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UNIT 3 BIOMES AND FOOD SECURITY

TOPIC 12
What are the impacts of feeding 
our world?

12.1 Overview
Numerous videos and interactivities are embedded just where you need them, at the point of learning, in 
your learnON title at www.jacplus.com.au. They will help you to learn the content and concepts covered in 
this topic.

12.1.1 Introduction
The world’s biomes support human life. We depend on these biomes for food, water, fibres, fuel and wood. 
We also rely on the services they provide, such as purifying air, regulating climate and providing spiritual 
and aesthetic comfort. However, our ecosystems are under considerable threat, largely as a result of our 
activities. Increasing population and demand for food have altered many of our biomes. There have been 
positive benefits, such as improved standards of living, although this has not been consistent across the 
globe. At the same time, there has been a significant decline in species biodiversity. Unless many of these 
problems are addressed, there is a growing concern that we may not be able to enjoy food security in future.

False-colour satellite images of the Wadi As-Sirhan Basin, Saudi Arabia, in 1987 (top) and 2012 
(bottom). Large-scale irrigation in desert regions to maintain such agricultural fields consumes large 
quantities of groundwater.
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  12.2   How does producing food affect biomes?   
 12.2.1 What is our biophysical world?  
  Food is essential to human life, and over the past centuries we have been able to produce more and more 
food to feed our growing population. While technology has enabled us to increase production, it has come 
at a price. Large-scale clearing of our forests, the 
overfi shing of our oceans, and the constant overuse 
of soils has resulted in a signifi cant decline in our 
biophysical world.  

 Planet Earth is made up of four spheres: the 
atmosphere, lithosphere, hydrosphere and bio-
sphere (see  fi gure 1 ). 

 All these spheres are interconnected and make 
up our biophysical or natural environment. For 
example, rain falling from a cloud (atmosphere) 
may soak into the soil (lithosphere) or fl ow into a 
river (hydrosphere) before being taken up by a 
plant or animal (biosphere) where it may be evapo-
rated and returned to the atmosphere. 

 Natural events, such as storms or earthquakes, 
or human activities can create changes to one or 
all of these spheres. The production of food, 
whether from the land or sea, has the potential to 
change the natural environment and, in doing so, 
increases the likelihood of food insecurity.  Table 1  
shows how food production can affect the bio-
physical world.   

Lithosphere: consists of the core, 
mantle and crust of the Earth

Atmosphere: contains
all of the Earth’s air

Biosphere: the collection
of all Earth’s life forms

Biosphere

Lithosphere

Hydrosphere

Atmosphere

Hydrosphere: 97 per cent
of the Earth’s water is found in

salty oceans, and the remainder as
vapour in the atmosphere and as

liquid in groundwater, lakes, rivers,
glaciers and snow�elds.

  FIGURE 1  The Earth’s four spheres  

 Starter questions 
1.   How can feeding the world be destroying the world? 
2.  Do you know where your food comes from? 
3.  What food items do you eat most of within a typical day? Are they animal-based, plant-based or fi sh-based? 
4.  Do you or your family grow any of your own food? 
5.  Looking at the images on the previous page, how might this irrigation farming affect the desert biome?  
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 12.2.2 What has happened to our biophysical world?  
 Currently, the world produces enough food to feed all 7 billion people. We produce 17 per cent more food 
per person than was produced 30 years ago, and the rate of food production has been greater than the pop-
ulation growth. This has been the result of improved farming methods; the increased use of fertilisers and 
pesticides; large-scale irrigation; and the development of new technologies, ranging from farm machinery 
to better quality seeds. 

 There have been many benefi ts associated with this change, especially in terms of human wellbeing and 
economic development. However, at the same time, humans have changed the Earth’s biomes more rapidly 
and more extensively than in any other time period. The loss of   biodiversity   and   degradation   of land and 
water (which are essential to agriculture) is not sustainable. With an expected population of 9.7 billion in 
2050, it has been estimated that food production will need to increase by approximately 70 per cent. The 
global distribution of environmental risks associated with food production can be seen in  fi gure 2 .   

  Activities    Atmosphere    Lithosphere    Biosphere    Hydrosphere  
 Clearing of native vegetation for agriculture  x  x  x  x 

 Overgrazing animals     x  x  x 

 Overusing irrigation water, causing saline soils     x  x  x 

 Burning forests to clear land for cultivation  x  x  x  x 

 Run-off of pesticides and fertilisers into streams     x  x  x 

 Producing greenhouse gases by grazing animals and rice 
farming 

 x          

 Changing from native vegetation to cropping     x  x  x 

 Withdrawing water from rivers and lakes for irrigation  x  x  x  x 

 Overcropping soils     x  x  x 

 Overfi shing some species        x    

TABLE 1 How food production affects the biophysical world

Arctic Circle

Tropic of Cancer

Equator

Tropic of Capricorn

PACIFIC

ARCTIC OCEAN

ATLANTIC

OCEAN
OCEAN

INDIAN

OCEAN

Source: Spatial Vision

Water scarcity

Pollution

Loss of biodiversity

Deforestation

Desert�cation/droughts

Loss of or low soil fertility

Erosion

Cropland 

Key

20000 4000 km

  FIGURE 2  State of the world’s land and water resources for food and agriculture  
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12.3 Where have all the trees gone?
12.3.1 Why are forests important?
Thirty per cent of the world’s land surface is covered in forest. This is nearly one-third less than existed in 
prehistoric times, when humans did not have the technology to fell trees in large numbers. Large-scale 
deforestation has occurred as the need for timber products and land for food has increased over time. In the 
decade from 2000 to 2010, over 13 million hectares of forest was cleared each year. Cultivated land now 
covers one-quarter of the Earth’s land surface.

Forest biomes offer us many goods and services, ranging from wood and food products, to supporting 
biological diversity. They provide habitat for a wide range of animals, plants and insects. Forests contribute 
to soil and water conservation, and they absorb greenhouse gases.

12.2 Activities
To answer questions online and to receive immediate feedback and sample responses for every question, 
go to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Remember
1. Describe the biophysical environment of your local area.
2. Why has food production increased so rapidly over time?

Explain
3. Explain, with the use of figure 1 how a bird might interconnect with the four Earth spheres.
4. Select one example from table 1. Describe how human activity can change the biophysical world.
5. Refer to figure 2 and your atlas.

(a) What are the main environmental issues facing Australia’s food production?
(b) In which places in the world is deforestation a major concern?
(c) Which continents suffer from water scarcity?
(d) What do you notice about the location and distribution of regions that do not have environmental 

problems relating to food production?

Discover
6. Select one agricultural product in Australia and conduct research to find data on how much is produced and 

how this has changed over time.

Think
7. Use the following labels to create a flow diagram showing how the clearing of native vegetation can affect all 

four of the Earth’s spheres.
 – Soil left bare and exposed to wind and water erosion
 – Less evaporation of water from vegetation
 – Loss of habitat for birds, animals and insects
 – Increased water runs off from exposed land
 – Increased sediment builds up in streams

8. Refer to figure 2.
(a) How would you rank these environmental impacts on a scale from the least to the most serious of impacts?
(b) What criteria could you use to help make this decision?

 Try out this interactivity: Degrading our farmland (int-3323)

RESOURCES — ONLINE ONLY
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12.3.2 Why do we clear forests?
By clearing forests, valuable trees can be harvested for timber 
and paper production, while mining ores and minerals can be 
accessed below the Earth’s surface. Sometimes, forests are 
flooded rather than cleared in order to construct dams for 
hydroelectricity. Forests may also be cleared for food produc-
tion, such as small-scale subsistence farming, large-scale 
cattle grazing, and for plantations and crop cultivation. 
Figure 1 illustrates the main causes of deforestation in the 
Amazon rainforest during the peak period of deforestation. In 
recent years, the scale of deforestation in the Brazilian Amazon 
has been reduced due to an improved economy and the growing 
awareness of the value of preserving forests.

Road construction, usually funded by governments, also 
plays a part in changing rainforest environments (see figure 2). Roads help to improve access and make 
more land available, especially to the landless poor. They also reduce population pressures elsewhere by 
encouraging people to move to new places. At the same time, businesses benefit from improved access to 
mine resources and forest timbers, and are better able to establish large cattle ranches and farms.

Other 1–2%

Small-scale
agriculture
20–25%

Cattle ranching
65–70%

Logging 2–3%

Large-scale
agriculture
5–10%

FIGURE 1 Main causes of deforestation 
in the Brazilian Amazon, 2000–2005

FIGURE 2 The effects of road building in the Amazon. Settlements tend to follow a linear pattern 
along the roads and then gradually move inland, opening up the forests.

12.3.3 What happens when forests are cleared?
Figure 3 illustrates some changes that forest clearing in the Amazon can have on the environment.
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 A  New farmland with mixed crops established

 B  Smoke from clearing and burning

C  Newly cleared land, trees cut down and burned. This is called slash-and-burn agriculture.

 D  Weeds and exotic species invade edges of remaining forest

 E  New road gives access to more settlers and to animal poachers

 F  Large cattle ranch

 G  Introduced cattle erode the fragile topsoil with their hard hooves.

 H  Erosion of topsoil increases, caused by rain on exposed soils.

 I  Flooding increases as stream channel is clogged with sediment

 J  The river carries more sediment as soil is washed into streams.

 K  Fences stop movement of rainforest animals in search of food.

 L  Pesticides and fertilisers wash into river

 M  Farm is abandoned as soil fertility is lost

 N  Weeds and other species dominate bare land

O  Harvesting of timber reduces forest biodiversity.
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  FIGURE 3  Impacts of clearing the Amazon rainforest 
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  12.3  Activities 
 To answer questions online and to receive  immediate feedback  and  sample responses  for every question, 
go to your learnON title at  www.jacplus.com.au .  Note : Question numbers may vary slightly. 

 Remember 
1.   Refer to  fi gure 1 . What are the three main causes of deforestation in the Amazon? 
2.  What are the advantages and disadvantages of road building in the Amazon?  
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   12.4   SkillBuilder: GIS — deconstructing a map  

  WHAT IS GIS?  
 A geographical information system (GIS) is a storage system for 
information or data, which is stored as numbers, words or 
pictures. 

  Go online to access: 
•   a clear step-by-step explanation to help you master the skill  
• a model of what you are aiming for  
• a checklist of key aspects of the skill  
• a series of questions to help you apply the skill and to check 

your understanding.    

 Explain 
3.   Why would subsistence farming in the Amazon be referred to as slash-and-burn farming? 
4.  In what ways would the    environmental changes    of small-   scale    subsistence farming differ from those of 

large-   scale    soya bean cropping?  

 Discover 
5.   Research soya bean farming in the Amazon. How does it compare with cattle ranching in terms of 

  environmental sustainability   ?  

 Predict 
6.   Examine the illustration of rainforest destruction shown in  fi gure 3 . Draw a sketch of what you predict the 

area will look like in ten years’ time. Use labels and arrows to show important features.  

 Think 
7.   Opening up the rainforest with roads can lead to fragmentation of the forest. What might the effect of this be on:

(a)   native animals 
(b)  local indigenous populations?   

8. Compare how a small-scale farmer from the Amazon and an environmentalist from another country might 
view the resources of a rainforest. 

  Deepen your understanding of this topic with related case studies and questions. 
 �     Forest environments    

 Watch this eLesson:  Deconstructing a map using GIS (eles-1730) 

 Try out this interactivity:  Deconstructing a map using GIS (int-3348) 

 ONLINE ONLY 

  FIGURE 1  GIS allows information to be 
displayed in a succession of map layers. 

Point features marked on 
fi rst layer of tracing paper.

Line features of rivers and 
creeks are traced onto a 
second layer.

The polygon data of forests 
are traced onto a third 
piece of tracing paper.

0 5 10 km

Forest

Creeks

Farmsteads

Source: Geoscience Australia, Narrandera NSW 1:250 000, 2004.

The three layers of tracing 
paper are now combined, 
and BOLTSS are added.
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12.5 Paper profits, global losses?
Access this subtopic at www.jacplus.com.au

12.6 Should we farm fish?
12.6.1 Why are we overfishing?
The ocean biome has always been seen as an unlimited resource of food for humans. In fact, overfishing is 
causing the collapse of many of our most important marine ecosystems, and threatens the main source of 
protein for over one billion people worldwide. Aquaculture is a possible solution but, at the same time, it 
contributes to the decline in fish stocks.

Overfishing is simply catching fish at a rate higher than the fish species can replace themselves. It is an 
unsustainable use of our oceans and freshwater biomes.

Massive improvements in technology have enabled fish to be located and caught in larger numbers and 
from deeper, more inaccessible waters. The use of spotter planes, radar and factory ships ensures that fish 
can be caught, processed and frozen while still at sea.

Globally, fish is the most important animal protein consumed (see figure 1). Historically, a lack of 
conservation and management of fisheries, combined with rising demand for fish products, has seen a ‘boom 
and bust’ mentality (see figure 2). The larger fish species are targeted and exploited and, after their popula-
tions are decimated, the next species are fished. Examples of these include blue whales, Atlantic cod and 
bluefin tuna.
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FIGURE 1 Global protein demand, 1980–2030 (million tonnes)
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 12.6.2 What happens when we overfi sh?  
 •   With overfi shing there are often large quantities of by-catch. This means that juvenile fi sh and other 

animals, such as dolphins and sea birds, are swept up in nets or baited on hooks before being killed and 
discarded. For every kilogram of shrimp caught in the wild, 5 kilograms of by-catch is wasted (see 
 fi gure 3 ). 

 •  Destructive fi shing practices such 
as cyanide poisoning, dynamiting 
of coral reefs and bottom trawling 
(which literally scrapes the ocean 
fl oor) cause continual destruction 
to local ecosystems. 

 •  A large quantity of fi sh, which 
could have been consumed by 
people, is converted to fi shmeal 
to feed the aquaculture industry, 
and to fatten up pigs, chickens 
and pet cats (see  fi gure 4 ). 

 •  Coastal habitats are under 
pressure. Coral reefs, mangrove 
wetlands and seagrass meadows, 
all critical habitats for fi sh 
breeding, are being reduced 
through coastal development, 
overfi shing and pollution.    

  FIGURE 2  Unsustainable fi shing  

  FIGURE 3  Up to 80 per cent of some fi sh catches is by-catch.  
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12.6.3 Shark attack!
Many species of sharks are now 
threatened with extinction due to 
excessive overfishing. Their fins 
are often used to make shark fin 
soup, an expensive Chinese deli-
cacy and status symbol, and a 
sign of wealth and prosperity. 
When sharks are caught, their 
fins are removed. The live sharks 
are then thrown overboard and 
they drown because they cannot 
swim without fins. This process 
is known as ‘finning’. The United 
Nations Environment Programme 
(UNEP) estimates that up to 
73 million sharks are killed each 
year to supply the shark fin 
market. One consequence of this 
is that nearly one-third of all 
ocean-going sharks are now on the internationally recognised list of threatened species. Some populations 
of hammerhead sharks have declined by 99 per cent in heavily fished regions such as the Mediterranean Sea 
and the north-west Atlantic Ocean.

Sharks are prone to overfishing because they tend to grow and mature slowly and produce relatively few 
young. They are also often accidently caught up in tuna fishing nets.

The practice of finning is banned in many countries, such as the United States, the European Union 
and Australia. Instead, the sharks must be brought back to shore before the fins are removed and the 
bodies must be discarded. This limits the size of catches due to the amount of space available on the boat 
as well as the need for refrigeration. However, the value of the fins is much higher than the shark meat. 
For example, an Australian fisherman might only earn $17 per kilogram for flake (shark meat that is 
filleted and frozen) compared to $880 per kilogram for shark fins, which are simply dried and stacked 
without refrigeration.

Changing trends
Hong Kong and China have always been the major importers of shark fin, as seen in figure 5, with 
supplies coming from more than 70 countries across all continents. However, in the past decade the 
demand and price for fins has decreased by approximately 25 per cent, particularly in China. This 
decline has been attributed to two main changes. First, in 2013 the Chinese Government banned shark 
fin soup and other unsustainable seafood from all official events; and second, there has been a major 
push from environmental organisations such as WildAid to educate people and discourage the con-
sumption of shark fin.

A survey discovered that 75 per cent of Chinese were unaware that the soup, known as ‘fish wing soup’ 
was actually made of shark fin, and more than 19 per cent of people interviewed believed that the fins 
would grow back after being removed. The success of the public awareness campaign has led to more 
people rejecting finning and shark fin soup.

FIGURE 4 In Australia, the average cat eats 13.7 kilograms of fish a 
year compared with the average Australian, who eats 1 kilogram a 
year.
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What is being done to protect sharks?
 • More than 30 airlines are refusing to carry fins as cargo and 15 international hotel chains have dropped 

the soup from their menus.
 • While finning is banned in Australia, it is legal to import, sell and export the fins. Eighteen thou-

sand kilograms were imported in 2015, mostly from New Zealand, Hong Kong, China and the 
Philippines.

 • Shark fishing is legal in India, but the export of fins is banned. Fishermen in coastal India are reliant 
on shark meat as a low cost protein source. The export of fins brings in much needed money, and fish-
ermen argue that since shark populations have not changed in recent years, the export ban should be 
lifted.

 • Palau, a small country of 22 000 people located 800 kilometres east of the Philippines has become the 
first nation to ban the fishing of sharks and create a shark sanctuary in its surrounding waters. Economi-
cally, more can be gained from the tourism industry, particularly scuba diving, than harvesting sharks for 
meat and fins.

 • Mexico, Honduras, the Maldives and other Pacific countries are also in the process of establishing or 
have already established protected areas for sharks.

12.6.4 Is fish farming the solution?
Aquaculture is one of the fastest growing food industries, providing fish for domestic and export markets. 
It brings economic benefits and increased food security (see figure 6).

Over 50 per cent of fish consumed by people comes from aquaculture. This is predicted to rise to 60 per 
cent by 2030. While aquaculture is often seen as a sustainable and eco-friendly solution to overfishing, its 
rapid growth and poor management in many places has created large-scale environmental change. Some of 
these changes are described on the next page.
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FIGURE 5 Imports of shark fins into Hong Kong in 2012
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 • Pollution. Many fish species are fed a 
diet of artificial food in dry pellets (see 
figure 7). Chemicals in the feed, and the 
massive waste generated by fish farms, 
can pollute the surrounding waters.

 • Loss of fish stock. Food pellets are usually 
made of fish meal and oils. Much of this 
comes from by-catch, but the issue is still 
that we are catching fish to feed fish. It can 
take 2 to 5 kilograms of wild fish to produce 
one kilogram of farmed salmon. Other 
ingredients in the food pellets include soy-
beans and peanut meal — products that are 
suitable for human consumption and grown 
on valuable farmland.

 • Loss of biodiversity. Many of the fish 
 species farmed are selectively bred to 
improve growth rates. If accidentally released into the wild, they can breed with native species and so change 
their genetic makeup. This can lead to a loss of biodiversity. Capture of small ocean fish, such as anchovies, 
depletes food for wild fish and creates an imbalance in the food chain.

 • Loss of wetlands. Possibly the greatest impact of aquaculture is in the loss of valuable coastal wetlands. In 
Asia, over 400 000 hectares of mangroves have been converted into shrimp farms. Coastal wetlands provide 
important ecological functions, such as protecting the shoreline from erosion and providing breeding 
grounds for native fish.
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FIGURE 6 Aquaculture and wild fish capture, 2000–2024

FIGURE 7 Feeding fish in pens, Thailand

12.6 Activities
To answer questions online and to receive immediate feedback and sample responses for every question, 
go to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Remember
1. Refer to figure 2. How important is fish as a source of protein compared with other sources? Use figures in 

your answer.
 2. (a) What is by-catch?

(b) Examine closely the photograph in figure 3, and describe the by-catch that you see.
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12.7 SkillBuilder: Interpreting a geographical  
cartoon

WHAT ARE GEOGRAPHICAL CARTOONS?
Geographical cartoons are humorous or satirical drawings on topical 
geographical issues, social trends and events. A cartoon conveys the artist’s 
perspective on a topic, generally simplifying the issue.

Go online to access:
• a clear step-by-step explanation to help you master the skill
• a model of what you are aiming for
• a checklist of key aspects of the skill
• a series of questions to help you apply the skill and to check your 

understanding.

3. Refer to figure 6. With the use of figures, compare the predicted growth of wild capture and aquaculture 
production to 2024.

4. Suggest one reason why wild capture will not increase greatly in the future.
5. Refer to figure 5. Who are the three major exporters of shark fins to Hong Kong? Use figures in your answer.

Explain
6. Explain how overfishing can lead to a loss of biodiversity.

 7. (a)  What other food items are you aware of that are regarded as status symbols in different cultures? 
(Hint: Consider luxury items.)

(b) How do you think food items become status symbols in a culture?

Discover
8. Investigate and write a newspaper article on the collapse of the Atlantic cod in Newfoundland. What 

lessons in the sustainability of fishing can be learned from the case of the Atlantic cod?
9. Collect photographs and other information to create an annotated poster showing one of the destructive 

fishing practices mentioned above.

Predict
10. What do you think the future of aquaculture might be?

 Try out this interactivity: Hook, line and sinker (int-3324)

RESOURCES — ONLINE ONLY

FIGURE 1 Cartoon on 
overfishing

 Watch this eLesson: Interpreting a geographical cartoon (eles-1731)

 Try out this interactivity: Interpreting a geographical cartoon (int-3349)
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12.8 How do we lose land?
12.8.1 What is land degradation?
Land is one of our most basic resources and one that is often overlooked. In our quest to produce as much 
as possible from the same area of land, we have often failed to manage it sustainably. Land degradation is 
the result of such poor management.

Land degradation is a decline in the quality of the land to the point where it is no longer productive. Land 
degradation covers such things as soil erosion, invasive plants and animals, salinity and desertification. 
Degraded land is less able to produce crops, feed animals or renew native vegetation. There is also a loss in soil 
fertility because the top layers, rich in humus, can be easily eroded by wind or water. In Australia, it can take 
up to 1000 years to produce just three centimetres of soil, which can be lost in minutes in a dust storm.

Globally, degradation has caused the loss of more than 350 million square kilometres of the Earth’s sur-
face. In Australia, of the five million square kilometres of land used for agriculture, more than half has been 
affected by, or is in danger of, degradation.

12.8.2 What are the causes of land degradation?
Land degradation is common to both the developed and developing world, and results from both human 
and natural causes.

Human causes
Human causes of land degradation involve unsustainable land management practices, such as:
 • land clearance — deforestation or excessive clearing of protective vegetation cover
 • overgrazing of animals — plants are eaten down or totally removed, exposing bare soil, and hard-hoofed 

 animals such as cows and sheep compact the soil (see figure 1)
 • excessive irrigation — can 

cause watertables to rise, 
bringing naturally occur-
ring salts to the surface, 
which pollute the soil

 • introduction of exotic 
species — animals such as 
rabbits and plants such as 
blackberries become the 
dominant species

 • decline in soil fertility — 
caused by continual planting 
of a single crop over a large 
area, a practice known as 
monoculture

 • farming on marginal 
land — takes place on 
areas such as steep slopes, 
which are unsuited to ordinary farming methods.

Biophysical causes
Natural processes such as prolonged drought can also lead to land degradation. However, land can some-
times recover after a drought period. Topography and the degree of slope can also influence soil erosion. 
A steep slope is more prone to erosion than flat land.

FIGURE 1 Soil erosion as a result of overgrazing in Australia
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12.8.3 What are the impacts of land degradation?
As land becomes degraded, productivity, or the amount of food it can produce, is lost. Some countries in 
Sub-Saharan Africa have lost up to 40 per cent productivity in croplands over two decades, while popula-
tion has doubled in the same time period. Farmers may choose to abandon the land, try to restore the land 
or, if the pressure to produce food is too great, they may have no choice but to continue using the land. 
Unproductive land will be exposed to continual erosion or weed invasion.

If extra fertilisers are applied to try to improve 
fertility, the excessive nutrients can create pollu-
tion and algae build-up in nearby streams. Air-
borne dust creates further hazards for both people 
and air travel. Land degradation is a classic 
example of human impact on all spheres of the 
environment — atmosphere, biosphere, litho-
sphere and hydrosphere.

Figure 2 shows the total amount of land across 
the Earth’s surface (not just farmland) and the 
extent of land degradation. About 40 per cent of 
degraded lands are found in places that experi-
ence widespread poverty, which is a contributing 
factor to food insecurity. Poor farmers with 
degraded land and few resources often have little 
choice but to continue to work the land.

12.8.4 Are we turning drylands into deserts?
Desertification is an extreme form of land degradation. It usually occurs in semi-arid regions of the world, 
and the result gives the appearance of spreading deserts. Desert biomes, or arid regions, are harsh, dry envi-
ronments where few people live. In contrast, semi-arid regions, or drylands, occupy 41 per cent of the 
Earth’s surface and support over two billion people, 90 per cent of whom live in developing nations. While 
traditional grazing and cropping has taken place in dryland regions for centuries, population growth and the 
demand for food has put enormous pressure on land resources. Overclearing of vegetation, overgrazing and 
overcultivation are a recipe for desertification.

12.8 Activities
To answer questions online and to receive immediate feedback and sample responses for every question, 
go to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Remember
1. List two human and two natural causes of land degradation.
2. Refer to figure 2. What percentage of the world’s land resources are classified as moderately to highly 

degraded?
3. Which biome supports more life: desert or drylands? Why?

Explain
4. Create an annotated sketch to show the interconnection between plants and soil. Use the following points 

as labels on your sketch.
 – Plant roots help hold soil together.
 – Decomposing plants add nutrients to the soil.
 – Plants shade the topsoil and reduce evaporation.
 – Plants reduce the speed of wind passing over the ground.

Improving 
10%

Bare surface
18%

Stable land, 
slightly or
moderately
degraded
36%

Water bodies
2%

Highly degraded
25%

Moderate degradation 
9%

FIGURE 2 State of the world’s land resources

Source: Food and Agriculture Organization of the United Nations 
2011
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12.9 Irrigation: success or failure?
12.9.1 What is the purpose of irrigation?
Food production and security is directly related to water availability. As population increases, so too does 
demand for water. Moreover, there are always competing demands for water from the domestic, industrial 
and environmental sectors. In many places in the world, water is becoming increasingly scarce. Conse-
quently, the development of water resources is becoming more expensive and, in some cases, environmen-
tally destructive.

Most of the world’s food production is rain-fed; that is, dependent on naturally occurring rainfall. 
Only a small proportion of agricultural land is irrigated, yet irrigation is now the biggest user of water 
in the world, consuming 70 per cent of the world’s freshwater resources. Irrigation brings many benefits, 
such as:
 • supplementing or replacing rain, 

 especially in places where rainfall is 
low or unreliable. In many parts of the 
world, it is not possible to produce 
food without irrigation.

 • increasing crop yields, up to three 
times higher than rain-fed crops. Only 
20 per cent of the world’s farmland 
is  irrigated but it produces over 
40 per cent of our food.

 • enabling a wide variety of foods to be 
grown, especially those with high 
water needs, such as rice, or with high 
value, such as fruit and wine grapes

 • flexibility, being used at different times 
according to crop needs; for example, 
during planting and growing or close 
to harvest time.

FIGURE 1 Irrigation allows for pasture to be grown in times 
of drought. Compare the irrigated with the non-irrigated 
paddocks.

 Try out this interactivity: Losing land (int-3325)

RESOURCES — ONLINE ONLY

5. Explain how land degraded by drought may recover, whereas land degraded by cultivation may not.
6. Study the photograph in figure 1. Why would it be difficult to either graze animals or grow crops on this land?

Discover
7. Investigate an area in Victoria that is suffering from land degradation. Identify the location, causes and 

impacts of the degradation. Are any steps being taken to reduce the impacts?

Think
8. Examine the photograph in figure 1 again. If this was your property and your livelihood, what steps would 

you take to reduce the erosion problem?
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12.9.2 What are the impacts of irrigation on the environment?
The benefits of irrigation have resulted in increased food production and greater food security. But irriga-
tion has created major changes to the biomes where it is used. Irrigation changes the natural environment 
by extracting water from rivers and lakes and building structures to store, transfer and dispose of water. The 
topography or shape of the land is often changed too, as occurs when terraces are built for paddy fields. In 
addition, irrigation water is often applied to 
the land in much larger quantities than natu-
rally occurs, which can then change soil 
composition and cause waterlogging and 
salinity problems.

How does irrigation create salinity 
problems?
On irrigated land, salinity is the major cause 
of land being lost to production, which is an 
area the size of France or 62 million hec-
tares of lost productive land worldwide. It is 
also a major cause of land degradation in 
Australia (see figure 2).

Overwatering of shallow-rooted crops adds 
excess water to the watertable, causing it to 
rise (see figure 3). If the subsoils are naturally 
salty, much of this salt can be drawn to the 
surface. Most crops and pasture will not grow 
in salty soils, so the land becomes useless for 
farming. Land that is affected by salinity is 
also more prone to wind and water erosion.

Hobart

Brisbane

Perth

Darwin

Adelaide

Alice
Springs

Sydney

Canberra

Melbourne

Salinity problems 
in dryland areas
Salinity problems 
in irrigated areas

0 500 1000 km

Quairading

Source: Spatial Vision.

FIGURE 2 The distribution of salinity in Australia

Source: Spatial Vision.

Natural state Irrigation Salinity after irrigation

Watertable
rises, bringing
dissolved salt to
root zone

Rain
water is
used by
deep-rooted
trees.

Saturated
zone

Watertable well
below surface

Replacement
of trees with
shallow-rooted crops

Irrigation increases
the amount of water
underground.

Salt
kills
plants

Watertable
continues to
rise

Erosion as
plants die

Dissolved salts from 
underlying rock

FIGURE 3 The development of irrigation salinity
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12.10 Does farming use too much water?
Access this subtopic at www.jacplus.com.au

12.11 Why is global biodiversity diminishing?
12.11.1 The loss of biodiversity
The last few centuries have seen the greatest rate of species extinction in the history of the planet (see figure 1). 
The population of most species is decreasing, and genetic diversity is declining, especially among species that 
are cultivated for human use. Six of the world’s most important land biomes have now had more than 50 per 
cent of their area converted to agriculture (see figure 2).

In those places where there has been very little industrial-scale farming, a huge variety of crops are still 
grown. In Peru, for example, over 3000 different potatoes are still cultivated. Elsewhere, biodiversity as 
well as agricultural biodiversity (biodiversity that is specifically related to food items) is in decline. In 
Europe, 50 per cent of all breeds of domestic animals have become extinct, and in the United States, 
6000 of the original 7000 varieties of apple no longer exist. How has this happened?
 • Industrial-scale farming and new high-yielding, genetically uniform crops replace thousands of different 

traditional species. Two new rice varieties in the Philippines account for 98 per cent of cropland.
 • Converting natural habitats to cropland and other uses replaces systems that are rich in biodiversity with 

monoculture systems that are poor in diversity (see figure 3).
 • Industrial-scale farming and new high-yielding, genetically uniform crops replace thousands of dif-

ferent traditional species. Two new rice varieties in the Philippines account for 98 per cent of 
cropland.

12.9 Activities
To answer questions online and to receive immediate feedback and sample responses for every question, 
go to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Remember
1. What is meant by the term waterlogging?
2. What percentage of the world’s fresh water is consumed by irrigation? What would be the other main uses 

of water?

Explain
3. (a)  Study the map in figure 2, showing the distribution of salinity in Australia. Estimate the approximate 

percentage of each state affected by salinity.
 (b) Why do you think dryland salinity covers a larger area than irrigation salinity?
4. Use figure 3 as a model and create a similar sketch. Annotate your drawing with suggestions on how to 

reduce the effects of irrigation salinity.
5. What changes to the environment are needed in order to irrigate a large region?

Discover
6. Investigate methods used in Australia to reduce the environmental effects of salinity.

Think
7. Soil salinity was not a problem when Indigenous Australian peoples were the land’s sole caretakers. What 

does this suggest about land management practices in this country since 1788?
8. Has irrigation been a success or failure? Write a paragraph expressing your viewpoint.
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FIGURE 1 Extinctions per thousand species per millennium
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FIGURE 2 Percentage of biomes converted to agriculture 
over time

FIGURE 3 Changes to percentage of original species 
according to changes in biomes for food production

Original species

Extensive use

Subsistence agriculture

Burning

Intensive agriculture

100% GRASSLAND

0%

A
b

u
n

d
a

n
c

e 
o

f 
o

ri
g

in
a

l s
p

ec
ie

s

UNCORRECTED P
AGE P

ROOFS



c12WhatAreTheImpactsOfFeedingOurWorld.indd Page 270 18/08/17  3:19 PM

270 Jacaranda Humanities and Social Sciences 9 for Western Australia

Arctic Circle

Tropic of Cancer

Equator

Tropic of Capricorn

BRAZIL

MALAYSIA

PHILIPPINES

ECUADOR

AUSTRALIA

MEXICO

PERU

UNITED STATES
OF AMERICA

INDIA

SOUTH
AFRICA

COLOMBIA
VENEZUELA

PAPUA NEW
GUINEAINDONESIA

CHINA

DEMOCRATIC
REPUBLIC

OF THE CONGO

MADAGASCAR

PACIFIC

ARCTIC OCEAN

ATLANTIC

OCEAN
OCEAN

INDIAN

OCEAN

20000 4000 km Megadiverse country

Key

Source: Spatial Vision

FIGURE 4 Distribution of megadiverse countries
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12.11 Activities
To answer questions online and to receive immediate feedback and sample responses for every question, 
go to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Remember
1. Describe the ways in which human activities can lead to a loss in biodiversity.
2. What is a megadiverse country? Why is Australia considered a megadiverse country?

 • Uniform crops are vulnerable to pests and diseases, which then require large inputs of chemicals 
that ultimately pollute the soil and water. Traditional ecosystems have many natural enemies to 
combat pest species.

 • The introduction of modern breeds of animals has displaced indigenous breeds. In the space of 30 years, 
India has lost 50 per cent of its native goat breeds, 30 per cent of sheep breeds and 20 per cent of indig-
enous cattle breeds.

12.11.2 Australia’s biodiversity
Australia has a high number of endemic species, and 7 per cent of the world’s total species of plants, animals 
and micro-organisms. That makes Australia one of only 17 countries in the world that are classified as 
megadiverse — having high levels of biodiversity. These 17 nations combined contain 75 per cent of the 
Earth’s total biodiversity (see figure 4). Australia’s unique biodiversity is due to its 140 million years of 
geographic isolation. However, Australia has experienced the largest documented decline in biodiversity of 
any continent over the past 200 years. It is thought that 50 species of animals (27 mammal species and 
23 bird species) and 48 plant species are now extinct.
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12.12 Does farming cause global warming?
Access this subtopic at www.jacplus.com.au

12.13 Review

12.13.1 Review
The Review section contains a range of different questions and activities to help you revise and recall what you have 
learned, especially prior to a topic test.

12.13.2 Reflect
The Reflect section provides you with an opportunity to apply and extend your learning.

Access this subtopic at www.jacplus.com.au

Explain
3. (a) Study figure 2. Which three biomes have seen the greatest percentage change in areas converted to 

cultivation? Use figures in your answer.
(b) Suggest why these three have had the most change.

4. Study the information in figure 3. Describe the changes to the grassland biome as seen over time.

Think
5. In what ways would the Indigenous Australian peoples’ practice of rotational land occupation have helped 

maintain biodiversity before European occupation?
6. Does it matter that we have fewer species of apples or goats?
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