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FOREWORD
The book of Genesis tells us that God (Elohim) said: ‘Let the earth
bring forth vegetation, the herb yielding seed, and the fruit tree yielding
fruit after its kind, whose seed is in itself, upon the earth’, and it was
so… and God saw that it was good. And the evening and the morning
were the third day (Genesis 1:11-12). The aim of this booklet is to
introduce you to the amazing world of plants that God created.
Genesis 2:8-14 tells us that God planted a special garden in Eden and
put the first humans in the garden to cultivate it and care for it. God’s
intention was that we should all be GARDENERS; caring for plants is
not only an enjoyable pastime – it is our calling and destiny!
Few of us can know all of the plants that exist in the world, for the
number and type of plants is great. In South Africa alone, there are
twenty-two thousand different flowering plants, let alone an incredible
number of unicellular plants such as bacteria and non-flowering forms
like algae, fungi, moss and lichens.
In this booklet, our first aim is to help you to describe the plants you
come across in a systematic manner and identify them using the many
books that are available to assist you. Our second aim is to give you
some background information that you will need to become a good
plant manager.
John S Potter
Morayfield, Queensland, Australia
June 2019
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Chapter One

GETTING TO KNOW PLANTS
This chapter covers the following topics:
•
•
•

Plant morphology and structure
Plant description using standard botanical terms
Methods useful in plant collection and preservation

Armed with this knowledge a person should be able to identify a plant
new to them with a little practice. We suggest the reader makes a
collection of twenty-five common garden plants; pressing and mounting
them with appropriate descriptions and identifying their common and
standard scientific name from an appropriate published text.
NB: Never collect a plant without first getting permission to do so. This
is not only important in other people's gardens; there are many plants
in the wild that are protected by law and may only be collected by
persons holding a Licence to do so.
Equipment you will need
•
•
•
•
•
•
•
•

A Plant Press
Newspaper
A Field Notebook
A Pencil
A Measuring Tape
A Hand Lens
A Pocket Knife
Secateurs

7

Plant Collection Methods
Only collect specimens from plants with flowers and/or fruits. It is not
always possible to get flowers at the same time as fruits so you may
have to visit the site more than once.
Select only perfect or near perfect parts of the plant when collecting.
Do not take any more of the plant than is necessary but make sure you
have enough for both pressing and examination.
Take specimens carefully. Do not tear bits off the plant; use secateurs
to make clean cuts. Take the specimens from a place least likely to
affect the appearance of the plant. Leave the garden tidy after you
leave; smooth the soil and pick up any bits of plant you have dropped.
PLANT DESCRIPTION

Field Description
Plants show a wide range of morphological characteristics. It is
important to properly describe a plant as this not only helps us classify
the plant but also tells us a lot about how the plant functions.
While in the field, make a description of the plant from a distance of
about 3 metres. Comment on such things as:
size (height and width).
shape/form.
colour.
leafiness.
flowers.
branching.
drooping/upright, etc.
8

Detailed Description
Take a sample back to the laboratory for detailed examination. Record
details of leaves, flowers and fruits in sufficient detail to identify the
plant from the standard textbooks. Good drawings are an excellent way
to summarize this information.

Terminology
In what follows, we have used some terms that the reader may not
know. A complete list of English standard descriptive terms with
definitions is available in the Appendix at the end of the book. You
should become familiar with these terms.
Plant Form: large tree, small tree, shrub/bush, herb, grass.
General Appearance: tall, bushy, scraggly, branching, spreading,
stunted, prostrate, upright, bare trunk with canopy, vine.
Age: annual, biennial, perennial, ephemeral
Habitat; dryland, forest, woodland, aquatic, desert/xerophytic, indoor,
insectivorous. NB: autotrophic, parasitic, epiphytic
Roots: tap root, fibrous, adventitious, rhizomatous, buttress, aerial,
pneumatophore

tree

bush
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grass

Stems: geophytes (underground stem), bulb, corm, tuber, cladophyll,
culm, herbaceous, woody, stolon, tendril
Cross-section: round, square, winged
Articulate: having nodes and internodes
Branching: irregular, dichotomous
Leaves: General terms: blade, frond, lamina, venation, adaxial/abaxial,
apex, petiole, sessile, stipule, axil, auricles, bud, apex (distal end)
Retention: deciduous, evergreen
Leaf arrangement: alternate, bipinnate, compound, opposite,
pinnate, rosette, trifoliate
Leaf shape: cordate, cuneate, dentate, elliptical, elongate,
lanceolate, linear, lobed, oblanceolate, obtuse, obvate, ovate,
palmate, peltate, sagittate.
Leaf margins: entire, undulate, serrated, sinuate

Venation: longitudinal, midrib, marginal, clear, faint
Leaf colour: adaxial/abaxial colours.
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Stem and Leaf Appearance and Touch: ciliate, glabrous, glaucous,
glutinous, hirsute, pubescent, scabrous, succulent.
Flowers: shape of Inflorescence: asymmetrical, bi-labiate,
campanulate, catkin, corymb, cyme, distichous, irregular, panicle,
raceme, regular, solitary, spike, umbel, whorl
Flower Parts : pedicel, peduncle, calyx, sepals, bracts, perianth,
involucre, corolla, petals, ray-florets, tubular, free, coalescent.
Female Parts: pistil, stigma, style, ovary, inferior/superior, ovary,
carpel, ovule, follicle.
Male Parts: stamen, filament, anther (shape)
Fruit: asexual, bisexual, dioecious, monoecious; capsule, cone, drupe,
nut, legume (pod)
Seed: cotyledon, endosperm, seedcoat, germ

PLANT CLASSIFICATION
The classification of plants universally accepted is that based on the
system of Carl Linnaeus. Each plant has a double name:
Genus: This is a common name for a group of closely related plants. It
is given first with a capital letter. (plural = Genera, adjective = Generic)
Species: This is the second given name; it is always lower case.
(plural = species., abbreviated spp., adjective - specific)
Examples
The scientific name for the garden Dahlia is Dahlia pinnata, i.e. Dahlia
is the generic name; pinnata is the specific name.
11

Dahlia pinnata

The silver Birch tree is Betula pendula.
Groups of similar plants are grouped into larger groups called
FAMILIES. You will find these families listed in the front of plant
reference books.
Good ‘Floras’, plant lists and descriptions, are available in most places
of the world. Keep looking and asking until you find what you need.

PRESERVATION OF PLANT SPECIMENS
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The Plant Press
Plants contain a lot of water. Placing them in newspaper in an open
sided (mesh) press allows them to dry quickly. The paper must be
changed every 3-4 days.
A press with two frames made of 1cm diameter steel rod covered with
mesh, about 450mm x 350mm, is the right weight and size to carry in
the field. An adjustable leather strap allows variable pressure to be
applied to the plants. See diagram.

Display Sheets
Once the plants are completely dry, fix them with sticky tape to a sheet
of A3 white paper (80-120 bond). Keep the finished sheets in boxes
away from insects and rodents. Also watch for fungus attack; the best
cure for this is to make sure the plants are completely dry and kept dry.
Put a label on the sheet indicating:
Plant Name
Collector (your name)
13

Where found
Date
Name of Collection

Sample display sheet

PLANT DRAWINGS
Some people have a special ability to draw or paint flowers. While we
cannot all attain to professional standard we can all reach a reasonable
standard. Make sure that you:
•
•
•
•

Use sharp HB pencils
Use a clean rubber
Plan your drawing to display as many features of the plant as
possible
Do a rough copy first so as to plan your layout on the final page

NB: Take care to look closely at how the experts do it, whenever you
get a chance.
Photographs are an excellent way of showing plant features. However,
a photo cannot show every feature of a plant so it can never take the
place of a carefully planned drawing.
14

Examples of completed plant drawings
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CHAPTER TWO

PLANT NUTRITION
INTRODUCTION
Plants need chemical elements to grow and complete their life cycle:
1. They need carbon (C), hydrogen (H) and oxygen (O) to
synthesize sugars (carbohydrates) which they need for plant cell
health and growth. They do this through a process called
photosynthesis. They get C from carbon dioxide (CO 2) they take in
from the air; they get H in water (H2O) from the soil; and they get
oxygen from both CO2 and H2O.
2. They need regular supplies of nitrogen (N), phosphorus (P),
potassium (K), calcium (Ca), sulphur (S) and magnesium (Mg)
in fairly large amounts. We call these Macro-Elements for plant
growth.
3. There are a further eight elements which are needed in small
amounts but are essential for plant health and growth. These
Micro-Elements are boron (B), chlorine (Cl), manganese (Mn),
iron (Fe), zinc (Zn), copper (Cu), molybdenum (Mo) and sodium
(Na, in some plants only).
Plants need to get their supply of Macro and Micro-Nutrients from the
soil, so a good root system and good soil conditions are essential for
good plant growth. In this module we will talk about how to manage the
plant root/soil relationship to best advantage. We will also learn how to
recognise that plants are lacking one element or another and how to
correct the deficiency.
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PLANT LIFE PROCESSES
PHOTOSYNTHESIS
All living things, both plants and animals need energy to drive their
physiological functions. This energy is mostly derived from a basic
sugar called glucose. NB In animals, all sugars (maltose, fructose,
sucrose, etc.) and complex sugar compounds like starch and fats can
be a source of energy, provided they are first broken down to the most
basic sugar – glucose.
Plants are unique in being able to synthesise glucose from carbon
dioxide and water. This process is called photosynthesis because
the energy source is sunlight. The energy from the sun is trapped by a
green substance called chlorophyll; it is chlorophyll which makes
many plants appear green.
Plants breath in the CO2 they need from the surrounding air through
openings in their leaves called stomata.

Plants get water from the soil through the roots; water is transported
to the leaves via vessels in the stems called the xylem - see diagram.
Note the other transport vessel in the stem, the phloem which
transports minerals to all parts of the plant.
17

cross section of a stem
Photosynthesis is a chemical reaction which results in sugar (glucose)
being formed in the leaves and excess oxygen being released back to
the air. We can express the reaction like this:
Carbon Dioxide + Water + Energy → Glucose + Oxygen
6CO2 + 6H2O + (E) → C6H12O6 + 6O2
Note that plants not only provide all the energy that both they and
animals, including us humans, need for energy but also oxygenate the
air so that animals (and us) can breathe in the oxygen we need.
Many plants store glucose in complex forms like starch and cellulose.
These plants are a great source of carbohydrates (energy providers)
for animal and human use.
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A starch molecule and fruit with a high starch content

Carbon Dioxide Levels
The photosynthesis process is dependent on the level of carbon
dioxide in the atmosphere. The current (2019) concentration of CO2 in
the atmosphere is around 410 ppm (0.041%). This is barely enough;
plants tend to die when the concentration falls below 250 ppm.

The rate of photosynthesis at varying concentrations of CO 2
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The graph shows that the rate of photosynthesis drops off rapidly
when the concentration of CO2 drops below 300 parts per million and
increases as the concentration of CO 2 increases up about to 1000 ppm
(0.1%).
The pine trees in the picture were grown with normal (ambient) air, and
air with 150 ppm, 300 ppm and 450 ppm additional CO 2 pumped in.
The resultant concentrations of CO2 were: 410 ppm, 560 ppm, 710
ppm and 860 ppm. The value of the higher levels of CO2 is obvious.

Pine trees grown in glasshouses with different levels of CO 2 in the air

Market gardeners pump CO2 into their glasshouses up to 1000ppm
with spectacular results.

Machine for blowing CO2 into a glasshouse
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These days, many people are claiming that CO2 is a pollutant. This is
not so: CO2 is a colourless, tasteless and odourless gas AND an
essential plant food and a crucial component of glucose on which
the whole biological system is totally dependent. We reduce CO 2 levels
at our peril
RESPIRATION
Respiration is the opposite of photosynthesis. Glucose and oxygen
combine to produce carbon dioxide, water and ENERGY for plant
and animal cell functions.
Glucose + Oxygen -> Carbon Dioxide Water and Energy
C6H12O6 + 6O2 → 6CO2 + 6H2O + (E)
When animals respire they use the glucose they obtain from eating
foodstuffs and take in oxygen by breathing it in with the lungs where it
passes it into the blood stream and is taken to every cell in the body.
The main product of respiration we are interested in is energy; CO2
and water are by-products which are discarded. CO2 is picked up by
the blood in the veins and carried to the lungs where it is exhaled as
CO2 rich air. Excess water is passed out in the urine or sweat.

MACRO NUTRIENTS
NITROGEN
Nitrogen makes up 40-50% of the dry matter of a plant, i.e. the portion
of a plant that remains when all the moisture has been driven off in an
oven. It is a constituent of all amino acids, the building blocks of
proteins; and a constituent of chlorophyll.
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Nitrogen exists in the atmosphere in an inert gaseous in the elemental
form N2. Plants cannot take up this form, rather they take nitrogen from
the soil where nitrogen exists in several forms: ammonia (NH4), nitrite
(NO2) and nitrate (NO3). Plants take up nitrogen in the nitrate form.
Organic Matter
Most of the nitrogen in the soil comes from decomposing organic
matter, i.e. the remains of buried plants and animals. Bacteria play an
important role in reducing organic matter to soluble nitrogen forms.
Decomposing organic matter gives off ammonia. A bacterium called
nitrosomonas converts ammonia to nitrite; and another bacterium
called nitrobacter converts nitrite to nitrate, ready for plant use. These
useful bacteria occur plentifully and naturally in fertile soil and build up
quickly in aquaponics units.
Legumes (pod bearing plants) have bacteria called rhizobium in the
nodules on their roots that convert atmospheric N 2 to NO3. Thunderstorms are another source of nitrate; they convert N2 to NO3 in the
atmosphere.

Legume

Nodules on roots
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Nitrogen Deficiency
Plants growing in a soil which is low in organic matter can display a
nitrogen deficiency. The symptoms are yellowing and poor growth. The
yellowing is due to a lack of chlorophyll and is often called chlorosis.
The poor growth that results from a nitrogen deficiency is due to lack of
protein for plant development.

Correcting Nitrogen Deficiency
The best way to avoid nitrogen deficieny is to ensure that plants are
grown in fertile soil, i.e. soil with a good supply of organic matter. This
can be achieved in small garden plots by adding compost or other
organic material like animal manure. But this is not possible when
farming large areas; the only way of dealing with a deficiency in this
case is to apply nitrogen fertiuliser. The main nitrogen fertilisers used
are:
Sulphate of Amonia
Ammonum Nitrate
Urea

(NH4)sSO4
NH4NO3
CO(NH3)2

21% Nitrogen
34% Nitrogen
46% Nitrogen

Urea is especially useful as plants will take it up through their leaves.
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Urea can be dissolved in water and sprayed on to maturing plants if a
nitrogen deficiency occurs.

PHOSPHORUS
Phosphorus is involved in many vital plant processes. It is essential in
the respiration process and a constituent of DNA and RNA.
It occurs in the soil as insoluble minerals which over time release small
amounts of soluble forms which can be absorbed by plant roots. It is
useful to think of soil phosphorus in three categories: water soluble,
slightly soluble and insoluble forms. The amount of each form that is
present is influenced by the acidity of the soil. The highest levels of
water-soluble phosphorus (H2PO4) are found in soil which is slightly
acid.
Phosphorus Deficiency
Many soil types are low in phosphorus bearing minerals and are unable
to supply commercial crops with sufficient phosphorus for good growth.
A deficiency of phosphorus will cause a plant to be stunted with
intensely green or reddish leaves.
Adding animal manure to the soil is a good way to ensure that there is
24

Symptoms of P deficiency

a sufficient supply of phosphorus for plant growth, but in large scale
agriculture a phosphorus fertiliser is essential to overcome a
phosphorus deficiency. The main fertilisers used are:
Single Super Phosphate
Triple Super Phosphate

21% P
48% P

Phosphate fertilizer can be mixed with another element in short supply.
Mono-Ammonium Phosphate is 11% N; 48% P.

Phosphorus fertiliser

POTASSIUM
Potassium (symbol K) is not involved in plant metabolism but it does
occur in relatively large quantities in plants. Its main function seems to
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be as a catalyst in enzyme reactions and the control of water loss from
leaves through the stomata.
Potassium Deficiency
An acute shortage of potassium usually shows up as ‘die back’ in
growing points.

Potassium deficiency symptoms

Potassium deficiency is often experienced in soil with other shortages.
Mixed NPK fertilisers are common.
There is a lot of K in hay. Removing hay from a paddock continually
can bring on a K deficiency.
Potassium Fertiliser
The common materials used as potassium fertiliser are:
Potassium sulphate contains 50% K as K2O
Potassium nitrate contains 46% K
Potassium chloride contains 50% K (sometimes called muriate
of potash)
26

SULPHUR
Sulphur is a component of plant amino acids and vitamins and a range
of plant processes.
Sulphur Deficiency
Sulphur deficiency is not common. It produces a yellowing of the
leaves and stunted growth, a bit similar to N deficiency

CALCIUM
Calcium regulates the transport of other nutrients and is a component
of certain enzymes.
A deficiency produces stunting and, in some cases, blossom-end rot.
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Blossom end rot can be caused by several disorders, but lack of
calcium is the most common cause

Blossom-end rot

MAGNESIUM
Magnesium is a component of the chlorophyll molecule. It is very
mobile in plant tissue, so a deficiency first shows up in older tissue.

MICRO-NUTRIENTS
IRON
Iron (Fe) is required for photosynthesis and as an enzyme co-factor. A
deficiency will produce interveinal chlorosis.

Iron deficiency
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The best way to correct Fe deficiency is to apply iron-chelate.
MOLYBDENUM
Molybdenum (Mo) is involved in nitrogen metabolism and enzymes. It
becomes insoluble at pH 8.4 and above, i.e. in soils high in lime.
BORON
Boron has many functions in plants. It affects flowering and fruiting; cell
division and salt absorption.
Boron can produce both a deficiency and an excess (toxic). Its
availability to the plant is controlled by the acidity of the soil; if the pH is
less than 5 and above 8.4, boron becomes unavailable to the plant.
COPPER
Copper is involved in enzyme processes in photosynthesis and the
manufacture of lignin for cell walls.

Copper (Cu) deficiency in a cereal crop

MANGANESE
Manganese is needed for photosynthesis
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Manganese deficiency in tomato

ZINC
Zinc is involved in enzyme production and DNA transcription. Little leaf
is typical of a zinc deficiency.

Normal – back; Deficient in Zn - foreground

THE LAW OF THE MINIMUM
This Law was developed by Carl Spengel in 1828 and later picked up
by Justus von Liebig.
The idea behind this law is that sufficiency and deficiency in plant
nutrition is determined by the supply of the least sufficient. Von Liebig
pictured the idea as a barrel with staves at various heights and
proposed that growth would be determined by the supply of the nutrient
whose stave was the shortest. Once that was satisfied the next
shortest would have the greatest influence on growth.
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The Law of the Minimum

The micro-nutrients do not conform to this law necessarily. But the idea
is helpful for macro-nutrients, although in non-irrigated crops, rainfall
has the biggest influence. After that, the supply of nitrogen, phosphorus
and potassium, in that order will be significant. If the rainfall is low, then
the amount of each nutrient required will be less than in the case that
rainfall is high. If we have phosphate deficient soil, the amount of
fertiliser required will be less for low rainfalll areas than high rainfall
areas.
TESTING FOR A DEFICIENCY
Plant symptoms can tell us that there might be a mineral deficiency but
the only way to be really sure that an element is deficient is to
undertake a field trial.
The simplest trial is a plus/minus trial, i.e. a plot with an added
amount of a nutrient that is suspected to be deficient and a plot with no
additional nutrient. [NB a trial without a ‘nil plot’ is useless]
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There are other factors that have to be considered:
•

Trials in crops growing in open paddocks under natural rainfall need
to take account of soil variation. We do this by laying out
replicates, i.e. several plots of each treatment. We also run the
plots for a reasonable distance to take account of soil changes.
Four replicates and plots 20m long is ideal for most situations.

Field trial with wheat showing variation in growth

•

Trials in row crops can be laid out by fertilising a standard length of
row with nil plots of the same length. The plots need to be marked
with pegs and harvested separately.

Rows of strawberries
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•

Trials in glasshouse crops can be easily organised. In some cases
(e.g. tomatoes) individual plants can be fertilised and non-fertilised.

Rows of tomatoes in a glasshouse

LOOKING AT THE RESULTS
If the results show no difference we may conclude that the nutrient
tested in not deficient.
e.g.

Trial 1: Weight of grain from a fertiliser trial
Fertiliser added
Replicate 1
Replicate 2
Replicate 3
Replicate 4
Mean

21
19
23
18
20

Nil plots
19
22
17
21
20

If the results are consistently different, we can take it that the fertiliser
has been beneficial:
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e.g.

Trial 2: Weight of grain from a fertiliser trial
Fertiliser added
Replicate 1
Replicate 2
Replicate 3
Replicate 4
Mean

21
19
23
18
20

Nil plots
15
16
12
14
14

If the results show an overlap there are statistical ways of showing the
chance that the treatment may have been helpful.
e.g.

Trial 3: Weight of grain from fertiliser trial
Fertiliser added
Replicate 1
Replicate 2
Replicate 3
Replicate 4
Mean

21
19
23
18
20
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Nil plots
15
20
17
19
18

CHAPTER THREE

SOIL CONDITIONS & PLANT GROWTH
INTRODUCTION
In Chapter 2 we saw that to grow successfully, plants need water,
carbon dioxide and a range of essential nutrients. Most of these growth
substances plants obtain from the soil in which they are growing, so it
is important that the soil has the capacity to store sufficient water for
plant use and has the right nutrients available.
It is the plant roots that pick-up water and nutrients, so the soil must
allow roots to develop successfully. There should be no restricting
layers that plant roots cannot penetrate; no water logging that prevents
roots from breathing; and no harmful salts or pathogens in the soil that
will cause roots to die.
In this module we will look at the soil factors that affect plant growth –
both positively and negatively – and discuss ways and means of
managing soil to the plant’s best advantage.
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SOIL MOISTURE
There are four conditions that control how much water is in the soil at
any one time:
•

The amount of rain that has fallen or how much irrigation water has
been applied in recent times

•

The capacity of the soil we are dealing with to store water

•

How well the plant roots have been able to develop

•

What portion of the soil water is available to plants

SOIL WATER HOLDING CAPACITY
The amount of water that any soil can hold is determined by two
factors:
•

The depth of soil available to plant roots

•

The soil texture

Soil Texture
The texture of a soil is determined by the type and range of soil
particles that make up the soil. There are four main types of soil
particles: coarse sand, fine sand, silt and clay.
Sand particles are mainly quartz crystals. They are inert and solid.
The only water they can store is that which surrounds them as a result
of surface tension.
Very sandy soils hold small amounts of water but most of it is available
36

to plants. To grow plants successfully in sandy soil we need to water
them little and often.

Sand beds

Sandy soil

A Quartz crystal

Clay particles are small (less than 0.002mm in diameter). They are
specialised minerals with a platy structure – like a pack of cards. Water
is able to enter between the plates and be stored against gravity. Clay
soils have a high water-holding capacity, they can be watered less
often than sandy soil and can take greater amounts of water.

Clay particles under a microscope

Clay soils are not always easy to manage. Under some conditions, clay
particles flock together to form crumbs; the spaces between the
crumbs act as pores for water to enter the soil and penetrate to depth.
These soils are good to manage. Water moves through them freely and
water storage is high.
Other clay soils set hard and are impervious to rain entering. The soil
37

cracks when dry and water may enter only for a short time until the soil
seals over again. These soils are very hard to manage

A badly structured clay soil showing cracking

Wilting Point
If plants do not get sufficient water they will wilt, i.e. droop, because
they have insufficient water in their stems and leaves to maintain
rigidity.

A wilting plant
Plants will wilt in any soil regardless of soil particle type. Sandy soil will
give up most of its stored water whereas plants will wilt in clay soil
while there is still water in the soil. The amount of water in the soil
when plants wilt is called the wilting point.
The wilting point is raised in soils with high levels of common salt. Salt
levels in soil rise when there are restricted layers and high evaporation.
38

Landscapes showing the effects of salinity. Growth on these soils will be poor
or non-existent

ROOT DEVELOPMENT
Root development will vary depending on the stage of growth of the
plant. Young plants with relatively little roots will need to be watered
more often than mature plants with well-developed root systems.
Root systems vary with the crop. Citrus tree roots stay close to the
surface of the soil so need to be watered more often than trees with
deep tap toots.
RESTICTIVE SOIL LAYERS
Root development is restricted by impermeable layers in the soil (rock,
limestone, etc.) and free water in which roots cannot breathe. To
understand the influence of such layers we need to look at the soil in
profile.
Soil Profiles
To gain information with regard to the soil profile we need to dig holes
we can stand in. Soil profiles show us that most soil consists of
different layers of material. We call these layers HORIZONS.
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The soil in this diagram shows four distinctive layers:
A humus rich layer
which we call the
A1 Horizon.
A further layer with
less humus which
we call the A2
Horizon
A layer with no
humus which we
call the B Horizon
Bedrock – the C
Horizon

Soil profiles show variations of this structure:

The profile at left shows a humus rich A1 Horizon of about 10cm. The
soil appears sandy but there is sufficient clay to hold a reasonable
amount of moisture. The rocks in the subsoil should not restrict root
40

growth. The pale colour probably indicates the presence of lime in the
soil at depth which could limit root growth and the availability of some
nutrients.
The profile in the centre appears to have a well-structured clay A
Horizon over a band of friable limestone which may restrict root
development. The water holding capacity of the top 30cm (1ft) of soil
should be adequate for dryland agricultural crops.
The profile on the right has a humus rich A Horizon over a bleached
subsoil (B Horizon). Roots would probably not grow into the infertile
subsoil, but water holding in the topsoil should be good and nutrient
supply excellent.
The soil on the left will be suitable for irrigation but the other two soils
would probably not be good for irrigation as salt may build up in them.
Too much free water in the soil is disadvantageous for plant root
growth. Temporary water logging is not too much of a problem but
permanent free water at less than 50cm will limit root growth.

Temporary waterlogging

Permanent water table
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SOIL WATER MANAGEMENT
Good farmers:
•

Keep account of the rainfall and their irrigation schedule and know
how much water the soil has received.

•

Know their soil and its strengths and limitations.

•

Consider the stage of plant growth and the roots that have
developed.

NUTRIENT SUPPLY
NITROGEN
The availability of nitrogen in the soil is directly proportional to the
amount of humus and other rotting plant and animal remains in the soil.
The soil profiles (above) show us that most of the humus remains in
the topsoil (the A1 Horizon).
In Chapter 2 we learned that organic material is broken down to
Nitrate-N (NO3) which is the form of nitrogen that the plant roots take
up. Nitrate-N is not stored in the soil; being soluble it moves down the
profile when water enters the soil. We call this process leaching. If
there are no restrictive layers, Nitrate-N leaches out of sandy soil
readily. Generally speaking, sandy soils tend to be low in humus and
low in Nitrate-N due to leaching.
PHOSPHORUS
The supply of phosphorus is dependent on the type of minerals present
in the soil. Minerals that contain phosphorus release water soluble
phosphorus at a steady rate when they are moist.
42

CATIONS
Clay minerals have a negative electrical charge. Nutrients that have a
positive charge (cations) are stored in the soul by bonding with clay
particles. This is helpful for the supply of nutrients like potassium,
calcium, magnesium, etc.

SOIL ACIDITY
The availability of many mineral nutrients is controlled by the relative
acidity or alkalinity of the soil. We measure this using a pH measuring
device. In the laboratory we measure pH electronically. In the field we
use a field kit comprised of a plate on which we place a small sample
of soil and apply a solution which gives differing colours as the
hydrogen ion content changes from highly acid to highly alkaline
conditions.
Most plant nutrients in the soil are most available at pH 6-7. Some
plants favour more acid conditions (pH 5.5). Some do well on soils with
a pH of 8.
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Soils with a high level of salt (Sodium chloride, NaCl) have a high pH
(9-10).
Acid soils can be made more productive by the addition of lime
The presence of lime is another indicator. The pH of lime rich soils is
8.4. At this level, manganese becomes unavailable. We test for the
presence of free lime by applying a drop or two of weak hydrochloric
acid to a small sample of soil. Fizzing indicates the presence of lime.
THE FORTUNATE FEW
The best soils are found in the major river deltas: Egypt (the Nile), Iraq
(the Tigris and Euphrates), China (the Yangtse) Vietnam (the Mekong),
etc. They have supported agriculture for thousands of years, thanks to
the annual silt load which is deposited in the deltas each year.
The USA has some outstanding soil types. In Washington State (NW
USA) there is an area of wind-blown silt loam material called the
Palouse. This has soil up to 30m deep
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Deep silt loam soil in the Palouse, near Colfax, Washington State

The USA Prairies are another example of an outstanding soil type; they
are rich in humus and high in water holding capacity thanks to being
well structured clay loams.

Maize crop in Urbana, Illinois, USA

Most of us have soils that are less than ideal, but they can produce
good crops nevertheless if we learn to manage them well. Australian
soil is very shallow compared with the places cited above but
Australian agriculture is successful thanks to innovative and skilled
management.
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CHAPTER FOUR

PLANT DISEASE
INTRODUCTION
In this fallen world, all plants are constantly under attack from insects
and disease. In this module we speak particularly about disease in
plants. Sadly, all plants carry some kind of disease, sooner or later;
unless we, the managers, do something to protect them..
Plant diseases are caused by the invasion of harmful fungi, viruses and
bacteria. If we want to protect plants from this invasion it is useful to
know something about the life cycle of these invasive organisms. We
do not have the space and time to speak about all plant diseases in
this module. We will introduce you to some common ones that will
open up to you the whole world of plant disease. In particular, you will
develop an awareness of disease and start looking for it in the plants
that you are growing.

FUNGAL DISEASES
Mildew
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There are two common types of mildew that affect plants. Both are
caused by an attack of fungi.
Downy mildew is caused by the fungus Peronospora farinosa. It is a
filamentous fungus that produces spores – see picture. The spores
survive in the soil when conditions are against the development of the
fungus.

Peronospora farinosa

Powdery mildew is caused by the fungus Podosphera xanthii. As the
name implies it looks like powder on the leaf.

Podosphera xanthii

There are many other fungal diseases of plants, including smut and
rust on cereal crops:
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Black smut (Sporisorium sciamineum)

Stem Rust (Puccinia graminis)

BACTERIAL DISEASES
Bacteria are microscopic single cell organisms

Stained bacteria under a microscope

Bacterial diseases of plants include the following:

Black Rot in Cabbages
(Xanthomonas sampetris)

Bacterial Canker in Tomatoes
(Clavibacter michiganensis)
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Bacterial Wilt in Potatoes (Ralstonia solancearum)

VIRUSES
Viruses are microscopic organisms. Common diseases caused by
viruses include:

Golden Mosaic Virus in Beans

Tomato Spotted Wilt Virus, leaves and fruit
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PLANT DISEASE CONTROL
There are a great many things we can do to reduce plant disease.

Strategies
•

Select a season or a site where there is no history of the disease
and the environment does not favour the spread of the disease.

•

Make sure you do not bring in the disease on other plant products

•

Get rid of anything that might store the disease on your site. In
some cases, this will mean using a fungicide or bactericide.

•

Use cultivars of plants that are resistant to infection.

•

Make sure the seed you use has been treated against the disease.

•

Cure the plants that are infected or get rid of them.

•

Use early maturing varieties that keep ahead of the infection.

The control of Potato Late Blight is an example of how to proceed:
•

Rotate potatoes with other crops that are not infected with Blight,
i.e. reduce the likelihood of spores being on site to infect your crop.

•

Plant only certified seed

•

Plant a barrier between your potato crop and your neighbours.

•

Apply fungicides when necessary

•

Plant an early maturing variety

•
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•
•

Hill the rows to keep the tubers underground
Kill the top growth and let it dry before harvesting

•

Dry the tubers before storing them

•

Move the tubers to cold storage as soon as possible

•

Sell the potatoes as soon as possible

If you experience a disease problem:
▪
▪
▪
▪
▪

Identify the disease
Get to know the life cycle of the disease organism
Practice hygiene at all times
Read up on the disease in question on the internet
Talk to your neighbours who grow the same crops; sometimes a
district approach is better than a one farm approach to disease
control.
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CHAPTER FIVE

PRUNING
GARDEN PLANTS
Trimming and removing dead wood from garden shrubs and trees is
routine practice for people who want their garden to look nice.

Removing dead wood

Most shrubs and trees will stand a light prune. Some will respond well
to trimming to produce pleasing shapes.

Some old shrubs can be rejuvenated by heavy pruning
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These old shrubs will be rejuvenated by a heavy prune; this is called
‘pollarding’

NB Some native plants cannot be pruned without doing them
irreparable harm. The gardener needs to know their plants.
Roses
Roses can be trimmed at any time but need to be vigorously pruned
each winter. The general rule is to cut out anything that is less in
diameter than your little figure. Don’t be afraid of cutting too much off!

Cut back to thick stem

Shape the rose by cutting out branches that cross across others.
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Shaping the rose bush

Roses are prickly; protect yourself when pruning roses
GRAPE VINES

Grape vines need pruning every year in winter – when the leaves have
fallen. Different vines fruit in different ways. You need to know whether
you should spur prune or rod prune your vines.

Spur pruning – cutting back rods to two buds
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Cane pruning - leaving spurs AND short canes

STONE FRUIT
The first job in pruning fruit trees is to shape them so that the boughs
remain strong and do not collapse. The most common shape that
pruners aim at is the Wine Glass shape.

Pruned stone fruit trees

The most important thing is to select a piece of strong fresh wood at
the top of each limb to act as a ‘leader’, i.e. to direct the growth of the
limb in the right direction. Cut the leader to an outside bud.
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Pruning Apricot, Plums, Apples and Pears
These trees develop spurs which fruit in the following year. Pruning
consists of cutting back to spur wood.

Cut at the arrow, discard the wood to the left, leave the spurs to the right to
produce fruit.

Pruning Peaches and Nectarines
Peaches and nectarines fruit on rods of fresh wood from the previous
season. You prune them by cutting vertical shoots back to two buds –
to produce canes for the following year; and leave horizontal rods to
produce fruit in the current year.

Pruned peach trees
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CITRUS
Citrus trees do not need pruning as a general rule. They develop their
own shape. There may be some dead wood to cut out of old trees.
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APPENDIX
LIST OF PLANT DESCRIPTIVE TERMS WITH DEFINITIONS
Abaxial
Acicular
Acuminate
Acute
Adaxial
Adventitious
Alternate
Annual
Anther
Apex
Aquatic
Articulate
Asexual
Asymmetrical flower
Auricles
Autotrophic
Axil
Bark
Biennial
Bilabiate
Bipinnate
Bisexual
Blade
Bract

: under surface of a leaf
: needle-like
: tapering to a point
: sharply pointed
: upper surface of a leaf
: growing from an unusual place
: leaves growing repeatedly on one side
of stem and then the other
: plant completes its life cycle in one year
and then dies
: pollen bearing portion of a stamen
: tip (= distal end)
: growing in or near water
: prominent nodes and internodes
: reproduction without seeds, e.g. from
runners, cuttings, etc.
: parts of flower are not even
: basal ears on leaf which clasp stem
: a plant that manufactures its own food
: junction between leaf and stem
: outside tissue of woody plant
: plant takes two years to complete its
cycle
: two-lipped flower
: twice pinnate
: stamens and pistil in same flower
: main part of leaf
: modified leaf near flower
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Bud
Bulb
Calyx
Campanulate
Capsule
Carpel
Catkin
Ciliate
Cladophyll
Coalescence
Compound leaf
Cone
Cordate
Corm
Corolla
Corymb
Cotyledon
Culm
Cultivar
Cyneate
Cyme
Deciduous
Dentate
Dichotomous
Dioecious

Distal
Distichous
Drupe
Elliptical

: undeveloped shoot
: underground food storage stem
: outer whorl of floral parts (sepals)
: bell shaped
: dry fruit with pores or valves
: part of the ovary, contains ovules
: spike-like flower
: fine hairs
: flattened branch functioning as leaf
: separate parts become unified
: leaf divided into several distinct leaflets
: seed bearing fruiting structure e.g. pine
: heart shaped
: like a bulb but solid
: inner circle of petals
: a flat-headed flower opening first from
the inside
: part of a seed
: hollow stem, e.g. grass
: a variety of a species; abbreviation - cv.
: triangular
: like a corymb
: leaves fall off
: toothed
: forking into two branches
: unisexual: male and female on different
plants of same species, e.g. Pawpaw,
Avocado
: at or towards the apex
: arranged in two vertical rows
: stone fruit, e.g. apricot
: longer than wide, wide at centre
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Elongate
Endemic
Endosperm
Entire
Ephemeral
Epiphyte
Evergreen
Filament
Follicle
Frond
Fruit
Geotype
Glabrous
Glaucous
Glutinous
Head
Herbaceous
Hirsute
Hybrid
Inferior ovary
Inflorescence
Insectivorous
Involucre
Irregulate
lamina
Lanceolate
Lateral
Legume
Linear
Lobed

: long, drawn out
: only found in a particular area
: food tissue in seeds
: leaf margin smooth
: germinating, maturing and dying in a
very short time
: a plant supported by another
: most leaves do not fall off
: stalk of an anther
: fruit of one carpel
: leaf of fern
: a matured ovary
: any modified underground stem, bulb,
corm, rhizome, etc.
: smooth, not hairy
: blue-grey, sometimes with waxy bloom
: sticky
: cluster of flowers
: not woody
: coarsely hairy
: cross between two different cultivars
: an ovary lying underneath the sepals
: the flower(s)
: catch and dissolve insects
: ring of bracts, e.g. daisies
: asymmetrical (looking from above)
: blade of a leaf
: lance-shaped, tapering
: from the sides
: pods which split along two sutures
: narrow, parallel sides
: leaf deeply indented
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Margin
Midrib
Monoecious
Node
Oblanceolate
Obovate
Obtuse
Opposite
Ovary
Ovate
Ovule
Palmate
Panicle
Pedicel
Peduncle
Peltate
Perennial
Perianth
Petal
Petiole
Pinnate
Pistil
Pneumatophore
Pollination
Prostrate
Pubescent
Raceme
Ray-floret

: leaf edge
: main vein of leaf
: male and female in separate flowers on
the same plant
: enlarged portion on stem where leaves
and flowers arise
: broad ended, tapering towards base
: ovate but broader end uppermost
: blunt, rounded end
: leaves on both sides of stem joined at
same node
: basal part of pistil which becomes fruit
: leaf broad based, egg shaped
: very young seed
: leaflets radiate
: open branching inflorescence
: the stalk of a single flower
: stalk of a flower
: shield shaped
: plant lives for several to many years
: calyx, corolla or both
: unit of corolla
: stalk of leaf
: leaflets on either side of stalk
: female part of a flower
: aerial root e.g. Mangrove
: transfer of pollen from anther to stigma
: growing or lying flat on the ground
: downy, soft hairs
: inflorescence of stalked flowers on a
long stem
: part of daisy flower
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Regular flower
Rhizome
Rosette
Runner
Sagittate
Scabrous
Seed
Sepal
Serrate
Sessile
Sinuate
Solitary
Spike
Stamen
Stigma
Stipule
Stolon
Style
Succulent
Superior ovary
Tendril
Trifoliate
Trifoliolate
Tuber
Umbel
Undulate
Venation

: petals equally spaced and shaped
: creeping root which can send up shoots
: circular cluster of leaves close to the
ground
: horizontal stem
: arrow shaped
: rough to touch
: mature ovule
: part of calyx
: saw toothed
: stalk-less
: curved, wavy margin
: single
: sessile flowers on a long stem
: pollen bearing male part of a plant
: top of pistil, receives pollen
: leaf like structure at base of petiole
: shoot which hugs the ground and takes
root occasionally
: connects ovary and stigma
: fleshy, water-storing plant
: ovary above sepals and petals
: curled growth which clings to objects
for support
: three leafed
: compound leaf having three leaflets
: underground, swollen stem with eyes
(buds), e.g. Potato
: several flowers arising from a single
point
: wavy margin
: arrangement of veins
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Whorl
Xerophyte

: arrangement of flowers or leaves in a
circle
: drought resistant plant
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