid in mineral
decomposition.

Soil Forming Factors
The soil formation is the process of two consecutive stages.
▪

The weathering of rock (R) into Regolith

▪

The formation of true soil from Regolith

The evolution of true soil from regolith takes place by the combined action of soil forming factors and
processes.
▪

The first step is accomplished by weathering (disintegration & decomposition)

▪

The second step is associated with the action of Soil Forming Factors
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S

oil Forming Processes
The pedogenic processes, although slow in terms of human life, yet work faster than the geological
processes in changing lifeless parent material into true soil full of life.
▪

The pedogenic processes are extremely complex and dynamic involving many chemical and

biological reactions, and usually operate simultaneously in a given area.
▪

One process may counteract another, or two different processes may work simultaneously to achieve
the same result.

▪

Different processes or combination of processes operate under varying natural environment.

The collective interaction of various soil forming factors under different environmental conditions set a course
to certain recognized soil forming processes.

The basic process involved in soil formation (Simonson, 1959) includes the following.
▪

Gains or Additions of water, mostly as rainfall, organic and mineral matter to the soil.

▪

Losses of the above materials from the soil.

▪

Transformation of mineral and organic substances within the soil.

▪

Translocation or the movement of soil materials from one point to another within the soil. It is usually
divided into
o

Movement of solution (leaching) and

o

Movement in suspension (eluviation) of clay, organic matter and hydrous oxides

W

ater contained in soil is called soil moisture. The water is held within the soil pores. Soil water
is the major component of the soil in relation to plant growth. If the moisture content of a soil
is optimum for plant growth, plants can readily absorb soil water.

Not all the water, held in soil, is available to plants. Much of water remains in the soil as a thin film. Soil water
dissolves salts and makes up the soil solution, which is important as medium for supply of nutrients to growing
plants.

Importance of Soil Water
1. Soil water serves as a solvent and carrier of food nutrients for plant growth
2. Yield of crop is more often determined by the amount of water available rather than the deficiency of other
food nutrients
3. Soil water acts as a nutrient itself
4. Soil water regulates soil temperature
5. Soil forming processes and weathering depend on water
Training Provider Accreditation Number: AGRI/c prov/0282/10
NPO Registration Number: 030-972

6. Microorganisms require water for their metabolic activities
7. Soil water helps in chemical and biological activities of soil
8. It is a principal constituent of the growing plant
9. Water is essential for photosynthesis

Retention of Water by Soil
The soils hold water (moisture) due to their colloidal properties and aggregation qualities. The water is held on
the surface of the colloids and other particles and in the pores. The forces responsible for retention of water in
the soil after the drainage has stopped are due to surface tension and surface attraction and are called surface
moisture tension. This refers to the energy concept in moisture retention relationships. The force with which
water is held is also termed as suction.

W

hat is groundwater?
When rain falls to the ground, the water does not stop moving. Some of it flows along the
surface to streams or lakes, some of it is used by plants, some evaporates and returns to
the atmosphere, and some sinks into the ground. Imagine pouring a glass of water onto a

pile of sand. Where does the water go? The water moves into the spaces between the particles of sand.

Groundwater is water that is found underground in the cracks and spaces in soil, sand and rock. Groundwater
is stored in--and moves slowly through--layers of soil, sand and rocks called aquifers. Aquifers typically consist
of gravel, sand, sandstone, or fractured rock, like limestone.

These materials are permeable because they have large connected spaces that allow water to flow through.
The speed at which groundwater flows depends on the size of the spaces in the soil or rock and how well the
spaces are connected.

The area where water fills the aquifer is called the saturated zone (or saturation zone). The top of this zone is
called the water table. The water table may be located only a foot below the ground’s surface or it can sit
hundreds of feet down.

Groundwater can be found almost everywhere. The water table may be deep or shallow; and may rise or fall
depending on many factors. Heavy rains or melting snow may cause the water table to rise, or heavy pumping
of groundwater supplies may cause the water table to fall.
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Water in aquifers is brought to the surface naturally through a spring or can be discharged into lakes and
streams. Groundwater can also be extracted through a well drilled into the aquifer. A well is a pipe in the
ground that fills with groundwater. This water can be brought to the surface by a pump. Shallow wells may go
dry if the water table falls below the bottom of the well. Some wells, called artesian wells, do not need a pump
because of natural pressures that force the water up and out of the well.

Groundwater supplies are replenished, or recharged, by rain and snow melt. In some areas of the world,
people face serious water shortages because groundwater is used faster than it is naturally replenished. In
other areas groundwater is polluted by human activities.

In areas where material above the aquifer is permeable, pollutants can readily sink into groundwater supplies.
Groundwater can be polluted by landfills, septic tanks, leaky underground gas tanks, and from overuse of
fertilizers and pesticides. If groundwater becomes polluted, it will no longer be safe to drink.

Groundwater is used for drinking water by more than 50 percent of the people, including almost everyone who
lives in rural areas. The largest use for groundwater is to irrigate crops. It is important for all of us to learn to
protect our groundwater because of its importance as a source of water for drinking and irrigation.

Training Provider Accreditation Number: AGRI/c prov/0282/10
NPO Registration Number: 030-972

E

ntry of Water into Soil
1. Infiltration: Infiltration refers to the downward entry or movement of water into the soil surface.
It is a surface characteristic and hence primarily influenced by the condition of the surface soil. Soil
surface with vegetative cover has more infiltration rate than bare soil.

Warm soils absorb more water than colder ones. Coarse surface texture, granular structure and high organic
matter content in surface soil, all help to increase infiltration. Infiltration rate is comparatively lower in wet
soils than dry soils.

Factors affecting infiltration
1. Clay minerals

4. Moisture content

2. Soil Texture

5. Vegetative cover

3. Soil structure

6. Topography

2. Percolation: The movement of water through a column of soil is called percolation. It is important for two
reasons.
i) This is the only source of recharge of ground water which can be used through wells for irrigation
ii) Percolating waters carry plant nutrients down and often out of reach of plant roots (leaching)
Percolation is dependent of rainfall. In dry region it is negligible and under high rainfall it is high. Sandy soils
have greater percolation than clayey soil. Vegetation and high water table reduce the percolation loss

3. Permeability: It indicates the relative ease of movement of water with in the soil. The characteristics that
determine how fast air and water move through the soil are known as permeability. The term hydraulic
conductivity is also used which refers to the readiness with which a soil transmits fluids through it.

S

oil Water Movement
Saturated flow: This occurs when the soil pores are completely filled with water. This water moves
at water potentials larger than – 33 k Pa. Saturated flow is water flow caused by gravity’s pull.

It begins with infiltration, which is water movement into soil when rain or irrigation water is on the soil surface.
When the soil profile is wetted, the movement of more water flowing through the wetted soil is termed
percolation.
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Hydraulic conductivity can be expressed mathematically as
V = kf

Where,
V = Total volume of water moved per unit time
f = Water moving force
k = Hydraulic conductivity of soil

Factors affecting movement of water
1. Texture

5. Amount of water in the soil

2. Structure

6. Temperature

3. Amount of organic matter

7. Pressure

4. Depth of soil to hard pan

Vertical water flow:
The vertical water flow rate through soil is given by Darcy’s law. The law states that the rate of flow of liquid or
flux through a porous medium is proportional to the hydraulic gradient in the direction of floe of the liquid.
(dw) At
QW = - k-------------Ds

Where,
QW = Quantity of water in cm-3
k = rate constant (cm/s)
dw = Water height (head), cm
A = Soil area (cm2))
t = Time
ds = Soil depth (cm)
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S

oil Moisture
Water contained in soil is called soil moisture. The water is held within the soil pores. Soil water is
the major component of the soil in relation to plant growth. If the moisture content of a soil is
optimum for plant growth, plants can readily absorb soil water.

Not all the water, held in soil, is available to plants. Much of water remains in the soil as a thin film. Soil water
dissolves salts and makes up the soil solution, which is important as medium for supply of nutrients to growing
plants.

Importance of Soil Water
1. Soil water serves as a solvent and carrier of
food nutrients for plant growth

6. Microorganisms require water for their
metabolic activities

2. Yield of crop is more often determined by
the amount of water available rather than
the deficiency of other food nutrients
3. Soil water acts as a nutrient itself
4. Soil water regulates soil temperature

7. Soil water helps in chemical and biological
activities of soil
8. It is a principal constituent of the growing
plant
9. Water is essential for photosynthesis

5. Soil forming processes and weathering
depend on water

Retention of water by soil:
The soils hold water (moisture) due to their colloidal properties and aggregation qualities. The water is held on
the surface of the colloids and other particles and in the pores. The forces responsible for retention of water in
the soil after the drainage has stopped are due to surface tension and surface attraction and are called surface
moisture tension. This refers to the energy concept in moisture retention relationships. The force with which
water is held is also termed as suction.

Ways to Retain Water in Soil
1. Cohesion and adhesion forces: These two basic forces are responsible for water retention in the soil. One is
the attraction of molecules for each other i.e., cohesion. The other is the attraction of water molecules for the
solid surface of soil i.e. adhesion.

By adhesion, solids (soil) hold water molecules rigidly at their soil - water interfaces. These water molecules in
turn hold by cohesion. Together, these forces make it possible for the soil solids to retain water.
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2. Surface tension: This phenomenon is commonly evidenced at water- air interfaces. Water behaves as if its
surface is covered with a stretched elastic membrane. At the surface, the attraction of the air for the water
molecules is much less than that of water molecules for each other. Consequently, there is a net downward
force on the surface molecules, resulting in sort of a compressed film (membrane) at the surface. This
phenomenon is called surface tension.

3. Polarity or dipole character: The retention of water molecules on the surface of clay micelle is based on the
dipole character of the molecule of water. The water molecules are held by electrostatic force that exists on
the surface of colloidal particles.

By virtue of their dipole character and under the influence of electrostatic forces, the molecules of water get
oriented (arranged) on the surface of the clay particles in a particular manner.

Each water molecule carries both negative and positive charges. The clay particle is negatively charged. The
positive end of water molecule gets attached to the negatively charged surface of clay and leaving its negative
end outward. The water molecules attached to the clay surface in this way present a layer of negative charges
to which another layer of oriented water molecules is attached.

The number of successive molecular layers goes on increasing as long as the water molecules oriented. As the
molecular layer gets thicker, orientation becomes weaker, and at a certain distance from the particle surface
the water molecules cease to orientate and capillary water (liquid water) begins to appear.

Due to the forces of adsorption (attraction) exerted by the surface of soil particles, water gets attached on the
soil surface. The force of gravity also acts simultaneously, which tries to pull it downwards. The surface force is
far greater than the force of gravity so water may remain attached to the soil particle. The water remains
attached to the soil particle or move downward into the lower layers, depending on the magnitude of the
resultant force.
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Factors affecting soil water
1. Texture:
Finer the texture, more is the pore space and also surface area, greater is the retention of water.

2. Structure:
Well-aggregated porous structure favours better porosity, which in turn enhance water retention.

3. Organic matter:
Higher the organic matter more is the water retention in the soil.

4. Density of soil:
Higher the density of soil, lower is the moisture content.

5. Temperature:
Cooler the temperature, higher is the moisture retention.

6. Salt content:
More the salt content in the soil less is the water available to the plant.

7. Depth of soil:
More the depth of soil more is the water available to the plant.

8. Type of clay:
The 2:1 type of day increases the water retention in the soil.

S

oil Water Potential
The retention and movement of water in soils, its uptake and translocation in plants and its loss to
the atmosphere are all energy related phenomenon. The more strongly water is held in the soil the
greater is the heat (energy) required.

In other words, if water is to be removed from a moist soil, work has to be done against adsorptive forces.
Conversely, when water is adsorbed by the soil, a negative amount of work is done. The movement is from a
zone where the free energy of water is high (standing water table} to one where the free energy is low (a dry
soil). This is called soil water energy concept.
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Free energy of soil solids for water is affected by
i) Matric (solid) force i.e., the attraction of the soil solids for water (adsorption} which markedly reduces the
free energy (movement} of the adsorbed water molecules.

ii) Osmotic force i.e., the attraction of ions and other solutes for water to reduce the free energy of soil
solution. Matric and Osmotic potentials are negative and reduce the free energy level of the soil water. These
negative potentials are referred as suction or tension.

iii) Force of gravity: This acts on soil water, the attraction is towards the earth's centre, which tends to pull the
water down ward. This force is always positive. The difference between the energy states of soil water and
pure free water is known as soil water potential. Total water potential (Pt} is the sum of the contributions of
gravitational potential (Pg), matric potential (Pm) and the Osmotic potential or solute potential (Po).

Pt = Pg + Pm + Po

Potential represents the difference in free energy levels of pure water and of soil water. The soil water is
affected by the force of gravity, presence of soil solid (matric) and of solutes.

Methods of expressing suctions: There are two units to express differences in energy levels of soil water.
i) PF Scale: The free energy is measured in terms of the height of a column of water required to produce
necessary suction or pressure difference at a particular soil moisture level. The pF, therefore, represents the
logarithm of the height of water column (cm) to give the necessary suction.

ii) Atmospheres or Bars: It is another common mean of expressing suction. Atmosphere is the average air
pressure at sea level. If the suction is very low as occurs in the case of a wet soil containing the maximum
amount of water that it can hold, the pressure difference is of the order of about 0.01 atmospheres or 1 PF
equivalent to a column of water 10 cm in height.

Similarly, if the pressure difference is 0.1 atmosphere the PF will be 20. Soil moisture constants can be
expressed in term of PF values. A soil that is saturated with water has PF 0 while an oven dry soil has a PF 7.
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W

ays to Retain Water in Soil
1. Cohesion and adhesion forces: These two basic forces are responsible for water
retention in the soil. One is the attraction of molecules for each other i.e., cohesion. The
other is the attraction of water molecules for the solid surface of soil i.e. adhesion. By

adhesion, solids (soil) hold water molecules rigidly at their soil - water interfaces. These water molecules in
turn hold by cohesion. Together, these forces make it possible for the soil solids to retain water.

2. Surface tension: This phenomenon is commonly evidenced at water- air interfaces. Water behaves as if its
surface is covered with a stretched elastic membrane. At the surface, the attraction of the air for the water
molecules is much less than that of water molecules for each other. Consequently, there is a net downward
force on the surface molecules, resulting in sort of a compressed film (membrane) at the surface. This
phenomenon is called surface tension.

3. Polarity or dipole character: The retention of water molecules on the surface of clay micelle is based on the
dipole character of the molecule of water. The water molecules are held by electrostatic force that exists on
the surface of colloidal particles. By virtue of their dipole character and under the influence of electrostatic
forces, the molecules of water get oriented (arranged) on the surface of the clay particles in a particular
manner.

Each water molecule carries both negative and positive charges. The clay particle is negatively charged. The
positive end of water molecule gets attached to the negatively charged surface of clay and leaving its negative
end outward.

The water molecules attached to the clay surface in this way present a layer of negative charges to which
another layer of oriented water molecules is attached. The number of successive molecular layers goes on
increasing as long as the water molecules oriented.

As the molecular layer gets thicker, orientation becomes weaker, and at a certain distance from the particle
surface the water molecules cease to orientate and capillary water (liquid water) begins to appear. Due to the
forces of adsorption (attraction) exerted by the surface of soil particles, water gets attached on the soil
surface. The force of gravity also acts simultaneously, which tries to pull it downwards. The surface force is far
greater than the force of gravity so water may remain attached to the soil particle. The water remains attached
to the soil particle or move downward into the lower layers, depending on the magnitude of the resultant
force.
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THE ROLE OF CAPILLARY ACTION IN THE TRANSFERENCE AND STORAGE OF WATER
TIME: 180 MINUTES

W

ACTIVITY: SELF & GROUP

hat is Capillary action?
Capillary action is the result of
adhesion and surface tension.
Adhesion of water to the walls of a

vessel will cause an upward force on the liquid at the
edges and result in a meniscus which turns upward. The
surface tension acts to hold the surface intact, so
instead of just the edges moving upward, the whole
liquid surface is dragged upward.

Even if you've never heard of capillary action, it is still
important in your life. Capillary action is important for
moving water (and all of the things that are dissolved in it) around. It is defined as the movement of water
within the spaces of a porous material due to the forces of adhesion, cohesion, and surface tension.

Capillary action occurs because water is sticky; thanks to the forces of cohesion (water molecules like to stay
close together) and adhesion (water molecules are attracted and stick to other substances). Adhesion of water
to the walls of a vessel will cause an upward force on the liquid at the edges and result in a meniscus which
turns upward.

The surface tension acts to hold the surface intact. Capillary action occurs when the adhesion to the walls is
stronger than the cohesive forces between the liquid molecules. The height to which capillary action will take
water in a uniform circular tube (picture to left) is limited by surface tension and, of course, gravity.

Not only does water tend to stick together in a drop, it sticks to glass, cloth, organic tissues, soil, and, luckily, to
the fibers in a paper towel. Dip a paper towel into a glass of water and the water will "climb" onto the paper
towel. In fact, it will keep going up the towel until the pull of gravity is too much for it to overcome.
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Not only does water tend to stick together in a drop, it sticks to glass, cloth, organic tissues, soil, and, luckily, to
the fibers in a paper towel. Dip a paper towel into a glass of water and the water will "climb" onto the paper
towel. In fact, it will keep going up the towel until the pull of gravity is too much for it to overcome.

When you spill your glass of Coke (which is, of course, mostly water) on the kitchen table you rush to get a
paper towel to wipe it up. First, you can thank surface tension, which keeps the liquid in a nice puddle on the
table, instead of a thin film of sugary goo that spreads out onto the floor. When you put the paper towel onto
your mess the liquid adheres itself to the paper fibers and the liquid moves to the spaces between and inside
of the fibers.

Plants and trees couldn't
thrive without capillary
action. Plants put down
roots into the soil which is
capable of carrying water
from the soil up into the
plant. Water, which
contains dissolved
nutrients, gets inside the
roots and starts climbing up
the plant tissue. As water
molecule #1 starts
climbing, it pulls along
water molecule #2, which,
of course, is dragging water molecule #3, and so on.

Capillary action is also essential for the drainage of constantly produced tear fluid from the eye. Two tinydiameter tubes, the lacrimal ducts, are present in the inner corner of the eyelid; these ducts secrete tears into
the eye. (Wikipedia)

Maybe you've used a fountain pen.... or maybe your parents or grandparents did. The ink moves from a
reservoir in the body of the pen down to the tip and into the paper (which is composed of tiny paper fibers and
air spaces between them), and not just turning into a blob. Of course gravity is responsible for the ink moving
"downhill" to the pen tip, but capillary action is needed to keep the ink flowing onto the paper.
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Molecular Phenomena and Gravity
Water moves through soil by either the force of gravity
or by capillary action, depending on the volume of
water involved. Large volumes of water, which can be
roughly defined as anything between a raindrop and
the world's oceans, are influenced by the force of
gravity. Water moves down because its weight
responds to the pull of the gravitational force. In the
figure on the right water rises by capillary action as soil
dries.

Capillary action, on the other hand, causes water to
rise. Capillary action occurs in very narrow tubes or
channels. A liquid moves up a tube because of an
adhesive attraction between the water molecules and
the container. Capillary action occurs because of this
molecular adhesion. Molecular adhesion is the
phenomena that cause coffee to be drawn upward at
the sides of a cup, overcoming gravity's pull. A candle
wick moves molten wax (fuel) up to the flame by
capillary action. The figure on the right depicts seeds
that are sown at bare soil surface are dried out by sun
and wind, water then evaporates as it reaches the
surface.

The woven wick creates the many fine channels
necessary for the wax to move through by molecular
adhesion. In soil made up of fine particles, sufficiently
compacted, this capillary action works to move water
from a lower point to the surface. On the right, seeds
are rolled into soil. Top dressing protects seed from
sun and wind and allows air circulation. Rising water
stops at a boundary between soil and top dressing.
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A Two-Way Street
When water from rain or irrigation falls on the soil, gravity causes it to continue downward, percolating
through the soil to a lower level where it collects (top figure). In the next figure, the rain or irrigation has
stopped. The soil has begun to dry out. Capillary action begins as the tiny channels formed by the fine soil
particles regain their porosity. Water rises toward the surface of the soil.

If seeds are sown and lie on a bare soil surface, in the absence of precipitation, sun and air movement dry the
seeds even if they were previously watered. Moisture, that a germinating seed needs constantly, cannot reach
the seed. Water that migrates to the surface evaporates. Under these conditions germination can fail
completely.

To properly germinate, seeds should be surrounded by moist soil. So why not furrow the soil, bury the seeds
and wet it down? To take full advantage of water's tendency to rise to provide moisture between waterings,
the soil should not be disturbed.

If the soil compaction is broken, the particles are separated and the water has no way to move upward. If the
soil layer containing the seeds becomes too coarse from tilling, the seeds are isolated from moisture rising to
the surface. Water reaching the seeds then depends on water passing downward from irrigation or rain.

There are several problems with germinating seeds this way. The high water use is not only wasteful, it's
impractical. Overwatering will also leach nutrients out of the soil, nutrients that are necessary to starting a
good growth. In some areas where soil and water are high in salts, excess water will build up the salts in the
soil. Salty soil hinders the seed's ability to take up water through osmosis.

The fact that capillary action and molecular adhesion are stopped by coarse material can be put to use in
helping seeds germinate. The bottom figure shows an ideal condition. The seeds are sown and pressed into the
bare soil using a roller. A coarser top dressing is laid over the seeds.

Water passes down through the top dressing and seeks its lowest level, wetting the seeds as it passes. The top
dressing protects the wet seeds from being dried out by sun and wind. Water rises through the undisturbed
soil and reaches the level of the seeds where it stops.
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The top dressing, being coarser, won't support further rise so water collects at the boundary between the soil
and top dressing where the seeds are. Germination is enhanced and the plants get a healthy start. Moisture
balance is necessary for proper germination. Lots of water may not be enough if it doesn't reach the seeds.
Regular watering that replaces water runoff and evaporation will assure a good start for lawns, turf grass or
any other planting.
Try the following…
You can see capillary action in
action (although slowly) by
doing an experiment where
you place the bottom of a
celery stalk in a glass of water
with food colouring and watch
for the movement of the colour
to the top leaves of the celery.

You might want to use a piece
of celery that has begun to
whither, as it is in need of a
quick drink. It can take a few
days, but, as these pictures
show, the coloured water is
"drawn" upward, against the
pull of gravity. This effect
happens because, in plants,
water molecules move through
narrow tubes that are called
capillaries.
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THE ROLE THAT AERATION PLAYS IN THE MAINTENANCE OF SOIL FERTILITY
TIME: 100 MINUTES

W

ACTIVITY: SELF & GROUP

hat is aeration?
Aeration (gas exchange) can be defined as the process of replacing air in the soil with air
from the atmosphere. In well-aerated soil, air in the soil is similar in composition to air
above the soil. Poorly aerated soils contain a higher content of carbon dioxide and a lower

content of oxygen than the atmosphere above the soil. Aeration is important because plant roots and aerobic
soil organisms consume oxygen and release carbon dioxide during respiration.

Soil air is a continuation of the atmospheric air. Unlike the other components, it is constant state of motion
from the soil pores into the atmosphere and from the atmosphere into the pore space. This constant
movement or circulation of air in the soil mass resulting in the renewal of its component gases is known as soil
aeration.

Composition of Soil Air: The soil air contains a number of gases of which nitrogen, oxygen, carbon dioxide and
water vapour are the most important. Soil air constantly moves from the soil pores into the atmosphere and
from the atmosphere into the pore space. Soil air and atmospheric air differ in the compositions.

Soil air contains a much greater proportion of carbon dioxide and a lesser amount of oxygen than atmospheric
air. At the same time, soil air contains a far great amount of water vapour than atmospheric air. The amount of
nitrogen in soil air is almost the same as in the atmosphere.

Factors Affecting the Composition of Soil Air:
1. Nature and condition of soil: The quantity of oxygen in soil air is less than that in atmospheric air. The
amount of oxygen also depends upon the soil depth. The oxygen content of the air in lower layer is usually less
than that of the surface soil. This is possibly due to more readily diffusion of the oxygen from the atmosphere
into the surface soil than in the subsoil. Light texture soil or sandy soil contains much higher percentage than
heavy soil. The concentration of CO2 is usually greater in subsoil probably due to more sluggish aeration in
lower layer than in the surface soil.
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2. Type of crop: Plant roots require oxygen, which they take from the soil air and deplete the concentration of
oxygen in the soil air. Soils on which crops are grown contain more CO2 than fallow lands. The amount of CO2
is usually much greater near the roots of plants than further away. It may be due to respiration by roots.

3. Microbial activity: The microorganisms in soil require oxygen for respiration and they take it from the soil air
and thus deplete its concentration in the soil air. Decomposition of organic matter produces CO2 because of
increased microbial activity. Hence, soils rich in organic matter contain higher percentage of CO2.

4. Seasonal variation: The quantity of oxygen is usually higher in dry season than during the monsoon. Because
soils are normally drier during the summer months, opportunity for gaseous exchange is greater during this
period. This results in relatively high O2 and low CO2 levels. Temperature also influences the CO2 content in
the soil air. High temperature during summer season encourages microorganism activity which results in
higher production of CO2.

Exchange of Gases between Soil and Atmosphere
The exchange of gases between the soil and the atmosphere is facilitated by two mechanisms

1. Mass flow: With every rain or irrigation, a part of the soil air moves out into the atmosphere as it is
displaced by the incoming water. As and when moisture is lost by evaporation and transpiration, the
atmospheric air enters the soil pores. The variations in soil temperature cause changes in the temperature of
soil air. As the soil air gets heated during the day, it expands and the expanded air moves out into the
atmosphere. On the other hand, when the soil begins to cool, the soil air contracts and the atmospheric air is
drawn in.

2. Diffusion: Most of the gaseous interchange in soils occurs by diffusion. Atmospheric and soil air contains a
number of gases such as nitrogen, oxygen, carbon dioxide etc., each of which exerts its own partial pressure in
proportion to its concentration.

The movement of each gas is regulated by the partial pressure under which it exists. If the partial pressure on
one of the gases (i.e. carbon dioxide) is greater in the soil air than in the atmospheric air, it (CO2) moves out
into the atmosphere. Hence, the concentration of CO2 is more in soil air.
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On the other hand, partial pressure of oxygen is low in the soil air, as oxygen present in soil air is consumed as
a result of biological activities. The oxygen present in the atmospheric air (partial pressure of O2 is greater)
therefore, diffuses into the soil air till equilibrium is established. Thus, diffusion allows extensive movement
and continual change of gases between the soil air and the atmospheric air. Oxygen and carbon dioxide are the
two important gases that take in diffusion

Importance of Soil Aeration
1. Plant and root growth: Soil aeration is an important factor in the normal growth of plants. The supply
of oxygen to roots in adequate quantities and the removal of CO2 from the soil atmosphere are very
essential for healthy plant growth. When the supply of oxygen is inadequate, the plant growth either
retards or ceases completely as the accumulated CO2 hampers the growth of plant roots. The
abnormal effect of insufficient aeration on root development is most noticeable on the root crops.
Abnormally shaped roots of these plants are common on the compact and poorly aerated soils. The
penetration and development of root are poor. Such undeveloped root system cannot absorb
sufficient moisture and nutrients from the soil

2. Microorganism population and activity: The microorganisms living in the soil also require oxygen for
respiration and metabolism. Some of the important microbial activities such as the decomposition of
organic matter, nitrification, Sulphur oxidation etc depend upon oxygen present in the soil air. The
deficiency of air (oxygen) in soil slows down the rate of microbial activity. For example, the
decomposition of organic matter is retarded and nitrification arrested. The microorganism population
is also drastically affected by poor aeration.
3. Formation of toxic material: Poor aeration results in the development of toxin and other injurious
substances such as ferrous oxide, H2S gas, CO2 gas etc in the soil.
4. Water and nutrient absorption: A deficiency of oxygen has been found to check the nutrient and water
absorption by plants. The energy of respiration is utilized in absorption of water and nutrients. Under
poor aeration condition (this condition may arise when soil is water logged), plants exhibit water and
nutrient deficiency
5.

Development of plant diseases: Insufficient aeration of the soil also leads to the development of
diseases. For example, wilt of gram and dieback of citrus and peach.
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You are now ready to go through a check list. Be honest with yourself.
Tick the box with either a √ or an X to indicate your response.
•

I am able to identify the major soil types.

•

I am able to define the specific characteristics of each soil type.

•

I am able to evaluate the suitability of various soils for use in planting.

•

I am able to apply knowledge of soils in plant propagation and landscaping.

You must think about any point you could not tick. Write this down as a goal.
Decide on a plan of action to achieve these goals. Regularly review these goals.

My Goals and Planning:
_______________________________________________________________________
_______________________________________________________________________
_______________________________________________________________________
_______________________________________________________________________
_______________________________________________________________________
_______________________________________________________________________
_______________________________________________________________________
_______________________________________________________________________
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A person credited with this unit standard will be able to:
•

Identify common plants by their scientific names.

•

Describe the characteristics of the common plants.

•

Detail the environmental requirements of the common plants.

•

Recognize any specific needs of the common plants.

•

Utilize knowledge of common plants to successfully establish and maintain these in the landscape.
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CHARACTERISTICS AND GROWTH REQUIREMENTS OF TREES
TIME: 120 MINUTES

W

ACTIVITY: SELF & GROUP

hat is a tree?
A tree is a plant with a
single, thick woody stem or
trunk that grows to a large

size. The crown or canopy (the top) of the tree is
made up of a whole network of woody branches
which gradually get smaller and thinner towards
the edges. Some trees bear flowers, fruit or
berries on the tips of their smallest branches.

There are three main types of trees:
•

Evergreen trees.
These trees stay green all year and drop

a few leaves at a time.
•

Deciduous trees.
These trees drop all their leaves during
their dormant season, which is usually during the autumn/winter months. During the winter you can
see the branches of these trees clearly, because they drop all of their leaves over a period of 4 to 6
weeks.

•

Semi deciduous trees.
These trees often remain evergreen in warmer climates and drop some of their leaves in cooler
climates.

So why are trees important?
Trees are the most important plants in the landscape because they are the biggest plant in the garden and
because they live for longer than any of the other plants in the landscape. Do you know that many trees live
for longer than people?
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Trees:
•

Provide shade and shelter for people and wildlife. Evergreen trees provide shade all year and
deciduous trees provide shade in summer and sun in winter.

•

Trees provide shade and protection from the wind and frost for smaller plants.

•

Trees provide places for recreation, for example you can build tree- houses in trees, you can hang
rope-swings in trees and children can have lots of fun climbing up trees.

•

Trees provide oxygen for our world.

•

Trees bring nature into the city.

•

Trees provide fruit, berries and nut for people, animals and birds to eat.

•

Trees hide ugly views.

Identifying a tree
You need to be able to tell the difference between the different kinds of trees growing in the landscaped area
and how they grow so that you can:
•

Choose the right tree for your area.

•

Plant your tree in the right place.

•

Look after your tree properly.

To be able to do this, you need to know the about the growth habits of these and when we are speaking about
the growth habits of a tree we mean:

▪

Whether the tree is evergreen or deciduous?
Evergreen trees will give you a permanent effect in your garden, while deciduous trees will show you
seasonal changes and allow you to enjoy shade during the summer months and sun during the winter
months.

•

How big the tree will grow:
Trees grow to different sizes. Some trees are fast growing, while other trees grow more slowly. Some
trees will grow very big and can look or be too big for the landscaped area. Other trees will not grow
so big and can look too small in the landscaped area.

•

What kind of root systems the tree has:
Trees have different root systems and when you are choosing a tree you need to know which trees
have invasive root systems because these trees can cause a lot of damage to foundations, pools and
ponds and can lift paving. The root systems of some trees can block underground pipes. Other trees
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have root shallow root systems (surface roots) and these roots make it difficult to plant gardens
around and underneath these trees.
•

How much water the tree needs:
Some trees like to grow in dry conditions and don’t need a lot of water, while other trees need more
frequent watering and so you need to know how much and how often your tree will need to be
watered, so that you can plant them where their watering needs will be met and they can grow
healthy and strong.

•

Whether the tree likes to grow in the sun or the shade:
You need to know whether your tree likes to grow in sunny or shady areas, so that you can plant the
tree in the right position. Trees that are planted in the wrong position will grow slowly and can even
die.

•

Whether the tree bears flowers, fruit and seeds.
Although trees that bear fruit or berries look pretty in the landscaped area they can cause a big mess
and so you need to think about where you are planting these trees. If you plant these trees too close
to a pool or water feature you are going to end up with a big mess and lots of hard work to do. These
trees attract birds so bird droppings will be added to the mess.

•

Whether your tree is frost tolerant or not.
Although your tree may be semi-hardy, planted in cooler areas it can become semi-deciduous. Some
trees are tender to frost and may die if planted in a frosty area.

To be able to identify what kind of tree you have, you need to ask yourself some questions about the tree.
These questions will help you to work out what kind of tree you have.
Look at the tree:
•

Is it an evergreen or deciduous tree?

•

What kind of leaves does the tree have?
Look at the leaves of the tree. Are the leaves:
• Big or small?
• Glossy or hairy?
• Compound or simple?
• What is the colour of the leaves? (Dark green, light green, red, grey or variegated)
• Are the edges of the leaves smooth or serrated?
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•

What kind of bark does the tree have?
Look at the bark of the tree. Is the bark rough or smooth or hairy?
What is the colour of the bark? (Brown, white, grey or mottled)

•

•

Does the tree have thorns?

•

Does the tree bear flowers?
o

If your tree has flowers, what type of flowers does it have?

o

In what season do they flower?

o

What colours are the flowers?

Does the tree bear fruit?
If yes, what type of fruit? Besides edible fruit like oranges, lemons, apples, etc, trees also bear berries,
nuts and seeds. For example an oak tree bears acorns.

Ten common trees
Just like you have and I have our own
special names, plants also have
names. So that we don’t become
confused when we are talking about
the different plants, plants have Latin
(botanical names) and then common
names.

By knowing and using the plants Latin
name, people from different parts of
the country and from all over the
world will always know what plant
you are talking about.
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Latin names often describe the plant, for example:
•

Belula = birch

•

alba = white

•

“Pendulia” = pendulous (hanging branches)

•

Can you see this is a silver birch which has slightly weeping branches?

Latin names also help us to avoid making mistakes with common names in various languages, for example:
•

Viola wittrokiana is the Latin name.

•

Pansy is the common English name.

•

Gessigie is the common Afrikaans name.

So the Latin names of plants show us the plants:
Acanthaceae

Family

Acanthus

Genus

mollis

Species

(var.)

Variety

X

Hybrid

Subsp.

Subspecies

Group of related genera with similar major characteristics.
Group of one or many closely related plants to which species, cultivars
and varieties belong.
A group within a genus.
When species differ only in some minor definable characteristics from
the rest of the species.
The offspring of two plants of different species or genera; it does not
normally occur in nature.
Differs slightly from the species; has the same name as the species
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Let’s learn how to identify ten common trees as well as their growth habits that you can find growing, either in
your workplace or in the area that you live.

Latin Name:

Acer burgerianum

Common name:
Description:

Chinese Maple
This is a deciduous, quick growing

tree that likes to grow in full sun. The leaves of this tree
have a distinctly three lobed shape and change to lovely
colours in the autumn, just before the tree loses its leaves.
This tree has a single thick, smooth trunk which is brown in
colour and a rounded crown. It is an ideal tree to plant in
small gardens.
Size:

About 7x4m

Root activity:

Surface roots which are not

invasive
Watering needs:

Regular watering

Frost tolerant:

Hardy

Latin Name:

Acacia Xanthophloea

Common name:
Description:

Fever tree, Mooka-kwena Koors boom
This is a semi-

deciduous, fast growing tree that likes to
grow in full sun. The leaves of this tree are
small and finely textured. This tree has a
yellowish, green trunk and flat canopy and
on its braches you will see thorns. This tree
produces small yellow flowers in early
summer and is suitable for growing in large
gardens
Size:

About 14m x 7m

Root activity:

Tap root which is

not invasive
Watering needs:

Regular watering

Frost tolerant:

Tender
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Latin Name:

Betula pendula

Common name:
Description:

White Birch, Silver Birch
This is a gracious,

deciduous tree that grows at an average rate
and likes to grow in full sun. This tree has
medium sized shiny light green leaves in
spring which become dark green in summer.
The trunk and branches of this tree become
sliver/white as it ages, which makes it very
attractive looking, especially in winter. It is
an ideal tree for small garden, and can be
planted on its own or in groups
Size:

About 9m x 4m

Root activity:

Tap root which is

not invasive
Watering needs:

Regular deep

watering
Frost tolerant:

Hardy

Latin Name:

Caleodendrum capense

Common name:
Description:

Cape chestnut
This is a semi-deciduous,

slow growing tree that likes to grow in full sun. This
tree has a single grey trunk and elongated leaves that
are bright green in colour. This tree produces masses
of pink purple flowers in spring and the early part of
summer. Attracts birds, butterflies and game
Size:

About 12m x 4m

Root activity:

Tap root which is not invasive

Watering needs:

Once established can be

considered water wise
Frost tolerant:

Tender
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Latin Name:

Cussonia spicata

Common name:
Gewone kiepersol
Description:

Common cabbage tree,
This is an evergreen, fast

growing tree that likes to grow in full sun. This tree has
grey-green leaves. The bark of this tree is grey in
colour and very rough. The tree has an interesting
shape with long trunks and stems and a rounded
crown. This tree makes a good focal point, but is not
suitable for planting near buildings or structures
because of its invasive root system.
Size:

About 8m x 3,5m

Root activity:

Tap root which is invasive

Watering needs:

Drought tolerant

Frost tolerant:

Tender

Latin Name:
rotundifolia
Common name:
Mohlabaphala
Description:

Dombeya
Wild pear.
This is a

deciduous, slow growing tree that likes
to grow in full sun. This tree has sand
paper like round leaves and produces
masses of white to pale pink flowers on
its bare branches in the early spring. As
this tree matures it develops a single
thick, dark brown trunk. Attracts
butterflies, birds and wildlife.
Size:

About 8m x 4m

Root activity:

Tap root which

is not invasive
Watering needs:

Regular watering

Frost tolerant:

Semi-hardy
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Latin Name:

Ficus benjamina

Common name:
Description:

Weeping fig
This is an evergreen,

fast growing tree that likes to grow in fill sun
or in shady areas. This tree is grown in tropical
and semi-tropical areas and needs lots of
water. This tree can be grown as a pot plant, in
cooler climates. It has weeping branches of
green, glossy leaves and produces berries in
the late summer. This tree can develop single
or multiple light grey, smooth thick trunks.
Size:

About 15m x 6m

Root activity:

Invasive roots

Watering needs:

Regular deep watering

Frost tolerant:

Tender

Latin Name:

Magnolia grandiflora

Common name:
Description:

Magnolia
This is an evergreen,

slow growing tree that likes to grow either in
sun or semi-shade areas. This tree has glossy,
leathery leaves and produces large white
fragrant flowers in the spring. It has a single
thick, light grey trunk and grows into a
pyramid shape. It is an ideal tree for large
gardens.
Size:

About 8m x 4m

Root activity:

Spreading roots which

are not invasive
Watering needs:

Regular deep watering

Frost tolerant

Hardy
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Latin Name:

Podocarpus henkelii

Common name:
Henkel’s yellow
wood, Henkal-se-geelhout
Description:
This is an evergreen,
slow growing tree that likes to grow in full
sun. This tree has dark green, shining, fine,
needle-like leaves. It has a single, brown,
thick trunk that branches out from low down
and grows in a pyramid shape. Ideal for
growing in large gardens and can be grown in
pots.
Size:

About 20m x 6m

Root activity:

Tap root which is not

invasive
Watering needs:

Regular watering

Frost tolerant

Hardy

Latin Name:

Quercus palustrus

Common name:
Description:

Pin Oak
This is a deciduous,

slow growing tree that likes to grow in full
sun. This tree has light green serrated leaves
which turn shades of red. It produces acorns
in the autumn. It has a single, dark brown
trunk that has a rough texture. The tree
grows into a pyramid shape.
Size:

About 15m x 5m

Root activity:

Surface roots which

are not invasive
Watering needs:

Regular deep

watering
Frost tolerant:

Hardy
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CHARACTERISTICS AND GROWTH REQUIREMENTS OF SHRUBS
TIME: 120 MINUTES

W

ACTIVITY: SELF & GROUP

hat is a shrub?
A shrub is a bushy
plant which has many
woody stems growing

from its base. A shrub can sometimes be
pruned to have a single stem, but if it is left
alone it will always go back to being a
multi-stemmed, bushy plant. Shrubs make
up the widest range of plants in the
landscaped area and some shrubs have
interesting foliage whilst other shrubs produce seasonal fruits, flowers or berries.

There are two main kinds of shrubs:
•

Evergreen shrubs.
These shrubs stay green all year and drop a few leaves at a time.

•

Deciduous shrubs.
These shrubs lose all their leaves in the winter.

So why are shrubs important?
Shrubs can:
•

Hide ugly views in the landscaped area.

•

Provide privacy in the landscaped area.

•

Provide shelter and protections from sun, wind and rain for humans and wildlife.

•

Provide food in the form of fruit and berries.

•

Provide colour and fragrance in the landscaped area.

•

Provide texture and form in the landscaped area.
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Identifying a shrub
You need to be able to tell the difference between different kinds of shrubs and how they grow so that you:
•

Choose the right shrub for your area.

•

Plant your shrub in the right place.

•

Look after your shrub properly.

To be able to do this, you need to know the about the growth habits of your shrubs. When we are speaking
about the growth habits of a shrub we mean:
▪

Whether the shrub is evergreen or deciduous?
Evergreen shrubs will give you a permanent effect in your garden, while deciduous shrubs will give you
seasonal changes and allow you to enjoy shade during the summer months and sun during the winter
months.

• How big the shrub will grow:
Some shrubs are big and can grow up to 6 meters in height and other shrubs are small and only grow
up to 0,5 meters in height. If the shrub grows too big for your landscaped area it will be hard to
maintain and not look good but if your shrub is too small for your landscaped area you will not get the
effect that you want.
•

What kind of root systems the shrub has:
Shrubs, just like trees have different root systems and when you are choosing a shrub you need to
know which shrubs have invasive root systems that can cause damage to foundations, pools, ponds,
paving and pipes.

•

How much water the shrub needs:
Some shrubs like to grow in dry conditions and don’t need a lot of watering, while other shrubs need
more frequent watering. You need to know how much and how often your shrubs will need to be
watered so that you can plant your shrubs together with other plants that need the same amount of
watering and by doing this make sure that they grow healthy and strong.

•

Whether the shrub likes to grow in the sun or the shade:
Some shrubs like to grow in the sun, while other shrubs like to grow in the shade. You need to know
where you shrubs like to grow, so that you can plant them correctly. If you plant your shrubs in the
wrong place your shrubs will not grow and can even die.
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•

Whether the shrub bears flowers, fruit and seeds.
Although shrubs that bear fruit or berries look pretty in the landscaped area they can cause a big mess
and so you need to think about where you are planting these shrubs. If you plant these shrubs too
close to a pool or water feature you are going to end up with a big mess and lots of hard work to do.
These shrubs attract birds so you will have bird droppings adding to the mess.

•

Whether the shrub is frost tolerant or not.
Tender shrubs will never reach their full potential in a frosty area and can even die in these areas.

To be able to identify what kind of shrub you have, you need to ask some questions about the shrub. The
answers to these questions will help you to work out what kind of shrub you have. Look at the shrub:
•

Is it an evergreen or deciduous shrub?

•

What kind of leaves does the shrub have?
Look at the leaves of the shrub. Are the leaves:
•

Big or small?

•

Smooth or hairy?

•

Compound or simple?

•

What is the colour of the leaves? (Dark green, light green, red, grey or variegated)

•

Are the edges of the leaves smooth or serrated?

•

Does the shrub have thorns?

•

Does the shrub bear flowers?
o

If your shrub has flowers, what type of flowers does it have?

o

What season does the shrub flower in?

o

What colours are the flowers?

o Are the flowers fragrant?
•

Does the shrub bear fruit?
o

If yes, what type of fruit?

o

What size is the fruit?

o

What colour is the fruit?

o

What season does the shrub bear fruit in?
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Fifteen common shrubs
Let’s learn how to identify fifteen common shrubs that you will find growing, either in your workplace or in the
area that you live.

Latin Name:

Abelia grandiflora

Common name:

Glossy abelia,

Blinkblaar abelia
Description:

This is a hardy,

evergreen, dense bushy shrub that grows at a
moderate rate and can be used for screening
and hedging. The leaves of this shrub are
small, glossy and dark green in colour. It
produces small white, bell-shaped flowers in
the summer and autumn and likes to grow in
full sun. It is an ideal shrub for small gardens.
Size:

About 1,8m x 1,5m

Root activity:

Spreading root systems which are not invasive

Watering needs:

Moderate watering

Frost tolerant:

Hardy

Latin Name:

Brunsfelsia pauciflora “Floribunda”

Common name:

Yesterday, today and tomorrow

Description:

This is a very well-known

and much loved semi-hardy, semi-deciduous shrub
that is not very fast growing and can be pruned into
hedges. The leaves of this shrub are medium sized
and light green in colour. This shrub produces
scented purple flowers that fade to white in spring
and likes to grow in sun or semi shade areas.
Size:

About 1,8m x 1,5m

Root activity:

Spreading root systems

which are not invasive
Watering needs:

Moderate watering

Frost tolerant:

Hardy
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Latin Name:

Bauhinia galpinii

Common name:

Pride of de kaap,

Vlam=van-die-vlakete, Motshwiriri
Description:

This is a dense

spreading, semi-hardy, fast growing,
deciduous shrub. The leaves of this shrub
are bi-lobed, leathery and light green in
colour. It produces rust red flowers from
summer to autumn and likes to grow in sun
or semi shade areas.
Size:

About 3m x 1,5

Root activity:

Spreading root

systems which are not invasive
Watering needs:

Water wise

Frost tolerant:

Semi-hardy

Latin Name:

Buddleja saligna

Common name:

False olive, Wit

olienhout
Description:

This hardy,

evergreen, fast growing shrub that likes
to grow in full sun. It has narrow, grey
green leaves and is sometimes used as a
small tree. This shrub produces fragrant,
small white/cream flowers in summer
and autumn and attracts birds,
butterflies and wildlife.
Size:

About 5m x 3m

Root activity:

Spreading root

systems which are not invasive
Watering needs:

Regular watering

Frost tolerant:

Hardy
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Latin Name:

Callistemon

endeavour
Common name:

Bottle brush,

Bottelborsel
Description:

This is another much

loved, hardy, evergreen, shrub that is fast
growing and has fine, leathery, lanceolate
shaped leaves. It produces red bottle brush
like flowers from spring through to summer
and likes to grow in full sun and well-drained
soil. Attracts butterflies, bees and birds.
Size:

About 4m x 1,5m

Root activity:

Spreading root

systems which are not invasive
Watering needs:

Water wise

Frost tolerant:

Hardy

Latin Name:

Camellia japonica

Common name:

Japonica

Description:

This is a hardy,

evergreen, slow growing shrub. The leaves of
this shrub are dark green and glossy. It
produces a range of single and double flowers
in winter which can be white, pink or red in
colour. This shrub likes to grow in partial sun
and shade areas.
Size:

About 4m x 3m

Root activity:

Spreading root

systems which are not invasive
Watering needs:

Likes plenty water

Frost tolerant:

Hardy
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Latin Name:

Cuphea hyssopifolia

Common name:

False heather

Description:

This is a small compact, evergreen, fast growing shrub which is tender to frost. This

shrub has dense fine leaves.
It can be used as a plant
border and looks very
attractive when planted in
mass groupings. It produces
small lilac or white flowers
from spring to autumn and
likes to grow in full sun.
Size:
About 40 cm x 40 cm
Root activity:
Spreading root
systems which are not
invasive
Watering needs:

Moderate watering

Frost tolerant:

Tender

Latin Name:

Duranta

Common name:

“Sheenas gold”,

Golden dewdrop
Description:

This is a dense, fast

growing, semi-hardy, evergreen shrub
which is well suited to pruning and
hedging. This shrub has yellow leaves. It
produces small blue flowers and likes to
grow in sun or semi-shade areas.
Size:

About 2m x 1,5m

Root activity:

Spreading root

systems which are not invasive
Watering needs:

Moderate watering

Frost tolerant:

Tender
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Latin Name:

Gardenia augusta

Common name:

Gardenia,

Katjiepiering
Description:

This slow growing,

hardy, evergreen shrub has dark green glossy
leaves. It produces large white fragrant
flowers from spring to autumn and likes to
grow in partial shade.
Size:

About 2m x 1,5m

Root activity:

Shallow, adventitious

roots which are not invasive
Watering needs:

Regular deep

watering
Frost tolerant:

Tender

Latin Name:

Hibiscus

rosa-sinensis
Common name:

Hibiscus

Description:

This

shrub is a well-known semi-hardy,
evergreen, fast growing favourite
and is suitable for planting in
pots. This shrub produces big
bright pink, white, yellow, orange
or red flowers throughout the
year and likes to grow in sun or
semi-shade areas.
Size:

About 2m

x 1,5m
Root activity:

Spreading root systems which are not invasive

Watering needs:

Regular watering

Frost tolerant:

Tender
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Latin Name:

Hydrangea macrophylla

Common name:

Christmas flower, Krismis-roos

Description:

This is an attractive,

hardy, fast growing, deciduous shrub that
develops a round shape and looks good
when planted in mass groupings and is also
suitable for planting in pots. The leaves of
this shrub are large and light green with
slightly serrated edges and prominent veins.
It produces white and blue flowers in
summer and likes to grow in semi-shade
areas.
Size:

About 1,5m x 1,5m

Root activity:

Spreading root

systems which are not invasive
Watering needs:

Likes lots of water

Frost tolerant:

Hardy

Latin Name:

Makaya bella

Common name:

River bells,

Bosklokes
Description:

This fast growing,

evergreen shrub has lovely dark green,
glossy leaves and is great for planting in
mass groupings or being planted as a
hedge. This shrub produces white flowers
in summer and likes to grow in shade
areas.
Size:

About 2m x 1,5m

Root activity:

Spreading root

systems which are not invasive
Watering needs:

Likes lots of

water
Frost tolerant:

Semi-hardy

Training Provider Accreditation Number: AGRI/c prov/0282/10
NPO Registration Number: 030-972

Latin Name:

Plumbago auriculata

Common name:

Cape –forget-me-not, Kaapse vergeet-my-nie

Description:

This fast

growing, semi-hardy, evergreen
shrub is well suited to hedging. The
leaves of this shrub are small and
light green in colour. It produces
blue flowers in spring and autumn
and likes to grow in sun or semishade areas.
Size:

About 1,5m

x 1,5m
Root activity:

Spreading

root systems which are not invasive
Watering needs:

Water wise

Frost tolerant:

Semi-hardy

Latin Name:

Polygala myrtifolia

Common name:

Wild violet,

Bloukappie
Description:

This is a fast

growing, semi-hardy, compact and
evergreen shrub. The leaves of this
shrub are medium sized, smooth and
light green in colour. It produces blue
to purple flowers from autumn to
summer. Attracts insects. This shrub
likes to grow in full sun.
Size:

About 2m x

2m
Root activity:

Spreading

root systems which are not invasive
Watering needs:

Regular watering

Frost tolerant:

Semi-hardy
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Latin Name:

Tecoma capensis

Common name:

Cape honeysuckle, Kaapse kanferfoelie, Morapa sitsane

Description:

This

is a fast growing, semi-hardy,
evergreen shrub that is
excellent for hedging but has
a tendency to ramble if left
un-pruned. This shrub has
glossy leaves and produces
orange, yellow and red
flowers in spring and autumn.
Attracts birds, wildlife and
insects. This shrub likes to
grow in full sun.
Size:
About 3m x 2m
Root activity:
Spreading root
systems which are not
invasive
Watering needs:
Regular watering
Frost tolerant:

Semi-hardy
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CHARACTERISTICS AND GROWTH REQUIREMENTS OF CLIMBING PLANTS
TIME: 120 MINUTES

C

ACTIVITY: SELF & GROUP

limbing plants for walls and fences
Climbers are a versatile group of plants - use climbing plants to cover fences, walls, trellis, arches
or obelisks! You can also train certain shrubs as ‘wall shrubs’ for the same effect.

Climbers are great for screening unsightly areas of the garden, brightening up bare walls and adding height to
your borders. We’ve put together a list of climbing plants for shade and sun so whatever surface you’re trying
to cover you will find something suitable here!

Supporting climbing plants
Some climbers such as Ivy and
Virginia creeper will cling to
surfaces naturally via aerial roots
but twining climbers such as
Honeysuckle and Clematis will
need a framework to scramble
over. Wall shrubs don’t climb
naturally and will need training
and tying in to a support.

All climbing plants will need some
training initially. When planting your new climber or shrub, make sure you plant it 30-45cm away from the
base of a wall or fence so the rain can reach the roots of the plant.

Use a series of horizontal or vertical wires, or a trellis attached to the wall to provide support for your climbing
plants. Tie in new shoots with soft garden twine. Garden structures for climbing plants need to be strong and
secure as plants can become very heavy with age.
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Climbing plants for containers
Both annual and perennial climbing plants can be grown in a container. Good annual climbing plants include
Sweet peas, Black-eyed Susan, Morning Glory and Nasturtiums. Perennial climbing plants generally become
fairly large as they mature so need careful training when grown in a container. For suitable climbing plants for
patios take a look at the tables below. For further cultivation advice about growing your climber in a container
refer to the individual product pages.

Climbing plants for east-facing and north-facing walls
North-facing walls are sunless and cold places creating less-than-ideal growing conditions. However there are a
number of plants able to cope with these conditions well. East-facing walls can also be quite cold as they only
receive morning sunlight; however this extra sunlight allows you to grow a wider choice of plants.

Take care when choosing plants for east-facing walls as the early morning sunlight in the winter and spring can
cause damage to frozen buds and leaves. Rapid thawing of the buds and leaves can cause cell damage resulting
in browning or withering. Evergreen climbing plants and shrubs such as Camellias are particularly susceptible
to this.

Climbing plants for south and west-facing walls
In contrast to North-facing walls, South and west-facing walls are warm and bright. A south-facing wall will
absorb the heat of the sun throughout the day and retain it through the night making these ideal locations for
less hardy plants such as Ceanothus (Californian Lilac), Abutilon and Passion flower. Winter-flowering climbing
plants, and wall shrubs such as Silk-tassel bush (Garrya) and Wintersweet (Chimonanthus), will also benefit
from the warmth early in the year and will flower more freely against a south or west-facing wall.

Why not try growing fruit against a sunny wall for a spectacular show of spring blossom and fresh home-grown
produce straight from your garden! Fruit trees can be trained as cordons, fans or espaliers to save space.

As the soil is prone to drying out in these hot locations ensure you dig in plenty of organic matter such as wellrotted manure or compost before planting. Mulching with organic matter or pebbles will also help to conserve
moisture during the summer. Many people attempt to grow climbing plants in their garden, only to ultimately
fail because they did not grow the right kind of plant for the environment they were attempting to grow in.

In order to bypass this problem, anyone growing these plants should familiarize themselves with the different
varieties available. The classification of plants is typically done by dividing them into categories based on how
they grow.
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The first category is those that grow by tendril. A tendril is a tiny growth of the plant that extends beyond the
plant's stem and wraps around nearby surfaces.

These types will grow best if they have a narrow structure to grow around, a good example of this type of plant
is peas. The second category includes plants that grow by twining. Twiners use their leaves and stems to grab a
nearby surface and "twine" around that surface. The best thing to keep in mind is that twiners are known for
needing heavy, to grow on, and have actually caused the collapse of porches and decks.

These types of plants have also been known to twine around other, nearby plants, killing them. When growing
twining plants, you must have and keep them well trimmed. A well-known example of twining plants is
Wisteria.

Scrambling plants are different from other climbing plants in that they merely use their branches or thorns to
"prop" themselves against another plant. If you are attempting to grow this type of plant, you will need one
that has training clips that can be used to help attach the scrambling plants to the trellis. Raspberries are a
great example of a scrambling plant.

Unlike scrambling plants, plants that grow on adhesive pads need very little help to grow and can become
quite invasive because of their hardiness. They have tendrils, but their tendrils come with small "adhesive"
pads that help them with their climbing efforts.

These plants can grow along almost anything, and the biggest challenge in growing them will be to keep them
well trimmed. The best example of a plant that grows through adhesive pads is Boston ivy. Like adhesive pad
climbers and growing twining plants, plants that grow by clinging stem roots can also be very destructive and
must be trimmed on a regular basis.

As the name suggests, clinging stem roots grow through the small roots that jet out from the stem itself. A
well-known example of this type of climbing plant is English ivy.

Ultimately, climbing plants can differ in their destructive capabilities, invasive properties, and ease of growth.
These factors should be taken into account before deciding what type of climbing plant to grow in any garden.
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A

ctivity in your groups
You will be given the names of 10 climbing plant species. You are required to identify the various
aspects of 5 of these, making use of the table below.

1. Aconitum hemsleyanum (Climbing Monk's
Hood)

6. Berberis
7. Cestrum parqui

2. Clematis alpine

8. Cytisus battandieri

3. Hydrangea petiolaris

9. Jasmine (Jasminum officinale)

4. Lonicera periclymenum 'Serotina'

10. Robinia hispida

5. Actinidia deliciosa

NO

LATIN

COMMON

NAME

NAME

DESCRIPTION

SIZE
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WATERING

FROST

NEEDS

TOLERANCE

CHARACTERISTICS AND GROWTH REQUIREMENTS OF GROUND COVERS
TIME: 120 MINUTES

W

ACTIVITY: SELF & GROUP

hat is a groundcover?
A groundcover is a low growing plant that spreads over and covers a large area of soil.
Some groundcovers are very low or flat growing and other groundcovers look more like a
shrub. If left undisturbed, groundcovers usually live for about four or five years, after

which you will need to lift them, divide them and replant them.

There are three main types of groundcover:
•

Those that grow from stolons (spreading roots below the soil surface), for example lawns and grasses.
These groundcovers stabilize the soil and help to prevent soil erosion.

•

Those that spread across the soil surface from one root system, for example gazenias. These ground
covers are grown for their attractive look in the garden and are often used to fill in gaps while other
plants are growing to their mature size.

•

Those that spread across the soil sending out new roots from their stems, for example ivy. These are
good stabilizers.

Just like trees and
shrubs, some
ground covers are
evergreen and
some are
deciduous. Some
groundcovers
become dormant
during the winter
months.

Training Provider Accreditation Number: AGRI/c prov/0282/10
NPO Registration Number: 030-972

So why are groundcovers important?
Groundcovers:
•

Spread across the soil, acting as a living mulch and so keep moisture in the soil and help to prevent
weeds from growing in the soil.

•

Keep the roots of trees and shrubs cool in summer and warm in winter.

•

Prevent soil erosion and stabilize slopes.

•

Can be used to fill empty gaps in the landscaped area.

•

Help to direct movement, on the ground.

Identifying a groundcover
You need to be able to tell the difference between the different kinds of groundcovers and how they grow so
that you can:
•

Choose the right groundcover for your area.

•

Plant your groundcover in the right place.

•

Look after your groundcover properly.

To be able to do this, you need to know about the growth habits of your groundcovers. When we are speaking
about the growth habits of a groundcover we mean:
•

How quickly the ground cover will grow:

Some ground covers are very fast growing and are often suited to areas where the soil needs to be stabilized
or covered for instant effect. Fast growing groundcovers sometimes become invasive and so will need regular
pruning. Slow growing groundcovers are not suitable where soil erosion is a problem, as they would take too
long to stabilize the soil.
•

How much water the groundcover needs:

You need to know how much and how often to water your groundcover so that it can grow healthy and strong.
Too much or too little water can slow down the growth of your groundcover and even cause it to die.
•

Whether your groundcover likes to grow in the sun or the shade:

Some groundcovers like to grow in full sun and some ground covers like to grow in shady areas. You need to
know where your groundcover likes to be planted, so that you can correctly plant your groundcover.
Groundcovers planted in the wrong area will not grow well and may even die.
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•

Whether or not the groundcover bears flowers, fruit and seeds.

Some groundcovers bear flowers and fruit and can look very beautiful in the landscaped area.
•

Whether the groundcover is frost tolerant or not.

To be able to identify what kind of groundcover you have, you need to ask some questions. The answers to
these questions will help you to work out what kind of groundcover you have.

Look at the groundcover:
•

How does it grow?

Is your groundcover spreading from one root system, spreading from stolons or spreading by making new
roots above the soil surface?
•

What kind of leaves does the groundcover have?

Look at the leaves of the groundcover. Are the leaves:
•

Big or small?

•

Smooth or hairy?

•

Compound or simple?

•

What is the colour of the leaves? (Dark green, light green, red, grey or variegated)

•

Are the edges of the leaves smooth or serrated?

•

Does the groundcover have thorns?

•

Does the groundcover bear flowers?

•

•

o

If your groundcover has flowers, what type of flowers does it have?

o

What season does it flower in?

o

What colours are the flowers?

o

Are the flowers fragrant?

Does the groundcover bear fruit?
o

If yes, what type of fruit?

o

What size is the fruit?

o

What colour is the fruit?

What season does the groundcover bear fruit in?
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F

ive common groundcovers
Let’s learn how to identify five common groundcovers that you find growing, either in your
workplace or in the area that you live. Once you have read through the names and descriptions of
the various plants, you are required to complete the table by adding a picture of the plant as well as

describe their watering needs and their frost tolerability:

Latin name:

Asparagus densiflorus ‘Sprengeni”

Common name:

Basket asparagus

Description:

This is very fast growing, compact groundcover that likes to grow in full sun or semi-

shade areas and once established is water wise. This groundcover has trailing, dark green, needle-like foliage
and makes a dense prickly groundcover that looks good in pots and hanging baskets. It produces white flowers
followed by red berries. Cut back frost damaged and old fronds to rejuvenate it.
Watering needs
Frost toleration
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Latin name:

Gazania hybrids Treasure plant

Common name:

Botter blom

Description:

This groundcover is low spreading and well suited to being planted in borders and

rockeries. It likes to grow in sun or semi-shade areas and is water wise. The leaves of this ground cover are flat
and glossy. They vary in colour from green to grey to variegated. It produces yellow to orange daisy like
flowers throughout the year. If over watered it dies back and needs cutting, also prune after heavy frost and
as the plant gets older to rejuvenate it.
Watering needs
Frost toleration

Latin name:

Metha requenii

Common name:

Corsican mint

Description:

This is a low growing herbaceous groundcover that likes to grow in sun or semi-shade

areas. Although this groundcover is slow to establish, it grows fast once it is established. It has light green,
softly textured leaves which have a strong mint fragrance. It has no specific pruning needs but should be lifted
and split as patches die off.
Watering needs
Frost toleration
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Latin name:

Ophiopogon japonicus

Common name:

Mondograss, Mondogras

Description

This is a slow growing, ornamental grass. The grass like leaves of this groundcover is

dark green in colour. It produces white flowers in summer and likes to grow in sun or shade areas. Once
established it can be easily split.
Watering needs
Frost toleration

Latin name:

Vinca major

Common name:

Periwinkle

Description:

This is a very fast growing groundcover that is ideal for use in landscaping because it

does not need too much attention. It will spread quickly and can become invasive if it is not controlled. The
leaves of this groundcover are medium sized and dark green in colour. It produces purple/blue flowers from
spring to summer and likes to grow in sun or shade areas. Cut back and split for control.
Watering needs
Frost toleration
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CHARACTERISTICS AND GROWTH REQUIREMENTS OF BEDDING PLANTS
TIME: 120 MINUTES

W

ACTIVITY: SELF & GROUP

hat is a bedding plant?
All bedding plants are annuals and an annual is a plant that completes its whole life cycle,
from germination to flowering, setting seed and dying, in one season. Annuals come in
many different sizes, colours and varieties and usually have masses of very showy flowers.

In a nursery they can be bought in
trays as seedlings or in bags as fully
grown plants.

So why are annuals important?
Annuals:
•

Are fast growing and can
be used to fill gaps in a
newly landscaped area.

•

Can bring instant colour
into a landscaped area.

•

Are often shallow rooted
and can be planted in
shallow soil.

•

Some have medicinal qualities.

•

Provide flowers which can be cut and placed in vases.

•

Can be planted in pots and hanging baskets.

•

Provide seasonal colour in the landscaped area.
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Identifying an annual
You need to be able to tell the difference between the different kinds of annuals and how they grow so that
you can:
•

Choose the
right annuals
for your area.

•

Plant your
annuals in the
right place.

•

Look after your
annuals
properly.

To be able to do this,
you need to know the
about the growth habits of your annuals. When we are speaking about the growth habits of annuals we mean:
•

How big the annuals will grow:

Some annuals grow very tall and so will need to be planted at the back of the flower bed, while other annuals
are small and so will need to be planted at the front of the flower bed.
•

When the annual will flower:

Because annuals complete their whole life cycle in one season they only provide colour in the garden for one
season. Planting them too early or too late in the season that they flower, will mean that you will not get to
enjoy a good show of colour in your landscaped area.
•

What colour the flower will be:

Annuals are grown specifically for their flowers. They come in many different colours and so they are often
used to create colour schemes in the landscaped area.
•

How much water the annuals will need:

Some annuals are more drought tolerant than others but generally annuals need frequent watering. You need
to know how much and how often your annuals will need to be watered so that you can grow them with other
plants that have the some watering needs and in this way make sure that they grow and produce lots of
flowers.
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•

Whether your annuals likes to grow in the sun or the shade:

You need to know whether your annuals can grow in the sun or shade because if you plant them in the wrong
area they may not flower and can even die.
•

Whether the annuals are frost tolerant or not.

Annuals that are frost tender will not grow or produce good flowers if they are planted in cool climates.

To be able to identify what kind of annuals you have, you need to ask some questions. The answers to these
questions will help you to work out what kind of annuals you have growing.

Look at the annuals:
•

What kind of leaves do the annuals have?

Look at the leaves of the annuals. Are the leaves:

•

•

Big or small?

•

Smooth or hairy?

•

Compound or simple?

•

What is the colour of the leaves? (Dark green, light green, red, grey or variegated)

•

Are the edges of the leaves smooth or serrated?

What kind of flowers do the annuals have?
o

What season do they flower in?

o

What colours are the flowers?

o

Are the flowers fragrant?
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Ten annuals
Let’s learn how to identify ten annuals that you will find growing, either in your workplace or in the area that
you live.

Latin Name:

Anthirrhinum majus

Common Name:

Snapdragon, Leeubekkie

Size:

About 25cm x 20cm

Watering Needs:

Regular watering

Frost tolerant:

Hardy

Description:

These compact, upright

annuals are planted in autumn and winter. They
produce flowers between winter and spring. The
leaves of this annual are small, oval and light green
in colour. The flowers come in a variety of colours
– red, yellow, coral, pink and white. These flowers
form in clusters along the stem and have petals
that open and close like a mouth which is where
they get their name from. They like to grow in full sun.

Latin Name

Calendula officinalis

Common Name

English marigold,

Gousblom
Size

About 35cm x 20cm

Watering Needs

Not too much water

Frost tolerant

Hardy

Description

This annual is planted in

autumn. This annual has a fleshy stem, covered
by hair and produces large open yellow and
orange flowers which look like daisies, from
winter through to spring; the leaves of this annual
are medium sized, green and slightly hairy. They
like to grow in full sun.
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Latin Name

Impatiens wallerana

Common Name

Busy lizzie, Water fushchia

Size

About 30cm x 20cm

Watering Needs

Very regular, deep

watering, these plants love water
Frost tolerant

Tender

Description

These annuals are

planted in spring when all danger of frost
has pasted and produce flowers during
spring through to autumn. The leaves of this
annual are small, fleshy and light green in
colour. They produce single or double
flowers that have petals placed in soft
whirls. The flowers come in a range of
colours – white, orange, red, lavender, pink
and purple. They like to grow in shady areas
or areas that get the morning sun.

Latin Name

Lathyrus odoratus

Common Name

Sweet pea, Pronkertjies

Size

About 50cm x 20cm

Watering Needs

Regular deep watering

Frost tolerant

Hardy

Description

These annuals are planted in

autumn and produce multicoloured flowers between
winter and spring. The flowers of this annual look similar to
the flowers produced by beans and peas and are born on
the end of long stalks. These flowers are very fragrant and
can be used as cut flowers. The leaves of this annual are
small, light green and often have tendrils to allow the plant
to climb up walls or fences. They like to grow in full sun and
prefer alkaline soils. Because they have deep roots the soil
must be well dug over. These annuals grow easily from
seed.

Training Provider Accreditation Number: AGRI/c prov/0282/10
NPO Registration Number: 030-972

Latin Name

Lobularia maritime

Common Name

Sweet alyssum, Honey flower, Heuning blom

Size

About 15cm x 10cm

Watering Needs

Regular watering

but will tolerate a mild drought
Frost tolerant

Hardy

Description

These annuals

can be planted in summer or winter
produce masses of small flowers
throughout the year and are often used
as a ground cover. The leaves of these
annuals are small, finely textured and
grey/green in colour. These annuals
produce tiny clusters of pink, white or
purple flowers which form a single head.
They like to grow in the sun or semi-shade areas and are easily grown from seed.

Latin Name

Papaver

nudicaule
Common Name

Iceland

Poppy, Ysland Papwer
Size

About 20cm

x 20cm
Watering Needs

Regular deep

watering
Frost tolerant

Hardy

Description

These

annuals are planted in autumn and
usually produce single, brightly
coloured (red, yellow or orange),
papery looking flowers with wide, open petals which are born on a single stem that cut and snap easily. They
produce flowers between winter and spring. The leaves of these annuals are large, hairy, green in colour and
have serrated edges. These annuals like to grow in full sun. They are good flowers to cut for the vase.
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Latin Name

Petunia hybrida

Common Name

Petunia, Oupa-se-hoed

Size

About 30cm x 20cm

Watering Needs

Regular watering but be careful not to over water because these plants can get a

disease called damping off.
Frost tolerant

Semi-hardy

Description

These are nice,

bushy annuals that can be planted
throughout the year but flower better
during the winter months. These
annuals produce single or double
flowers, which look like upside down
fairy hats and come in a range of colours
– red, pink, white, burgundy and purple.
These annuals flower throughout the
year. The leaves of these annuals are
medium sized, green in colour and
slightly hairy in texture with smooth edges. They like to grow in full sun.

Latin Name

Primula

malacoidies
Common Name

Fairy Primrose,

Sleutelblom
Size

About 30cm x

20cm
Watering Needs

Regular watering

Frost tolerant

Hardy

Description

These annuals

which are planted in autumn, produce
soft, delicate looking flowers from winter
to spring. Small clusters of flowers are
grouped together to form a single large head. These flowers come in a range of colours – white, lavender,
purple, pink and red. The leaves of these annuals are large medium to dark green and have frilly edges and a
hairy surface. They like to grow in shady areas.
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Latin Name

Tagetes erecta

Common Name

Marigold,

Afrikaners
Size

About 25cm x

20cm
Watering Needs

Once established,

fairly drought resistant
Frost tolerant

Hardy

Description

These bold,

upright annuals which are planted in
spring, produce flowers from summer
through to autumn. The flowers are made
up of tightly packed petals which form a single round shaped flower and are yellow, orange, red or bi-coloured.
The leaves of these annuals are very serrated, have a strong smell when crushed and are light green in colour.
They like to grow in full sun.

Latin Name

Viola wittrockiana

Common Name

Pansy, Gesiggies

Size

About 20cm x 15cm

Watering Needs

Regular deep watering

Frost tolerant

Hardy

Description

These annuals which are

planted in autumn, produce softly fragrant
flowers in winter through to spring but produce
the best flowers in winter. The flowers born on
short stalks usually have three large petals with a
face like pattern in the centre and come in a wide
range of varieties and colours and can be white,
yellow, blue, pink, burgundy, orange or cream.
These annuals are beautiful when planted in mass
groupings. The leaves of these annuals are
medium sized, light to dark green in colour and
have slightly serrated edges. During winter they like to grow in full sun and in summer in partial shade. They
produce the best flowers in winter.
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CHARACTERISTICS AND GROWTH REQUIREMENTS OF HERBACEOUS PLANTS
TIME: 120 MINUTES

W

ACTIVITY: SELF & GROUP

hat is an herbaceous plant?
Another word for a herbaceous plant is a perennial. A perennial is a plant that grows in
clumps or has a single crown and lives for a long period of time. Perennials produce
flowers for a certain season either winter or summer, but when the flowers die, the roots

live on to produce flowers for the next season. Some perennials dies back (become dormant) in winter and
others don’t. Some perennials need to be split or divided every three or four years depending on how thick
their clumps become.

Herbaceous plants can be
roughly divided into three
categories, herbaceous plants
that:
•

Reproduce from their
modified root systems:

These herbaceous plants have
modified roots such as
rhizomes and corns in which
the plant stores water and
nutrients. We call these plants,
bulbous plants, for example
Agapanthus sp.
•

Reproduce from stolons:

These herbaceous plants have roots that spread beneath the soil and it in this way give rise to new plants. For
example: Dierama sp.
•

Reproduce from a single root:

These herbaceous plants grow either from seed or cuttings. For example: Acanthus sp.
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So why are perennials important?
Perennials:
•

Can be used to fill in gaps between young trees and shrubs until they are mature.

•

Give value for money because they can be divided and multiplied easily.

•

Provide seasonal interest.

•

Prevent soil erosion.

•

Come in many different varieties and suit many different conditions and situation, with some providing
attractive flowers and leaves.

Identifying a perennial
You need to be able to tell the
difference between the different
kinds of perennials and how they
grow so that you can:
•

Choose the right perennials
for your area.

•

Plant your perennials in the
right place.

•

Look after your perennials
properly.

To be able to do this, you need to
know the about the growth habits of your perennials. When we are speaking about the growth habits of
perennials we mean:
•

How big the perennials will grow:

Some perennials grow very big and need a lot of space in the flower bed, while other perennials grow quite
small and so will take up less space in the flower bed.
•

What colour the flower will be:

Perennials are often used to create colour schemes in the landscaped area and bring in seasonal colour.
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•

How much water the perennial will need:

Some perennials are more drought tolerant than others. You need to know how much and how often your
perennials will need to be watered so that you can grow them with other plants that have the same watering
needs and in this way make sure that they grow and produce lots of flowers.
•

Whether your perennials like to grow in the sun or the shade:

You need to know whether your perennials can grow in the sun or shade because if you plant them in the
wrong area they may not flower and can even die.
•

Whether your perennials are frost tolerant or not.

Perennials that are frost tender will not grow or produce good flowers and foliage if they are planted in cool
climates.

To be able to identify what kind of perennial you have, you need to ask some questions. The answers to these
questions will help you to work out what kind of perennials you have growing.

Look at the perennials:
•

What kind of leaves do the perennials have?

Look at the leaves of the perennials. Are the leaves:

•

•

Big or small?

•

Smooth or hairy?

•

Compound or simple?

•

What is the colour of the leaves? (Dark green, light green, red, grey or variegated)

•

Are the edges of the leaves smooth or serrated?

What kind of flowers do the perennials have?
o

What season do they flower in?

o

What colours are the flowers?

o

Are the flowers fragrant?
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T

en perennials
Let’s learn how to identify ten perennials that you will find growing, either in your workplace or in
the area that you live.

Latin Name

Acanthus mollis

Common Name

Wild rhubarb

Size

About 1m x 1m

Watering Needs

Regular watering

Frost tolerant

Semi-hardy

Description

This quick growing

perennial is grow mainly for its leaves which
are big, glossy and dark green It produces
white flowers, in the summer months which
should be cut out to prevent the leaves from
flopping. This perennial likes to grow in
shade or areas that receive the morning sun.
This plant looks great when it is planted in mass groupings.

Latin Name

Agapanthus praecox

Common Name

Lady of the Nile, Nyl

Lelie
Size

About 50 cm x 30cm

Watering Needs

Drought resistant

once established
Frost tolerant

Hardy

Description

This is a quick

growing perennial that grows into big green
clumps and needs to be split about every
three years. This perennial likes to grow in
sunny or shady areas and has evergreen,
coarse, strap, shaped leaves with tall flower stems which bear blue or white flowers, in the summer. This plant
looks great when it is planted in mass groupings.
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Latin Name

Alstromaria hybrids

Common Name

Peruvian lilly, Inkalilly

Size

About 1m x 50cm

Watering Needs
Regular watering
Frost tolerant
Hardy
Description

This

is a quick growing bulbous
perennial that is dormant
during the winter months
and so you need to mulch to
protect the bulbs during the
winter months. This
perennial likes to grow in
sunny or semi-shady areas. It
has medium sized fleshy
leaves and produces red,
pink, white or yellow flowers, in the summer.

Latin Name

Canna hybrid

Common Name

Indian shot

plant
Size

About 1,5m x

1,5m
Watering Needs

Drought

resistant once established
Frost tolerant

Semi- hardy

Description

This is a quick

growing perennial that has large
leaves which range from light green
to grey to variegated and is semi-dormant during the winter months. This perennial likes to grow in sun or
semi-shade areas. It produces pink, red, yellow or apricot flowers, in the summer. This plant looks great when
it is planted in mass groupings or on its own and is lovely for height in the landscaped area.
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Latin Name

Clivia

miniata
Common Name

Bush lilly,

Boslelie
Size

About

50cm x 50cm
Watering Needs

Drought

resistant once established
Frost tolerant

Semi-

hardy
Description

This is a

slow growing perennial that likes
to grow into big green clumps
and enjoys being root bound, so
don’t divide too often. This perennial likes to grow in shady areas. It has evergreen, coarse, strap, shaped
leaves with tall flower stems and bears bright orange flowers, in the spring followed by red berries.

Latin Name

Dierama

pendulum
Common Name

Hairbells,

Grasklokkie
Size

About 1m x

50cm
Watering Needs

Regular

watering
Frost tolerant

Semi-hardy

Description

This is a slightly

delicate perennial that likes to grow in
sunny or shady areas. It has evergreen,
fine grass-like leaves and produces
purple flowers, in the spring.
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Latin Name

Dietes

grandiflora
Common Name

Wild iris,

Wilde iris
Size

About

60cm x 40cm
Watering Needs

Water wise

Frost tolerant

Hardy

Description

This quick

growing perennial makes a good
groundcover and controls soil
erosion. It needs to be split from
time to time. This perennial likes to
grow in sunny or shady areas. It
has fine, ribbon-like leaves and
produces white flowers which have a blue centre, in the summer. This plant looks great when it is planted in
mass groupings and once established is water wise.

Latin Name
Hemerocallis hybrid
Common Name

Day lilly,

Daglelie
Size

About

40cm x 40cm
Watering Needs

Water wise

Frost tolerant

Hardy

Description

This quick

growing perennial has light green
strap-like leaves which are
evergreen or semi-evergreen. In
the summer it produces brightly coloured flowers which come in a wide range of colours for example yellow,
orange, apricot, pink or red. This perennial likes to grow in full sun. This plant looks great when it is planted in
mass groupings.
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Latin Name

Hosta hybrids

Common Name

Plantain lilly

Size

About 50cm x 50cm

Watering Needs

Likes lots of water

Frost tolerant

Hardy

Description

This is a quick

growing perennial that is dormant during
the winter months and so you need to
mulch to protect the bulbs during the winter
months. This perennial likes to grow in
shady areas. This plant is grown mainly for
its beautiful foliage and has large smooth
textured leaves ranging from light green to
grey to variegated. It produces white and
mauve flowers, in the summer months. This
plant looks great when it is planted in mass
groupings

Latin Name

Limonium perezii

Common Name

Paper flower, Papier

blom
Size

About 50cm x 30cm

Watering Needs

Water wise

Frost tolerant

Semi-hardy

Description

This is a quick

growing perennial that flowers on and off
throughout the year, producing long lasting
blue/purple papery flowers. This perennial
has large blue-green leaves and likes to grow
in sunny or semi-shady areas. It produces
red, pink, white or yellow flowers, in the
summer. This plant looks great when it is
planted in mass groupings and attracts insects.
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You are now ready to go through a check list. Be honest with yourself.
Tick the box with either a √ or an X to indicate your response.

□ I am able to identify common plants by their scientific names.
□ I am able to describe the characteristics of the common plants.
□ I am able to detail the environmental requirements of the common plants.
□ I am able to recognize any specific needs of the common plants.
□ I am able utilize knowledge of common plants to successfully establish and maintain these in
the landscape

You must think about any point you could not tick. Write this down as a goal.
Decide on a plan of action to achieve these goals. Regularly review these goals.

My Goals and Planning:
_______________________________________________________________________
_______________________________________________________________________
_______________________________________________________________________
_______________________________________________________________________
_______________________________________________________________________
_______________________________________________________________________
_______________________________________________________________________
_______________________________________________________________________
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A person credited with this unit standard will be able to:

□ Observe all the safety precautions and practices
□ Operate the various types of pest control applicators
□ Exercise due diligence to the environment when applying pest control
□ Identify the various types of chemical pest controls and their strategies
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HEALTH AND SADEFTY PRACTICES WHEN CONDUCTING PEST CONTROL
TIME: 180 MINUTES

W

ACTIVITY: SELF & GROUP

orkplace hazards
Workplace injury is a major cause of concern
for all involved in occupational health and
safety. The factors which cause workplace

accidents and occupational illnesses are called hazards. The need
for systematic management of OHS hazards and their attendant
risks applies to all organisations and all activities and functions
within an organisation.

It is important to distinguish between hazard, risk and exposure when undertaking risk management. Hazard is
the potential for harm, or adverse effect on an employee’s health. Anything which may cause injury or ill
health to anyone at or near a workplace is a hazard.

Risk is the likelihood that a hazard will cause injury or ill health to anyone at or near a workplace. The level of
risk increases with the severity of the hazard and the duration and frequency of exposure. Exposure occurs
when a person comes into contact with a hazard. Risk management is a four step
process
•

Identify the hazard

•

Assess the risk associated with the hazard

•

Control the risk

•

Review the process

The first and most important step in reducing the likelihood of an accident is hazard identification. This means
identifying all workplace situations or events that could cause injury or illness. The second step is an
assessment of the level of risk of the hazards you have identified. This step involves collecting information and
making decisions. It is important you consider the extent of the harm or consequence from a hazard and the
likelihood of harm occurring. If your assessment is that an unacceptable risk to health and safety exists, you
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must introduce controls to reduce the risk to an acceptable level. There are three categories of control
measures you might take.

You can
•

Eliminate the hazard

•

Minimise the risk

•

Introduce ‘back-up’ controls (when all other options in the previous categories have been exhausted).

The third step in effective risk management is to establish and maintain systems which give opportunity for
regular evaluation and review procedures. Evaluation means examining control measures to ensure risks are
eliminated or reduced and have not caused new hazards presenting unacceptable risk.

The review system applies to the overall risk management process and checks the process is working
effectively to identify hazards and manage risks.

Risk management is an organisational issue and a successful program requires the commitment and
cooperation of all. All program managers and their staff need to recognise the fundamental importance of
occupational health and safety risk management for it to work.

Best practice is embedding occupational health and safety risk management into daily usage at all levels of an
organisation. Achieving best practice is how you can integrate risk management principles and practices into
everyday business practice.

I

dentify the hazards
Hazard identification
The first step in reducing the likelihood of an accident is hazard identification. Hazard identification is

identifying all situations or events that could cause injury or illness. Eliminating or minimising workplace
hazards needs a systematic approach. It is essential to try and anticipate all possible hazards at the workplace known as the ‘what if?’ approach.

Hazards defined
A hazard is a source or potential source of human injury, ill health or disease. Anything which might cause
injury or ill health to anyone at or near a workplace is a hazard. While some hazards are fairly obvious and easy
to identify, others are not - for example exposure to noise, chemicals or radiation.
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Classes of hazard
Hazards are classified into five different types. They are:
•

Physical - includes floors, stairs, work platforms, steps, ladders, fire, falling objects, slippery surfaces,
manual handling (lifting, pushing, pulling), excessively loud and prolonged noise, vibration, heat and
cold, radiation, poor lighting, ventilation, air quality

•

Mechanical and/or electrical - includes electricity, machinery, equipment, pressure vessels, dangerous
goods, fork lifts, cranes, hoists

•

Chemical - includes chemical substances such as acids or poisons and those that could lead to fire or
explosion, cleaning agents, dusts and fumes from various processes such as welding

•

Biological - includes bacteria, viruses, mould, mildew, insects, vermin, animals

•

Psychosocial environment - includes workplace stressors arising from a variety of sources

Note that some physical and chemical hazards can lead to fire, explosion and other safety hazards.

Methods for identifying hazards
The first step in control of a hazard is to identify and list them. There are many methods which are useful for
identifying hazards, including:
•

Injury and illness records - review your workers’ compensation data and check the incidence,
mechanism and agency of injury, and the cost to the organisation. These statistics can be analysed to
alert the organisation to the presence of hazards

•

Staying informed on trends and developments in workplace health and safety, for example via the
internet or OHS publications

•

Reviewing the potential impact of new work practices or equipment introduced into the workplace in
line with legislative requirements

•

Doing walk-through surveys, inspections or safety audits in the workplace to evaluate the
organisation’s health and safety system

•

Considering OHS implications when analysing work processes

•

Investigating workplace incidents and ‘near hits’ reports - in some cases there may be more than one
hazard contributing to an incident

•

Getting feedback from employees can often provide valuable information about hazards, because they
have hands-on experience in their work area

•

Consulting with employees, health and safety representatives and OHS Committee members

•

Benchmarking against or liaising with similar workplaces
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Summary of key points
•

Conduct regular, systematic inspections of the workplace.

•

Observe what hazards exist in the workplace and ask, ‘what if?’

•

Listen to feedback from the people performing work tasks.

•

Maintain records of the processes used to identify hazards.

•

Talk to your health and safety representatives.

Let’s take a look at some examples:

Workplace Hazards in automotive repair and service which facilitates training
Students must be given instruction, and must be supervised at all times. Consideration must always be given to
hazards when allocating tasks. If any risk exists, students must NOT undertake the activity.
Hazard
Fixed plant
including
automotive
hoist

Powered
mobile plant
including cars

Powered and
other handtools
Noise and
vibration

Possible Harmful
Effects
Laceration
Operator being pinned
down/crushed

Operator being rolled
on or pinned
underneath. Other
workers being struck,
crushed or pinned
below
Laceration and
amputation.
Manual handling
injuries.
Hearing loss

Possible Employer Action to
Prevent Injury / Illness
 Undertake risk assessment of all
plant, equipment and tools
 Put in place appropriate
controls, e.g. machine guarding
 Provide training on safe use
 Develop and implement
maintenance regime.
 Provide appropriate personal
protective equipment (PPE)
NOTE: Students must NOT operate
automotive hoists
Students must NOT operate or ride
on mobile plant

Preventative Action Students Can
Take
 Observe risk controls, e.g.
machine guarding
 Use plant strictly according to
your training
 Use PPE provided

Students must NOT operate
powered tools
 Provide instruction in the safe
use of hand tools
 Maintain plant and equipment
to reduce noise and to limit
vibration
 Provide hearing protection

Students must NOT operate
powered tools
 Use hand tools carefully,
according to instructions
 Follow safe work procedures
 Wear PPE (hearing protection)
provided

NOTE: Students must NOT operate
automotive hoists

Students must NOT operate or ride
on mobile plant
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Hazard
Petrol,
solvents,
degreasers,
paints

Cleaning
products

Possible Harmful
Effects
Skin contact may cause
irritation or dermatitis.
Vapours may cause
headaches or other
respiratory problems.
Long-term exposure
may cause chronic
effect

Manual
handling
(bending,
reaching,
stretching,
pulling,
lifting,
repetitive
motions,
awkward
working
posture)
Hot working
conditions

Musculoskeletal injuries

Working at
heights

Falls from heights –
potential for fatality or
serious injury
Musculoskeletal
injuries, including
sprains and strains
Emotional stress, fear
and anxiety, physical
illness

Sexual
harassment,
work place
bullying

Possible Employer Action to
Prevent Injury / Illness
 Use least hazardous product for
the task
 Provide Material Safety Data
Sheets (MSDS)
 Observe safe storage and
handling practices Provide
adequate ventilation
 Provide training in use of fire
protection equipment
 Document and practise
emergency procedures
 Provide appropriate PPE
 Use mechanical aids where
practicable
 Adopt safe system of work
 Use team lifting

Heat stress, dehydration  Provide regular rest breaks

Students must NOT work at heights
where there is any risk of a fall

 Establish work place policy
 Provide staff briefings or
training

Preventative Action Students Can
Take
 Read MSDS and follow safe
working instructions
 Use PPE provided to protect you
against hazardous substances

 Use mechanical aids provided
 Seek help when you think a
team lift is required
 Exercise: warm up/stretch
before starting work, and cool
down/stretch at end of the shift
or working day

 Dress appropriately for your
working conditions
 Take scheduled breaks
Students must NOT work at heights
where there is any risk of a fall

 Report any concerns
immediately
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Workplace Hazards in the hospitality industry which facilitates training
Students must be given instruction, and must be supervised at all times. Consideration must always be given to
hazards when allocating tasks. If any risk exists, students must NOT undertake the activity.
Possible Employer Action to
Preventative Action
Hazard
Possible Harmful Effects
Prevent Injury / Illness
Students Can Take
Cooking
Burns or electric shock
Students must not be allowed to
Students must not be
equipment –
cook without close supervision
allowed to cook without
oven, deep
 Fit guards around hot surfaces close supervision
fryers, hot plates,
 Maintain equipment, including  Follow safe work
grills
procedures
electrical testing and tagging
 Use PPE provided
 Provide training on safe use
 Provide personal protective
equipment (PPE)
Knives, slicers,
Cuts
Students must NOT use powered
Students must NOT use
powered cutting
cutting equipment
powered cutting machines
machines
Hot oil / grease
Burns
 Fit splash guards
 Use splash guards, lids
and covers provided
 Fit and use lids or covers
 Use PPE provided
 Use oil pans that dump
automatically
 Provide appropriate personal
protective equipment (PPE)
Slippery floors
Slips or falls
 Provide floor mats
 Wear non-slip shoes
 Require non-slip shoes
 Clean up spills quickly
Dishwashing
Skin contact may cause
 Use the least hazardous
 Use (PPE) when
products,
irritation or dermatitis
product for each job
provided – this could
sanitisers
Vapours/fumes may cause
include rubber gloves,
 Read labels and Material Safety
headaches or other respiratory
eye protection
Data Sheet (MSDS)
problems
 Read safety
 Provide appropriate PPE
Cleaning
Long-term exposure may cause
information on MSDS
products
chronic (on-going) effects
Contact with
Abuse, assault, robbery
 Provide adequate security
 Follow procedures
public
regarding security and
 Provide barriers if money is
contact with the public
handled
 Report any concerns
 Provide good outside lighting
immediately
 Schedule at least two people
per shift
 Arrange customer service and
emergency response training
Manual handling Musculoskeletal disorders
 Use mechanical aids
 Follow instructions and
(bending,
including sprains and strains
training
 Keep heavy items on lower
reaching,
shelves
 Use mechanical aids,
stretching,
stepladders where
 Encourage team lifting where
pulling, lifting,
provided
appropriate
repetitive
 Seek help when a team
motion)
lift is required
Exposure to
Blood-borne diseases
Students must NOT be exposed to
Students must NOT be
blood, needle
contaminated fluids
exposed to contaminated
sticks if cleaning
fluids
Harassment,
Emotional stress, fear and
 Establish work place policy
 Report any concerns
bullying
anxiety, physical illness
immediately
 Provide staff briefings/training
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Workplace Hazards in the office environment which facilitates training
Students must be given instruction, and must be supervised at all times. Consideration must always be given to
hazards when allocating tasks. If any risk exists, students must NOT undertake the activity.
Hazard
Possible Harmful Effects Possible Employer Action to
Preventative Action
Prevent Injury / Illness
Students Can Take
Electrical
Electric shock and burn
 Test, tag and inspect electrical
 Report any faulty item
equipment
injuries
equipment and appliances
immediately
regularly
Electrocution
 Ensure cords are not
frayed/defective and do not
Unsafe equipment could
pose tripping hazards
develop electrical shorts,  Provide training on use of fire
creating fire and/or
protection equipment
shock hazards
 Document and rehearse
emergency procedures
IncorrectlyMusculoskeletal
 Assess workstation layout to
 Adjust your
designed
disorders, including
minimise soft tissue injuries –
workstation to suit
workstations
Occupational Overuse
redesign may be required
your individual
Syndrome (OOS) –
characteristics – seek
 Adjust workstation to fit
chronic soft tissue injury
assistance if necessary
operator
Storage of items
Falls from heights when
 Provide training in safe storage  Store material
(shelves
storing / accessing
of items
according to your
materials
training
Poor lighting
Eye strain and irritation,
 Re-design poorly-lit
 Report any concern
Glare
fatigue, watering eyes
workstations
about your workstation
lighting
 Provide shades and task lamps
where practicable
Hazardous
Contact with hazardous
 Provide Material Safety Data
 Read MSDS and follow
substances and
substances could cause
Sheet (MSDS) for substances
safe working
dangerous
dermatitis, skin and eye
used in the workplace
instructions
goods, including
irritation
 Ensure First Aid arrangements
 Use PPE provided to
cleaning
Fumes or vapours could
are in place
protect you against
chemicals,
cause respiratory
hazardous substances
printer/
problem
photocopy
chemicals
Indoor air
Respiratory ailments
 Locate photocopiers in well
 Report any concerns
pollutants
ventilated areas and provide
immediately
appropriate local exhaust
ventilation
 Provide appropriate air
conditioning system
Manual handling Musculoskeletal
 Schedule regular breaks
 Use mechanical aids
(bending,
disorders, including
provided
 Use mechanical aids where
reaching,
sprains and strains
practicable
 Seek help when you
stretching,
think a team lift is
 Encourage team lifts where
pulling, lifting,
required
appropriate
repetitive
motions,
awkward
posture)
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Hazard

Possible Harmful Effects

Possible Employer Action to
Prevent Injury / Illness
 Select the quietest equipment
if possible
 Replace or isolate loud
equipment

Preventative Action
Students Can Take
 Report any concerns
immediately

Noise (including
printers,
telephones, fax
machines, and
noise from
outside, e.g.
construction)
Poorly
maintained
heating,
ventilation or air
conditioning
Sexual
harassment,
work place
bullying

Tension, stress

Thermal discomfort
Respiratory ailments
Legionnaire’s disease

 Ensure that
maintenance/inspection is
carried out and documented
regularly

 Report any concerns
immediately

Emotional stress, fear
and anxiety, physical
illness

 Establish work place policy
 Provide staff briefings or
training

 Report any concerns
immediately
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Workplace Hazards in a manufacturing industry which facilitates training
Students must be given instruction, and must be supervised at all times. Consideration must always be given to
hazards when allocating tasks. If any risk exists, students must NOT undertake the activity.
Hazard
Possible Harmful Effects Possible Employer Action to
Preventative Action
Prevent Injury / Illness
Students Can Take
Fixed plant
Amputation and
 Undertake risk assessment of
 Work strictly according
laceration
all plant and machines
to training and
instructions
 Put in place appropriate risk
Manual handling injuries
controls
 Do not operate any
plant in which you have
 Provide relevant training on
not been fully trained
safe use
 If you have any safety
 Develop and implement
concerns, notify your
maintenance regime. Ensure
supervisor
records are kept
immediately!
 Provide appropriate personal
protective equipment (PPE)
Powered mobile
Being struck, rolled or
Students must NOT operate mobile Students must NOT
plant including
pinned underneath –
plant
operate mobile plant
forklift
potential for fatality or
serious injury
Powered and
Laceration and
Students must NOT operate
Students must NOT
other hand-tools amputation
powered tools
operate powered tools
 Provide instruction in the safe
 Use hand tools
Manual handling injuries
use of tools
carefully, according to
instructions
Noise and
Hearing loss
 Maintain powered tools and
 Follow safe work
vibration
mobile plant to reduce noise
procedures
Musculoskeletal disorder
and to avoid excessive
 Wear PPE (hearing
vibration
protection) provided
 Provide PPE (hearing
protection)
Industrial
Skin contact may cause
 Use least hazardous products
 Read MSDS and follow
chemicals
irritation or dermatitis
Provide Material Safety Data
safe working
(hazardous
Vapours/fumes may
Sheets (MSDS)
instructions
substances)
cause headaches or other  Observe appropriate storage
 Use PPE provided to
respiratory problems.
and handling practices of
protect you against
Cleaning
Long-term exposure may
dangerous goods
hazardous substances
products
cause chronic effect
 Provide adequate ventilation
 Document and rehearse
emergency procedures
 Provide appropriate PPE
Manual handling Musculoskeletal
 Document safe work
 Use mechanical aids
(bending,
disorders including
procedures
provided
reaching,
sprains and strains
 Provide mechanical aids
 Seek help when you
stretching,
think a team lift is
 Provide training in safe manual
pulling, lifting,
required
handling techniques
repetitive
 Exercise: warm
 Encourage team lifts where
motions,
up/stretch before
appropriate
awkward
starting work, and cool
posture)
down/stretch at end of
the shift or working day
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Hazard

Possible Harmful Effects

Working in heat
and cold

Heat rashes, heat stress,
dehydration
Hypothermia (in cold
rooms)
Falls from heights –
potential for fatality or
serious injury
Musculoskeletal injuries
such as sprains and
strains
Emotional stress, fear
and anxiety, physical
illness

Working at
heights

Sexual
harassment,
work place
bullying

Possible Employer Action to
Prevent Injury / Illness
 Schedule rest breaks, rotate
jobs
 Provide appropriate
clothing/PPE
Students must NOT work at heights
or where there is any risk of a fall

Preventative Action
Students Can Take
 Observe rest breaks
 Wear appropriate
clothing

 Establish work place policy
 Provide staff briefings or
training

 Report any concerns
immediately
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Students must NOT work at
heights or where there is
any risk of a fall

A

ctivity – In Your Groups (120 minutes)
As with any other workplace, your workplace may contain potential hazards. In your quest to rid your
workplace of such hazards, the workplace of a bad reputation and the staff to injury, you need to

identify the hazards which are found in your workplace. So far you have learned how to identify hazards
regarding the classes of the hazards. Some hazards can be eradicated by a simple action of the removal thereof
(loose wiring hanging from the wall), whereas others may require formal identification thereof and a change in
the company procedures to remove the hazard (dangerous use of equipment). In the following table you are
required to identify 5 hazards, explain how it can be removed or reduced and then, lastly, explain the
procedure for removing a hazard requiring additional actions. Use your workplace as a standard and complete
the following table:
Hazard
Identified
Improper use of
equipment by
untrained staff

Type of Hazard
Mechanical

How it can be
removed
Only allow
trained staff to
use the
equipment

How it can be
reduced
Training of staff
to use the
equipment
correctly

How it should
be reported
Formal report
should be
written to
management to
understand the
hazard risks.
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implications for
non-compliance
Untrained staff
can injure
themselves or
cause damage
to equipment

A

ssess the risks
Although Risk assessment may be seen as an entirely different concept, it forms an integral part of
the OHS process within a company. Assessing the risk correctly assists in the eradication of danger in

workplaces, according to its level of intensity. Some risks may not be as dangerous as others, although they are
all important!

Assessment of risks
When you identify a hazard, do a risk assessment. A risk assessment process means you:
•

Gather information about each identified hazard

•

Consider the number of people exposed to each hazard and the duration of the exposure

•

Use the information to assess the likelihood and consequence of each hazard

•

Use a risk assessment table to work out the risk associated with each hazard.

Factors for consideration
You should consider the following factors during the risk assessment process:
•

The nature of the hazard posing the risk

•

Combinations of hazards

•

Types of injuries or illnesses foreseeable from exposure

•

The consequences of duration and exposure to the hazard

•

Workplace and workstation layout

•

Working posture and position

•

Work organisation

•

The introduction of new work processes

•

Skill and experience level of employees

•

Personal characteristics of employees exposed to the risk (colour blindness or hearing impairment)

•

Existing control measures in place such as the use of clothing and personal protective equipment.

Risk assessment table
One method of assessing risks is to use a risk assessment table. Record the risk rating for each hazard you have
identified. To construct an assessment matrix, you can:
•

Establish a specialist risk assessment team

•

Get expert or specialist advice

•

Brainstorm within the workplace, particularly with employees, health and safety representatives and
OHS committee members - they are often a valuable source of information and experience.
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Before introducing new or changed work practices, substances or plant - review your original assessment. It is
good management to do regular reviews.
Likelihood

Consequences

Fatality
Major injuries
Minor injuries
Negligible injuries

Very likely

Likely

Unlikely

Highly unlikely

High Risk

High Risk

High Risk

Medium Risk

High Risk

High Risk

Medium Risk

Medium Risk

High Risk

Medium Risk

Medium Risk

Medium Risk

Medium Risk

Medium Risk

Low Risk

Medium Risk

Using a risk assessment table
Assessments of likelihood and consequence can be translated into levels of risk using a risk assessment table.
Areas of high risk can be given first priority for elimination or control in the workplace. Consequence, or extent
of the injury or ill health were it to occur, can be rated in the following way
•

Fatality

•

Major or serious injury (serious damage to health which may be irreversible, requiring medical
attention and on-going treatment). Such an injury is likely to involve significant time off work.

•

Minor injury (reversible health damage which may require medical attention but limited on-going
treatment). This is less likely to involve significant time off work.

•

Negligible injuries (first aid only with little or no lost time). Unlikely to involve more than 1 day off work

Likelihood, or the chance of each of the situations or events actually occurring, can be rated in the following
way.
•

Very likely (exposed to hazard continuously)

•

Likely (exposed to hazard occasionally)

•

Unlikely (could happen but only rarely)

•

Highly unlikely (could happen, but probably never will)

•

This classification would be used very rarely.
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A

ctivity – In Groups
You have conducted a risk assessment in your workplace, now you need to assess the risks which
you have identified. Using the same table as you did, assess the risks which you have identified, by

making use of the risk assessment table on the previous page.
Hazard Identified
Improper use of equipment by untrained staff

Type of Hazard
Mechanical

Risk Level
High
Medium Low
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Find these words in the grid below:
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Now answer the following questions
If you spot something hazardous, what should you do?
Simple hazard (e.g. boxes on the floor in the way)

More complex hazard (e.g. frayed cords, damaged equipment)

Assess the risk
What two main things should the person in charge or responsible for safety consider when assessing the risk?

Make the changes
What sort of risk control measures (hierarchy of control) should they consider?

Pair the sentence fragments:
You could put other people at risk by …
Employers have the primary responsibility for ...
Legal responsibilities for workplace health and safety
are set out in ...
If you're not sure about how to perform a task safely,
you should ...

... looking after their own health and safety and taking
care not to put other people at risk.
... ask for clarification, help or instructions.
... reducing the risks as effectively as they can.
... someone else getting hurt.

Where workplace risks can’t be eliminated, employers ... making sure that the workplace is safe.
are responsible for ...
Employees are responsible for ...
... listen carefully to safety information provided by
the employer.
To help them work safely, employees must ...
... the Occupational Health and Safety Act 2004.
Failing to report an unsafe situation at work could
... not following agreed safe work practices.
result in ...
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C

ontrol measures
The correct course of action once a hazard is identified is to use control measures. These generally fall
into three categories. You can:

•

Eliminate the hazard

•

Minimise the risk

•

Use ‘back-up’ controls when all other options in the previous categories have been exhausted.

The best way to control a hazard is to eliminate it. The elimination of a hazard is the first choice in a system
called the ‘hierarchy of controls’.
Hierarchy of controls
There is an order of priority in hazard control:
•

Eliminate the hazard from the workplace entirely. This is the best way to control a hazard. An example
of elimination is to remove a noisy machine from a quiet area.

•

Substitute or modify the hazard by replacing it with something less dangerous, for example, by using a
paint which does not contain asthma- encouraging agents.

•

Isolate the hazard by physically removing it from the workplace or by cordoning off the area in which a
machine is used.

•

Use engineering methods to control the hazard at its source. Tools and equipment can be redesigned,
or enclosures, guards or local exhaust ventilation systems can be used to close off the source of a
hazard.

•

Use administrative controls. These are management strategies which can be introduced to ensure the
health and safety of employees. Administrative procedures can reduce exposure to hazardous
equipment and processes by limiting the time of exposure for example by job rotation or varying the
time when a particular process is carried out.

•

Introduce personal protective equipment (PPE) as an interim measure, to reduce exposure to a hazard.

Elimination
Where no hazard exists, no risk of injury or illness exists. For example:
•

Remove trip hazards in a cluttered corridor

•

Dispose of unwanted chemicals

•

Eliminate hazardous plant or processes

•

Repair damaged equipment promptly

•

Increase use of email to reduce excessive photocopying and collation

•

Ensure new equipment meets the ergonomic needs of users
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Minimising the risk
This may entail;
Substitution
If it is not possible to eliminate the hazard, substitute it with something - preferably of a lesser risk - which will
still perform the same task in a satisfactory manner. For example
•

Substitute a hazardous chemical with a less dangerous one

•

Telephone handsets with headsets where there is frequent use of telephone

•

Substitute a less hazardous material to control a vapour hazard

•

Substitute a smaller package or container to reduce the risk of manual handling injuries such as back
strain.

Modification
Change the plant or system of work to reduce hazards. For example
•

Redesign plant to reduce noise levels

•

Use a scissors-lift trolley to reducing bending while lifting

•

Install forced ventilation in photography darkrooms to remove vapours.

Isolation
Isolate the problem from staff. This is often done by using separate, purpose-built rooms, barricades, or sound
barriers. This moves the hazardous process away from the main work area to a site where emissions can be
controlled. For example:
•

Isolate and store chemicals properly by using a fume cupboard

•

Isolate copying equipment and other machinery in soundproof rooms to reduce fumes and noise

•

Use security measures to protect staff.

Engineering controls
If you cannot eliminate a hazard of make a substitution to eliminate it, then reduce the chance of hazardous
contact. Redesign equipment, work processes or tools to reduce or eliminate the risk.
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For example
•

Ensure proper machine guarding is in place

•

Use anti-glare screens on computer VDUs

•

Use mechanical aids to minimise manual handling injuries

•

Use ventilation to remove chemical fumes and dusts and using wetting down techniques to minimise
dust levels

•

Change bench heights to reduce bending

•

Ensure ergonomic factors are taken into account

‘Back-up’ controls
These controls are a ‘back-up’ to the other categories. They should not be relied upon as the primary method
to control risk - until all options to eliminate the hazard or minimise the risk have been exhausted. Sometimes
‘back-up’ controls should be used as the initial control phase while elimination or minimisation is being
evaluated and applied. Some examples of ‘back-up’ controls are listed below.

Administrative controls
Training, job rotation, maintenance of plant and equipment, limitation of exposure time, provision of written
work procedures can be used. For example:
•

regularly maintain plant and equipment

•

re-design jobs and use team lifting

•

limit exposure time to a hazard through staff rotation

•

train and educate staff to
o

identify and assess risks and use methods of control

o

apply legislative requirements

o

implement safe manual handling techniques

o

safely use mechanical aids and equipment
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P

ersonal Protective Equipment
PPE is defined in the Personal Protective Equipment
at Work Regulations as:
‘All equipment (including clothing affording

protection against the weather) which is intended to be worn or
held by a person at work which protects them against one or
more risks to their health and safety’.

PPE includes equipment such as safety footwear, hard hats,
high visibility waistcoats, goggles, life jackets, respirators and
safety harnesses. Waterproof, weather-proof, or insulated
clothing is subject to the Regulations only if its use is necessary to protect employees against adverse climatic
conditions that could otherwise affect their health and safety.

If items of Personal Protective Equipment are required they must be provided free of charge by the employer.
Here you will get advice on the selection, use, associated training, storage and maintenance of safety
equipment
designed to
protect the
health of the
wearer in the
workplace.
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When to use PPE
PPE must always be regarded as a ‘last resort’ to protect against risks to safety and health. Engineering
controls and safe systems of work must always be considered first. For example, it may be possible to do the
job using methods that will not require the use of PPE.

If this is not possible, more effective safeguards should be put in place. For example, fixed screens could be
provided rather than individual eye protection. There are a number of reasons why PPE must be considered as
a ‘last resort’:
•

PPE only protects the person wearing it, whereas measures controlling the risk at source protect
everyone in the workplace

•

Theoretical maximum levels of protection are difficult to achieve and the actual level of protection is
difficult to assess. Effective protection is only achieved by selecting suitable PPE and if it is correctly
fitted, maintained and used

•

PPE may restrict the wearer to some extent by limiting mobility or visibility, or by requiring additional
weight to be carried; thus creating additional hazards.

Assessing and choosing different types of PPE
For example, a risk assessment may show that gloves are required when using the substance being assessed.
As with all risk assessments, those carrying them out must be competent to do so. In addition to identifying
the need for PPE, it is essential that the right type and
grade of PPE is specified and provided.

Types of PPE
Hearing protection
There are three main types of hearing protection:
•

Earmuffs/defenders, which completely cover
the ear

•

Earplugs, which are inserted into the ear canal

•

Semi-inserts (also called canal-caps), which
cover the entrance to the ear canal.

•

Hearing protection must be worn by anyone who is likely to be exposed to noise at or above the
regulatory noise levels.
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Head protection
There are three widely used types of head protection:
•

Industrial safety helmets (hard hats), which are designed to protect against materials falling from
height and swinging objects

•

Industrial scalp protectors (bump caps), which are designed to protect from knocking against
stationary objects

•

Caps/hair nets, which protect against entanglement

Tasks where head protection may be required include:
•

Construction

•

Building repair

•

Work in excavations and tunnels

•

Work with bolt driving tools

•

Driving motorcycles and all-terrain vehicles, etc.

Eye protection
There are several types of eye protection:
•

Safety spectacles: these are similar to regular glasses but have a tougher lens. They can include side
shields for additional protection.

•

Eye shields: a frame-less one piece moulded lens, often worn over normal prescription glasses

•

Safety goggles: these are made with flexible plastic frames and an elastic headband

•

Face shields: heavier and bulkier than other type of eye protector, face shields protect the face, but do
not fully enclose the eyes so do not protect against dusts, mists or gases.

Tasks where eye protection may be required include:
•

Handling hazardous substances where there is a risk of splashing

•

Work with power driven tools where materials are likely to be propelled

•

Welding operations

•

Work with lasers

•

Using any gas or vapour under pressure.
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Foot protection
There are a number of types of safety footwear:
•

Safety boots or shoes. Normally have steel toe-caps but can have other safety features (e.g. steel midsoles, slip resistant soles, insulation against heat and cold)

•

Wellington boots, which can be supplied with steel toe-caps

•

Anti-static and conductive footwear. These protect against the build-up of static electricity.

•

Tasks where foot protection may be required include: construction, demolition, building repair,
manual handling where there is a risk of heavy objects falling on the feet, work in extremely hot or
cold environments, and work with chemicals and forestry.

Where there is a risk of slipping that cannot be avoided or controlled by other measures, attention must be
given to the slip resistance of soles and replacement before the tread pattern is overly worn.

Suitability of the PPE
To be able to choose the right type of PPE, the hazards involved in the task or work environment must be
considered carefully. PPE must also meet the needs of the individual. The following factors should be
considered when assessing the suitability of PPE:
•

Is the PPE appropriate for the risk involved and conditions at the place where exposure may occur?
e.g. goggles are not suitable when full-face protection is required

•

Does the PPE prevent or adequately control the risks involved without increasing the overall risk? e.g.
gloves should not be worn when using a pillar drill, due to the increased risk of entanglement

•

Can the PPE be adjusted to fit the wearer correctly? e.g. if a person wears glasses, ear defenders may
not provide a proper seal to protect against noise hazards

•

Has the state of health of those using it been taken into account?

•

What are the needs of the job and the demands it places on the wearer? How long will the PPE need to
be worn? What are the requirements for visibility and communication?

•

If more than one item of PPE is being worn, are they compatible? For example, does a particular type
of respirator make it difficult for eye protection to fit properly?
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Fit-testing of Respiratory Protective Equipment (RPE) face pieces
To ensure the wearer has the correct device, the initial selection of RPE should
include fit-testing. RPE should have a tight-fitting face piece (filtering face
pieces are usually known as disposable masks, half and full-face masks).

Repeat fit-testing will be needed if anything changes. For example, if the
model or size of face piece is changed or there are significant changes to the
individual wearer’s facial characteristics due to weight gain/loss or dentistry.

There are two forms of fit-testing – qualitative and quantitative. Qualitative fit-testing is usually adequate for
disposable filter face pieces and half-masks. This can be done as a simple pass/fail based on the wearer’s
subjective assessment of the fit and leakage. This method is not suitable for full-face masks.

Quantitative fit-testing provides a numerical measure of the fit known as a 'fit factor'. These tests give an
objective measure of face fit. They require specialised equipment and are more complicated to carry out.
These methods are recommended for full-face masks. RPE suppliers can advise on the type of testing required.
A number of suppliers can carry out testing for customers.

Information, instruction and training on PPE use
Where PPE is provided, employees must be provided with adequate information, instruction and/or training
on its use. The extent of information, instruction and/or training will vary with the complexity and
performance of the kit. For example, a full Breathing Apparatus kit will require more training to use properly
than a disposable face mask. Information and instruction should cover:
•

The risk(s) present and why the PPE is needed

•

The operation (including demonstration), performance and limitations of the equipment

•

Use and storage (including how to put it on, how to adjust and remove it)

•

Any testing requirements before use

•

Any user maintenance that can be carried out (e.g. hygiene/cleaning procedures)

•

Factors that can affect the performance of the equipment (e.g. working conditions, personal factors,
defects and damage)

•

How to recognise defects in PPE, and arrangements for reporting them

•

Where to obtain replacement PPE
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In addition to initial training, refresher training may be required from
time to time. Supervisor checks on the use of PPE may help determine
when refresher training is required.

Maintaining PPE
An effective system of maintenance of PPE is essential to make sure the
equipment continues to provide the degree of protection for which it is
designed. Therefore, the manufacturer’s maintenance schedule (including
recommended replacement periods and shelf lives) must always be
followed. Maintenance may include; cleaning, examination, replacement,
repair and testing. The wearer may be able carry out simple maintenance
(e.g. cleaning), but more intricate repairs must only be carried out by
competent personnel. The costs associated with the maintenance of PPE
are the responsibility of the employer.

Storage for PPE
Where PPE is provided, adequate storage facilities for PPE must be
provided for when it is not in use, unless the employee may take PPE
away from the workplace (e.g. footwear or clothing). Accommodation
may be simple (e.g. pegs for waterproof clothing or safety helmets)
and it need not be fixed (e.g. a case for safety glasses or a container in
a vehicle). Storage should be adequate to protect the PPE from
contamination, loss, damage, damp or sunlight. Where PPE may
become contaminated during use, storage should be separate from
any storage provided for ordinary clothing.
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Activity – On Your Own (20 minutes)
Previously you conducted workplace hazard identification, making use of the table below; identify which
personal protective equipment must be used for the people working in the areas where you have identified
the risks as well as the reasons why these items are suitable for this employee. Use the table below to
complete your answer:
Hazard Identified

Type of Hazard

Improper use of
equipment by
untrained staff

Mechanical

Type of PPE
required
Gloves,
protective eyewear, apron

How it will safeguard the
user
Flying debris will not go
into the eyes
Hot metals will not burn
the clothes
Fingers and hands are
safe
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implications for noncompliance
Blindness
Injury (burns) to the user
Loss of fingers/hands,
burn wounds

W

orking safely with chemicals
Chemicals come in various forms and can affect those exposed in different ways. A
chemical can take the form of a mist, vapour, liquid, dust, fume or gas. The type of
chemical, the way it is used, and the form that it takes determine its effect and what

should be done to avoid harmful exposure.

Some basic safety precautions should be understood and followed including:
•

Know what to do in an emergency. If there is a leak or spill, keep away from the area, unless you know
what the chemical is and how to safely clean it up. Know where emergency protective equipment and
supplies kept and how to use them.

•

Use appropriate protective clothing and equipment (glasses, aprons, boots, gloves, etc.) as required or
as necessary.

•

If the clothing becomes contaminated by the chemical, shower or wash the skin areas exposed. Change
and decontaminate clothing (or dispose of clothing if it is designed to single use).

•

Do not take contaminated clothing home to be laundered because by doing so, it could expose family
members to the contaminant.

•

When working with chemicals, always wash hands thoroughly before eating. If necessary, shower and
change clothes before going home.

•

Never take food into the work area where chemicals are being used or stored.

•

If work will be done in an area where there is a possibility of exposure to toxic substances, use a buddy
system or establish an emergency communication system. A worker can be dangerously exposed or
overcome by a chemical and need immediate assistance.

•

Keep the workplace clean to reduce the risk of contamination. Where possible, wipe up and absorb the
contaminant, using proper protective equipment as required. Clean up spills immediately and dispose
of contaminated material properly. With some chemicals a vacuum is recommended for clean-up
rather than a broom or compressed air. The idea is to collect and confine the contaminant, not just
spread it around.

•

Workers should know the company’s system for identifying hazardous chemicals. They should know
and understand the specific health and safety hazards of the chemicals with which they work and
follow the recommended safety precautions. All workers should be trained in proper chemical storage
and disposal procedures and know what to do for first aid and emergencies.
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The above evaluations and/or recommendations are for general guidance only and should not be relied upon
for legal compliance purposes. They are based solely on the information provided to us and relate only to
those conditions specifically discussed. We do not make any warranty, expressed or implied, that your
workplace is safe or healthful or that it complies with all laws, regulations or standards.

C

hemical Safety
1.1 Introduction
Research laboratories contain many caustic and corrosive substances as well as toxic, flammable,
and unstable reagents. All containers of hazardous chemicals must be clearly labelled. Laboratory

management has the responsibility to inform employees of significant chemcial hazards. Personnel have
responsibilities to themselves and to their co-workers to learn of these hazards and to follow safe practices.

1.2 Classification
Hazardous chemicals can be grouped into the following categories:

1.2.1 Corrosive
Corrosive as a reagent label should refer to any substance that causes visible destruction or irreversible
alterations in human tissues at the site of contact. When applied to chemical waste, the term implies a pH less
than 2.1.

1.2.2 Toxic
Toxic is the term that can be applied to almost any substance in quantity. For laboratory purposes, a substance
is considered toxic if serious biologic effects follow inhalation, ingestion, or skin contact with relatively small
amounts. Toxic effects of chemicals may be subdivided as follows:
a) Irritants (either local or systemic)
b) Mutagens
c) Those which have reproductive effects
d) carcinogens/tumorigens

1.2.3 Flammable/combustible
Flammable and combustible liquids are subdivided by their flashpoints. See the label or the Material Safety
Data Sheet.
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1.2.4 Explosive
Explosive chemicals are those reactive and unstable substances which readily undergo violent chemical
change. Explosive decomposition may occur at normal temperatures and pressures.

1.3 Storage of corrosives
Store corrosives near to the floor to minimize danger of falling. Plastic carriers must be used for containers of
concentrated reagents over 500ml. Care must be taken not to store mutually incompatible chemicals in the
same area. For example, organic acids such as acetic acid or acetic anhydride should be stored separately from
strong oxidisers such as sulphuric, nitric or perchloric acids.

1.4 Storage and handling of flammable liquids
Refer to 'Fire Prevention and Control'.

1.5 Carcinogens
1.5.1 Handling of carcinogens
Where possible, every effort must be made to use non-carcinogenic (or less toxic) chemicals in preference to
carcinogenic (or highly toxic) substances. When using carcinogens, the ALARA principle, As Low As Reasonably
Achievable, should be adopted. Exposure to carcinogenic or other highly toxic chemicals can occur by:
•

inhalation of dust or vapour

•

absorption through the skin from contaminated clothing, spillage on benches, floors or from apparatus

•

ingestion from contaminated hands or food, or smoking

The following work practices should be followed:
•

No food, drink or tobacco shall be taken into, prepared or consumed where carcinogenic or highly
toxic chemicals are used or stored

•

Hands must be washed immediately upon completing a procedure where a chemical carcinogen has
been used and when leaving the work area. Immediately after skin contact or emergency exposure to
a carcinogen, wash or, if appropriate, shower the affected area

•

Pipetting by mouth is strictly forbidden. Mechanical pipetting aids or disposable pipetting tips should
be used

•

Do not attempt to recap or cut used needles. Dispose the entire needle and syringe in a sharps
container for disposal as hazardous waste

•

Warning signs should be located on the door of the work area where carcinogens are used (e.g.
Caution - Limited access. Carcinogenic chemicals in use)
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•

Carcinogenic chemicals should be dispensed from the location at which they are stored. The amount
taken should be no more than is required immediately and the aliquots should be labelled with a
carcinogen warning and the name of the substance

•

Face mask, gloves and lab coat must be worn when weighing toxic or carcinogenic chemicals. The area
must be free of air draughts and any spills must be appropriately cleaned up

•

Working surfaces should be covered with an absorbent material backed with plastic

•

All experiments involving dust, vapour or aerosols of a carcinogenic nature should be carried out in a
high efficiency fume cupboard. Laminar flow cabinets do not protect the worker from exposure to the
carcinogen and should not be used for this purpose

•

Regular housekeeping of bench areas should be performed to prevent contamination from spreading
to other areas within the workplace. Special clean-up procedures for spilled carcinogens are described
further in the document and should be considered prior to using a chemical.

1.5.2 Storage and Labelling
•

Designated areas (e.g. an entire laboratory, an area of a laboratory, or a device such as a fumecupboard) should be identified where carcinogens are used or are to be used. Doors into areas where
carcinogenic chemicals are used should be marked to identify the nature of the hazard (e.g. Caution Limited access. Carcinogenic chemicals in use).

•

All carcinogenic, suspected carcinogenic or highly toxic chemicals should be stored in screw-cap
containers or ampoules at the appropriate temperature and labelled clearly, indicating the chemical
composition, date of preparation and the nature of the hazard (ie. Carcinogen - Handle with care).
Their solutions or suspensions must be stored safely, and labelled indelibly using efficient self-adhesive
stickers. Carcinogens should be packaged to withstand shocks, pressure changes, and any other
conditions that may cause leakage of contents.

•

These materials should be stored in designated areas, cabinets, or refrigerators within the primary
work or storage area, with consideration given to incompatibilities with other substances. The MSDS
provides information on incompatibilities of classes of chemicals. Precautions should be taken to
protect from rodents, weather, incompatible chemicals, and spillage. Additional storage requirements
(e.g. use of double containers) may be necessary for certain highly potent carcinogens with physical
properties that enhance spontaneous release and exposure (e.g. highly dispersible powders or volatile
solids).

•

If it is necessary to transport such chemicals within the laboratory, the sealed container should be
placed in a second unbreakable container to minimise the risk of accidental breakage or spillage.

•

An inventory of chemicals should be maintained where they are stored in the workplace.
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1.5.3 Disposal
•

Before beginning a laboratory activity that involves a chemical carcinogen, plans should be developed
for the handling and disposal of contaminated wastes and surplus carcinogens. Users should properly
segregate, package and label all solid and liquid wastes contaminated with carcinogens. Under no
circumstance should carcinogenic or highly toxic chemicals be disposed of down drains or into the
atmosphere. Sodium azide is a particular hazard as it forms deposits in drains.

•

When labelling the containers, details of the carcinogens which will be disposed of should be clearly
identified. All containers that hold carcinogen waste should have a label that states the type of hazard
e.g. carcinogenic waste - contains (name of carcinogen).

1.5.4 Decontamination
The following decontamination procedures should be followed to prevent spreading of carcinogens within the
workplace:
•

After using any carcinogenic or highly toxic chemical, users should always rinse their hands well in cold
water then wash them thoroughly with soap and hot water.

•

Contaminated glassware or equipment should be neutralised with chemicals or washed separately
with solvents appropriate for the chemical. The glassware or equipment should then be rinsed in cold
running water and washed and brushed in hot water and detergent before being assigned to any
routine washing procedure.

•

Contaminated benches should be wiped down with cold water followed by hot water and detergent.
Similarly, all benches where a carcinogenic or highly toxic chemical has been used should be cleaned
regularly, irrespective of known contamination.

•

It is essential that an effective system is in operation for the cleaning of protective equipment and for
the laundering of laboratory coats.

•

Prior to maintenance work being conducted in the area or upon any piece of equipment, all work
should cease and the area and equipment be decontaminated. Particular care should be taken to avoid
contamination of drains and ventilation ducts.

1.6 Material Safety Data Sheets
Material safety data sheets (MSDS) are required for hazardous substances and dangerous goods. The
manufacturer or importer of a substance must prepare the MSDS and provide it to the user (employer) on the
occasion of the first supply of goods to the user. In addition, a manufacturer must prepare a new MSDS when
significant new information becomes available on the substance.
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In order to assist the supplier, chemical purchasers should include with their order a specific request for an
MSDS when they do not already have an MSDS for the material. Material safety data sheets should be
available to workers. In many cases a summary form of the MSDS is found preferable for general use, rather
than the multiple paged and often complex full details.

1.6.1 Role of MSDS
•

The material safety data sheet has a number of roles for managing the safe use of chemicals.

•

It should first be used to ensure that the product is being used as intended by the manufacturer or
importer. Other use may be possible, but particular care should be taken when the product is being
put to a 'new' use - it may give rise to unforeseen hazards.

•

It is the key tool for risk assessment as it includes detailed hazard information.

•

The options for appropriate controls included in the MSDS may be utilised for the design and
improvement of control measures and procedures.

•

Workplace monitoring and health surveillance strategies may often be based on advice contained in
the MSDS.

•

Sufficient information should be provided to select the necessary safety equipment and to develop
necessary emergency procedures.

•

The MSDS may be used as the basis of a training program for workers as it covers hazards, precautions
and emergency procedures.
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PEST CONTROL APPLICATORS AND EQUIPMENT AND THE ENVIRONMENT
TIME: 180 MINUTES

I

ACTIVITY: SELF & GROUP

dentification or recognition of pests is essential to proper pesticide application. Once the pest has been
identified, the best control method must be chosen. If a pesticide is to be used, the commercial
ornamental or turf pesticide applicator should know proper application techniques and understand

potential dangers and side effects of the pesticide.

Be an informed pesticide applicator
1. Know your local agricultural and horticultural agents. Ask them for printed information on local pest
control recommendations, pesticide usage, precautions to follow, and results to be expected. Keep
current copies of pesticide suggestions and spray schedules.
2. Be aware of the mode of action of pesticides you are using. Broad spectrum pesticides tend to be nonselective and active against many pests. Selective pesticides tend to be active against specific pests and
less damaging to non-target organisms. Systemic pesticides are absorbed by plants and moved to
other parts, providing effective control of the plant or pests on the plant.
3. Know as much as possible about the insect, weed, and disease problems of the turf-grasses, flowers,
trees, and shrubs that you are responsible for. If you cannot identify a problem or need to know how
much of a threat a particular pest may represent, get help from an expert.
4. Know about cultural and biological control alternatives to applying a pesticide. Select the safest, most
effective, and most economical means of control.
5. Learn to recognize beneficial insects such as ladybird beetles, syrphid flies, and aphid lions. Carefully
check for insects dead or dying from disease. Know what effect weather conditions may have on insect
pest build-up. Avoid using pesticides if natural forces are likely to bring the pest population under
control.
6. Remember that many environmental conditions such as temperature extremes, water or humidity, air
pollutants, pesticide injury, and other non-infectious agents can produce symptoms that mimic plant
disease and mite or insect injury.
7. Know the resistant turf-grass, flower, tree, and shrub varieties recommended for Kentucky. Encourage
use of species that are more tolerant of pests.
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Avoid Phytotoxicity
Phytotoxicity or unintentional pesticide damage to plants, results in abnormal growth, foliar burn, leaf drop,
and discoloured, curled, and spotted leave. If phytotoxicity is severe, the plant may die. Phytotoxicity often
resembles such other problems as insect damage, plant disease, and poor growing conditions such as
insufficient moisture and improper fertilization.

The following contribute to
accidental plant injury by
pesticides:
• The wide variety of plant
material involved in
ornamental pest control
• Pesticide drift
• Pesticide persistence
beyond the intended
period of pest control

Wide variety of plant
material
Ornamental plants include herbaceous, semi-woody, and distinctly woody species. Generally, herbaceous
plants (chrysanthemums, petunias, turf-grasses, etc.) are more susceptible to pesticide damage than woody
plants, and the woody plants are more susceptible when growth is young and tender.

Accidental plant damage is most likely to occur with herbicides, since their function is to injure certain kinds of
plants. For example, herbicides used to kill broad-leaved weeds in turf-grasses may also injure broad-leaved
ornamental trees, shrubs, and flowers if not used properly.

Insecticides and fungicides can cause injury to certain sensitive species of plants and also to normally tolerant
plants under unusual conditions such as hot weather. The pesticide label is the best guide for the safe use of
pesticides on a specific ornamental plant.

If the pesticide is not known to be safe for use on a specific ornamental plant, it should not be used.
Greenhouses present a special problem because phytotoxic vapours tend to be trapped in the closed
environment, exposing all plants within the greenhouse to the pesticide.
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Drift Problems
The proximity of different plants with
varying susceptibility to pesticide damage
requires that commercial ornamental and
turf pesticide applicators be especially
aware of drift problems. Several steps can
be taken to prevent damage to non-target
plants. Drift can be prevented or minimized
by using methods described in a later
section.
If possible, select pesticides that are safe
for both target and non-target plants. It
may be necessary to place a barrier around
the target plant or remove susceptible
plants from the area (such as removing
susceptible potted plants from a
greenhouse).

A decision may have to be made whether
or not to apply a pesticide to the target
plant if the benefit does not justify the hazard to nearby plants.

Persistence beyond the intended period of control
Persistence is an important part of pest control, since successful pest control requires knowledge of the
persistence period to make subsequent applications. A persistent chemical has an advantage for long-term
pest control because fewer applications are needed. The period of pesticide residual activity varies greatly
from one class of pesticides to another. Persistence is directly related to the rate of application, soil type or
texture, temperature, moisture conditions, rainfall, and other factors.

Commercial applicators must be familiar with the persistence of each pesticide that may be applied to
ornamentals and turf, especially where adjacent areas may be affected or where treated soil is used to grow
other plants. When different plants are rotated in the same soil, phytotoxicity can be a problem because a
pesticide used to control some pests on one plant may leave residues in the soil that will damage or kill
another plant. Information on the persistence of a given pesticide can be found on the product label.
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M

inimize pesticide hazards to the environment
Turf and ornamental pesticides must often be applied in areas that humans, as well as pets
and other domestic animals, frequently use. The pesticide applicator must be constantly

alert to the hazard associated with this
situation.

Primarily, the problem is twofold: (1)
hazardous amounts of pesticides must be
prevented from drifting into non-target
areas; and (2) humans, pets, and other
animals must be prevented from contacting
hazardous amounts of pesticides within the
treated area.

Preventing or minimizing drift
Where several pesticides are available, the
applicator should strongly consider the
hazard and toxicity of the active ingredient in
making a choice. Use formulations and
methods of application that will minimize
drift. Air blast sprayers can be used in
ornamental and turf pest control if very safe
pesticides are used (toxicity to applicator and
non-target plants is low). Air blast sprayers should never be used to apply herbicides.

Two types of drift are associated with pesticides. The most common, drift of spray droplets or dust particles, is
directly affected by such things as spray pressure, nozzle opening size, wind velocity, and pesticide
formulations.

Lower sprayer pressures will result in larger droplet sizes and less drift potential. The same is accomplished
with larger nozzle opening sizes. Movement of a chemical with low vapour pressure (or high volatility) termed
“vapour drift,” is a second kind of drift. Vapours or gases can drift in harmful concentrations—even in the
absence of wind. Fumigants, such as methyl bromide, must be confined so they will not drift from the treated
area (proper sealing with a plastic tarp is essential).
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Some pesticide products are volatile, or capable of vaporizing from soil and leaf surfaces in potentially harmful
concentrations after application. Herbicide vapour can severely damage and even kill desirable plants.

Groundwater Advisories
The potential for contamination of groundwater is an important consideration when choosing pesticides.
Several products have groundwater advisory statements on their label. Such statements advise not to apply
these products where the water table (groundwater) is close to the surface and where the soils are very
permeable (well drained soils such as loamy sands). Refer to these statements and observe all precautions on
the label when using these products.

Protecting humans, pets and domestic
animals
Before applying a pesticide, the
application site should be cleared of such
things as toys, pet food dishes, bird feeders, and other articles. Pesticide residues on these articles can be a
hazard. Animals and humans should be kept from the area during pesticide application.

They should also be kept from the area of potential drift and run-off until the spray has dried or the dust has
settled, regardless of the toxicity of the pesticide used. Some pesticides may be potentially hazardous for a
longer time; therefore, label directions concerning re-entry should be closely followed. Highly toxic systemic
insecticides should not be used on plants just before they are sold to the public.

It is possible that in the process of selecting a plant, customers may handle the soil and be exposed to the
active chemical. In commercial operations, it is necessary to hold the plants until the chemical has lost its
toxicity. Recently sprayed ornamental plants with showy flowers or edible fruits present a special hazard
because they are likely to be handled or even eaten by children.

Earthworms
Earthworms are important, beneficial invertebrates in turf-grass, where their burrowing and feeding activity
enhances soil structure and fertility and incorporates thatch and other plant residues into the soil. Certain
pesticides can significantly reduce earthworm populations with long-term effects. Preservation of earthworms
and other beneficial soil invertebrates may be critical to long-term stability of the turf-grass ecosystem.
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W

orker protection
Environmental protection agency has
issued final rules governing the
protection of employees on farms,

and in forests, nurseries, and greenhouses from
occupational exposure to agricultural pesticides.

This covers:
• Agricultural Workers—performing tasks related to the
cultivation and harvesting of plants, including pruning, sucker removal, watering, and potting.
• Pesticide Handlers—assigned to mix, load, or apply agricultural pesticides; enter greenhouses to operate
ventilation equipment after applications; handle equipment with residues; adjust or remove soil fumigant
coverings, etc.

In greenhouses, employers must ensure that workers and other persons do not enter specific areas during, and
in some instances, after certain pesticide applications. In nurseries, employers must make sure that during
certain pesticide applications, workers and other persons do not enter treated areas on the nursery.
Employers affected by the WPS must post specific types of information at a central location, provide
decontamination sites, provide emergency assistance if needed, provide pesticide safety training, give notice
about pesticide applications, and provide personal protective equipment.

P

esticide Toxicity
Toxicity is the capacity of a chemical to cause injury. Pesticides, by their nature, must be toxic in
order to destroy pests. The more toxic pesticides cause injury at smaller doses and therefore are
more hazardous. One way to measure the toxicity of a pesticide is by giving test animals known

doses and observing the results. In this way a lethal dose or lethal concentration is established; this
information is used to predict the hazards to people and non-target organisms.

Pesticide toxicity is rated by determining the amount, or lethal dose, that will kill 50% of a test population of
animals, referred to as the LD50. LD50 is expressed as milligrams (mg) of pesticide per kilogram (kg) of body
weight of test animal (mg/kg). Toxicity is also rated by measuring how much pesticide vapour or dust in the air
or what amount of pesticide diluted in river, stream or lake water will cause death of 50% of a test animal
population. This is lethal concentration or LD50. Lethal dose or lethal concentration classifications do not
provide information about chronic, long-term toxic effects.
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C

alculating areas for pesticide application
When calculating areas to be treated with pesticides, you must divide larger areas into smaller
sections that are easier to calculate. As an example, the large area below can be divided into
squares or rectangles and then figuring the area for each one. Adding these areas together will give

you the total area to be treated.
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Application Tips
•

Use the proper size sprayer or duster for
the job at hand. Smaller equipment is
often more useful around home
landscapes. Use the right kind of nozzles.

•

Use separate spray equipment for certain
types of weed control work. Many
herbicides cannot be completely washed
out of the spray tank.

•

Carefully adjust and calibrate equipment.

•

Consider using equipment that is
convenient to mount and dismount as
well as to operate.

•

Use proper pressure for spraying. Avoid high pressures (above 30 psi) for weed control work.

•

Be sure that everyone in the spray crew knows what chemical or pesticide is being applied.

•

Never leave spray puddles on hard surfaces that may attract children, pets, or birds.

•

The efficiency of some pesticides can be improved by adding surfactants (spreader-stickers) to the
spray mix.

•

The amine formulation of 2,4-D is less volatile than the ester form and less likely to cause drift
problems.

•

Know where beehives are and notify the beekeeper before applying insecticides to nearby areas. Sevin
is very toxic to bees. The safest time to apply
insecticides to plants without harming honey bees is
in the evening after 7 p.m.

•

Do not apply any fungicide or insecticide spray when
the temperature is 30°C or above. Early morning or
early evening application is best in hot weather.

•

Do not apply fungicide-oil sprays if the temperature
is below 7°C.

•

Prepare only enough spray to complete the job at
hand.

•

Never use un-labelled or unregistered pesticides.

•

Before applying a pesticide, be absolutely sure where and what to spray. If you are a supervisor, give
explicit instructions that cannot be misunderstood.
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Safety Tips
•

Transport pesticides in truck beds—not in
the driver’s compartment. Do not
transport pesticides, other than small
packages of household pesticides, in the
passenger compartment or trunk of a
vehicle. Pesticide fumes can be dangerous
and in case of an accident, the pesticide
container may rupture and spill on
occupants.

•

Observe directions, restrictions and
precautions on pesticide labels. Failure to
do so is not only dangerous and wasteful; it is also illegal.

•

Mix pesticide solutions in a well-ventilated area, preferably outside. Avoid inhaling pesticide sprays or
dusts.

•

Use pesticides at correct dosages
and intervals to avoid excessive
residues and injury to plants and
animals.

•

Apply pesticides carefully to
avoid drift, especially where
water supplies, vegetable
gardens or fruit trees are nearby.

•

Use proper safety equipment and
needed protective devices. While
these devices may be available,
they serve no purpose unless
used.

•

Never smoke, drink or eat while
handling or applying pesticides.

•

Store all pesticides behind locked
doors in original containers with labels intact.

•

Dispose of properly rinsed pesticide containers so that contamination of water and other hazards will
not occur. Recycling programs are becoming more available.
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E

quipment for applying pesticides
Regardless of how well trained and knowledgeable a pest management professional may be, effective
pest management cannot be achieved unless the professional is backed up with high-quality and

dependable equipment. It is essential to know how to choose equipment best suited to each job and how to
use it properly and safely to obtain the best results.

Keep in mind that there are many types of pest management equipment, and each type may have many
models. This section focuses only on the basic models of each equipment group. New equipment technology
and improvements to existing equipment are on-going, so even well-equipped professionals need to regularly
re-examine equipment to benefit by new developments. To keep up-to-date, regularly review current trade
magazines and equipment brochures, attend educational conferences and seminars, and visit and talk with
local pest management suppliers. These sources of information are invaluable to today’s pest control operator.

Sprayers
Sprayers vary from the hand-pumped flit gun with a tank capacity of as little as one cup to large hydraulic
machines powered by petrol/diesel engines and with tanks that can hold several hundred gallons of pesticide
formulation. All sprayers have basic characteristics in common.

There is usually a tank, a device to pressurize the liquid, a delivery line leading to a valve, and another delivery
line leading from the valve to a nozzle. All other items found on any sprayer, whether simple or complex, are
merely accessories and are incidental to this basic design.

Hand-held Compressed-air Sprayers
The small (1- or 2- liter) stainless steel spray tank is the workhorse of the pest control industry. It is the tool
most familiar to pest control technicians. Nevertheless, the general trend in structural pest management
seems to be moving away from the sprayers as the mainstay of insect control equipment. More emphasis is
being put on monitoring, baiting, and various non-chemical control techniques, and sprayer technology is
evolving into devices designed for much more precise applications.

The hand-held compressed-air sprayer is used in many different ways. In pest management, the spray tank is
used to apply a flushing agent or a residual pesticide. Depending on the nozzle selection, it applies various
spray patterns; and depending on the amount of pumping, it delivers the pesticide under high or low pressure.
A thorough understanding of the compressed-air sprayer—its basic construction, how it works, how to
maintain it, and how to make repairs—can save time and money, and prevent misapplication.
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Components
There are three major parts to the compressed air sprayer:
1. Tank.
2. Pump unit.
3. Applicator wand and hose.

The tank forms the
body of the sprayer.
Tank capacities range
from 1/2 gallon to 3
gallons. Most
professional tanks are
made of stainless steel
to resist the corrosive
nature of many
pesticide formulations.

The tank serves two
purposes: first, it is the
reservoir for the spray
mixture, and secondly,
it acts as a pressure
chamber. A discharge
tube is attached on the
inside of the tank. The
air pressure inside the
tank forces the spray
mixture through this
tube into the hose.

The pump unit consists
of a pump cylinder
containing a plunger
rod and various soft gaskets and valves. The pump unit is hand-operated to generate air pressure inside the
tank.
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The applicator wand is made up of the valve trigger and the nozzle, and it is connected to the tank via a
synthetic rubber (usually neoprene) hose that acts as the delivery tube from the tank to the applicator wand.
Some wands are a stubby-nose design, but most sprayers today have an extension tube between the valve
and the nozzle. The extension tube provides reach when applying pesticides on hard-to-get-to spots. It also
helps reduce splash back of pesticides onto the applicator. Some manufacturers offer telescoping wands for
convenience.

The nozzle is the smallest component on the sprayer, but it plays a very large role in proper pesticide
application. Much of the effectiveness of a pesticide application depends on the proper functioning of the
nozzle. Nozzle tips are designed to give specific shapes of spray at a set pressure. Most nozzles on the
handheld sprayer offer a four-way multi-tip that can produce two different pin-stream spray patterns and two
different flat-fan spray patterns.

The applicator can easily and quickly change from a pin stream to a fan spray by rotating the tip. Pin-stream
nozzles produce solid streams of spray and are used to spray insecticides into various cracks and crevices.
When set for fine spray, a stream is produced that can splash back from all but the widest cracks.

Specialized nozzles are available with one pin-stream orifice adapted to the use of a plastic or metal crack and
crevice extension tube. This is extremely useful because it permits the professional to apply pesticide directly
into cracks and crevices with little worry of spilling or splashing pesticide on surrounding surfaces.

Flat-fan nozzles produce a fan-type spray pattern. These patterns provide an even coat of spray on flat
surfaces, such as walls, and may also be used to apply pesticide into a crack wherever there is room enough for
such application. Recognize that liquid dispersed into a crack using a fan pattern usually will not penetrate as
deeply as when applied as a pin stream.

Commonly on multi-tip nozzles, the smaller fan opening produces an 80 degree fine-fan spray pattern: the
larger orifice produces 50 degree coarse-fan spray pattern. The coarse-fan orifice delivers more than twice as
much spray per minute as the fine-fan orifice.

Sprayer software is the various soft gaskets and valves contained within the application wand and pump unit.
This software is critically important to the proper functioning of the sprayer. If sprayer software becomes
worn, broken, or improperly installed, the sprayer will malfunction or constantly leak. Inspect sprayer software
regularly and replace worn parts immediately.
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Pressure
Spray tank air pressure varies according to the amount of air pumped into the tank. Pressure gauges can be
attached to spray tanks. Low pressure is usually recommended for spray application inside structures. Constant
use of high pressure with compressed-air sprayers sets up the possibility of overuse and misapplication.

It causes part of the sprayed liquid to break into droplets as soon as it exits the nozzle; this wastes material,
which can drift onto non-target surfaces. High pressure also causes splash back on surfaces or quickly traps air
in crevices and keeps the pesticide from entering small spaces. Establishing and maintaining correct pressure in
the sprayer are important for obtaining good insect control and for safety. Keep in mind the following:
•

Sprayer pressure affects the amount of insecticide applied and the type of pesticide coverage. Too
much or too little pressure often causes spotty and uneven coverage, which results in poor insect
control.

•

High pressure is seldom necessary. Furthermore, excessive pressure may increase the hazards both to
the applicator and to the public because of the possibility of hoses bursting under pressure. Also,
insecticide particles at high pressures tend to bounce off the target surface. This is wasteful and
dangerous—the pesticide may drift onto other people, objects, food, or food preparation surfaces.

•

Continual excessive pressure on the sprayer causes premature wear and possible damage to the
sprayer software.

•

Some insecticide labels dictate the particular pressure appropriate for applications against specific
pests.

•

Always wear the appropriate personal protective equipment (PPE) as specified by the label and/or
required by regulation.

Sprayers should be equipped with a pressure gauge. The gauge allows the applicator to control and monitor
the pressure in the tank at all times. This is important not only to prevent using excessively high pressures but
also to monitor the pressure drop in the tank when the pesticide is being sprayed. The correct pressure for the
sprayer varies according to the type of insecticide application. For example, for crack and crevice treatments,
pressures of less than 10 psi are most effective. Achieving pressures in this range requires only two to four
strokes of the pump handle with a full 1-liter sprayer.

General and spot treatments are most often performed using either the fine-fan or coarse-fan nozzle openings.
A general, effective operating pressure for fan spray applications is between 20 and 25 psi. This pressure
produces a uniform spray pattern. Fine-fan applications at this pressure include flea treatments on carpeting;
coarse-fan applications include treating along outside foundation walls.
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Routine Sprayer Use
Proper routine use of the sprayer is critical for effective insect control and safety, and for keeping the sprayer
in good working order. The following discussion provides key basics for effective and safe daily use of the
sprayer. Familiarize yourself with your equipment and be prepared to repair it.

Correct filling of the sprayer is important to achieve a good mixture of water and insecticide. When filling the
sprayer, follow these general rules:
•

At the beginning of each workday, fill the sprayer with a little water and run a check to see that all
components are working properly. This ensures safety, eliminates downtime, and prevents potential
accidents.

•

Never place the pump unit of the sprayer on the ground—it will collect dust, dirt, and possible
contaminants that may clog the sprayer. Also, the pump may leave undesirable pesticide residue on
the floor.

•

When filling the sprayer, use clean water; allow the faucet to run for several seconds before collecting.

•

Unless otherwise directed by the pesticide label, mix insecticide concentrates into the sprayer by first
filling the tank about one-quarter full with cool water, then adding the concentrate, and then adding
the remaining water.

•

Never use warm water to mix sprays. Warm water helps break down pesticides, creates droplets that
easily float, and increases a pesticide’s odour.

•

Fill the tank to only 3/4 full of its total capacity. Most sprayers will have a 1-gallon indentation mark on
the tank. The remaining 25 percent of space is used to build up air pressure.

•

As emphasized in the Core Manual, always wear the appropriate PPE when working with pesticides.

•

Always use safety glasses or goggles when treating areas above the head or close to the face.
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When using the sprayer during the course of your workday:
•

Always release the pressure from the sprayer if it is not used for an hour or more (e.g., over lunch).
Hoses and gaskets deteriorate if insecticides are left in a sprayer under pressure for prolonged periods.

•

If using different insecticide formulations (e.g., wet-table powders, encapsulated pesticide, emulsions,
etc.), use a separate sprayer for each type of pesticide.

•

If not thoroughly cleaned when switching between a wet-table powder and an emulsion, the sprayer
may become clogged. Moreover, some insecticides, such as encapsulated formulations, require use of
a large-mesh filter.

•

Never pick up or carry the sprayer by the hose, this will stress and eventually cause breaks in the hose.

•

Ensure that the supporting springs at both ends of the hose are always in place to prevent crimping
and breakage of the hose.

•

Never leave a sprayer in a vehicle for prolonged periods (e.g., overnight) in freezing temperatures;
severe damage to the tank, hose, and application wand can result.

•

Keep a sprayer repair kit readily available.

•

Give special care to nozzles that become clogged. Nozzle tips are usually made of brass, a relatively
soft metal that allows tips to be easily damaged. Never use metal objects to clean the nozzle. Unclog a
nozzle either by back-flushing with water or by using a soft- bristle brush.

•

Always attempt to calculate the amount of spray needed for the day’s work schedule to avoid having
material left at the end of the day. This precaution saves on chemical costs and eliminates the need to
dispose of and/or store insecticides. Ideally, all insecticides should be used up on the job without over
applying.

•

Use the safety locknut, if there is one on the spray unit. When tightened, the locknut prevents the
trigger from being accidentally activated and discharging pesticides.

•

At the end of each workday, release the pressure and rinse the sprayer with water, especially the hose.
Always empty liquid from the hose: hold the nozzle high and squeeze the trigger to drain the hose. If
this is not done, liquid from the last use remains; it will be applied first at the next use, regardless of
any new spray mix in the tank.

•

Clean the sprayer on a regular schedule.
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Backpack Sprayers
Backpack sprayers or knapsack sprayers are also commonly used in pest management operations, although not
to the extent of the 1-gallon hand-held sprayer. Tank capacities usually range between 2 and 5 liters. They are
designed for continuous spraying of large areas. Backpack sprayers are commonly used for applying herbicides
and/or insecticides on lawns, along fences and building perimeters, and so forth. They may also be used for
indoor pesticide and disinfectant spray applications, such as in large commercial food facilities and
warehouses.

Most backpack sprayers use a specialized hand-operated lever to prime a piston pump to pressurize the
sprayer. Depending on the model, pressures up to 150 psi can be generated, although working pressure on
most is usually between 40 and 75 psi.

Because backpack sprayers are not the choice for precision applications using low pressures (such as crack and
crevice applications), only two types of nozzle openings are usually available—flood jets and cone nozzles. The
cleaning and maintenance of backpack sprayers are similar in principle to those described for the handheld
sprayer. Consult the owner’s manual for specific instructions.

Power Sprayers
As their name implies, power sprayers use electric or petrol engines to pump liquid insecticides from a
relatively large tank, usually over 100 gallons. The liquid is discharged through a 3/8- to 1/2-inch hose of
sufficient length to reach from the pump to the application site. Power sprayers are generally used for one of
two types of structural pest control: (1) controlling termites, and (2) spraying building perimeters and lawns.

Spraying outside also treats other types of outside pests (e.g., ticks, crickets, millipedes, and other
miscellaneous invaders). Here too, low pressure is more effective than high pressure because the pesticide will
not blast away the surface dust or soil and runoff. Low pressure allows for a more careful application, better
soaking action, and better penetration through short grass.

Special attention should be paid to the hoses of power sprayers—both in the quality and points of wear. Wear
or cuts cause hoses to burst. Shut-off valves must be in good working order. Be prepared and carry equipment
(e.g., spill pad) to take care of spills in the service truck.
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E

quipment calibration
Why Calibrate Spraying Equipment?
Calibration is the process of measuring and adjusting the amount of pesticide your equipment will
apply to a specific area. In structural pest management, much is up to the judgment of technicians.

A pest control technician should know that the proper dosage of pesticide is being applied. Without accurate
calibration of sprayers, the amount of pesticide delivered will be incorrect. Over-dosage will contaminate the
spray area or result in runoff. Less than recommended dosage might fail to control the pest. Technicians need
to look regularly at the output of their equipment.

Flow meters are very helpful to let the technician know the output of the sprayer over time.
•

It is estimated that 60 percent of sprayers have a calibration error up to 10 percent.

•

A large percentage of sprayers have greater than 10 percent variation in discharge from individual
nozzles or tips.

•

Application methods used by applicators vary, depending on pressure, nozzle tip, etc.

•

Soil types and types of soil cover (grass, mulch, gravel) can influence the rate of pesticides a technician
applies.

Manufacturers’ instructions, university extension training meetings, label instructions and company policy
should be considered and used to calibrate sprayers.
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Canned Insecticides
Pressurized cans of insecticides became common in the late 1940s and were first used as aerosol foggers or
“insect bombs.” Canned insecticides in structural pest management include canned aerosol foggers
(volumetric sprays, total release fogs), and pressurized liquid sprays. (The garden-type aerosol or the over-thecounter aerosol generally sold to the public for contact spraying is NOT included in either of these categories.)

Canned Aerosol Pesticides
Canned aerosol pesticides consist of a pressurized fluid that produces an aerosol or fog droplet that floats in
the air for a period of time, then settles to the ground. The droplet size is governed by the nozzle and valve at
the top of the can.

After use, a more or less uniform coverage will be attained on exposed horizontal surfaces. Very little pesticide
lands on vertical surfaces, penetrates opened cabinets, or clings to under surfaces.
Droplets contact pests that have left hiding places; other insects that fly into the insecticide are also killed.

Canned-pressurized Liquid Sprays
Canned-pressurized liquid sprays are not aerosols. Because the coarse, wet spray is not made up of aerosol
droplets, little becomes airborne. Com-pressed gas mixes with the pesticidal liquid in a pressurized spray. The
gas forces the pesticide through the exit port, quickly vaporizes, and leaves pesticide on surfaces.

When canned-pressurized liquids are part of a system that includes crack and crevice nozzles, the insecticide
can be placed precisely on the target area. Using canned-pressurized liquid sprays requires a firm
understanding of the target pests’ habits so that pest habitat can be treated.
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SPECIFIC CHEMICAL CONTROL GROUPS AND THEIR MODES OF COMBATING PESTS
TIME: 180 MINUTES

W

ACTIVITY: SELF & GROUP

hat are pesticides, insecticides and herbicides?
A pesticide is any chemical which is used by man to control pests. The pests may be
insects, plant diseases, fungi, weeds, nematodes, snails, slugs, etc. Therefore, insecticides,
fungicides,

herbicides, etc., are all types of
pesticides. Some pesticides must only
contact (touch) the pest to be deadly.

Others must be swallowed to be
effective. The way that each pesticide
attacks a pest suggests the best way to
apply it; to reach and expose all the
pests. For example, a pesticide may be
more effective and less costly as a bait,
rather than as a surface spray.

Insecticides
Insecticides are chemicals used to control insects. Often the word "insecticide" is confused with the word
"pesticide." It is, however, just one of many types of pesticides. An insecticide may kill the insect by touching it
or it may have to be swallowed to be effective.

Some insecticides kill both by touch and by swallowing. Insecticides called Systemic may be absorbed, injected,
or fed into the plant or animal to be protected. When the insect feeds on this plant or animal, it ingests the
systemic chemical and is killed.

Broad Spectrum Insecticides vary in the numbers of different kinds of insects they kill. Some insecticides kill
only a few kinds of insects. Sometimes you can choose these insecticides when you wish to kill only one insect
pest and not other beneficial insects in the area.
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Many insecticides are general purpose or wide range killers. These "broad spectrum" pesticides are used when
several different kinds of insects are a problem. One chemical can kill them all. No broad spectrum insecticide
kills all insects; each varies as to the kinds of insects it controls.

Narrow Spectrum. While many insecticides are broad spectrum, killing a wide variety of animals by attacking a
system common to all, such as the nervous system, a new group of insecticides are much more selective. The
chitin inhibitors only affect animals with chitin in their exoskeleton (i.e. insects).

Growth regulators are even more specific. They affect certain groups of species that have a particular
hormone. Finally, pheromones are the most restrictive because they react with only one species or one sex of
a single species.

Chitin synthesis inhibitors interfere with the development and molting of immature insects causing their
death. Chitin is the primary structural chemical in an insect’s body wall. An immature insect treated with a
chitin inhibitor dies the next time it attempts to molt.

Insect growth regulators or IGRs mimic the action of an insect's naturally occurring juvenile hormone. They
interfere with certain normal processes and prevent immature insects from completing development into
normal reproductive adults.

The effects of IGRs on insects include abnormal molting, twisted wings, loss of mating behavior, and
sometimes death to embryos in eggs. IGRs attack a growth process found only in insects, thus there is a great
margin of safety for humans and other vertebrates. However, one disadvantage is that growth regulators act
slowly, since they do not kill the insect until it molts into an adult.

Pheromones are naturally produced chemicals used by animals to communicate to each other. There are three
basic types of pheromones. Aggregation pheromones attract many individuals together, for example, a site
where food may be plentiful. Sex pheromones are used by one sex of a species to attract a mate. Trail
pheromones are deposited by walking insects, such as ants, so that others can follow.

Synthetic pheromones produced in laboratories mimic these natural chemicals. They are used to attract pest
insects into traps, disrupt mating, and monitor populations of insects. Because they do not kill insects, they are
often not considered to be pesticides.
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Short Term vs. Residual
Insecticides also vary in how long they last as a killing agent. Some break down almost immediately into
nontoxic by -products. These "short term" chemicals are very good in situations where the insects do not
return or where long-term exposure could injure non-target plants or animals. For example, short-term
insecticides are often used in homes and dwellings where people and domestic animals might be exposed.

Other insecticides remain active killers for a fairly long period of time. These "residual" pesticides are very
useful when the insects are a constant problem and where they will not be an environmental and/or health
hazard. For example, residuals are often used for fly control in livestock buildings or for termite control in
wooden structures.

Miticides and Acaricides
Miticides (or Acaricides) are chemicals used to control
mites (tiny Insecticides spider-like animals) and ticks.
The chemicals usually must contact the mites or ticks
to be effective.

These animals are so numerous and small, that great
care must be used to completely cover the area on
which the mites live. Miticides are very similar in action
to insecticides and often the same pesticide kills both
insects and mites. The terms "broad spectrum," "short term," and "residual" are also used to describe
miticides.
Fungicides
Fungicides are chemicals used to control the fungi which cause
molds, rots, and plant diseases. All fungicides work by coming in
contact with the fungus, because fungi do not "swallow" in the
normal sense.

Therefore, most fungicides are applied over a large surface area to try
to directly hit every fungus. Some fungicides may be systemic in that
the plant to be protected may be fed or injected with the chemical.
The chemical then moves throughout the plant, killing the fungi.
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Protectant vs. Eradicant
There are two basic approaches in the use of fungicides. One is designed to prevent the plant from getting the
disease. These fungicides are used as protectants and are similar in purpose to polio and smallpox vaccinations
for humans. They are applied before the disease gets a start.

This type of fungicide is very useful when a particular disease or group of diseases is likely to attack a plant or
crop, year after year. Protectants, for example, have often been used as a routine precaution on fruit and
vegetable crops.

Most protectant fungicides are fungistatic. This means they prevent or inhibit fungal growth. Once the
fungistatic action ceases, the controlled fungus may grow again or produce spores. Thus, a protectant
fungicide may have to be applied at regular intervals to continue the protection from infection.

The other type of fungicide kills the disease after it appears on (or in) the plant. These fungicides, called
"eradicants," are like penicillin or other antibiotics which cure diseases in humans after the sickness appears.
Eradicants are less common than protectants because once the fungus is established in a plant, it is often
difficult to destroy.

Eradicants are often used when protectants aren't available, aren't applied
in time, or are too expensive. Eradicants are also applied when the disease
appears unexpectedly on a plant or in an area. For example, a common use
is on fruit and vegetables when the protectant spray wasn't applied on
time to prevent infection. Eradicants are also used by orchardists in
combating diseases of fruit trees, such as apple scab.

Herbicides
Herbicides are chemicals used to control unwanted plants. These chemicals
are a bit different from other pesticides because they are used to kill or
slow the growth of some plants, rather than to protect them. Some
herbicides kill every plant they contact, while others kill only certain plants.

Nonselective herbicides are toxic to all plants. These are often used when
no plants are wanted in an area. For example, nonselective herbicides
could be used for clearing under guardrails or for total control of weeds in
industrial areas.
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Selective herbicides kill some plants with little or no injury to other plants. Usually selective types will kill
either broadleaved plants or grassy plants. These are useful for lawns, golf courses or in areas with desirable
trees. Some very selective herbicides may kill only certain plants in a group; for example, crabgrass killers on
lawns.

P

re-plant vs. Pre-emergence vs. Post-emergence
The timing of an herbicide application is important. Care must be used to get the job done
effectively without injuring desirable plants. The directions on the label tell you when to apply the
herbicide for best results. Pre-plant treatments are made before the crop is planted. These

chemicals may be used in seed beds or incorporated into the soil before planting.

Any treatment made before the crop and weed appears is called pre-emergence. The application may be
made before both the crop and weeds appear, or after the crop appears but before the weeds appear. The
label or directions will state "pre-emergence to the crop," "pre-emergence to the weeds," or "pre-emergence
to both crop and weeds."

When the herbicide treatment is made after the crop or weeds appear, it is called post-emergence. Postemergence applications must be very selective. They must control the weeds but leave the crop unharmed.
Often, the chemical will be applied post-emergent to the crop but pre-emergent to the weeds.
Growth Regulators and Harvest Aids

A plant growth regulator (or plant regulator) increases, decreases or changes normal growth or reproduction in
a plant. Fertilizers and other nutrients are not included. Some growth regulators are used to move up or move
back the normal harvest date for the crop. Others are used to obtain better quality and/or yield of the crop.
Electric power utilities could use growth regulators to slow the growth of a tree threatening power lines, thus
saving the tree from being cut.

Defoliants and desiccants are pesticide materials generally referred to as harvest aids. A defoliant causes the
leaves of a plant to drop off early, but does not kill the plant. A desiccant draws moisture from a plant, killing
the plant foliage.
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H

ow insecticides work
Insecticides usually work like nerve gas agents used in warfare. They are applied at low doses so that
– at least in theory – only the insects will be directly affected. Yet there are major concerns within

the scientific and environmental communities that some insecticides will become more and more
concentrated as they move up the food chain.

Bald eagles, for example, can show higher concentrations of an insecticide than the small song birds the eagles
eat, and the small song birds show a higher concentration than the insects they eat who were initially treated
with the insecticide.

Again, insecticides can be divided into different classes based on how they affect the target insect. Some are
"contact" insecticides that kill when they come into direct contact with the insect. Others are "systemic" and
will be incorporated into a plant's cell structure. Systemic insecticides kill insects when they eat the plant and
ingest the insecticide chemical.

Insecticides can also be divided into inorganic compounds, organic compounds and naturally occurring
chemicals. Inorganic compounds are the oldest insecticides and were manufactured with heavy metals like
arsenic, copper, fluorine or sulphur. Organic insecticides were manufactured beginning in the 1940s and 50s
and are based carbon molecules (hence "organic").

These are the largest class of insecticides in use today. Natural insecticides are based on chemicals occurring in
nature, like nicotine, pyrethrum and neem extracts. Most recently, scientists are trying to isolate natural
chemicals from the insects themselves that prevent juvenile organisms from developing into adults.

Insecticides can also be classified by their mechanism of action.
1. Organochlorine compounds work on insects by opening what's known as the sodium ion channel in the
neurons or nerve cells of insects, causing them to fire spontaneously. The insect will go into spasms
and eventually die. DDT was the earliest of these chlorinated hydrocarbons, but DDT and many others
in this class have been banned from general use in most countries. (See the following story for more
about DDT.

2. Organophosphates also work on the nervous system, but they keep the nerve cells from
communicating with each other. Normally, nerve cells in the brains or muscles of humans or insects
send tiny electrical pulses down tendril to the end ot the cell where the pulse has to jump across a gap
– known as a synapse – to another nerve cell. A chemicals known as ACh moves from one cell to the
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other and binds with the new cell, sending the electrical pulse down the new cell. These insecticides –
and nerve gas agents that are closely related – prevent the ACh from coming loose from the new cell,
so it can't receive any more impulses. The insects can't function and die. Malathion is a common
insecticide in this class and was famous for treating infestations of the Mediterranean Fruit Fly and
West Nile Virus-carrying mosquitoes.
3. Carbamates have similar properties to the organophosphates, but last in the environment for a much
shorter time period. They are thought to be less toxic.

4. Pyrethroids are synthetic compounds that mimic the action of chemicals in the Chrysanthemum
flower. They are considered to be among the safest insecticides because they break down when
exposed to light. They are used particularly against lice and other household pests.

5. Neonicotinoids are the synthetic versions of nicotine and make insects jumpy, with leg tremors, rapid
wing motion, disoriented movement, paralysis and death. But they are not as toxic in mammals
(including humans) because they work on a neural pathway that is more abundant in insects. But some
of these chemicals have recently been banned in places because they might be contributing to the
collapse of colonies of honey bees that are vital to the pollinating many crops.

6. Bt insecticides are chemicals produced by natural bacteria that kill insects in their larval stage. Because
these are natural compounds and because there are several species that kill different species of
insects, these Bt insecticides have become very popular with organic farmers. In addition, Bt genes
have been isolated and introduced into the DNA of various crops so that the plants themselves
produce their own insecticide.

7. IGRs or Insect Growth Regulators are new chemicals that are isolated from the insects themselves, and
will interfere with the normal growth or development of the pest. One class of chemicals prevents
insects from moulting, or shedding their skill as they grow. Another class blocks the chemical signal
that tells juvenile insects to move on to an adult stage. These insecticides keep the insects in a larval or
nymph stage.

8.

Anti-feedants are a new class of chemical that will attack the insect's ability to digest food. It dies of
starvation slowly. These chemicals are still being developed to make them cheap enough for
commercial use.
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You are now ready to go through a check list. Be honest with yourself.
Tick the box with either a √ or an X to indicate your response.

□ I am able to observe all the safety precautions and practices
□ I am able to operate the various types of pest control applicators
□ I am able to exercise due diligence to the environment when applying pest control
□ I am able to identify the various types of chemical pest controls and their strategies

You must think about any point you could not tick. Write this down as a goal.
Decide on a plan of action to achieve these goals. Regularly review these goals.

My Goals and Planning:
_______________________________________________________________________
_______________________________________________________________________
_______________________________________________________________________
_______________________________________________________________________
_______________________________________________________________________
_______________________________________________________________________
_______________________________________________________________________
_______________________________________________________________________
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A person credited with this unit standard will be able to:

□

Identify various organism of the plant kingdom

□

Indicate the unique characteristics of the different organisms

□

Describe the environmental conditions that are best suited to these organisms

□

Explain the various reproductive methods used by the organisms.
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STRUCTURE AND FUNCTION OF FUNGI AND THE ROLES THAT THEY PLAY IN THE
ENVIRONMENT

TIME: 60 MINUTES

F

ACTIVITY: SELF & GROUP

ungi (Singular: fungus) are classified within their own kingdom - The Kingdom Fungi, while some
are in The Kingdom Protista. A fungus is neither a plant nor an animal. It is similar to a plant, but it
has no chlorophyll and cannot make its own food like a plant can through photosynthesis. They get
their food by absorbing nutrients from their surroundings.

Fungi are like plants that are not "green"; they do not have the photosynthetic pigment chlorophyll. They have
no roots stems or leaves but grow as masses of protoplasm in dead or living organic matter. There are about
100,000 different fungi. Some like the yeasts are single cells but most fungi grow as branching tubes of
protoplasm called hyphae. Fungi contain chitin which is also found in animal cells. A single organism is called a
fungus.

Kingdom Fungi includes
mushrooms, rusts, smuts, puffballs,
truffles, morels, moulds, and yeasts,
and thousands of other organisms
and microorganisms. They range
from microscopic single-celled
organisms, such as yeast, to gigantic
multicellular organisms. Many fungi
play a crucial role in decomposition
(breaking things down) and
returning nutrients to the soil. They are also used in medicine, an example is the antibiotic penicillin, as well as
in industry and food preparation.

For a long time fungi were classified as plants, mainly because of their similar lifestyles - both are seen to grow
in soil and are sessile (permanently attached; not moving). Plant and fungal cells both have a cell wall, while
cells from the animal kingdom don't. Fungi are thought to have diverged from the plant and animal kingdoms
about one billion years ago.
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What is Mycology?
Mycology is the study of fungi - it is a branch of biology. A mycologist studies fungi's genes, biochemical
properties, their use to us as a source of food, their hallucinogenic, poisonous and pathogenic (ability to cause
disease) properties.

Where do fungi exist?
Fungi exist in various habitats, including deep down in the ocean, lakes, rocks, deserts, very salty
environments, and areas of extremely high or low temperatures. Some can prevail even after being exposed to
intense UV and cosmic radiation as one would encounter during space travel. During the 13 years the Mir
space station was in orbit, a great deal of equipment was continuously being damaged by mutated fungi that
had been breeding in the space station. At first technicians were puzzled and thought the problems must have
been due to faulty workmanship. The majority of fungi live on land.

South African Fungi kingdom
Mushrooms belong neither to the animal nor plant kingdom, but form a phylum all on their own. This is due to
the fact that unlike plants, fungi are unable to produce their own food through photosynthesis, as they lack
chlorophyll, but resemble animals in their ability to draw their sustenance from animal and plant matter which
is dissolved by enzymes and ingested.

Current estimates put the number of species in the fungal kingdom at approximately 1.5 million, in comparison
with, for example, flowering plants at 250,000 species.

The role of fungi in the ecosystem is vital. Fungi are one of the largest contributors of the decomposition of
organic matter, returning nutrients to the soil, which in turn is utilised to sustain other species of flora and
fauna. The majority of the fungi kingdom cannot be seen with the naked eye, and needs to be viewed with a
lens or microscope.

Humans most common association with mushrooms are those we use for the dinner table, these and other
edible and non-edible mushrooms are referred to as "fruit-bodies". This is the common name given to the
organism that seems to pop-up out of the ground for no apparent reason. Yeast -- used to 'raise' bread and to
ferment beer -- is in fact a fungi;
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The reproduction unit of all fungi is known as the "spore". When this spore lands on a suitable substrate or
base, and growth conditions are ideal, it will germinate by sending out a germ tube which becomes attached to
the base or substrate.

This tube develops in to the "hyphae",
which in turn will expand and develop
into a network of hyphal threads, known
as "mycelium". This mycelium, hardly
ever seen, is the vegetative body of the
fungus responsible for its nutrition and
formation.

The mycelium will continue to grow and
branch throughout the substrate for as
long as it can obtain nutrients from it,
and conditions of temperature and
moisture remain favourable. This
mycelium may continue to grow for a
long time without forming any sex
organs, but once two sexually
differentiated mycelia meet, and plasmas
of conjugating cells unite, if external
conditions are ideal, a "fruit-body" will
appear. A mushroom or toadstool etc.
pops out of the ground!

Fungi have a long history of use by humans. Many types of mushrooms and other fungi are eaten, including
button mushrooms, shiitake mushrooms, and oyster mushrooms. Of course, many species of mushrooms are
poisonous and are responsible for numerous cases of sickness and death every year.

A type of fungus called yeast is used in baking bread and fermenting alcoholic beverages. Fungi are also used
to produce industrial chemicals like lactic acid, and even to make stonewashed jeans. Some types of fungi are
ingested for their psychedelic properties, both recreationally and religiously (as entheogens).
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STRUCTURE AND FUNCTION OF ALGAE AND THE ROLES THAT THEY PLAY IN THE ECOSYSTEM
TIME: 60 MINUTES

A

ACTIVITY: SELF & GROUP

nyone who has walked on the slippery rocks of the seashore will be aware of organisms which are
recognizable as belonging to a group
known as algae. A very different form of

alga will be familiar to swimming pool owners. The
seashore algae are large, slippery, and firmly
attached to the rocks, while the swimming pool
algae are small, often unicellular, and either float
freely in the water colouring it green, or coat the
sides of the pool with a green or brownish film.

What common features do these organisms share
that make them all algae, yet separate them from
other living organisms? What types of organisms
are recognised as algae? In what environments do
algae occur?

Algae: What are they? This question was put to a number of ordinary passers-by, and they gave some of the
following answers:

□

"That's the slippery stuff on the sea shore."

□

"That's what makes the smell on beaches."

□

"That's the stuff that messes up my swimming pool."

□

"It feeds all the animals in the sea."

□

"Yucchy stuff."

□

"Slimy stuff that grows in sewage."

□

"I don't know, but the roof of my house was once turned green by it."

□

"I have heard they are edible."

Algae are all of the things cited above, and grow in all of these places, but as a group they are notoriously
difficult to define.
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Biologically, the name "algae" is given to a group of organisms of mixed affinity. The word itself has no
taxonomic significance whatsoever. The algae do, however, share a number of features which allow them to
be treated as a group, although as a group with a very mixed evolutionary history. Algae are constructed fairly
simply.

They generally do not have
vascular tissue, and they do
not show the high level of
organ differentiation of the
familiar, more complex
plants. It might be argued
however that this
distinction doesn't apply to
the more advanced brown
algae which do have a
certain degree of organ
differentiation, and which
even have a type of vascular tissue.

Algae have naked reproductive structures. This means that there are no protective layers of cells surrounding
reproductive structures. None of the algae have reached even the level of organization in reproductive
structures shown by the archegoniate plants, such as the mosses & liverworts. It might be argued, as we shall
see later, that even this distinction breaks down in the case of the female reproductive structures of the more
advanced red algae.

Most algae are photoautotrophic, which means that they can make their own food materials through
photosynthesis by using sunlight, water and carbon dioxide. A few algae are not photoautotrophic, but they
belong to groups which are usually autotrophs. Incidentally, the word algae is plural so we say, for example,
Chlorella and Spirogyra are algae. The singular form is alga so we say, for example, Chlorella is an alga. When
used as an adjective, we say algal, as for example algal cells.

In common with all plants, most algae contain chlorophyll-a, as well as various other photosynthetic pigments.
This is true even though, strictly speaking, not all algae belong to the plant kingdom. Algae show a broad range
of complexity, as might be expected in a group of organisms with such a mixed background. They range in
complexity from tiny, microscopic forms, to very complex forms such as the kelps.
Training Provider Accreditation Number: AGRI/c prov/0282/10
NPO Registration Number: 030-972

Algae include both prokaryotic and eukaryotic organisms. The Cyanobacteria (sometimes called Cyanophyta or
blue-green algae) and a relatively recently discovered algal division called the Prochlorophyta are both
prokaryotic divisions, while all other algae are eukaryotes. The prokaryotic algae range only from uni-cells and
colonies.

Algae occur in virtually any habitat
on earth as long as long as water is
found there at some time, even if it
is just moisture which might be
present for a very short time. Algae
may be found as free-floating
phytoplankton, which form the base
of food webs in large water bodies.
There are also algae which live
attached to rocks and other
substrata at the bottom of bodies of
water such as the sea.

Algae may occur as epiphytes on higher plants, or on other algae. All major bodies of water have algae in
abundance, including lakes, small streams, large rivers, and even waterfalls. Algae occur in fresh water, to the
saline water of the sea, and even in salt pans. There are also algae that thrive in the heated water of hot
springs.

In the sea they may occur below the range of tidal exposure - in the sub-tidal zone, as well as in the harsh
intertidal environment of the seashore, where they may be beaten by waves. Growing in the intertidal zone,
algae are subjected to a number of stresses and disturbances. At low tide, they may bake in the sweltering sun
or even get rained on by fresh water.

In some parts of the world, intertidal algae are even scoured by sea ice, yet they persist in living in this
environment. Those algae which live attached to the bottom of a water body are called benthic algae, and the
ecosystems of which they are part are referred to as benthos.
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Small, microscopic algae which drift about in bodies of water, such as lakes and oceans, are called
phytoplankton. Phytoplankton is important in freshwater and marine food webs, and is probably responsible
for producing much of the oxygen that we breathe.

Some forms of algae are even able to grow in Arctic and Antarctic sea ice, where they can be quite productive
and support a whole associated food web. Some algae can even grow on the seabed, beneath a thick blanket
of Arctic or Antarctic sea ice, even though they are in total darkness for a considerable part of the year. Algae
are found in snow too. In some parts of the world, blooms of snow algae may paint the snow beds red in
spring.

You may be surprised to find that algae even occur in the driest deserts. In some areas of the Namib Desert in
Namibia, and the Richtersveld in South Africa, one often finds many quartz stones scattered about on the
ground. Since Quartz is quite translucent, the stones permit a considerable amount of light to pass through, so
there is sufficient light for photosynthesis to take place underneath the stones.

A small amount of moisture may be retained in the soil under the quartz stones, so unicellular algae are able to
grow underneath them. You can see these algae as a green colouration if you gently turn the stone over. If you
do this, remember to put the stone back into position again so that the algae and other organisms that live
there won't dry out and suffer damage or die.

You may be surprised to know that algae are also found in the air, for there are many algae that colonize new
bodies of water by simply drifting about through the air. There is even a unicellular green alga called
Prototheca which causes disease in humans, although like this specimen, you have to be very ill already to get
it. It produces skin lesions, mainly in patients whose immune systems have been damaged by other serious
diseases.

And of course there are the algae that enter into symbiosis with other organisms, for example, the symbiotic
organisms that we call lichens. The stony corals which construct coral reefs in warm tropical seas are only able
to build up these massive and beautiful structures because that have formed a symbiotic partnership with tiny
single-celled algae called zooxanthellae. The zooxanthellae which live in the tissues of the coral, share with it
the organic products of their photosynthesis, as well as helping the coral with the construction of its limestone
skeleton.
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Even the chloroplast of land plants had its origin as a blue-green alga that lived within the cells of the ancestral
organism. Such a special symbiotic relationship, where one organism lives inside the cells of another, is called
endosymbiosis.
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STRUCTURE AND FUNCTION OF MOSS AND THE ROLES THAT THEY PLAY IN THE
ENVIRONMENT

TIME: 60 MINUTES

T

ACTIVITY: SELF & GROUP

he mosses are a group of non-flowering plants belonging to the Bryophyta division of the main
plant kingdom. They are fairly small with most of their features microscopic because they are
among the earliest and simplest land plants. The mosses are found in great variety, growing
almost everywhere (except in the sea) at all times of the year.

These plants clothe rocks, walls, roofs, pathways, forest floors and tree surfaces, contributing to the beautiful
landscapes. They occur most abundantly in relative pollution-free, shady and moist habitats, contributing to
environmental status assessment. Some moss species can be easily identified from the field by naked eye or
using a hand lens but most tiny species and most moss features are best studied under the microscope.
Mosses consist of a vegetative gametophyte (stem and leaves), a sporophyte (fruiting structure) and root-like
rhizoids that keep the plant anchored to its substrate.

Haplocladium angustifolium is an irregularly pinnately branched moss that is easily distinguished from other
members of the family Thuidiaceae by the leaf apex ending in a long awn; prorate laminal cells (ends of leaf
cells projecting above the leaf surface); weakly branched paraphyllia with acute apical cell; and the strongly
asymmetrical, curved and inclined capsule.

Moss is a very simple type of plant that lacks conventional roots, stems, and leaves. It refers to any species of
the class Bryopsida and is part of the division Bryophyta. Bryophyta means the first green land plants to
develop during the evolutionary process. Moss is thought to have evolved from very primitive vascular plants.
Moss has not given rise to any other kind of plant.

Lacking traditional vascular structures of true leaves, stems, and roots, moss growth is limited to moist
locations. It is usually very hardy and grows almost everywhere, except under the sea. Moss usually grows
vertically. Except for the commercially viable Sphagnum peat moss, moss is generally of little use to humans. It
is also of little use to animals, although it is sometimes eaten in times of famine.

Moss is sometimes used to fill in barren habitats such as in dried lakes. It is also used to provide a backdrop for
other plants in gardens, or simply to add colour where grass refuses to grow.
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Unrelated plants can share the name moss. This includes club moss; flowering moss; carageen, which is a type
of algae sometimes used in health foods; reindeer moss, which is actually a lichen; and Spanish moss. Spanish
moss is usually regarded as a parasite, since it often grows on other plants, such as oak trees. This moss grows
in long streamers and is often seen in the Southern states of America.

The Japanese have gardened with moss for centuries. Valued for its reduced need for watering, its greenness is
considered to add a feeling of lushness and serenity to Japanese gardens.

Moss is often used in rock gardens or with water gardens, ferns, or ponds because it needs so little
maintenance. With concerns about drought growing in different parts of America, moss has become an
increasingly desirable alternative to high-maintenance grass lawns and conventional gardens using shade
plants.

Let’s take a look at an example:
Sphagnum L. Family: Sphagnaceae. common names: peat moss, bog moss, turf moss

Sphagnum is one of the most cosmopolitan and the most useful, economically and ecologically important
moss.

Description
Sphagnum is the only genus in the family Sphagnaceae.
The plant forms clusters of short branches (heads or
coma) above, and below the heads, elongated spaced
out tufts (fascicles) of branches are formed along the
stem. Each tuft is often made up of three to eight
branches. The plant is pale green with shades of pink,
red, yellow or brown. The stems are erect and
individually weak and gain support by aggregation and
growing in dense masses or cushions. The length of the
stem is practically indefinite (Cavers 1971). It is believed
that Sphagnum plants can live for thousands of years as
the shoot of the plant is continually growing upwards as
the plant dies back below. The leaves are differentiated: the stem leaves are small, fewer and spaced out;
triangular to oblong or linear; the branch leaves are numerous and crowded; oval or ovate to lanceolate. The
adult Sphagnum lacks rhizoids and absorbs water directly through the stem and leaves.
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Sphagnum is dioecious (male and female flowers
borne on separate plants) or monoecious (male
and female flowers borne on same plant). The
male (perigonia) and the female (perichaetia)
inflorescences are borne on special apical
branches. The sporophyte is elevated above the
perichaetial leaves. The capsule lacks a
peristome. The operculum is convex. The
calyptra is colourless and membranous. The
spores are weakly ornamented.
10. Habit
11. Stem and fascicle
12. Stem in cross section
13. Stem leaf
14. Branch leaf
15. Stem leaf in cross section
16. Branch leaf in cross section
17. Stem leaf cells
18. Branch leaf cells
Conservation status
There is no definite record on the conservation of Sphagnum moss in South Africa, because true bogs, in the
northern sense, are not formed (Magill 1981) and there is very little peat moss in our wetlands. However, due
to increased urbanization, industrial developments and global warming challenges, SANBI is one of the major
role players in ensuring conservation and sustainable use of wetlands in South Africa.

Distribution
Sphagnum occurs throughout the world with the northern hemisphere regions, e.g. Canada, North America
being the centres of dominance. It extends from the tropics and north and south temperate zones to subarctic
and antarctic regions (Parihar 1965). Peat moss generally prefers very wet or damp habitats. In South Africa it
grows on soil or rocks in wet, shaded forested areas, mountain seeps, stream banks, near waterfalls, small
pools, open swamps, drainage lines, and seepage areas.
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Ecology
Peat moss grows in a humid environment where soil conditions are acidic. The presence of a colloidal
substance in cell walls liberates acid. The pH of the water of Sphagnum bog may range from 3.7 to 4.9 (Parihar
1965). The acidity inhibits bacterial and fungal growth. The old, lower part of this moss does not readily die
because the acidity of its environment discourages the growth of micro-organisms and it therefore
decomposes slowly.

This partly dead tissue eventually forms a Sphagnum mass, mixed with other plant remains. This mass is slowly
compressed and hardened over the years and forms a compact dark coloured substance known as peat, hence
the name peat moss (Parihar 1965). It is this compact mass from which fuel in the form of coal, may be
produced.

The leaves of Sphagnum are made up of dead, relatively large inflated water-storage cells (leucocysts),
generally with numerous fibrils and pores. It is these specialized cells that give this genus its unique, high
water-holding capacity. Wet mass of Sphagnum can be up to 20 times its dry mass (Glime 2007). The
leucocysts are surrounded by a network of living, narrow, elongated chlorophyll-containing cells (chlorocysts).
The classification of the Sphagna (peat mosses) is primarily based on the structure of these two kinds of cells
(Cavers 1971).

Like other mosses, Sphagnum is resistant to desiccation. The plant loses water in dry conditions, appears white
and brittle, and becomes dormant but then springs back to life and looks green or tinged with colour in wet
conditions.

Uses
The varied uses of peat moss can be classified as ecological (good environmental status indicators, heavy-metal
pollution monitoring and clean-up); economical (fuel as a source of coal); household (cushioning, lining,
packaging and decoration); medicinal (antiseptic, antibiotic); and horticultural. However, Sphagnum is one of
the most vulnerable group of plants and it's a matter of years before a peat bog or a Sphagnum population can
recover after sampling.

Therefore, for conservation reasons, the sale and the use of Sphagnum peat is being deplored and the
continuing loss of its unique habitat is one of greatest conservation problems. In her recommendations,
Staddon (2006) advised that the penalties for harvesting illegally from peat bogs should be tougher.
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STRUCTURE AND FUNCTION OF GYMNOSPERMS AND THEIR METHODS OF REPRODUCTION
TIME: 60 MINUTES

G

ACTIVITY: SELF & GROUP

ymnosperms are a sub-division of Spermatophyta which includes those plants which bear naked
seeds i.e., the ovules and the seeds that develop from these ovules are not enclosed in fruit wall. In
other words the ovary is absent. In comparison to angiosperms it is a smaller group having only 700

species. Even then they are distributed throughout the whole world. They are dominant vegetation in some
forests. They are more advanced than bryophyta and pteridophyta. Many gymnosperms are fossils.

Gymnosperms are naked seeded spermatophytes, originated 350 million years ago. Most of them have
become extinct and some are represented by a few living species called living fossils.e.g. Ginkgo biloba. The
main plant body is the diploid sporophyte, which is woody and perennial and differentiated into root, stem and
leaves. Sequoia sempervirens is the tallest land plant. The tap roots exhibit association with algae to form
corraloid root as in Cycas or with fungi to form mycorrhizal root as I Pinus. The wood is monooxylic as in Cycas
or pycnoxylic, lack vessels and wood fibre.

Cycas reproduces asexually
by fomtaion of bulbils and
by sexual method. It is
diocecius, showing
sympodial growth in male
plants and monopodial
growth in female plants.
Male plants bear
microsporophylls at tip
arranged spirally on the
cone and group of
sporangia in sori are borne
on abaxial side of
microsporophyll.
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Female plants bear megasporophyll arranged in a whorl at the tip. Each megasporophyll bears 1-5 pairs of
large. Naked ovules gametophyte or endosperm developed from one of the four megaspores. Female
gametophyte contains 2-8 archegonia. Multiflagellated, large spermatozoids formed from haploid microspores
(in male palnt) fertilize the egg inside archegonia to form a diploid zygote, which develops into embryo. Cycas
shows polyembryony due to presence of more than one archegonia but only one embryo survives.

Important Characteristics
1. Most plants are perennial and woody.
2. They are xerophytic, with sunken stomata and thick cuticle.
3. The xylem is without vessels and phloem lacks companion cells.
4. Reproductive organs are usually in the form of cones or strobili. The male cones are made up of
microsporophylls and female cones are made up of megasporophylls.
5. Microsporophylls bear microsporangia (900-1000 microsporangia in sori in Cycas and two microsporangia in
Pinus sps.).
6. Large number of microspores (pollen grains), are produced in microsporan-gia after reduction division,
which later form male gametophytes.
7. Male gametophytes of all gymnosperms produces pollen tubes.
8. In the nucellus of megasporangia (ovules) one of the cells forms megaspore mother cell which after
reduction division forms a linear tetrad of megaspores of which only one is functional.
9. Functional megaspore forms female gametophyte (also called endosperm). Thus the endosperm is a prefertilization tissue in gymnosperms).
10. On the micropylar end of female gametophyte are differentiated two or more archegonia.
11. All gymnosperms are wind pollinated.
12. Usually polyembryony is found in seed although ultimately only one embryo survives.
13. Archegonia lack neck canal cells.
The gymnosperms are seed producing land plants. However, the seeds are not enclosed in fruits. Most of them
have now become extinct and only about 900 species are known to be surviving. The living gymnosperms are
widely distributed in the cold climates where snow, rather than rain, is the source of water. Only one group
called cycads thrive in warmer regions.

The adult plant body is a sporophyte. It is represented by a perennial, evergreen, woody plant. Most of them
are trees and some are shrubs. There are no herbs.
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Gymnosperms include one of the world's tallese trees - Sequoia sempervirens (the Giant Red Wood Tree)
measuring about 125 meters in height and 30 meters in girth. A 4000 year old red wood tree is still found in
California!

The plants possess well-developed tap root system. In some cases the roots are symbiotically associated with
algae (coralloid roots of Cycas) or with fungi (mycorrhizal roots of Pinus). The stem is erect and woody, may be
branched or unbranched. Gymnosperms are heterosporous, producing two kinds of spores microspores and
megaspores produced by separate sporangia.

The two types of sporangia - microsporangia and megasporangia are found on special leaf like structures
called sporophylls. The microsporangia represent the pollen sacs and the megasporangia represent the ovules.
Microsporangia occur on microsporophylls (stamens) and megasporangia occur on megasporophylls (carpels).

The sporophylls are usually aggregated to form structures called cones or strobili. Male cones (with
microsporophylls) and female cones (with megasporangia) occur on separate plants (unisexual).

The microsporangium (pollen sac) produces numerous pollen grains which are anemophilous. The
megasporangium (ovule) remains exposed on the megasporaphyll. The pollen grain which represents the male
gametophyte comes in contact with the ovule, develops a pollen tube and brings about pollination. The
generative cell present in the pollen tube produces two male gametes. One of them unites with the egg cell in
the ovule to form a zygote.

The diploid zygote develops into an embryo which remains enclosed within the ovule. The ovule then
transforms itself into a seed. The seed remains attached to the megasporophyll and is not enclosed by a fruit.
The ripe and dry seeds are shed. Under suitable conditions the seeds germinate and develop into new plants.
Gymnosperms are grouped into seven divisions of which four divisions include examples which have become
extinct. Among the existing forms the most familiar ones are the Cycads. (E.g., Cycas) and the Conifers (E.g.,
Pinus). Some examples like Gnetum and Ephedra show certain characteristics close to angiosperms.

Pinus as well as other conifers are every green trees. They have monopodial growth represented by one main
axis. As the axis grows taller it increases in diameter due to secondary growth. Stem branches are of two types:
1. Long shoots or branches of unlimited growth.
2. Dwarf shoots or branches of limited growth.
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You are now ready to go through a check list. Be honest with yourself.
Tick the box with either a √ or an X to indicate your response.

□

I am able to identify various organism of the plant kingdom

□

I am able to indicate the unique characteristics of the different organisms

□

I am able to describe the environmental conditions that are best suited to these organisms

□

I am able to explain the various reproductive methods used by the organisms.

You must think about any point you could not tick. Write this down as a goal.
Decide on a plan of action to achieve these goals. Regularly review these goals.

My Goals and Planning:
_______________________________________________________________________
_______________________________________________________________________
_______________________________________________________________________
_______________________________________________________________________
_______________________________________________________________________
_______________________________________________________________________
_______________________________________________________________________
_______________________________________________________________________
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A person credited with this unit standard will be able to:

□

Identify the various stages in the reproductive cycle of a flowering plant.

□

Explain how each stage develops from the previous one.

□

Recognise all the major physiological components that are involved in the reproductive cycle.

□

Utilize knowledge of the reproductive cycle in the propagation of ornamental plants.

Training Provider Accreditation Number: AGRI/c prov/0282/10
NPO Registration Number: 030-972

THE ROLE POLLINATION PLAYS IN REPRODUCTION OF FLOWERING PLANTS
TIME: 60 MINUTES

W

ACTIVITY: SELF & GROUP

hat is pollination?
Pollination is the act of transferring pollen grains from the male anther of a flower to the
female stigma. The goal of every living organism, including plants, is to create offspring for
the next generation. One of the ways that plants can produce offspring is by making

seeds.

Seeds contain the genetic
information to produce a
new plant. Flowers are the
tools that plants use to make
their seeds. The basic parts
of the flower are shown in
the diagram below. Seeds
can only be produced when
pollen is transferred between
flowers of the same species.

A species is defined a population of individuals capable of interbreeding freely with one another but because
of geographic, reproductive, or other barriers, they do not interbreed with members of other species.
How does pollen get from one flower get from one flower to another?
Flowers must rely on vectors to move pollen. These vectors can include wind, water, birds, insects, butterflies,
bats, and other animals that visit flowers. We call animals or insects that transfer pollen from plant to plant
pollinators. Pollination is usually the unintended consequence of an animal’s activity on a flower.

The pollinator is often eating or collecting pollen for its protein and other nutritional characteristics or it is
sipping nectar from the flower when pollen grains attach themselves to the animal’s body. When the animal
visits another flower for the same reason, pollen can fall off onto the flower’s stigma and may result in
successful reproduction of the plant.
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Pollen from the anthers of
Flower 1 is deposited on
the stigma of Flower 2.
0nce on the stigma, pollen
may “germinate,” which
means that a “pollen tube”
forms on the sticky surface
of the stigma and grows
down into the ovule of the
plant. This growth can
result in:

•

Successful
fertilization of the
flower and the
growth of seeds and fruit; or

•

A plant can be only partially fertilized, in which the fruit and/or seeds do not fully develop; or

•

The plant can completely fail to be pollinated, and may not reproduce at all.

Plants can be:

•

Self-pollinating - the plant can fertilize itself; or,

•

Cross-pollinating - the plant needs a vector (a pollinator or the wind) to get the pollen to another
flower of the same species. Visit The Birds and the Bees web page for more information about plant
breeding systems.

Why is pollination important for native wildflowers?
Virtually all of the world’s seed plants need to be pollinated. This is just as true for cone-bearing plants, such as
pine trees, as for the more colourful and familiar flowering plants. Pollen, looking like insignificant yellow dust,
bears a plant’s male sex cells and is a vital link in the reproductive cycle.

With adequate pollination, wildflowers:
Reproduce and produce enough seeds for dispersal and propagation *Maintain genetic diversity within a
population
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The Simple Truth: We Can’t Live Without Them!
Pollination is not just fascinating natural history. It is an essential ecological survival function. Without
pollinators, the human race and all of earth’s terrestrial ecosystems would not survive. Of the 1,400 crop
plants grown around the world, i.e., those that produce all of our food and plant-based industrial products,
almost 80% require pollination by animals. Visits from bees and other pollinators also result in larger, more
flavourful fruits and higher crop yields.

Relationships of Types of Pollinators and Flowers
Plants and pollinators have co-evolved physical characteristics that make them more likely to interact
successfully, which has in turn led to the great diversity of flowers in nature. The plants benefit from attracting
a particular type of pollinator to its flower, ensuring that its pollen will be carried to another flower of the
same species and hopefully resulting in successful reproduction.

The flower type, shape, colour, odour, nectar, and structure vary by the type of pollinator that visits them.
Such characteristics are considered pollination syndromes and can be used to predict the type of pollinator
that will aid the flower in successful reproduction. The more specific the relationship between the flower and
pollinator, the more likely the pollen of that species will be successfully transferred and that the plant's pollen
will not be wasted on the flower of a different species.

These plant-pollinator interactions illuminate hypotheses of co-evolution, such as how mutualism or
antagonism can alter plant morphology or pollinator behaviour and morphology. These changes are predicted
from the theory of natural selection, which posits that each member of the interaction is only "looking" to
maximize its own fitness.
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Plants and
pollinators
do not have
the same
goals.
Plants want
to maximize
the spread
of pollen to
new
individuals, while at the same time minimizing the energetic costs of producing pollen and nectar to attract
pollinator vectors. The image above depicts some food items which are pollinated by bees.

Pollinators, on the other hand, want to maximize energetic rewards of high quality food in the form of
proteinaceous pollen and sugary nectar, while at the same time minimizing the cost of foraging. These
seemingly antagonistic goals can result in highly specialized relationships between plant and pollinator
symbionts. Now that we know the parts of the flower and understand the processes of pollination and
fertilization, we can explore the relationship between plants and their respective pollination vectors.

Beetles
• Largest set of pollinating animals.
• Early beetles appear to have been among the primary visitors of primitive flowering plants, and due to their
pollination being an improvement over wind pollination, beetles likely played an important role in the
evolution of flowering plants.
• Beetles pollinate about 88% of the 240,000 flowering plants on earth.

Butterflies
• Compared to bees, butterflies are often less efficient at transferring pollen between plants because
frequently pollen does not stick to their bodies and they lack specialized structures for collecting pollen.

Birds
• About 2,000 species of birds worldwide are nectar feeders.
• The hummingbird family provides vital pollination services to thousands of plant species.
• Of the 300 different hummingbird species, 16 breeding species
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THE FERTILISATION PROCESS IN FLOWERING PLANTS
TIME: 180 MINUTES

F

ACTIVITY: SELF & GROUP

ertilisation in Plants
The pollen grains which reach the sticky stigma, absorb these secretions, swells up and ruptures at
one of the germ pores. The thin intine emerges out in the form of a pollen tube which continues to
grow and penetrates deep into the style.

(A - E), A, a microspore of an
angiosperm; B E, stages in the
germination of pollen grain
anddevelopment of male
gametophytes

The contents of the pollen
grain move into the pollen
tube. The tube nucleus moves
first and comes to lie at the tip
of the pollen tube. This is
followed by the migration of
the generative cell or the two
male gametes if they have
already formed

Longitudinal section of a
flower showing germination
of pollen grains and the
phenomenon of fertilization.
One pollen tube has grown
through the style and has
entered the embryo sac
through the micropyle.
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The pollen tube enters into the ovule, through the micropyle. Inside the embryo sac, the tip of the pollen tube
ruptures and the 2 male gametes are set free near the egg apparatus. Inside the embryo sac, one of the 2 male
gametes fuses with the egg nucleus and forms a diploid zygote.

This process is called syngamy or true fertilisation. The other male gamete pushes further into the embryo sac
and fuses with the secondary nucleus and gives rise to a triploid nucleus called the primary endosperm
nucleus. This process of nuclear fusion is called triple fusion.

This entire phenomenon of fertilisation involving the fusion of the egg and one of the male gametes, together
with the union of the second male gamete with the secondary nucleus or the polar nuclei is called as double
fertilisation. The picture above shows the longitudinal section of an ovule showing different stages of
fertilisation.
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R

eproduction in Flowering Plants
The creation of a life form, by a similar life is called reproduction. Reproduction is the extension of
life of a species at a given time. It is a means of perpetuation of the species and also multiplies
their number.

By this process, the individuals transmit life to the next generation and thereby ensure the continued existence
of living organisms on earth. If there was no reproduction, life on this earth would sooner or later come to an
end. Plants reproduce by several methods

They are broadly grouped into 2 types.
•

•

Asexual or vegetative reproduction
o

In asexual reproduction the offspring are produced from the somatic (body) cells

o

No fusion occurs

o

The somatic cells may be from the root, stem, leaf or flower

Sexual reproduction
o

In sexual reproduction the offspring are produced by the fusion of the male and female
gametes

o

The sex cells or gametes are obtained from the male and female sexual organs of the flower

Asexual Reproduction in Multicellular Organism
New individuals are produced from a single parent without the act of fusion of gametes. The new individuals
so formed are generally identical to the parent plant, as only mitotic divisions take place during their
development. Regeneration of new plants from portions of vegetative organs is very common and is called
vegetative propagation. For this purpose, organs like the root, stem, leaf, flower etc are variously modified.

This type of reproduction is very common in angiosperms and is well exploited by man. Vegetative
reproduction results in the multiplication of plants and therefore also called as vegetative multiplication.

The methods of vegetative propagation may be classified into 2 types.
•Natural vegetative propagation
•Artificial vegetative propagation
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Natural Vegetative Propagation
In this method of vegetative propagation, a part of the plant, which may be stem, root, leaf or flower, gets
detached from the body of the mother plant. The detached part, under suitable environmental conditions
develops in to a new independent plant.

Among seed plants, vegetative propagation by natural methods is very common. A vegetative part reproducing
by this method should possess
a) Sufficient food for early growth of new plant
b) Growing bud
The common structures that take part in natural vegetative propagation are roots, stem, leaves and buds

Vegetative Propagation by Roots
Roots of are some plants like radish, carrot, Dahlia, Tapioca are tuberous and when planted in specially
prepared soil, develop adventitious buds which grow into leafy shoots called slips. The young slips are
detached from the parental plant and grown separately. In woody plants such as Albizzialebbek, Dalbergia
sisoo, some of the roots running just below the ground level develop adventitious buds at intervals. The buds
grow out in the form of shoots which produce the new plants.

Vegetative Propagation by Stem
Aerial weak stems like runners and stolons, when they touch the ground, give off adventitious roots. When the
connection with the parent plant is broken, the portion with the newly struck roots develops into an
independent plant.

Some examples for propagation by stem are from
•

Stolons - Vallisneria, strawberry

•

Offsets – Eichhornia

•

Rhizome - banana, ginger

•

Bulbs - Alluim cepa, orion

•

Corns - colacasia

•

Tuber – potato

A runner of the mint plant bearing numerous
adventitious roots and a shoot at each node is
depicted on the right.
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Vegetative Propagation by Leaves
Leaves are not a common means of
vegetative propagation in nature.
But, in species of Bryophyllum,
plantlets are produced from the
notches of the margin of intact
leaves, while the latter are still
attached to the parent plant. In
other species of Bryophyllum, the
leaves must be detached or injured
before plantlets arise.

Vegetative reproduction from reproductive organs
Flowers are primarily concerned with sexual
reproduction. But, in some plants such as Agave,
the flower bud becomes modified into specialised
structures called the bulbils. The bulbils are fleshy
on account of storage of food in the floral leaves.
The bulbils drop from the parent plant on to the
ground, give out adventitious roots and develop
into new plants.

Artificial Vegetative Propagation
Certain flowering plants have the capacity to develop a part of their somatic body into a new independent
plant. In artificial vegetative propagation, such plants are identified and special techniques are applied to
obtain new independent plant. Horticulture have used the various methods of vegetative propagation adopted
by plants in nature. These practices constitute the artificial means of vegetative propagation.

These methods are meant for
•combining the good qualities of two different varieties.
•propagating the desirable variety of plants economically, with least attention and in comparatively shorter
time
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Some common and important methods of artificial vegetative propagation are:
Cutting
It is a process in which a vegetative portion from a plant is taken and is rooted in the soil to form a new plant.
The portion used is called a cutting. Stem cuttings are most commonly used for this purpose. The factors to be
considered for cutting are optimal length with a few nodes and internodes, diameter of the cutting, age of the
plant and the season. Application of hormones leads to the quick formation of adventitious roots. For example
sugarcane, roses, croton hibiscus, citrus plants, bougainvillea are grown by stem cutting. Root cutting from
lemon, tamarind, etc also develop roots and shoots when planted in a moist soil.

Layering
In this technique roots are induced on a stem before it is detached from the parent plant. In layering, the lower
branch close to the ground is bent down and covered with moist soil. After some days roots develop from the
branch, which can be cut and grown independently. The 2 important methods of layering are mound layering
and air layering.

Mound Layering - In this process,
the lower stem branch of a plant is
defoliated partially. It is then, bent
close to the ground, pegged and
covered with moist soil in such a
way that its growing tip remains
above the soil surface. After a few
days, the covered portion on the
stem branch develops the
adventitious roots. The branch with
the roots is then detached from the
parent plant and grows into an
independent plant. This technique
is practised in Jasmine, strawberry, goose berry.

Air Layering - In plants where the stem cannot be bent to the ground, the stem is girdled or given an slit at an
upward angle. Then, it is covered with moist moss or cotton and wrapped in a polythene sheet to preserve the
moisture. After a few weeks, adventitious roots arise from the injured part. The branch along with the roots is
then separated from a parent plant and planted to grow into a new plant.
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Grafting
The process of joining together parts of
two different plants of closely related
varieties in such a manner that they live
as one plant is called grafting. This is
usually practiced among dicotyledonous
plants, especially fruit trees. Of the 2
plants, one is rooted in the soil and is
known as the stock.

Vegetative Reproduction by Grafting The other part consists of a small shoot
bearing one or more buds and is known
as the scion. The union of the stock and
the scion is carried out with the help of
cambium. The stock supplies the water
and minerals to the scion whereas the
scion forms the upper portion and supplies the organic food to the root. Rubber, apple, pear, citrus, mango
and guava are routinely propagated by grafting. Grafting may be of the following types like approach grafting,
bud grafting, tongue grafting, crown grafting and wedge grafting.

Gootee
In this method, a healthy and woody branch is selected and the bark is sliced in a ring form of about 3-5 cm in
length. A thick plaster of grafting clay (plaster formed of clay, cow dung, finely cut hay and water) to wrapped
up with rag and tied on to the debarked portion. Care is taken to keep the gootee moist. In about 2-3 months,
the roots emerge from the gootee. The gootee is now cut below the plaster for propagation. Lemon, orange,
guava and litchi are usually propagated by using this method.

Micro Propagation or Propagation by Plant Tissue Culture technique
This method is actually an applied aspect of the tissue culture technique. For micro propagation, a small
amount of tissue from a suitable part of the parent plant is excised and grown on a nutrient medium under
aseptic conditions. The tissue then develop into an undifferentiated mass of cells called callus. A small portion
of the callus tissue is transferred to another suitable nutrient medium where they develop and differentiate
into small plantlets. These plantlets on being transplanted in pots or soil, develop into mature plants.
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Advantages
•an indefinite number of plants can be raised from a small mass of parental tissue.
•It is useful for obtaining virus free healthy plants.
•An unlimited number of plants are produced within a relatively short time

Importance of Vegetative Propagation – Advantages
a) It makes possible propagation of plants that have lost their capacity to produce seeds. E.g., banana, rose
b) Plants like Bermuda grass (Cynodon dactyoln) which produce only a small quantity of seeds are propagated
vegetatively.
c) It is a more rapid, easier and cheaper method.
d) The plants produced will have the same characters and the hereditary potentials as the parent plant. The
beneficial characters will be preserved in the neat generation.
e) Most of the ornamental plants are propagated by vegetative reproduction.
f) Grafting enables the physical and physiological joining of 2 separate individuals for the best economic
advantage.
g) It is a method to get rid of pathogen from any part of plant.

Vegetative propagation is very important for plants with reduced power of sexual reproduction, long dormant
period of seed or poor viability. Under these conditions this method is the only way of propagation of the
plant.

Disadvantages
a) Neither can good qualities be introduced nor can bad characters be eliminated.
b) Subsequent generations show a general fall in vigour and vitality.
c) Adaptability, to changed environment decreases due to the absence of variations.
d) Overcrowding and severe competition among the daughter plants results in low yield.
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G

ametophytes of Flower
In flowering plants, flowers have taken the place of conventional sex organs, and the ovules
which later on develop into seeds are enclosed within an ovary. The sexual reproduction in
angiosperms involves the fusion of two gametes, the male and the female. The male gametes are

produced in the pollen grains and the
female gametes are produced in the
ovule. The fusion of the two gametes
results in the formation of a zygote. The
zygote develops into an embryo within
the seed. This embryo, when the seed
germinates grows into a new plant.

Flower
The flower is concerned with the
function of sexual reproduction in
angiosperms.

Development of male gametophyte or pollen
Stamen forms the male
reproductive unit and is made up
of anther and the filament. The
anther is generally bilobed with
chamber containing several pollen
grains. Pollen grains are produced
in the anther. A very young anther
comprises a mass of
undifferentiated thin - walled cells
bounded by an epidermis. The
anther becomes four lobed as the
anther grows, and the lobes are
joined by a sterile tissue called
connective. Each lobe contains an
elongated chamber which is
termed as microsporangium or pollen sac.
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(A) T.S. of young anther showing four microsporangia and a vascular stand; (B) Detailed structure of one
microsporangium; (C) T.S. of mature anther

A cross section of a young anther reveals that the microsporangium is surrounded on the outside by a single
layered epidermis. Beneath the epidermis is a layer of cells called the endothecium. The sporangial wall
encloses a mass of cells characterised by their large size abundant cytoplasm and prominent nuclei.

These cells are called sporogenous cells. These sporogenous cells undergo a few mitotic divisions to increase
their number and form the microspore mother cells or microsporocytes. The microsporocytes are diploid and
usually closely packed.

Each diploid microsporocyte undergoes meiosis, giving rise to a group of four haploid cells, known as
microspores or pollen grains. Such a group of 4 spores is known as a tetrad.

(A-C), Pollen grains or microspores.(A-B), Entire pollen grains;C, Pollen grain in section
At maturity, the partition wall between two adjacent microsporangia breaks down and the cavities of the two
microsporangia merge into one pollen sac. When the pollen grains are fully formed, the ripe anther splits to
liberate the pollen.
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Structure of pollen grains
Each pollen grain is a haploid, unicellular mass of protoplast with a single nucleus. It is surrounded by a thick
wall differentiated into two layers; the outer thick exine and the inner thin intine. The pollen grains reveal a
wide range of microsculpturing of the exine under a scanning microscope.

The exine is made up of a complex
substance called sporopollenin.
The pollen grains are the best
preserved structures because the
sporopollenin is one of the most
resistant biological materials
known. The size, form and
ornamentation of the exine is quite
characteristic of the plant and is of
great taxonomic value.

Development of Female Gametophyte
Pistil is the female reproductive unit, and is made up of a basal swollen part called the ovary, astalk called the
style and a terminal receptive disc called the stigma. The ovule begins its development as a minute
protuberance on the placenta
and forms a thick mass of cells
termed as the nucellus. As the
growth and development of the
ovule proceeds, the nucellus is
elevated on a short stalk like
structure called the funiculus.

The point at which the body of
the ovule is attached to the
funiculus is called as hilum. As
the ovule develops further, one
or two protective layers called the integuments grow from the base of the nucellus known as chalaza and
surround the nucellus except for a narrow opening, the micropyle. This opening serves as a passage for the
entry of a pollen tube into the ovule.
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Development of embryo sac and female gamete (in an anatropous ovule)
A hypodermal cell of the nucellus enlarges and becomes differentiated into a megaspore mother cell or
megasporocyte. This diploid megaspore mother cell increases in size and undergoes meiosis to form a linear
tetrad of 4 haploid megaspores, 3 of which degenerate and the 4th becomes the functional megaspore.
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Female Gametophyte
The nucleus of the megaspore undergoes three successive mitotic divisions forming eight nuclei. The
megaspore enlarges into an oval shaped structure called the embryo sac. The eight nuclei of the embryo sac
arrange themselves in 3 groups. (A I), (A - D), stages in the development of an ovule and functional
megaspore;E I, stages in the development of an embryo sac from the functional megaspore
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Three nuclei are towards the micropylar end, and form the egg apparatus with a central egg cell surrounded by
2 synergids. Three nuclei are at the chalazal end and form the antipodals. One nucleus from each pole moves
to the central position of the embryo sac and are called as polar nuclei. These nuclei may fuse together and
form a diploid secondary nucleus. A fully developed embryo sac with the nucellus, integuments and funiculus,
together forms the structure called the mature ovule
Longitudinal Section of a Mature Ovule (anatropous type)
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T

ypes of pollination
The pollen grains which produce the male gametes and the ovules which bear the female gametes
are borne on different structures. It therefore becomes necessary that for sexual union to occur,
the pollen grains must be transferred to the stigma. The transfer and deposition of pollen grains

from the anther to the stigmatic surface of the flower is called pollination.

Pollination is of 2 types
•Self-Pollination
•Cross Pollination
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Significance of Pollination
Pollination leads to fertilisation, resulting in the production of seeds and fruits, thus ensuring continuity of life.

Summary of Self and Cross Pollination
•

Self-Pollination - It is the transference of the pollen grains from the anther to the stigma of either the
same or of another flower borne on the same plant.

•

Autogamy - The pollen grains are transferred from the anther to the stigma of the same flower. It
occurs in bisexual flowers.

•

Geitonogamy - Flower is pollinated by pollen from another flower on the same plant.

•

Cross Pollination - It is the transference of the pollen grains from the anther of one flower to the
stigma of another flower borne on a different plant of the same species. It is also known as allogamy or
xenogamy.

•

Cross pollination requires the help of abiotic or biotic agencies such as wind, water, insects, birds, bats,
snails and other animals.

Anemophily or Wind Pollination
It is the simplest form of pollination, through the agency of wind. The wind pollinated flowers show the
following characteristics.
a) The flowers are unisexual - Example: Poplars
b) Stamens are freely exposed with versatile anthers - Example: Cereals
c) The pollen grains are light, smooth, dry and not easily wetted by rain.
d) The pollen grains are produced in enormous quantities - Example: A single flower of Cannabis produces over
5,00,000 pollen grains.
e) The stigmas are large, feathery and well exposed to catch the pollen grains.
f) The flowers are small, inconspicuous with no colour, odour or nectar - Examples: Coconut, palm, maize,
grasses etc.
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Hydrophily or Water Pollination
It is the mode of pollination involving the transfer of pollen grains through the agency of water. Hydrophily
does not occur in all aquatic plants. Many aquatic plants bear their flowers above the surface of water and are
pollinated by wind or insects.

Hypohydrophily is the true hydrophily and occurs in such plants where the pollen grains are water borne. In
Zostera marina, the pollen grains are elongated and lack an exine. The pollen grains float below the surface of
water, and on reaching the stigma, coil around it and germinate. Epihydrophily takes place over the surface of
water in plants like Vallisneria

The picture above depicts pollination in Vallisneria. The plant is dioecious. On maturity the male flowers get
detached from the parent plant and float up and come to the surface of water. At the same time the female
flowers also rise upto the surface of water by straightening of the coiled stalk. The detached male flowers
cluster around a floating female flower and dehisce thereby performing pollination. Soon after the pollination,
the long stalks of the female flower begin to coil down to bud level where the fruit ripens.
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Entomophily or Insect Pollination
It is the most sure and least wasteful method. Insects, visit the flowers not to effect pollination but to collect
nectar, edible pollen or for shelter. As the insect visits a flower, its body gets dusted with pollen grains. When
the loaded insect visits another flower, its body brushes against the stigma and inadvertently transfers the
pollen to it bringing about pollination; for example bees, moths, butterflies

Some of the characteristic features of insect pollinated flowers are
•The flowers are large, conspicuous and brightly coloured.
•When flowers are small, they aggregate in the form of inflorescence.
•The flowers have a pleasant fragrance and sweet nectar.
•Pollen grains are usually rough and sticky and often show spinous outgrowths.

Scanning electron micrograph of pollen grains on the stigma of a flower. The spiked surface of the grains is
typical of insect-pollinated flowers
•The stigma is sticky and rough.
•The pollen are edible in many cases.
Example: Rose and poppy
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Ornithophily or Bird Pollination
The common bird pollinators are humming birds, sun - birds and honey - eaters. Birds can obtain only one
staple food from flowers and that is nectar. The bird pollinated flowers have funnel - shaped or tubular corollas
which are brightly coloured. The floral parts are commonly leathery and they produce copious amount of
nectar and large quantities of pollen which are sticky. Common bird - pollinated plants are Bombax (red silk
cotton), Erythrina (coral tree) Bigonia, Lobelia, Agave.

Chiropterophily or Bat Pollination
Bats bring about pollination only in the tropics. Bats are nocturnal animals and the flowers they visit are large
and emit a strong odour. They move very fast and transport pollen to long distances. Bat pollinated flowers
generally produce more nectar than ornithophilous flowers. They also have a large number of stamens.
Examples are: The Sausage tree - Kigella pinnata; The Baobab tree – Adansonia; Anthocephalus - Kadamb tree.

Malacophily or Snail Pollination
Snails perform pollination in cobra plant. Arisaema and some arum bulbs
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FERTILISATION IN PLANTS
TIME: 120 MINUTES

F

ACTIVITY: SELF & GROUP

ertilisation in Plants
The pollen grains which reach the sticky stigma, absorb these secretions, swells up and ruptures at
one of the
germ

pores. The thin intine
emerges out in the
form of a pollen tube
which continues to
grow and penetrates
deep into the style

(A - E), A, a
microspore of an
angiosperm;B E,
stages in the
germination of pollen
grain anddevelopment of male gametophytes

The contents of the pollen
grain move into the pollen
tube. The tube nucleus
moves first and comes to
lie at the tip of the pollen
tube. This is followed by
the migration of the
generative cell or the two
male gametes if they have
already formed.
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Longitudinal section of a flower showing germination of pollen grains and the phenomenon of fertilization.
One pollen tube has grown through the style and has entered the embryo sac through the micropyle

The pollen tube enters into the ovule, through the micropyle. Inside the embryo sac, the tip of the pollen tube
ruptures and the 2 male gametes are set free near the egg apparatus. Inside the embryo sac, one of the 2 male
gametes fuses with the egg nucleus and forms a diploid zygote. This process is called syngamy or true
fertilisation. The other male gamete pushes further into the embryo sac and fuses with the secondary nucleus
and gives rise to a triploid nucleus called the primary endosperm nucleus. This process of nuclear fusion is
called triple fusion.

This entire phenomenon of fertilisation involving the fusion of the egg and one of the male gametes, together
with the union of the second male gamete with the secondary nucleus or the polar nuclei is called as double
fertilisation.

Longitudinal section of an ovule showing different stages of fertilisation.
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P

ost Fertilisation Changes in Flowering Plants
After fertilization, the zygote undergoes a number of mitotic divisions and form a multicellular
embryo. The primary endosperm nucleus also passes through a series of mitotic divisions and form
a mass of endosperm cells which provide nourishment to the developing embryo.

Based on the kind of development, the endosperm is of 3 types namely nuclear endosperm, cellular
endosperm, and helobial endosperm.

Nuclear type
This is the most common type of endosperm development. In this type, the nucleus undergoes repeated
divisions. Each of the nuclei thus formed is arranged towards the periphery, enclosing a large central vacuole.
Cytokinesis begins from the periphery towards the centre making it cellular at maturity. Example: Maize,
wheat, rice, sunflower etc.

Cellular type
In this type every nuclear division is followed by cytokinesis, making it cellular from the beginning it self.

Helobial type
In this type, the first mitotic division is followed by cytokinesis resulting in the formation of two unequal cells.
Subsequent divisions are of the free nuclear type making the endosperm cellular after cytokinesis or at
maturity

Embryo Formation
The fertilised egg undergoes a regular sequence of divisions to form the embryo. The oospore divides to form a
suspensor or basal cell and a terminal embryo cell. The basal cell is towards the micropyle and the terminal cell
is towards the chalaza.

The basal cell divides repeatedly to produce a row of 4 to 8 cells. This constitutes the suspensor. The terminal
cell divides in various planes to form a cluster of cells called the proembryo. The suspensor pushes the
proembryo in to the endosperm, to enable the developing embryo to obtain nourishment.
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(A - H). Stages in
the development of
dicot embryo in
Capsella bursapastorisThe pro
embryo cell divides
to form the
plumule, radicle
and two cotyledons
in the dicots. In
monocots only one
cotyledon develops.

As the embryo and
endosperm mature,
the integuments of
the ovule becomes
hard to form the
seed coat, which
protects the seed.

Growth of an embryo
in a nonendospermous
dicotyledon seed, such
as shepherds purse
(Capsella
bursapastoris)
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S

pecial Modes of Reproduction
In angiosperms, the fruits are usually formed after the process of fertilisation. In certain plants,
however, the fruits are formed without the act of fertilisation. Such fruits are called parthenocarpic
fruits and the phenomenon is known as parthenocarpy. Parthenocarpic fruits are either seedless or

contain empty or non - viable seeds. In these fruits the stimulus for fruit growth is provided by the tissue of the
ovary wall itself. Natural parthenocarpy is found in oranges, cucumbers and seedless grapes. Most commonly
cultivated varieties of banana and pineapple are parthenocarpic.

Even in seeded varieties of fruits, parthenocarpy can be induced by the application of low concentrations of
auxin and gibberellins. Parthenocarpy is of great commercial value. Seedless tomatoes may be produced
parthenocarpically in green houses. Parthenocarpic fruits are used in the preparation of jams and fruit juices.
The world’s best varieties of pine apples, banana and grapes are parthenocarpic.

Apomixis or Agamospermy
It is a modified form of reproduction, where seeds are formed without the fusion of gametes. In this method, a
diploid cell of the nucleus develops into an embryo. The genetic constitution of the embryo will be identical to
the parent. An organism that reproduces by apomixes is called an apomict.

Natural Parthenogenesis
Here the parthenogenesis is regular and characteristic feature of life cycle; example: Honey bees. In honey
bees (Apis indica) the queen produces 2 types of eggs, the fertilised and the unfertilised. The unfertilised eggs
develop into drones parthenogenetically. So the drones are haploid. Drones form gametes by mitosis and not
by meiosis.

Artificial Parthenogenesis
The eggs of some normally sexually reproducing animals can be induced by artificial means to develop
parthenogenetically. The stimuli inducing artificial parthenogenesis are salts, weak acids, organic solvents,
urea, sucrose and physical stimuli like temperature, electric shock or mere shaking. Parthenogenesis may be
complete when there no males in the life cycle and females develop exclusively by parthenogenesis; Examples:
Aphids, Rotifers, Lacerta saxicola or Caucasian rock lizard. It may be incomplete when males are
parthenogenetically developed and females are developed from fertilised eggs. Examples: Honey bees
Parthenogenesis is observed in some plants also. In Solanum nigram the haploid egg develops into a haploid
embryo and plant. Nicotiana haploid embryos are formed from male gametes.
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You are now ready to go through a check list. Be honest with yourself.
Tick the box with either a √ or an X to indicate your response.

□

I am able to identify the various stages in the reproductive cycle of a flowering plant.

□

I am able to explain how each stage develops from the previous one.

□

I am able to recognise all the major physiological components that are involved in the reproductive
cycle.

□

I am able to utilize knowledge of the reproductive cycle in the propagation of ornamental plants.

You must think about any point you could not tick. Write this down as a goal.
Decide on a plan of action to achieve these goals. Regularly review these goals.

My Goals and Planning:
_______________________________________________________________________
_______________________________________________________________________
_______________________________________________________________________
_______________________________________________________________________
_______________________________________________________________________
_______________________________________________________________________
_______________________________________________________________________
_______________________________________________________________________
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