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Unit 3 – Properties of soils
The properties (characteristics) of soils can be grouped in three categories:
• Physical properties – drainage, aeration, water-holding capacity and temperature.
• Chemical properties – soil pH and nutrient retention (nutrient-holding ability).
• Biological properties – including decomposition of organic matter and disease status.

Physical properties
Drainage
Drainage is the natural or artifi cial removal of water from a soil. ‘Well drained’ or ‘free draining’ means water – 
and dissolved nutrients – wash through soil quickly. ‘Poor drainage’ means water runs through slowly. Soils with 
large pores are free draining.

Soils that have pores full of water are ‘waterlogged’. In such soils, the growth of most plants slows or stops 
because there is no air, containing oxygen, in the soil pores. If there is no oxygen, root cells cannot carry out 
respiration, so plants die. Waterlogged soils often have water lying on the surface and smell of hydrogen sulfi de 
– a rotten egg smell.

Sometimes a hard layer called a pan forms beneath the topsoil surface, in the subsoil. 

porous (loose fitting) 
crumbs and blocks

lightly packed crumbs
large blocks with few cracks
hard pan

Friable soil (left) compared with a hard pan

A pan is a barrier to good drainage. It slows the infi ltration 
of water into the soil and can restrict the growth of plant roots. 
Pans are caused when heavy machinery or large numbers of 
stock regularly move over and compact soil, especially when 
the soil is wet. The pan layer can be broken up by cultivation, 
e.g. with discs, as shown in the photo.

Aeration and temperature
Aeration describes how much air is in soil pores. A soil 
with large pores has a temperature that changes with the 
air temperature. Soils with small pores have a more constant 
temperature and are generally wetter, so they are colder. 
Large-pore soils heat up quickly in spring because water drains 
through them quickly, and air in the pores heats up more quickly than water in the pores does.

Dark-coloured soils heat up more quickly than light-coloured soils, because darker soils absorb more heat energy 
from the sun. A soil becomes a dark colour when it contains a lot of organic matter. Warmth is good because the 
warmer the soil is, the faster cell division occurs, which gives rise to plant growth. However, there is an upper 
temperature limit at which plant growth slows or stops.
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In summary, sandy soils with large pore spaces:
• contain plenty of air and little water
• have a temperature that changes as the surrounding air temperature changes
• warm up quickly in warm weather.

Clay soils with small pore spaces:
• contain little air, but retain water
• stay cool
• do not promote plant growth.

Water-holding capacity
Water-holding capacity describes how well a soil retains water. At fi eld capacity, water and air are in 
equal proportions in soil pores. Field capacity is best for plant growth since enough water is available for 
photosynthesis and enough oxygen is available for respiration. Field saturation occurs in waterlogged or 
pugged soils, when most soil pores are full of water. If there is a lot of air and only a small amount of water in 
the soil pores, that water will be held too tightly by the soil particles for plants to use. This condition is called 
permanent wilting point.

 Field saturation Field capacity Permanent wilting point

Chemical properties
Nutrient retention
How strongly a soil holds the nutrients added to it, or that have been formed by the decomposition of organic 
matter, is the soil’s nutrient retention. The three main nutrients plants need for good growth are:

• Potassium – for flower and fruit growth

• Nitrogen – for leaf growth

• Phosphorus – for root growth

Nutrients dissolve in soil water. Sandy soils with large pores that do not retain water have low nutrient retention, 
since nutrients leach from these soils. In clay soils, mineral particles cling to water and therefore to nutrients, 
making the nutrients unavailable to plants.



Demonstrate knowledge of soil management practices  69

© ESA Publications (NZ) Ltd, ISBN 978-0-908340-63-7 –  Copying or scanning from ESA workbooks is limited to 3% under the NZ Copyright Act.

 Raised beds
1. a. Describe a ‘raised bed’.

 b. Describe an ‘in-ground bed’.

2. Complete the sentences to explain how being in a raised bed affects soil properties and structure, using 
words from the word lists.

 Physical properties

 aeration        compacted        drainage        germination        growth        higher        nutrients 

 respiration        water        waterlogged 

 The soil in a raised bed does not become a.  because people and pets cannot walk on

 it, so raised beds have good b.  and c.  . Plant roots can freely carry

 out d.  because air can move easily through the soil to enter the roots. In the

 uncompacted soil it is easy for plant roots to obtain oxygen, e.  , and

 f.  , which leads to faster plant g.  . With more air and less water

 in the pores, the soil in raised beds is unlikely to become h.  , which helps the soil in

 raised beds to remain at a i.  temperature than in in-ground beds. This leads to increased

 rates of seed j.  and plant growth.

 Biological properties
 diseases        move        organic        pests        remove 

 Soil conditions can be controlled more easily in a raised garden bed. By increasing the amount of compost

 in a raised bed, you increase the amount of a.  matter. Because beds are separate,

 there is less chance of soil-borne b.  moving between beds. It also makes it easier to

 c.  disease organisms from a specifi c bed and it is harder for d.  such

 as slugs to e.  between beds.

3. If you had a choice, would you prefer to grow plants such as cabbages and lettuce in a raised bed or in an 
in-ground bed? Give at least three reasons for your choice.

Answers
p.  201
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Mulch
Mulch is organic or inorganic matter such as bark, straw, sawdust, grass clippings, pea straw, newspaper, or 
plastic that is placed on top of the soil as a covering. It is spread over the surface of the soil rather than dug in. 
Mulching can be used as an attractive feature of the garden as well as to improve many of the soil’s properties. 
Mulches should be applied year round, usually in a 5 cm- to 7 cm-thick layer.

Types of mulch and how to use each type

Type
Organic or 
inorganic? Notes

Straw
Organic

Place it over three sheets of damp newspaper to prevent weeds from 
germinating beneath. Decomposes quickly.

Bark chips
Organic

Makes long-lasting mulch (one to four years). Does not blow away and 
does not contain weed seeds. However, the bark removes nitrogen from 
the soil as it decomposes.

Black woven 
weed-mat

Inorganic
Long lasting. Catches the heat of the sun, warming up the soil beneath it, 
and enabling growth of plants that require more heat.

Black plastic
Inorganic

Long lasting. Great at suppressing weeds but deteriorated plastic is diffi cult 
to remove if it has fallen apart and small pieces are mixed with the soil.

Straw mulch in a tunnel house

Advantages of using mulch
• Sun heats the top layer of bare soil, causing water in the soil to evaporate. Mulches help to prevent the loss 

of soil water by evaporation, so less extra water is needed in summer. As the moisture in the top layer of soil 
evaporates, more moisture is pulled up through the soil to replace it, until the soil is dry. This means there is 
less water available for roots to absorb for processes such as photosynthesis, so plant growth slows.
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The complete requirements for AS90920 are available at http://www.nzqa.govt.nz/nqfdocs/ncea-resource/
achievements/2017/as90920.pdf and can be obtained through www.esa.co.nz 

This Achievement Standard involves demonstrating knowledge of the geographic distribution of agricultural 
and horticultural primary production in New Zealand.

 Regions of New Zealand and their physical and climatic 
characteristics
New Zealand offers a wide range of growing conditions: varying amounts of rainfall and sunshine, and differing 
soil types and landforms throughout the country mean New Zealand can produce many different living things. 
Types of agricultural and horticultural primary production include apples, dairying, deer, fi ne wool, forestry, 
sheep, kiwifruit and wine grapes. Each type of primary produce grows best in specifi c growing conditions, so 
the different types of primary production are carried out in those parts of the country where the conditions are 
met. For example, areas of high rainfall suitable for dairying are not suitable for growing grapes, so dairying and 
growing grapes are carried out in different parts of the country.

For this Achievement Standard, characteristics studied are:
• physical factors – topography and soil
• climatic factors – rainfall, sunshine hours, wind and temperature (including frost).

Unit 1 – Physical factors

Topography
Topography is the shape of the land – whether the land is mountainous, hill country, or plains (fl at). The shape of 
the land has an effect on what can be grown there for the following reasons.
• It infl uences what machinery can be used; e.g. it 

would be diffi cult to spray apple trees evenly with 
the sprays needed to maintain healthy apple growth 
if the tractor had to travel up and down hill country. 
So apples are best grown on plains where machinery 
can be used most effi ciently.

• Steep slopes are prone to soil erosion, with the loss 
of nutrient-rich topsoil. It would not be profi table to 
grow crops that need nutrient-rich soil, e.g. kiwifruit, 
in places where the ground is sloping.

Orchard spraying
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• It is easier to harvest crops on fl at ground than on sloping ground. For example, people climb ladders to 
pick cherries and put the fruit in picking bags, which are emptied into large bins. The bins are fork-lifted to 
sheds where the cherries are processed. It would be both diffi cult and dangerous to carry out this type of 
harvesting on anything other than fl at land.

• Plains are suitable for dairy farming – cows usually make two trips a day to the milking shed. Short trips over 
fl at land or rolling plains mean the cows can use their energy for milk production rather than in walking long 
distances.

Soil
Soil type varies from region to region throughout 
New Zealand. The three main types of soil are clay, 
silt and sand. Loam, a combination of clay, silt and 
sand, is the soil most commonly used for primary 
production. Different types of soil have different 
drainage properties, different temperatures and 
different aeration properties. Loam gives the grower 
a good combination of different soil properties.

Each crop has a particular type of soil in which it 
grows best, so soil type affects what can be grown 
in a region.

Soils in regions where there are rivers or mountains 
are often stony. The stones keep the soil warm, 
well drained and well aerated, making the 
soil more suitable for some crops than others, 
e.g. grapes grow well in warm stony soils.

A soil can often be modifi ed to suit the purpose for which it is required. For example, free draining or non-clay 
soils are desirable for dairy farming. The farmer can modify clay soils to be more free draining by installing 
drainage pipes, soak pits, and tile drains; and applying lime or sand.

Digging a drainage ditch

Grapes grow well in warm, stony soils.
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 Physical factors
After studying the maps, answer the questions that follow.

Regions of New Zealand

1. Northland
2. Auckland
3. Waikato
4. Bay of Plenty
5. Gisborne / East Coast
6. Hawke’s Bay

7. Taranaki
8. Wanganui
9. Manawatu 
10. Wairarapa
11. Wellington
12. Nelson and Bays

13. Marlborough
14. West Coast
15. Canterbury
16.  South Canterbury / North Otago
17. Otago
18. Southland

Clay and poor-draining soils

Organic, highly fertile soils

Loams

Sandy or pumice soils

Stony soils

Soil types Topography

Mountains

Hill country

Plains

Rivers

1. Using information from the three preceding maps, describe the topography and soil type of the following 
three regions.

 a. Auckland:

 b. Marlborough:

 c. Taranaki:

Answers
p.  202
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2. From the lists below, choose the topography and the soil type of each of the following regions.

Topography Soil

Mainly hill country and mountains Mainly loams and sandy/pumice

Plains, mountains, hill country Clay and organic/highly fertile soil

Mainly plains Sandy/pumice

Clay

Mainly loams and clay

 a. Gisborne:

 b. Otago:

 c. Northland:

 d. Waikato:

 e. West Coast:

3. Give two reasons, related to topography, why it would be diffi cult to grow apples commercially in Otago.

4. Using information from the preceding text and maps, give reasons why grapes can be grown successfully in 
the Marlborough region.

5. Describe the topography and soil type of your region.
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Achievement Standard 90918
(Agricultural and Horticultural Science 1.1)
 Statement of purpose and method (page 3)
1. a. IV: Salt water

  DV: Height

  CVs:  Light, temperature, soil and containers should be the same for 
all sunfl ower plants (any two).

b. IV: Length of time the parsley seeds were soaked.

 DV: Time taken to germinate.

 CVs:  Volume of water in the beaker, light, temperature, seeds from 
same packet (any two).

c. IV: Mass of ‘Big Tom’ applied.

 DV: Number of tomatoes produced.

 CVs:  Factors such as pest control, staking, species of tomato plant 
and location of plants should all be kept the same (any two).

2. Use more than one pea seed (5 to 10 in each container) and fi nd average 
height. Repeat the experiment three times to try to ensure reliability.

 Recording, processing and interpreting data (page 7)
1. a. 13  b. 5  c. 16  d. 23

2. 
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The relationship between amount of 
water given to seeds daily and time 

taken for seeds to germinate

3. The seeds to which 10 mL water was applied daily germinated fastest. 
With only 5 mL of water the seeds took twice as long to germinate. With 
more than 10 mL of water, there is a trend showing that the more water 
given daily, the longer the seeds took to germinate.

4. a.
Mass of 

fertiliser (mg)
Height of chilli 
seedlings (cm)

Average height of 
chilli seedlings (cm)

0 10, 12, 10, 11, 12 11

10 15, 18, 17, 16, 17 17

20 22, 24, 23, 22, 24 23

30 30, 32, 30, 31, 30 31

40 32, 30, 31, 33, 30 31

 b. 
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 c.  The more fertiliser that was given to the chilli seedlings, the taller 
they grew up to the addition of 30 mg of fertiliser. The shortest 
chilli seedlings were those with no fertiliser while the tallest chilli 
seedlings had the greatest mass of fertiliser in the soil (30 mg and 
40 mg). Adding more than 30 mg fertiliser did not result in any 
further increase in height.

 Conclusion, discussion and evaluation (page 10)
1. a. Evaluation  b. Conclusion  c. Discussion 

 d. Evaluation  e. Discussion  f. Conclusion

2. a.  How valid the experiment was; how the experiment avoided bias; 
how effective the method was.

 b. A link to the statement of purpose.

3. a. Bias and collection of accurate data

b. Collection of accurate data, sources of error

c. Collection of suffi cient data

4. Across  Down
1. Method 2. Experiment

3. Hypothesis 4. Table

6. Process 5. Trend

7. Conclusion 7. Controlled

9. Evaluation 8. Interpretation

10. Independent variable 

11. Dependent variable 

12. Discussion 

 ANSWERS
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aeration 35, 95
aesthetics 113
aggregation 41, 95
air in soil pores 28, 29
airports 84
algae 93, 94, 104
ammonia 94
anaerobic decomposition 94
annual plants 122
aphids 16
asexual propagation 139, 146–

149, 150–151, 152–154, 158
asymmetrical balance 128

bacteria 28, 41, 42, 188
balance in landscape design 128
bar graphs 6
base dressing of fertiliser 47, 184, 

186
biodiversity 41
biological control 99–100, 187, 

188, 189
biological properties of soil 41, 42, 

105
biomagnifi cation 98, 99
biosphere 95, 100
black nightshade 20
blackspot 18
brick paths 121
buds 162
bulbs 152

calcium 48, 183
carbon dioxide 28, 29, 32, 51, 84, 

103, 163, 168, 170, 171, 174, 
175, 191

central leader training 180, 181

chemical properties of soil 36–37, 
41, 42, 105

chemical weed and pest 
control 98, 187, 188, 189

chlorophyll 168
chloroplasts 163, 168
clay soil 27, 32, 36, 48, 55, 74, 75, 

95, 127
climate change 84
climatic factors in regions 77–78, 

88, 91, 92
cloches 176
compaction 52, 68, 107
compost 44, 55–56, 62, 94–95, 

184
conclusion of investigation 9
contact pesticides 188
controlled variables (CV) 2
convolvulus 19
cotyledons 139, 140, 143
coulters 52
creeping oxalis 20
crop management practices 171
crop residues 52, 94
crop rotation 44, 56–57, 109–110
crowns 153
cultivation 35, 43, 51–53, 107, 

191
see also over-cultivation

cultural methods of pest 
control 188, 189

cuticle 163
cuttings 146–149

dairy farming 74, 91–92
dandelions 19
deciduous trees 122, 126

decomposition 41
dependent variable (DV) 2
direct drilling 52
disbudding 179
discussion of investigation 9
diseases 18, 41, 57, 61, 110, 

188–189
see also bacteria; fungi; viruses

division 152–154
dormancy of seeds 139, 140
drainage 35, 44, 61–62, 68, 104
drip lines 63, 171–172
Dusky Ladybird (Scymnus 

loewi) 100

earthworms 31, 41–42, 48, 53, 
55, 63

effl uent application 44, 53, 
104–105

effl uent disposal 103–104
environmental factors in landscape 

plans 125–127
environmental factors in primary 

production 93–95, 98–100, 
103–105, 107, 109–110, 112, 
189

epidermis 163, 166
espalier pruning 180, 181
eutrophic waterways 93, 95, 104
evaluation of investigation 9
evergreen trees 122, 126
external plant parts 161–162

farmers’ markets 83
fertiliser application 43, 46–47, 48, 

56, 93–94, 95, 183–184
fi eld capacity 36
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