
 

Stage 5  
Geography 

SYSTAINABLE 
BIOMES 

 

Week 8 
 



Deforestation and food 
security 

Global forests are declining by 13 million ha a year 

or an area the size of Bangladesh. Deforestation-or 

the removal of trees for farms, mines and urban 

development-has adversely affected native food 

species and indigenous communities who obtain 

food from forests. Generally deforestation led to an 

increase in food productivity, but in numerous 

regions across the world it has led to soil erosion and 

a decline in food security. 

Over half of the world's original forests, which 

are important sources of food, have been destroyed. 

Some forests have been replaced by monocultures 

such as oil palm plantations in Sumatra, causing a 

decline in agrobiodiversity. 

Move over, cattle 
Early pioneers and pastoralists living in south

western Australia were given free land and an axe to 

clear karri forests for farms. WA premier James 

'Moo-Cow' Mitchell believed that land growing tall 

trees provided good cows. Farmers spent 18 hours a 

day ringbarking trees to clear their land without 

considering the effects of deforestation such as soil 

Reduced food production 

Decreased food security 

4.2.1 Links between deforestation for agriculture and food 

insecurity 

erosion and dryland salinity. Cattle hooves 

compacted the soil, resulting in a decline in root 

penetration, water infiltration and aeration. This 

reduced beneficial soil microorganisms. 

Cattle also grazed in Australia's high country in 

south-eastern New South Wales and the Bogong 

High Plains of Victoria. Cattle trampled sphagnum 

moss in the alpine bogs causing sheet erosion. The 

Soil Conservation Service gradually restored the 

alpine grasslands after grazing was banned in 1957. 

In 2011 the Victorian government reintroduced 

grazing into the high country to reduce the fuel load 

and the incidence of fires. The federal government 

intervened declaring it an environmental risk. 

Case study: Omeo 
Omeo lies east of Mt Hotham in the Victorian High 

Country. Aboriginal Peoples of the Jaitmathang and 

Kandagora-mittung tribes inhabited the region for 

50000 to 60000 years, living around Lake Omeo 

Plain, Livingstone Creek and Tambo headwater 

areas. In spring and summer they moved to higher 

land as did the first stockmen who arrived in 1835. 

4.2.2 Environmental issues concerning agriculture and food security 

Farming Environmental impacts Food security 

activities issues 

Clearing Deforestation and soil Declining yields 

erosion 

Irrigation Catchment degradation Insufficient water 

such as salinity, overirrigation for future food 
and waste of water in production 

water-scarce areas 

Ploughing Soil erosion and Less arable land 

desertification to produce food 

Planting Monocultures leading to loss Risk of crop failure 

of biodiversity from pests and 

diseases 

Fertilising Disturbance to aquatic Reduced fish 

ecosystems from stocks 

eutrophication 

Pest control Increased contamination of Marine and soil 

the oceans, bioaccumulation degradation 

in food webs and decline in 
farmers' health 



process where 
numerous small cuts 
are formed. Rills can 
be several centimetres deep. 

Sheet erosion: the 
removal of a uniform 
layer of soil from the 
surface by runoff. 

Gully erosion: the 
accumulation of water 
in narrow cuts, which 
removes the soil to 
considerable depth. 
These cuts can be 
several metres deep. 
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�· Channel erosion: the 
scouring of streambanks 
or drainageways by 
increased water flows. 

4.2.3 Types of erosion 

Gold prospectors arrived in 1845 leading to the 

goldrush of the 1860s. As a result, streambeds were 

sluiced, water races cut into hills, river flats dredged, 

and forests cut to produce timber for dwellings, mine 

construction, firewood and fencing. A sawmill for 

logging opened in the 1930s. 

The East Gippsland region was particularly 

susceptible to erosion because the moderate-to-steep 

slopes with gradients between 1:10 (10%) and 1:3 

(30%) were prone to sheet, rill and gully erosion. The 

erosion was accelerated by overgrazing of land by 

sheep and cattle, and tunnel erosion by rabbits. Soil 

loss resulted in nutrient loss and a decline in 

agricultural productivity. Landcare East Gippsland, 

the Victorian Landcare Forum and the Ovens 

Landcare Network implemented programs that 

improved soil fertility, as well as land and water 

management, which increased agricultural 

productivity. 

Moving forward 
Soil erosion caused by both wind and water 

threatens the ability of humans to sustain the 

growing population with food. It reduces crops' 

ability to hold water, increases runoff, reduces 

infiltration of water and damages seedlings. To 

minimise the impacts of soil erosion, farmers have 

implemented sustainable farming practices such as 

terracing slopes (like rice farms in Bali), contour 

ploughing (across the slope rather than down the 

slope), strip cropping, stubble mulching (leaving 

agricultural waste on top of the soil), minimum 

tillage and reducing compaction of soil. 

D Geoinfo 

New Zealand loses 200-300 million tonnes of soil every 

year to the oceans-a rate of about 10 times the world 

average. Erosion is light to moderate over 50% of the 

country but severe to extreme over 10%. 
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Deforestation and food security 
1. Explain the term ‘deforestation’ and its impact on native food species.  

 

2. Describe how Australia’s vegetation was cleared for farms.  

 

3. Discuss the impacts of deforestation on the atmosphere, hydrosphere, lithosphere and biosphere.  

 

 

4. Refer to 4.2.1. Explain how deforestation can be interconnected to a decline in food security.  

 

5. Refer to 4.2.2. Discuss how farming activities have environmental impacts. 

 

 

6. Refer to 4.2.3.  
a. Describe different types of soil erosion. 

 

 

b. Explain how sheet erosion can evolve into gully erosion. 

 

 

 



Soil: a fragile resource 
Soil is the loose covering of fine rock particles that 

covers the Earth's surface. Soil underpins the 

productivity of crops and nutritious grasses for 

livestock. Whether horticulture, viticulture, dairy, 

beef cattle or organic farms, the maintenance of 

productive soils is important for future food security. 

However, many soils are too thin, salty, acidic, 

waterlogged or covered with permafrost, restricting 

food productivity. Others are depleted of nutrients 

when farmers continually grow the same crop 

(monoculture), when crop residues are burnt instead 

of used as fertiliser, when deforestation causes soil 

erosion leading to desertification, and when toxic 

waste is dumped in landfills. Since the 1950s, 35% of 

the Earth's arable land has been lost to soil erosion 

and salinity. 

0 

A 

B 

C 

R 

Organic matter: plant 
litter (leaves and 
branches) 

Surface soil: layer of 
minerals (fertile soil) 

Subsoil: accumulation 

of organic 
compounds (iron and 
alluminium) 

Parent rock: broken 
rocks 

Bedrock: mass of 

hard rock 

Dirty world 

4.3.1 Soil profile showing horizons 

Soil is a renewable resource but can take more than 

1000 years to form. The type of soil formed depends 

on the parent material (rock type), climate, 

organisms such as plants and animals living in the 

soil, topography and time. Black chernozem soils are 

fertile as they contain large amounts of organic 

material. These soils are located in the steppes of 

Russia, North American prairies and the pampas of 

South America, where they are primarily used for 

growing grains and raising livestock. By contrast, 

leached soils in rainforests are depleted of nutrients, 
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4.3.2 A healthy soil food web contributes to food productivity. 

causing shifting cultivators 

to move to different plots 

of land every few years. 

Soils are divided into 

horizons, starting with the 

top layer O (organic matter) 

followed by A, B and C 

horizons and down to R 

(bedrock). This is called the 

soil profile. The soil 

ecosystem plays an impor

tant role in soil fertility and 

food security. Earthworms 

and insects move through 

the soil to improve soil 

structure, which can boost 

crop yields in dry areas 

such as Australia's wheat 

belt by more than one

third. These soil organisms 

sequester (trap) nitrogen 

and other nutrients that 

might otherwise enter 

groundwater. 



Australian soils tend to be old, salty, acidic and 

nutritionally impoverished. They contain less 

organic matter compared with soils in the northern 

hemisphere. Australian soils are thin from millions 

of years of water and wind erosion, referred to as 

aeolian erosion. Arid areas are low in soil moisture 

and high in salt, which reduces plant growth and 

organic matter. Sandy soils are fragile with high 

water infiltration rates causing loss of water and 

nutrients. Just think how fast water disappears 

between your toes on a sandy beach. 

Soils vary across Australia's agricultural areas. For 

example, Western Australia contains a high 

proportion of sodosols, which are salty and toxic to 

many plants and limit agricultural production. 

South Australia contains more calcarosols, which are 

more productive soils. Half of all agricultural land in 

Australia is acidic, with pH values of less than or 

equal to S.S. Acidity contributes to lowered crop 

productivity as it reduces the level of essential 

nutrients available to plants. 

Anthroposols 
Anthroposols develop where soils have been formed 

or modified by human activities such as burials, 

gardening, urban development, landfill, mining and 

farming. These land uses mix the soil horizons 

(layers), often bringing less fertile soil to the surface. 

Centuries of ploughing have left fragile soils sandier, 

drier and lacking vegetation cover. Ploughed land 

loses twice as much soil as land under natural 

Challenges to food production 

□ 28% Soil too dry
■ 23% Chemical problems
■ 22% Soil too shallow
■ 10% Soil too wet
D 11 % No limitations
D 6% Permafrost

Only 11 % of the world's soils can be farmed without being 
irrigated, drained or otherwise improved. 

4.3.3 Soil limits agriculture. 

D Geoinfo 

10 million ha of crop land is degraded by fluvial and 
aeolian erosion each year. 

vegetation, and when exposed to erosion by wind 

and water become degraded and less productive. 

Soil fertility was the basis of thriving civilisations 

and cultures from the valleys of the Tigris and 

Euphrates rivers in the Middle East to the Yangtze in 

China. Today sustainable management of soil, a 

fragile resource, is essential for future food security. 



Soil: a fragile resource 
1. What is soil? 

 

2. Discuss how agriculture is adversely affected by poor soils. 

 

3. Explain how soils vary across places and affect the food produced. 

 

4. Explain the problems of Australian soils. 

 

 

5. Refer to 4.3.1. 
a. List the main layers in a soil profile. 

 

b. Which layers contain the most nutrients? 

 

c. What are the three most important layers for crop roots? 

 

6. 6 Refer to 4.3.2. 
a. Describe the soil food web. 

 

b. Explain how worms and insects increase the fertility of soils. 

 



Salinity: food's white death 
Every hour, an area equal to one football oval is lost 

to salinity in Western Australia's wheat belt. By 2100 

there could be 5 million ha of saline soils in the 

Murray-Darling Basin. While salt is naturally 

present in soil, excessive salt contributes to land 

degradation, a deterioration in water quality and a 

decline in agricultural production. It continues to 

threaten future food security. 

Nature of salinity 

Water entering the 
groundwater flow 
system equals water 
leaving the system. 
Watertable remains 
at a low level. 

Deep-root 
vegetati 

Water entering the 
groundwater flow 
system is much 
greater than water 
leaving the system 
causing watertable 
to rise. 

Salinity is the presence of salt on the land's surface, 

in soil or rocks, or dissolved in water in rivers and 

groundwater. Salinity is not new in Australia. It dates 

back to 140 million years ago, when parts of 

Australia were covered by shallow seas. The seas 

dried up and salt was left behind, which is now 

located in underground water and rocks. 

Water entering the 
groundwater flow 
system equals water 
leaving the system. 
Watertable reaches 
a new equilibrium 
level. 

Increasing human activities have 

contributed to soil salinity: 

• Irrigation salinity (wetland salinity)

occurs when irrigation is used to grow

crops, pastures and trees.
• Dryland salinity appears in non-irrigated

landscapes. It develops naturally when

evaporation is greater than precipitation

and when humans clear deep-rooted

native vegetation and replace it with

shallow-rooted crops and pastures.

Both irrigation and dryland salinity

increase the quantity of water filtering 

through the soil to groundwater. This then 

raises the salty watertable to the surface of 

the ground. When too much salt reaches the 

National Land and Water Resources Audit 2001, Australian dryland salinity 
assessment 2000, National Land and Water Resources Audit, Canberra, ACT, 

viewed 03 February 2014, http://nrmonline.nrm.gov.au/catalog/mql:1798 

roots of the crop, they die. All that is left are 

salt-tolerant species (e.g saltbush), bare soil, 

salt scalds and pink lakes. 
4.4.1 Process of salinisation 

Good practices 

A healthy tree cover uses 
groundwater reserves and 
evapotranspiration keeps the 
watertable at a safe depth. 

Vegetative cover, 
together with minimal 
run-off, ensures 
surface stability. 

The lower slopes of a 
well-timbered 
catchment permit a 
range of productive 
agricultural land uses. 

means that salts are 
not brought to the 
surface. 

4.4.2 Salinity: good and poor practices 

Rainfall 

A rising watertable 
brings natural salts 
towards the 
surface, killing the 
existing vegetation. 

Poor practices 

A cleared catchment increases infiltration, 
which in turn, raises the watertable. A 
minimal amount of moisture is transpired, 
while an increase is experienced in surface 
run-off. 

Saline seepage occurs where the 
ground surface intercepts the 
watertable, usually on foot slopes 
and in drainage depressions. 

Land degraded by 
saline seepage and 
affected by a high 
watertable severely 
limits productive 
agricultural activity. 

Decreased vegitative cover 
C-- predisposes the ground 
I , surface to erosion. 

Surface streams become 
saline through run-off 
from saline seepage and 
interception from the 
watertable. 



Dryland salinity and pink 
lakes 

Challenges to food production 

D Geoinfo 

• 4.5% of Australia's

cultivable land is affected

by salinity.
• Globally at least 20% of 

irrigated land is affected

by irrigation salinity.

Shallow salt lakes occur naturally 

in arid and semi-arid regions of 

inland Australia. In Western 

Australia, Pink Lake receives its 

distinctive colour when salinity 

in the lake is greater than that in 

sea water and temperatures are 

sufficiently high for algae to 

accumulate. The algae contain a 

red pigment that differs from 

blue-green algae found in less 

saline lakes. 

4.4.3 A pink lake in Western Australia's wheat belt 

• Of the 444 million ha of

soils in the Asia-Pacific

region, 195 million ha are

saline and 249 million ha

are sodic (or alkaline).

Western Australia's shallow groundwater has 

resulted in dryland salinity affecting 4.3 million ha. 

In areas where there are ancient riverbeds, 

agriculture has left the landscape scarred with 

hyper-saline lakes coloured pink by salt-tolerant 

algae. Farmers are trialling shrubs and grasses such 

as old-man saltbush and Australian salt-grass to 

re-establish vegetation and lower the groundwater 

levels in salt-affected areas. In the Lower Gascoyne 

region, surface water, groundwater and salt levels are 

being controlled by improved drainage and water 

management. 

Irrigation salinity 
Farmers in northern Victoria and southern New 

South Wales using flood irrigation have contributed 

to substantial areas of irrigated land salinity. When 

groundwater rises it brings to the surface dissolved 

salts such as chloride, sodium, magnesium and 

calcium sulphates and bicarbonates, killing most 

pastures and crops. 

The Murray-Darling Basin drains one-seventh of 

the Australian land. The basin requires 70% of 

Australia's irrigation to produce 40% of the nation's 

food. Parts of the basin are in danger of declining 

agricultural productivity from saline soils and saline 

water for a combination of reasons: the area was 

once under the sea, it has low rainfall and high 

evaporation, its vegetation has been cleared and the 

overirrigated and salt-intolerant crops have been 

planted. 

The 2001-2015 Basin Salinity Management 

Strategy guides communities and governments to 

control salinity; for example, by constructing 

groundwater schemes to intercept salt flows into 

rivers. Large pumping schemes divert over 500000 t 

of salt a year from groundwater and drainage basins, 

before entering rivers. 



Salinity: food’s white death 
1. What is salinity?

2. Explain why salinity is a global problem that adversely affects agricultural production.

3. Distinguish between irrigation and dryland salinity.

4. Discuss how Australia has naturally high levels of salt, and how this has been exacerbated by human activities.

5. Describe the impacts and management of salinity in agricultural areas in Australia.

6. Refer to 4.4.1.
a. Describe the process of salinisation.

b. Explain why salinity is referred to as ‘food’s white death’.

7. Refer to 4.4.2.
a. Explain how unsustainable farming practices lead to increased salinity.



Food security and 
desertification 
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4.5.1 Global overview of desertification vulnerability 

The UN International Year of Deserts and 

Desertification in 2006 aimed to raise global public 

awareness of advancing deserts. Semi-arid areas 

located on the edge of deserts support the 

livelihoods of 2 billion people in over 100 countries. 

As deserts expand in area they cause US $42 billion a 

year in lost agricultural production, adding to food 

insecurity, famine and poverty. 

0 500 

Azimuthal Equal Area Projection 

Today deserts are expanding and new deserts are 

being created. Satellites track desertification by 

noting changes in temperature, humidity and dust. 

Great green walls: Africa and China 
The Sahara is advancing southwards into the Sahel 

region by the process of desertification, resulting 

from overgrazing and loss of soil and 

vegetation. The Sahel (a transition zone 

between desert and grasslands) spans North 

Africa from the Atlantic Ocean to the Red Sea. 

Nearly 50 million people live on 5.4 million ha 

covering countries such as Sudan and Ethiopia. 

Constant cropping by farmers of sorghum, 

cotton and peanuts has left land degraded. 

These countries depend on farming for their 

livelihoods, but declining productivity is 

affecting their food security. 

4.5.2 A green wall of trees to stop advancing desertification in Africa 

To reduce the spread of deserts, Africa and 

China have planted 'green walls'. The Great 

Green Wall project in Africa involves planting 

a belt of trees 7000 km long and 15 km wide, 

stretching from Senegal to Ethiopia. 



As the Sahara moves south, the countries in its path are losing 
large areas of arable land a year. This is because trees have 
been cut for fuelwood, leaving soil bare and exposed to erosion. 
A lack of arable land has forced many farmers to migrate to 
cities. 

4.5.3 Niger and desertification 

Overploughing and overgrazing have caused the Gobi desert to 
expand more than 10000 km2 a year. China's sheep, goat and 
cattle numbers tripled from 1950 to 2002. About 4000 villages 
in Gansu Province are at risk of being buried in sand. 

4.5.4 A worker makes a straw fence to prevent the shifting of 
sands in the Gobi desert and halt desertification. 

The Green Wall of China project consists of a 

continuous wall of trees to prevent sandstorms 

sweeping across North-East Asia. The project began 

in 1978 in Taipusi in Inner Mongolia and is due for 

completion in 2050. 

Desertification in the Thar Desert 

The Thar Desert, located in western India and 

south-eastern Pakistan, is 800 km long and 400 km 

wide. The region is characterised by a hot, dry 

climate receiving 100-500 mm of rainfall every year. 

The harsh climate and the sandy, porous soils with 

low humus content have led to saline, unproductive 

soils for agriculture. In this region, desertification 

Challenges to food production 

increased from overgrazing the land and poor 

farming techniques. Following India's independence 

in 1947, efforts were made to control desertification 

with the construction of the 649-km Indira Gandhi 

Canal, bringing Himalayan water into the desert. 

Other strategies to reduce desertification included 

establishing fuelwood plantations, planting fast

growing tree species such as eucalyptus, and 

shelterbelt plantations to reduce wind velocity, 

which is frequently over 150 km an hour. Shifting 

sand dunes were stabilised, aerial seeding conducted, 

improved strains of pasture grasses introduced, and 

silvopasture ( combining forestry and grazing) 

promoted. 



Food security and desertification 
 

1. What is a desertification?  
 

 
 

 
2. Describe the indicators an area is vulnerable to desertification.  

 
 

 
 

3. Discuss the causes, impacts and management of desertification in the Thar Desert.  
 

 
 

 
 

 
 

 
4. Discuss the causes and impacts of desertification on food security providing examples from different countries.  

 
 

 
 

5. Refer to 4.5.2.  
a. What countries are located in the Sahel region?  

 
 

 
 

b. What is the total distance and area of the Great Green Wall in Africa?  
 

 
 

 
c. What is the aim of the Great Green Wall?  

 
 

 
 

6. Refer to 4.5.3. Discuss the problems of desertification in North Africa and its impacts on agriculture and people.  
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