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Answer guide   

Agri-food, Fibre and Fuel Technologies – Answer Guide 
Sample answers have been provided for learning activities where applicable for this document. The 

following suggested answers should be used as a guide. It should be noted that these sample answers are 

suggested answers and not necessarily the very best answer, nor are they the only possible answers. 

Innovation, ethics and current issues 

1. Biotechnology 

 

 Write the definitions for the following terms: 1.

 DNA 

A long chain of molecules containing genetic information for an organism. The genetic information 

codes for development, function and characteristics of the individual cell and essentially whole 

organism. DNA is wound into chromosomes within the cell nucleus. The individual molecules which 

make up the DNA are called nucleotides. 

 Gene 

A sequence of DNA that encodes all the information to build a specific protein, these are the basic 

units of heredity. 

 Genetically Modified Organism (GMO) 

An organism that has been altered by genetic engineering techniques. 

 Gene markers 

DNA sequences with known physical locations on chromosomes. They have an easily identifiable 

phenotype and their inheritance pattern, as a result, can be followed. They are used to trace or identify 

specific regions of genes in heredity. 

 Genetic engineering  

Altering the genes or DNA of an organism using modern biotechnology techniques. This includes 

controlling gene activity, modifying genes and transferring genes in order to alter or investigate gene 

function. Used for an ever-evolving list of applications to generate GMOs or provide information to 

speed up conventional breeding. 

 Protein synthesis 

The process of individual cells building specific proteins. The complex process involves DNA strands 

‘unzipping’ and their codes for protein genetic information are copied and transcribed by two types of 

RNA to produce strands of amino acids which are the structural units of proteins.  The type of protein 

and its function depends on the exact composition and order of amino acids in the sequence as 

encoded by the DNA. The process occurs in multiple locations within the cell.  

Syllabus point 

Define DNA, gene, genetically modified organism (GMO), gene markers, genetic engineering and 

protein synthesis.* 
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 Draw and label a flow diagram illustrating the relationship between: cell, nucleus, 2.

chromosome, DNA and gene. 

 

 Explore this link to The University of Utah’s Learn Genetics  page to revise on the 3.
fundamentals of “Basic genetics” through interactive activities and online simulations.  

 

 

 Use your understanding from the ‘Biotechnology case studies’ and carry out further research 1.

if required, to complete the following table. 

 

Biotechnology Description Benefits Possible risks 

Cows producing 

milk with high 

lysine content 

Cows have been developed in 

China that secretes milk 

containing lysozyme, an amino 

acid found in human breastmilk 

that boosts the immunity of 

breastfed babies. The milk could 

potentially be used as a substitute 

for human milk and make milk 

formula. 

The researchers inserted human 

lysozyme genes into the nuclei 

of cells in the bodies of cows, and 

then used a technique called 

somatic cell nuclear transfer (the 

'Dolly method') to clone the cows. 

 Manufacturing of a 

commodity with few 

replacements. 

 Health benefits. 

 A practical solution to an 

existing problem. 

 Unknown long term 

impacts on human health 

 Unknown long term 

impacts on ecology e.g. 

through crossbreeding 

 Loss of lysozyme through 

processing and 

pasteurisation of milk 

 Unknown commercial 

viability 

Enviropig Enviropigs have genetically 

modified salivary glands, which 

help them digest phosphorus in 

feedstuffs and reduce phosphorus 

pollution in the environment. 

Phosphorus is crucial for healthy 

growth in pigs. Unfortunately, 50 

to 70 percent of the phosphorus 

in grain is in the form of phytic 

acid, a compound indigestible by 

 Increased efficiency of 

production in feed 

conversion/growth rates 

 Reduced cost to producer 

 Reduce environmental 

impacts and degradation  

 Unknown long term 

impacts on human health 

 Unknown long term 

impacts on ecology e.g. if 

pigs outbreed and escape 

captivity 

 Unknown commercial 

viability 

Syllabus point 

Describe the implications of biotechnology in the agri-foods, fibre and fuel industries. 

http://learn.genetics.utah.edu/
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Biotechnology Description Benefits Possible risks 

pigs. To overcome this, farmers 

traditionally add expensive 

supplements. 

The transgenic Enviropig 

synthesises phytase in its salivary 

glands, eliminating the need for 

additional supplements or 

enzymes in the feed. By digesting 

more phosphorus, the Enviropig 

also produces less phosphorus in 

its waste. 

AquaAdvantage 

salmon 

Transgenic salmon species that 

have been engineered to grow 

faster than traditional salmon. 

A growth hormone-

regulating gene from a 

Pacific Chinook salmon, with 

a promoter from an ocean pout, 

was added to the Atlantic 

salmon's 40,000 genes. This gene 

enables it to grow year-round 

instead of only during spring and 

summer. The purpose of the 

modifications is to increase the 

speed at which the fish grows 

without affecting its ultimate size 

or other qualities. The fish grows 

to market size in 16 to 18 months 

rather than three years. 

 Increased production 

efficiency 

 Allows for conservation of 

wild fish populations 

 Reduce carbon emissions- 

fish produced close to 

manufacturing and 

consumers 

 Reduce environmental 

impacts and degradations 

through controlling water 

and effluent usage. 

 Commercially viable- 

AquaAdvantage salmon 

sold in U.S. and Canda 

 Unknown long term 

impacts on human health 

 Unknown long term 

impacts on ecology and 

natural ecosystems e.g if 

species escape captivity 

 

Bollgard Cotton Insect resistant, transgenic cotton 

variety developed by Monsanto. 

The variety has three bacterial 

proteins added, each have unique 

mode of actions to kill the 

Helicoverpa bollworm larvae. 

The addition of the third protein 

increases the sustainability of the 

technology as it becomes 

increasingly difficult 

for Helicoverpa spp. to develop 

resistance to any of the Bacillus 

thuringiensis (Bt) proteins. 

The cotton variety itself is resistant 

to herbicides glyphosate, 

glufosinate and dicamba; allowing 

for flexibility of herbicide use for 

weed control. 

 Increased production 

efficiency  

 Reduced need for chemical 

pesticide application which 

has financial and 

environmental benefits 

 Allows for interruption of 

pest lifecycle 

 Unknown long term 

impacts on human health 

 Unknown long term 

impacts on ecology and 

natural ecosystems e.g if 

species escape captivity 

 Potential for development 

of pesticide resistant 

Helicoverpa ‘superbug’ 

 Potential for development 

of superweed-  herbicide 

resistant  ‘malvaceae’ or 

mallow family of plants if 

cross family breeding 

occurred from cotton 

plants 

Biofuels Fuels produced through 

contemporary biotechnology 

processes, rather than being 

produced by geological processes 

such as fossil fuels. 

Biofuels can be derived directly 

from plants and algae or indirectly 

 Environmental impacts-

biofuels are a renewable 

energy source as compared 

to fossil fuels 

 Biofuels produced from 

plants and algae material 

have reduced carbon 

 Creating fuels from plant 

food varieties e.g. maize; 

results in pressure on 

resources soil and water as 

well as for food 

production for animals 

and humans 
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Biotechnology Description Benefits Possible risks 

from agricultural by-products, 

commercial, domestic, and/or 

industrial waste. 

 

 

 

 

footprint as plants carry out 

carbon fixation through the 

photosynthesis process 

 Utilise waste to create fuel 

e.g. straw, wood chip, 

animal waste 

 Algae can be intensively 

grown and harvested on 

small amounts of area. 

 Algae has byproduct animal 

feed plus oil for biodiesel 

 Fuels not suitable for all 

engines 

 Long-term commercial 

viability 

 

 Complete the following table to list at least three general potential benefits and three risks 2.

of biotechnology. Use the ‘25 years of GMO crops: Economic, environmental and human 

health benefits‘ article for assistance.  

 

Benefits  Risks 

 There is no guarantee that gene technology is 

completely safe. 

 Even though they are tested, released GMO’s 

could potentially have adverse long-term health, 

environmental, economic or social consequences. 

 Loss of markets through GM production. 

 Negative effects on ecology and biodiversity such 

as the development of ‘superweeds and pests’. 

 Human perception and ethical beliefs 

 

 Efficient production of high quality animal and plant 

pharmaceuticals, food, fibre and fuel products to meet 

increasing global demands with limited negative 

environmental impact. 

 In Australia, no genetically modified (GM) product can be 

released into the environment, or used in industry, until 

the regulatory body, the Office of the Gene Technology 

Regulator (OGTR), has approved the product, after 

reviewing its potential environmental and health impacts. 

 GM crops and foods have been grown, traded and 

consumed globally for 15 years with no adverse effects 

identified. 

 

  

https://geneticliteracyproject.org/2018/04/06/25-years-of-gmo-crops-economic-environmental-and-human-health-benefits/
https://geneticliteracyproject.org/2018/04/06/25-years-of-gmo-crops-economic-environmental-and-human-health-benefits/
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 Complete the following table on current GM crops produced in Australia for consumption. 1.

Crop Type Year/s originally 

commercially grown 
Modification Uses 

 Cotton  1996  Insect resistant 

 herbicide tolerant 

 Insect resistant and 

herbicide tolerant 

 Produces cottonseed oil 

 Cotton meal for stockfeed 

 Canola  2003 

 NSW and Victoria- 

2008 

 Herbicide tolerant  Margarine type spreads and 

dairy blends 

 Ingredient in tinned and snack 

foods 

 Canola meal for stockfeed 

 Complete the table to identify five GM crop products FSANZ has approved for Australian 2.

consumption from overseas. For each give an example of product uses 

 

 Imported GM 

crop 

 Products and uses 

 GM soybeans  Bread, pastries, chocolate, potato chips, margarine, mayonnaise. 

 Soy lecithin as an emulsifier in spreads, cakes and confectionery, 

 Soybean meal in stockfeed 

 GM maize  Maize oil, cornflour, corn syrup, used in sweetners 

 Used in stockfeed 

 GM canola  Canola oil, vegetable oil 

 Used in stockfeed 

 GM sugarbeet  Used in stockfeed 

 GM wheat  Used in stockfeed 

 Flour, present as an ingredient in imported products we consume 

Follow the link to the article “How are GMOs labelled around the world?” to see examples of GM 

labelling and answer activities 3-4 

 Contrast the two categories for GM labelling. 3.

The two categories differ as the first requires the consumer notification to be included in the list of 

ingredients. The second category requires the notice be placed elsewhere on the package in a conspicuous 

area. 

 Clarify what labelling categories from Activity 3 are used in Australia and New Zealand. 4.

Australia and New Zealand use both labelling categories. Australia and New Zealand require that GMO 

ingredients be noted in the ingredient panel unless the entire item is genetically modified. In that case, the 

information has to be included next to the name of the product. 

Apply your understanding of the importance of safety and food labelling to answer activities 5-6 

 Explain why it is important to assess GM food product safety prior to commercial release to 5.

consumers 

Answers will vary. Assessment provides protection of the health and safety of the environment, economy 

and consumers regarding GM products. The assessment process in Australia is rigorous and identifies 

possible risks associated with GM products prior to commercial release. This allows consumers to maintain 

reassurance and trust in the products they are consuming. The assessment process behind registering a GM 

Syllabus point 

Outline the importance of food safety and labelling of GMOs 

https://gmo.geneticliteracyproject.org/FAQ/how-are-gmos-labeled-around-the-world/
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product safe for consumption results with the product being as safe as current equivalent non-GM 

products. Some examples of areas tested include toxicology, allergens present and nutritional value.  

 Outline the importance of food safety and labelling in relation to the use of genetically 6.

modified organisms. 

Answers will vary. Answers must outline the importance of both food safety and labelling related to GMOs. 

Safety checks need to be performed on foods derived from GMOs to ensure that they are of equal 

nutritional value, not toxic in any way and do not cause allergic reactions in consumers as comparable to 

the equivalent non-GM product. Labelling of foods that contain GMOs is important to make consumers 

aware of their presence and to allow them to make their own choices about consuming them. 

 

2. Ethical concerns and controversy surrounding biotechnology use in 

agricultural production 

 

 Conduct research to investigate a range of current issues surrounding GM food production 1.

and complete the following table. The first example has been given to you.  
Issue  List positive issues List negative issues Current GM example/s 

Effect on 

agricultural 

production e.g.  

yield, quality and 

efficiency 

 

 Increase yield of plants through 

manipulation of genetic material 

of conventionally bred varieties.  

 Increase efficiency of production. 

 Increases in yield and efficiency 

occur at a quicker rate than 

conventional breeding. 

 Legislation/contracts required 

to produce high yield and 

efficient GM varieties. 

 Long time frame to patent and 

certify products prior to 

commercial availability. 

 Patents involved with using GM 

products can constrict 

management and production 

options. 

 GM cotton and GM canola 

varieties (Australia) 

 GM cows with enhanced beef 

flavour (Japan) 

 GM sheep with increased milk 

yield and higher quality wool 

(Australia) 

Environmental 

impact in terms of 

sustainability and 

resource 

degradation 

 Evidence suggests GMs reduce 

resource degradation and 

increase sustainability through 

increasing production efficiency, 

yield and quality factors whilst 

using fewer resources as 

compared to conventional 

agricultural practices 

 Unknown long-term 

environmental effect of GM 

especially for consumer health, 

food chains and outcrosses 

with non-target organisms. 

 Reduced biodiversity through 

monoculture. 

 GM cotton and GM canola 

varieties (Australia) 

 Enviropig (Canada) 

 

 

 

Chemical usage 

(cropping) 

 When used appropriately GMO 

crops can decrease chemical 

(herbicide or pesticides) required 

to control or prevent incursions 

from specific pests.  

 Reduced operational costs of 

production increase profit and 

efficiency. 

 Reducing chemical usage reduces 

negative environmental impact. 

 Great potential for GM varieties 

to be utilised in organic, 

biodynamic agriculture, 

agroecology and other 

sustainable and alternative 

agricultural production systems 

which use few synthetic chemicals 

for pest and disease 

 If chemical resistant GMOs 

crossbreed with non-target 

organisms, development of 

herbicide and/or pesticide 

resistant species could occur. 

These are regularly termed as 

superweeds or super pests.  

 

 Bollgard 3Extend Flex, Liberty 

Link, Roundup Ready Flex 

Cotton varieties (Australia) 

 Roundup Ready canola 

(Australia) 

 Superweeds in the UK (UK) 

Syllabus point 

Discuss the issues relating to food production using GMOs 

 

http://cottonaustralia.com.au/uploads/resources/CEK_Chap_2_A_Sustainable_Cotton_Industry.pdf
https://grdc.com.au/__data/assets/pdf_file/0021/74721/gm-canola-impact-survey-pdf.pdf.pdf
https://www.telegraph.co.uk/news/science/science-news/9498987/Cows-genetically-modified-to-improve-flavour.html
https://www.telegraph.co.uk/news/science/science-news/9498987/Cows-genetically-modified-to-improve-flavour.html
https://www.asiabiotech.com/06/0626/1032_1039.pdf
https://www.asiabiotech.com/06/0626/1032_1039.pdf
http://cottonaustralia.com.au/uploads/resources/CEK_Chap_2_A_Sustainable_Cotton_Industry.pdf
https://grdc.com.au/__data/assets/pdf_file/0021/74721/gm-canola-impact-survey-pdf.pdf.pdf
https://www.youtube.com/watch?v=mAfCauLF-14
http://cottonaustralia.com.au/uploads/resources/CEK_Chap_2_A_Sustainable_Cotton_Industry.pdf
http://cottonaustralia.com.au/uploads/resources/CEK_Chap_2_A_Sustainable_Cotton_Industry.pdf
http://cottonaustralia.com.au/uploads/resources/CEK_Chap_2_A_Sustainable_Cotton_Industry.pdf
https://grdc.com.au/__data/assets/pdf_file/0021/74721/gm-canola-impact-survey-pdf.pdf.pdf
https://www.theguardian.com/science/2005/jul/25/gm.food
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Issue  List positive issues List negative issues Current GM example/s 

management. 

CO2 and greenhouse 

gas emissions 

(cropping and 

animals) 

 Certain GMO crops allow for 

utilisation of minimum tillage, 

conservation tillage or no-tillage 

farming establishment techniques 

along with reduced or no 

pesticide or herbicide 

applications. All these 

management procedures 

conventionally use implements 

(tractors) that consume fossil 

fuels and emit CO2. GMO’s are 

proving to reduce CO2 emissions 

as a result. 

 Additional benefits of 

conservation tillage techniques 

include soil moisture retention, 

reduced erosion and compaction 

and soil quality and structure 

improvement. 

 Many possibilities using GM to 

reduce livestock greenhouse 

emissions including manipulation 

of rumen gut bacteria and 

microflora, GM of livestock to 

increase digestive efficiency and 

development of GM pasture and 

crop species with increased 

digestibility or alterations to 

reduce gas emission. 

 No evidence suggesting GMO 

plants or animals for food 

production increase CO2 and 

greenhouse gas emissions as 

compared to comparable 

conventional agricultural 

production. 

 GM cotton and GM canola 

varieties (Australia) 

 GMO rice with barley genes 

to reduce CO2 emissions 

(China) 

 GMO ryegrass to reduce 

methane emissions and 

nitrate discharge  (USA) 

Public perception 

 

 Many view GM as an exciting 

innovation with positive solutions 

to economic, environmental, 

global nutrition, agricultural and 

health benefits and have no issue 

with consuming or using 

products produced with modified 

gene technologies. 

 Negative public perceptions 

and public resistance surround 

a range of issues including: 

personal, cultural, historic, 

religious, ethical, mistrust, lack 

of knowledge of the 

technologies and health beliefs. 

 Posilac GM milk produced by 

cows with recombinant 

growth hormones (USA) 

 Perceptions of GMO 

consumption (Australia) 

 

Animal GM 

 

 Potentially provides applications 

to reduce environmental 

degradation, increase animal 

efficiency of production, increase 

production profitability, save 

species from extinction, improve 

human health through 

production of pharmaceuticals 

and transplant products, improve 

animal welfare and target societal 

nutrition and global malnutrition. 

 Unknown long-term effects on 

environment, food chains, cross 

breeding, animal, biodiversity, 

human health, and animal 

welfare. 

 GM sheep with increased milk 

yield and higher quality wool 

(Australia) 

 Sheep with modified rumen 

bacteria to prevent 

fluoroacetate poisoning, 

which can cause fatal 

poisoning (Australia) 

 GM cows with enhanced beef 

flavour (Japan) 

 Enviropig (Canada) 

 AquaAdvantage Salmon  

(USA) 

 GM multipurpose cashmere, 

carcass goats (China) 

 Bird flu resistant chickens (UK) 

 GM dairy cows which produce 

milk with low  β-lactoglobulin 

(BLG) levels to reduce human 

allergies (New Zealand) 

Animal welfare 

 

 GM applications potentially could 

treat or eliminate numerous 

animal welfare issues through: 

heat and cold resistance, animal 

starvation and drought resistance, 

 Animal welfare concerns 

surround issues: invasiveness of 

procedures, production of 

animals with undesirable traits 

and abnormalities, amounts of 

 Sheep with modified rumen 

bacteria to prevent 

fluoroacetate poisoning, 

which can cause fatal 

poisoning (Australia) 

http://cottonaustralia.com.au/uploads/resources/CEK_Chap_2_A_Sustainable_Cotton_Industry.pdf
https://grdc.com.au/__data/assets/pdf_file/0021/74721/gm-canola-impact-survey-pdf.pdf.pdf
http://www.latimes.com/science/sciencenow/la-sci-sn-gmo-rice-methane-emissions-20150722-story.html
http://www.latimes.com/science/sciencenow/la-sci-sn-gmo-rice-methane-emissions-20150722-story.html
https://geneticliteracyproject.org/2017/05/31/gmos-slash-livestock-methane-greenhouse-gas-emissions/
https://geneticliteracyproject.org/2017/05/31/gmos-slash-livestock-methane-greenhouse-gas-emissions/
https://geneticliteracyproject.org/2017/05/31/gmos-slash-livestock-methane-greenhouse-gas-emissions/
http://www.burrafoods.com.au/latest-news/food-safety-wins-out-on-gmo-bovine-growth-hormone-saga
http://www.burrafoods.com.au/latest-news/food-safety-wins-out-on-gmo-bovine-growth-hormone-saga
http://www.burrafoods.com.au/latest-news/food-safety-wins-out-on-gmo-bovine-growth-hormone-saga
https://theconversation.com/perceptions-of-genetically-modified-food-are-informed-by-more-than-just-science-72865
https://theconversation.com/perceptions-of-genetically-modified-food-are-informed-by-more-than-just-science-72865
https://www.asiabiotech.com/06/0626/1032_1039.pdf
https://www.asiabiotech.com/06/0626/1032_1039.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC106753/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC106753/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC106753/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC106753/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC106753/
https://www.telegraph.co.uk/news/science/science-news/9498987/Cows-genetically-modified-to-improve-flavour.html
https://www.telegraph.co.uk/news/science/science-news/9498987/Cows-genetically-modified-to-improve-flavour.html
https://www.youtube.com/watch?v=mAfCauLF-14
https://www.youtube.com/watch?v=fD1E3pihUww
https://www.theatlantic.com/health/archive/2016/10/cashmere-goat-crispr/505163/
https://www.theatlantic.com/health/archive/2016/10/cashmere-goat-crispr/505163/
https://www.nationalgeographic.com/people-and-culture/food/the-plate/2015/08/05/want-a-bird-flu-free-world-consider-breeding-resistant-birds/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3479461/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3479461/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3479461/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3479461/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC106753/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC106753/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC106753/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC106753/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC106753/
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Issue  List positive issues List negative issues Current GM example/s 

pest and disease resistance, 

reducing animal bullying and 

physical harm e.g. polling horned 

animals. 

 State, national and global animal 

welfare legislation and practices 

are in place to protect animal 

welfare in a range of fields 

including wild animals, research 

animals, companion animals and 

animals for production. 

animals required to produce 

GM results, disposal techniques 

of excess animals, housing of 

animals, unanticipated and 

unpredictable welfare concerns. 

 Bird flu resistant chickens (UK) 

 A Cold resistant pig could 

assist free range pig 

production (China) 

  Discuss the use of genetically modified crops in agricultural production (NESA 2017 HSC 2.

Agriculture Q28.b 12 marks) 

Answers will vary 

 Discusses the use of genetically modified crops in agricultural production 

 Provides a logical and cohesive response 

 Uses relevant and current examples to support answer 

Discussion could include: patenting issues; cost to production issues; reduced CO2 emissions; pesticide 

tolerance/resistance; herbicide tolerance; reduced herbicide usage; high yields; risk of gene transfer to non-

target species; consumer resistance; reduced use of herbicides. Relevant and current examples include: Bt 

cotton, Roundup Ready canola, Bollgard cotton, biofortified crops, development of superweeds and 

superpests. 

 

Development of GMOs - Australian legislation activities 

 Name the Commonwealth legislation for GMO’s 1.

Gene Technology Act 2000 and Gene Technology Regulations 2001 

 List the five national regulatory authorities for GMOs in Australia 2.

 The Office of the Gene Technology Regulator (OGTR) 

 Therapeutic Goods Administration (TGA) 

 Food Standards Australia New Zealand (FSANZ) 

 Australian Pesticides and Veterinary Medicines Authority (APVMA) 

 The National Industrial Chemicals and Assessment Scheme (NICNAS) 

Follow the link to find the article on “State Regulation” to see examples of state and territory 

positions regarding GMO production to answer activity 3. 

 Label the map of Australia to show the current position of each state and territory on GM 3.

crops 

Syllabus point 

Examine regulations that surround development and use of GMOs and biotechnology 

https://www.nationalgeographic.com/people-and-culture/food/the-plate/2015/08/05/want-a-bird-flu-free-world-consider-breeding-resistant-birds/
https://www.washingtonpost.com/news/food/wp/2017/10/27/chinese-scientists-genetically-engineered-a-low-fat-pig-but-for-whose-benefit/?noredirect=on&utm_term=.ff9623a1697e
https://www.washingtonpost.com/news/food/wp/2017/10/27/chinese-scientists-genetically-engineered-a-low-fat-pig-but-for-whose-benefit/?noredirect=on&utm_term=.ff9623a1697e
https://www.washingtonpost.com/news/food/wp/2017/10/27/chinese-scientists-genetically-engineered-a-low-fat-pig-but-for-whose-benefit/?noredirect=on&utm_term=.ff9623a1697e
https://www.legislation.gov.au/Details/C2016C00792
http://www.ogtr.gov.au/
https://www.tga.gov.au/guidance-21-medicines-produced-genetic-manipulation
http://www.foodstandards.gov.au/consumer/gmfood/Pages/default.aspx
https://apvma.gov.au/node/11196
https://www.nicnas.gov.au/reforms/consultation-paper-5-supporting-material/specified-chemical-introductions-additional-requirements#gm
https://www.abca.com.au/wp-content/uploads/2014/03/ABCA_AG-BioGM-Guide_Ed.-3_web.pdf
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Figure 1 Agricultural Biotechnology Council of Australia Limited, 2017. 

Use of GMOs- Australian legislation activities 

Follow the link to investigate the article “Impacts of genetically modified crops and seeds on 

farmers”.  

 Use the article to complete the table to summarise concerns involved with grower contracts 4.
for use of a patented crop. 

 Issue  Concerns 

 Contract issues  The grower agreement contracts that seed companies require may 

disadvantage farmers. Seed companies have invested significant funds 

in the research and development of GM seeds, and they protect this 

investment through their contracts with growers. Contracts aggressively 

protect the biotechnology company's rights to the seeds, dispute 

settlement, and limit company liability. 

 Seed reuse and 

retention 

 Under a private contract between a grower and a biotech company, the 

grower's rights to the purchased seed are significantly limited. 

Contracts prohibit growers from saving seed and/or reusing seed from 

GM crops. Growers must annually purchase seed. 

 Binding 

arbitration 

(settlement) 

 Often contracts between seed companies and private growers contain a 

binding arbitration clause that requires all conflicts arising from 

performance of the seed (or technological traits within the seed) to be 

resolved through legal settlement. This binding arbitration clause 

precludes farmers from filing lawsuits. 

 Acceptance of 

liability 

 Contracts contain clauses limiting the company’s liability if the use of 

GM seed has a negative impact on any aspect of the farmer's 

operations. The clause prevents the farmer from recovering any 

damages from the company. 

https://www.abca.com.au/wp-content/uploads/2014/03/ABCA_AG-BioGM-Guide_Ed.-3_web.pdf
https://pennstatelaw.psu.edu/_file/aglaw/Impacts_of_Genetically_Modified.pdf
https://pennstatelaw.psu.edu/_file/aglaw/Impacts_of_Genetically_Modified.pdf
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 A list of potential and current biosecurity threats have been given in the following table. Use 1.

research to briefly identify negative impacts each could have on agricultural production  

Biosecurity threat Impact to agricultural production 

Potential 

Threats  

Citrus Canker to 

horticulture 

Bacterial disease affecting native and introduced citrus species. It causes lesions and 

cankers at infection site and severely impacts fruit quality and yield. Could have major 

financial impacts on the NSW horticulture industry and disrupt international and 

domestic markets. 

Brown Marmorated 

Stink Bug to horticulture 

Brown marmorated stink bug (BMST) is an invasive pest globally (US, Europe and Asia). It 

feeds on a wide range of fruiting plants, ornamentals and vegetables and causes severe 

damage to fruit. Establishment of BMST in Australia will directly effect on farm production 

and profitability through reducing quality and yield of fruit. As well BMST would be difficult 

and expensive to manage and disrupt domestic and international markets. 

Rice blast  Rice blast is considered the most important disease of rice worldwide. Rice blast is present in the 
tropical wetlands of northern Australia, but not NSW. Rice blast spores can infect plants at all 
growth stages, from seedlings to maturity and causes lesions seen on all above ground plant parts, 
which result in plant death. If untreated rice blast will kill all infected plants causing severe losses 
in productivity. Spores overwinter in rice straw, contaminate vehicles, water and are windborne. 
Treatment is through burning infected crops. 

Varroa Mite for bees Varroa mites are the most serious pest of honey bees worldwide. Varroa infects honey 

bees in every major beekeeping area of the world, except Australia. The pest untreated 

will kill a colony or hive which will have economic impacts through less honey 

production and serious environmental impact as bee pollination is reduced which 

impact plant production. 

Foot and Mouth Disease 

in livestock 

Foot and mouth disease (FMD) is a highly contagious viral disease that affects pigs, 

cattle, sheep, goats and deer caused by swill feeding. It does not occur in 

Australia. The disease is characterised by the formation of vesicles (fluid filled blisters) 

and erosions in the mouth and nostrils, on the teats, and on the skin between and 

above the hoofs. FMD may cause serious production losses and is a major constraint 

to international trade in livestock and their products. An outbreak of FMD in Australia 

would result in the closure of meat, dairy and wool export markets until the outbreak 

was eradicated. It would disrupt domestic markets as infected animals must be 

euthanised to eradicate the disease. 

Current 

Threats 

Serrated Tussock Highly adapted weed of National Significance. Serrated tussock infests agricultural land 

ranging from highly arable and fertile areas through to steep and non-arable areas with 

low fertility. It colonises both native and introduced pastures, and it spreads rapidly in 

degraded or disturbed pastures. It is not palatable and has low feed value for livestock. It is 

a serious contaminant of hay and grain and transported on agricultural machinery. It 

negatively impacts domestic markets reducing product quality and value if present as a 

contaminant; it reduces productivity and availability of agricultural land and disrupts native 

ecosystems. 

Blackberry Blackberries are semi-deciduous, scrambling shrubs with prickly stems. Blackberries are a 

weed of National Significance and recognised as one of the worst Australian weeds. 

Blackberry infests agricultural land and colonises both native and introduced pastures, 

reducing grazing and productivity, harbouring vermin and causing problems in forestry. It 

spreads rapidly vegetatively or through seed distribution. It is not palatable and has low 

feed value for livestock however, the berries are consumed and seeds distributed by birds, 

vermin and humans. It reduces productivity and availability of agricultural land and 

disrupts native ecosystems. Blackberry has been estimated to result in a loss of production 

and cost of control of between $95.1 million and $102.8 million in Australia. 

Footrot in sheep and 

goats 

Footrot is a contagious bacterial disease of sheep and goats. With full expression, virulent 

footrot is a severe, debilitating disease with significant economic loss from reduced wool 

growth and quality, poor ewe fertility, poor growth rates, losses from blowfly strike, and 

reduced value of sale sheep. In infected flocks, there are also significant costs associated 

Syllabus point 

Examine the role of biosecurity 

https://www.dpi.nsw.gov.au/biosecurity/plant/news-and-recent-arrivals/citrus-canker
https://www.dpi.nsw.gov.au/about-us/media-centre/releases/2017/exotic-pest-alert-brown-marmorated-stink-bug
https://www.dpi.nsw.gov.au/about-us/media-centre/releases/2017/exotic-pest-alert-brown-marmorated-stink-bug
https://www.dpi.nsw.gov.au/biosecurity/plant/insect-pests-and-plant-diseases/rice-blast
https://www.dpi.nsw.gov.au/__data/assets/pdf_file/0006/268026/Varroa-mites.pdf
https://www.dpi.nsw.gov.au/content/agriculture/livestock/health/exotic/fmd
http://weeds.dpi.nsw.gov.au/Weeds/Details/123
http://weeds.dpi.nsw.gov.au/Weeds/Details/18
https://www.dpi.nsw.gov.au/animals-and-livestock/sheep/health
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Biosecurity threat Impact to agricultural production 

with the control of the disease. It reduces productivity and profitability and reduces 

marketability as infected animals cannot be transported or sold into quarantined areas. 

Leptospirosis in cattle Leptospirosis is a highly infectious bacterial disease of cattle that can also cause 

debilitating effects in humans. The bacteria survive for long periods in wet conditions 

and are shed by infected animals in urine and in uterine fluids. When cows are 

infected, they may abort retain foetal membranes, or have reduced milk production. 

The disease is zoonotic causing severe illness in humans. It can be prevented through 

vaccination. Leptospirosis has severe economic impacts on production, yield, cow and 

possibly human health.  

Stripe rust in wheat Stripe rust in wheat is a fungal disease which established in Eastern Australia in 1979. It 

affects triticale, barley, barley grass, brome grass and some other grasses, but wheat is 

the main host. The fungus reduces plant growth and yield by reducing the green leaf 

area, thus reducing plant photosynthesis. Infected plants have small, shrunken seed. 

Spores spread by wind and vectors including machinery, agricultural products and on 

livestock or humans. The disease causes significant loss to production due to loss of 

yield, quality of seed, and cost of control. 

 Answer the following NESA past Agriculture paper question.  2.

How does biosecurity help protect Australia’s agricultural industries? (NESA 2013 HSC 

Agriculture Q28.a.ii 5 marks) 

Answers will vary. 

Provide a logical explanation of how biosecurity relates to the protection of agricultural industries and 

includes well supported examples. 

Australian agriculture is unique due to the fact that our products are free from many exotic diseases found 

in other countries. Biosecurity protects us from these exotic diseases entering and affecting our products 

meaning consumer confidence (nationally and internationally) is high and subsequently, demand remains 

high. This means our markets are more secure, protecting our agricultural industries into the future. For 

example, live poultry and eggs cannot be imported into Australia because of the risk of introducing 

Newcastle’s Disease. Answers could include:  

 Border protection  

 Prevent entry of exotic pests/diseases e.g. BMST, FMD, rice blast, varroa mite, citrus canker 

 Prevent further spread of current threats e.g.  Blackberry, tussock, footrot, Johnes, Leptospirosis, 

stripe rust 

 Protection of export markets  

 Protection of domestic markets 

  

https://www.dpi.nsw.gov.au/__data/assets/pdf_file/0006/160368/cattle-reproductive-disease.pdf
https://www.dpi.nsw.gov.au/agriculture/broadacre-crops/winter-crops/general-disorders-of-crops/stripe-rust-wheat
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 Contrast the use of annual and perennial crops for biofuel production in terms of carbon 1.

conservation. 

 Annual crops  Perennial crops 

 Generally require large amounts of energy for: 

soil preparation, sowing, pest and disease 

management, fertiliser manufacture and 

application, harvesting, transport and 

processing of crop biomass to fossil fuel 

 These energy requirements are on an annual 

basis. 

 Annual crops where the whole aboveground 

biomass is harvested and/or stubble is not 

incorporated into the soil result in low levels of 

soil organic carbon sequestration. 

 Generally share initial energy consumption for 

crop establishment comparable to annual crops 

(dependant on crop type); however, perennial 

crops last up to 2 years plus depending on crop 

type. Therefore energy requirements reduce over 

time along with the opportunity for multiple 

harvests of the crop biomass. 

 Different levels of carbon sequestration 

dependant on photosynthetic rate and the 

perennial crop longevity, product harvested and 

species (e.g. trees vs. perennial C4 pastures). 

Comparably high levels of soil carbon 

sequestration as compared to annual crops. 

 Discuss the use of biofuels as alternatives to fossil fuels. 2.

Answers could include: 

 The impact of biofuels vs. fossil fuels on GHG production 

 Sustainability of biofuel production systems 

 Competition of resources  for fuel production vs. food production and human malnutrition 

 Use of land for crops to produce biofuels vs. food/fibre 

 Costs of biofuel production and fossil fuel costs 

 Problems associated with biofuels in conventional engines 

 Evaluate whether biofuel production should be a priority over world food production?  3.

Answers could include:  

 Biofuels offer organic based solutions to the Earth's growing energy problems.  

 Plants used for biofuel production, sequester and cycle Carbon 

 Production of second, third and fourth generation biofuel types use residual non-food plant and 

animal products  

 The process of growing crops for biofuels uses more fossil fuels then carbon sequestered 

 Biotechnology provides solutions to development of plant varieties to meet global food and 

biofuels demands  

 Current cropping levels don’t meet global food demand 

 Global malnutrition is increasing 

 Human population requires increasing amount of crop food production to meet population 

demands 

Syllabus point 

Evaluate biofuel production with respect to world food demands and sustainable and efficient use of 

carbon 
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3. Current areas of development in biotechnology 

 
 Use research to summarise an example of current developments in the following 1.

biotechnologies. 

Summarise your findings in the following table. 

Answers will vary 

Biotechnology 

Type 

Example Applications for Australian Agricultural 

production 

Biofuels Algae- third generation biofuels Algae can be successfully used to manufacture all biofuel types. 

Algae does not compete for land for food production and some 

types can be grown in saline water, so has the potential to not 

compete for agricultural water. Algae show great potential as 

biomass for biofuel for agricultural machinery usage. Algae by-

product can also be used as a protein source in stock feed or as 

fertiliser. 

Biopesticides Plant incorporated Protectants (PIPs)- 

pesticidal substances that plants produce from 

genetic material that has been incorporated 

into the plant. Examples include: Bacillus 

thuringiensis bacterium, which has been 

incorporated into Bt Cotton to disrupt the 

cotton bollworm (Helicoverpa armigera). 

PIPs allow for biological treatment of specific pathogens. The use of 

PIPs has many advantages for production in terms of financial 

savings in labour, chemicals and production losses; as well as 

reducing negative environmental impacts associated with chemical 

pesticide use such as run-off and soil/ water contamination  

Rumen 

modification 

MLA’s National livestock methane program 

using algae based functional foods for 

reducing enteric methane emissions from 

cattle 

The use of specific varieties or macroalgae at precise quantities and 

combinations has proved to have commercial potential to increase 

feed conversion and efficiency, thus potentially increasing cattle 

productivity; whilst reducing methane emission 

Gene markers SNP chips- e.g. Ovine SNP50 BeadChip Assists in selective breeding and breed performance recording. 

Reduces time in genetic gain through identification of organisms 

with desired genes to be used for future breeding.  

Vaccine 

production 

Beef CRC’s research into cattle vaccinations 

using novel anti-cattle tick antigens.  

 

The research has found solutions to develop commercially effective 

cattle tick vaccinations. Cattle ticks have direct negative effects on 

production: slow growth rates; anaemia and death; risk of market loss 

through chemical residue contamination; cost of tick control. 

Development of a commercially effective vaccination would increase 

on-farm and Industry productivity and profitability. 

Embryo testing 

or sexing 

Embryo testing for MOET programs to grade 

embryos and remove degenerate embryos or 

unfertilised ova.  

 

Increase pregnancy rates and increase production and genetic gain 

by using genetic material from superior animals.  

Sperm testing 

or sexing 

Sperm testing to identify percentage live cell 

counts and percentage degenerate sperm 

cells. 

Use this data for sire selection and identification of sire fertility. 

Increased reproductive rates result in increases in production. 

Embryo 

splitting 

Artificial embryo splitting Increases genetic gain through splitting embryos from genetically 

superior animals which lead to increases in production. 

 

  

Syllabus point 

Describe current developments in biotechnology including biofuels, biopesticides, rumen modification, 

gene markers, vaccine production, embryo and sperm testing and embryo splitting 

https://www.mla.com.au/Research-and-development/Environment-sustainability/National-livestock-methane-program
https://www.mla.com.au/research-and-development/search-rd-reports/final-report-details/Cattle-vaccination-studies-using-novel-anti-cattle-tick-antigens-developed-during-Beef-CRC-research/3636
https://www.mla.com.au/research-and-development/search-rd-reports/final-report-details/Cattle-vaccination-studies-using-novel-anti-cattle-tick-antigens-developed-during-Beef-CRC-research/3636
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 Identify Australian Agricultural industries that would benefit from Embryo and Sperm sexing 2.

 Poultry Egg industry- selection of female layers will reduce production loss of breeding males 

 Dairy Industry- selection of only females will reduce production loss of breeding males 

 Stud Industry- sex identification of offspring can improve production for example bull and ram 

breeders 

 Describe current developments in biotechnology with reference to three of the following.  3.

 Biofuels 

 Embryo splitting 

 Biopesticides 

 Gene markers 

 Rumen modification 

 Embryo and sperm testing 

Answers will vary. 

 Describes current development of three of the biotechnologies listed. 

 Give Australian agricultural examples. 

 

 For a current biotechnology development of your choice, research and summarise the 1.

following.  

Answers will vary- CRISPR- Cas9 gene editing technology as exemplar 

 Describe the technology 

CRISPR, which stands for Clustered Regularly Interspaced Short Palindromic Repeats, is a natural bacterial 

defence system. In popular usage, “CRISPR” is shorthand for “CRISPR-Cas9.” Found in a range of bacteria, 

CRISPR defends cells by identifying the DNA of invading viruses and, together with a protein made by 

bacteria (Cas9), slicing parts out of the virus to deactivate it—like a pair of DNA-cutting scissors (Genetic 

Literacy Project, 2018). 

Scientists have successfully “programmed” CRISPR to target and edit DNA at precise locations. The 

technique can be used to alter the genome of almost any organism. CRISPR allows scientists to delete and 

replace genes. When the DNA strand is broken, the cell’s repair system kicks in to repair the break. 

Scientists can take advantage of this process by inserting new sequences of DNA at the repair site, thereby 

changing the gene sequence (Genetic Literacy Project, 2018). 

Syllabus point 

Discuss a current biotechnology development 
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Figure 2 CRISPR Cas9. Source: Gene editing- CRISPR, Genetic Literacy Project, 2018 

 Explain its potential use  

Gene editing, or genome editing, is a new and emerging type of genetic engineering that is revolutionising 

both human medicine and agriculture. The techniques give scientists the ability to more precisely modify 

the genome of almost any organism. Scientists can pinpoint and remove single or multiple genes 

simultaneously. Examples of use include gene manipulation for genetic diseases or insertion of genes 

controlling desired traits, for example; for drought resistance, weight gain for age in animals, biofortification 

of grains to produce macronutrients, reducing production costs, reducing chemical usage, decreasing soil 

and water degradation, reducing fossil fuel usage and carbon dioxide release etc. The potential applications 

for this technology are endless. 

 Summarise a case study or project using the technology 

Plant geneticists have used CRISPR to create a variety of novel changes to crops and farm animals, 

including virus-resistant pigs, disease-resistant cassava, low-gluten wheat (that people with celiac disease 

could eat), non-browning mushrooms, low-fat pigs that better regulate heat (which would better protect 

piglets from cold weather, a common cause of death) and oilseed crops with high levels of omega-3 fatty 

acids. Scientists have used another gene editing technique, TALENs, to create hornless cows (which make it 

less likely that cows harm each other and handlers as well as reducing carcass quality), soybeans with higher 

quality oil and disease-resistant rice. 

Gene editing is similar to conventional breeding, but faster, cheaper and more precise. One of gene 

editing’s main advantages in agriculture is that it may be less strictly regulated than “first generation” 

genetic engineering, commonly referred to as GMOs. 

This is because gene editing is more accurate, causing fewer “off-target effects,” and because it allows 

researchers to move genes from within the species, while GMOs often rely on genes from other species. 

  

https://geneticliteracyproject.org/category/gene-editing/
https://geneticliteracyproject.org/2017/02/24/super-pigs-crispr-gene-edited-virus-resistant-pigs-cut-piglet-deaths-pork-prices/
https://geneticliteracyproject.org/2017/10/26/crispr-crop-disease-resistant-ge-cassava-staple-crap-could-help-tackle-hunger-africa/
https://geneticliteracyproject.org/2017/09/28/crispr-gene-edited-wheat-safe-celiac-sufferers-horizon/
https://geneticliteracyproject.org/2017/02/02/will-consumers-accept-non-browning-mushroom-developed-crispr-gene-editing/
https://geneticliteracyproject.org/2017/10/25/low-fat-crispr-gene-edited-pigs-reduce-animal-suffering-costs/
https://www.nature.com/articles/nbt.3560
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 Outline the advantages and disadvantages associated with the biotechnology 

Advantages Disadvantages 

 Similar to conventional breeding 

 Versatile and precise method of gene editing 

 Faster output of desired progeny than 

conventional breeding 

 Cheaper than conventional breeding 

 Potential to revolutionise agricultural 

production 

 Potential to reduce detrimental agricultural 

sustainability and environmental issues 

 Potential to address global food insecurity 

and other human health, nutrition and 

disease issues 

 Due to the accuracy of gene editing 

technology there are fewer potential 

unknown, off-target genetic risks 

 CRISPR-Cas9 is a naturally occurring process 

carried out by bacteria 

 Costly 

 Not commercially available 

 Unknown effects on 

economy, environment and 

consumers 

 Patent issues on the 

technology could make it 

costly in the future 

 Assess the feasibility of the biotechnology  

CRISPR Cas9 has the potential to revolutionise agricultural production through solving a limitless amount of 

production, food and environmental security issues associated with food fibre and fuel production. The 

cheap, natural, versatile and precise technology potentially could become a game changer as long as any 

potential risks to the environment, economy and consumers can be minimised and consumer acceptance of 

the technology can be gained through greater education.  

Answers exhibit deep understanding of topic and depth of detail in response. Include specific examples of 

the technology researched. 

 Discuss a current biotechnologies potential use in Australian agriculture.   2.

Answers will vary. Include: 

 Issue identified 

 Points for identified and/or 

 Points against identified 

 Linked to Australian agricultural production 

 Provides a logical and cohesive response 

 Uses a current example to support the answer 
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Managing processes in agricultural systems 

1. Benefits and problems of biotechnology and genetic engineering in 

agricultural industries 

 

 Group debate 3.

Answers to activities will vary 

 Apply your understanding of this topic to complete the following HSC Agriculture past 4.

examination question. 

Explain the potential conflict between the need for increased production and ethical 

concerns relating to the use of biotechnology in agriculture. (NESA 2013 HSC Agriculture 

Q29.b 12 marks) 

Answers will vary 

Responses should demonstrate extensive knowledge and deep understanding of the impact of specific 

recently introduced technologies and address in detail the conflict between increased production and 

ethical concerns relating to biotechnology innovation. 

Answers could include: 

 Decreasing land available for agriculture 

 Increasing world population 

 Increasing demand for food production 

 Lack of understanding and adoption of new technologies 

 Increased need for labelling requirements 

 Lack of trust of GMOs 

 Need for increased yields 

 Increased environmental concerns 

 Increased need for sustainability 

 Overuse of chemicals 

 Food allergies 

 Lack of information on possible outcomes of GMOs on human health, food chains, biosafety and 

the environment 

 Finite resources 

Syllabus point 

Analyse the conflict between increased production and ethical concerns in biotechnology innovation 
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2. Potential applications of gene technology and biotechnology in 

agriculture 

 

 Complete the following activities specific to each topic area 1.

a) Genetic modification of crops to incorporate resistance to pests and diseases 

 Outline uses of genetic modification in crops to incorporate pest and disease resistance 

Pest and disease control is a major challenge in crop production. Pest and diseases affect crop production 

negatively by reducing yield, crop quality and growth and development of plants.  

Genetic engineering and gene modification has great potential to produce plant cultivars with specific 

resistance. The basis of the technology involves genes for pest and disease resistance being selected and 

altered within a plant or transferred from other organisms to quickly and deliberately develop new cultivars 

and varieties with specific resistance. The technology offers the development of user-friendly, consumer 

friendly and environmentally sustainable crop varieties that can meet the demands of sustainable 21
st
 

century agriculture. 

 Summarise and draw conclusions regarding a specific Australian example of the biotechnology 

Bt cotton plants are commercially used which have been genetically altered, containing Bacillus 

thuringiensis bacterium, which disrupts the Cotton bollworm (Helicoverpa armigera), a significant pest to 

cotton production. This GM technology involves the use of Plant Incorporated Protectants (PIPs), pesticidal 

substances that plants produce from genetic material that has been incorporated into the plant.  

Bt cotton allows for biological treatment of the specific pathogen the cotton bollworm. The use of PIPs has 

many advantages for production in terms of financial savings in labour, chemicals and production losses; as 

well as reducing negative environmental impacts associated with chemical pesticide use such as run-off and 

soil/ water contamination. 

  

Syllabus point 

Investigate uses of biotechnology in agriculture such as genetic modification of crops to incorporate 

resistance to pests and diseases, herbicide tolerance, slowing the ripening of fruit or altering the timing 

and duration of flower production 
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b) Genetic modification of crops to incorporate herbicide tolerance 

 Outline uses of genetic modification in crops to incorporate herbicide tolerance 

Weed control is a major challenge in crop production. Weeds affect crop yield and quality through 

competition for resources. GM herbicide resistant crop cultivars provide alternatives to weed treatment 

compared to conventional systems without the loss of other agronomic and disease resistance attributes. 

Uses include: using broad spectrum herbicides which reduce chemical usage long-term; use of post-

emergent herbicides for weed control which reduces long-term chemical usage; and treatment of weeds at 

higher herbicide application rates to reduce the occurrence of herbicide resistant weeds. The technology 

offers the development of user-friendly, consumer-friendly and environmentally sustainable crop varieties 

that can meet the demands of sustainable 21
st
 century agriculture. 

 Summarise and draw conclusions regarding a specific Australian example of the biotechnology 

Glufosinate-resistant lupins could provide a valuable tool for farmers in Western Australia where ryegrass, 

resistant to selective grass-killing herbicides, is a major problem and prohibits the option of early planting 

of wheat after lupins, as wheat is in the same family (monocotyledon) as ryegrass. Glufosinate could be 

used to remove resistant ryegrass in the Glufosinate- resistant lupin crop phase thus allowing early wheat 

sowing. 

The use of Glufosinate-resistant lupins potentially has many advantages for production in terms of financial 

savings in labour, chemicals and production losses. 

 

c) Biotechnology in crops to slow the ripening of fruit  

 Outline uses of biotechnology in crops to slow the ripening of fruit 

Biotechnology can be used to slow ripening including: controlling the amount of ethylene a fruit produces 

by ‘switching off’ or decreasing the amount produced through gene modification; modifying fruits ethylene 

receptors; or using antimicrobial solutions to delay ripening and decay. These biotech methods can extend 

a fruits shelf life, reduce food wastage, enhance fruit quality and flavour and open domestic and export 

market opportunities. 

 Summarise and draw conclusions regarding a specific Australian example of the biotechnology 

Antimicrobial agents produced by the European fox have been harvested, which act as a biopreservative 

when applied to fruit and vegetables, by reducing the fruit and vegetable production of ethylene gas, thus 

reducing ripening rate.  

The use of the biopreservative has many advantages for production in terms of potentially extending a 

fruits shelf life, reducing food and production wastage, enhancing fruit quality and flavour and the opening 

of domestic and export market opportunities.  

d) Biotechnology in crops to alter the timing and duration of flower production 

 Outline uses of biotechnology in crops to alter timing and duration of flower production 

There is great potential for the use of GM to alter onset and duration of flower production. Research is 

being carried out to create GM cultivars however, there is currently nothing available in Australia.   

Biotechnology techniques currently commercially used in industry to manipulate onset and duration of 

flowering include the synthetic application of hormones and other methods to manipulate environmental 

factors such as photoperiod and temperature requirements which have a major effect on flower duration 

and onset. 
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 Summarise and draw conclusions regarding a specific Australian example of the biotechnology 

The use of synthetic gibberellins in the form of gibberellic acid is used to stimulate out-of-season growth 

and manipulate flowering in plants which would otherwise have specific photoperiod and or vernalisation 

requirements of the Australian daisy.   

The use of the hormone florigen is a floral inducer to manipulate flowering onset in Chrysanthemums.  

These two examples use synthetic hormones to manipulate flowering onset and duration and provide 

opportunities to increase productivity through accessing out of season domestic and export markets. 

 Apply your understanding of biotechnology and genetic modification in crop production to 2.

complete this past HSC Agriculture NESA question.  

Discuss the uses of, and implications for Australian agriculture of, genetically modified 

crops. In your answer, include specific examples. (NESA 2015 HSC Agriculture Q28.b 12 

marks) 

Demonstrate extensive knowledge and deep understanding of the use and implications of genetically 

modified crops. 

Answers and examples will vary, but could include: 

 Bt cotton to combat Helicoverpa 

 Roundup Ready canola or cotton and use of broad spectrum herbicides 

 Glufosinate-resistant lupins and use of selective herbicides  

 Legal implications of using a GM crop 

 Sacrificial crop to avoid pest resistance to the GM gene 

 Passing GM traits on to non-GM crops 

 Increase yield due to pest control 

 Pest resistance 

 Chemical resistance in weeds 

 Lower use of chemicals benefiting the environment and increasing sustainability 

 Consumer resistance 

3. Biofuel production 

 

 Use research to describe the following processes: 1.

 Fermentation to produce bioethanol 

Fermentation is a metabolic process where yeast consumes starch or sugar from feedstocks in the absence 

of oxygen. The products are CO2 gas, and water and alcohol (ethanol) in the form of liquids and solids. The 

products are then distilled which removes the alcohol from water and solids.  

Distilled alcohol produced through fermentation is around 96% ethanol. To make it 100% ethanol, it is 

dehydrated further through molecular sieving. Bioethanol is then denatured for commercial use by adding 

petroleum to specific ratios.  

Syllabus point 

Describe ways biofuel is produced from grain, sugar, vegetable oils, algae and green waste/straw 
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 Transesterification to produce biodiesel 

The transesterification process involves the conversion of vegetable oils animal fast and some alcohols into 

the products methyl esters (the chemical name for Biodiesel) and glycerine (a valuable by-product used to 

make soap). A catalyst is used to accelerate the reaction.  The methyl esters (Biodiesel) are removed and 

refined and purified to a grade for fuel use.  

 Anaerobic digestion to produce biogas 

Anaerobic digestion is a series of biological processes in which microorganisms break down organic matter 

in the absence of oxygen. One of the end products is biogas, which is combusted to generate electricity 

and heat, or can be processed into renewable natural gas and transportation fuels. 

The digestion process begins with  

i. Bacterial hydrolysis (chemical breakdown of a compound due to a reaction with water) of the 

organic matter to break down insoluble organic polymers such as carbohydrates and make them 

available for other bacteria. 

ii. Acidogenic bacteria then convert the sugars and amino acids into carbon dioxide, hydrogen, 

ammonia, and organic acids. 

iii. Acetogenic bacteria then convert these resulting organic acids into acetic acid, along with 

additional ammonia, hydrogen, and carbon dioxide. 

iv. Finally, methanogenic bacteria convert these products to methane and carbon dioxide. 

 Cellulosic fermentation to produce second generation biofuels 

Cellulosic materials are comprised of lignin, hemicellulose and cellulose and thus called lignocellulosic 

materials. Lignin provides structural support for the plant. Lignin contains no sugars and encloses the 

cellulose and hemicellulose molecules, making them difficult to reach in second generation fuel types. In 

order to reach the sugar and starch molecules, pre-treatment of the biomass source is carried out. Common 

pre-treatments include: acid-hydrolysis, enzymatic hydrolysis or thermochemical treatment. The most 

common commercial type of pre-treatment is acid hydrolysis using sulfuric acid. 

Once the pre-treatment has occurred, the acid or other chemicals must be recovered for the pH of the 

biomass returned to neutral. Finally, fermentation of the biomass is undertaken using the method 

mentioned above. 

 Complete the following table: 2.

Biomass a) Conversion 

process/es 

b) Fuel type/s c) Biofuel type 

Livestock manure Anaerobic digestion Biogas Second generation Biofuel 

*Grain Fermentation and 

transesterification 

Bioethanol and Biodiesel First generation Biofuel 

*Sugar Fermentation Bioethanol First generation Biofuel 

*Vegetable oils Transesterification Biodiesel First generation Biofuel or 

second generation if source is 

vegetable oil 

*Algae Mainly Transesterification, 

but also fermentation and 

anaerobic digestion 

Mainly Biodiesel, but also 

Bioethanol and Biogas 

Third generation Biofuel 

*Green waste/straw  Cellulosic fermentation or 

anaerobic digestion 

Bioethanol or Biogas  Second generation Biofuel  
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Biomass a) Conversion 

process/es 

b) Fuel type/s c) Biofuel type 

Wood chips Cellulosic fermentation or 

anaerobic digestion 

Cellulosic fermentation or 

anaerobic digestion 

Second generation Biofuel 

Eucalyptus oil Transesterification Biodiesel Second generation Biofuel 

Maize silage Fermentation and 

anaerobic fermentation  

Biogas and Bioethanol First generation Biofuel 

Landfill  Anaerobic fermentation Biogas Second generation Biofuel 

Sugarcane bagasse Cellulosic fermentation Bioethanol Second generation Biofuel 

Cyanobacteria Transesterification Biodiesel Third generation Biofuel 

 Describe methods used to produce biofuels in Australia (NESA 2015 HSC Agriculture Q28.a.ii 3.

6 marks) 

Describe multiple methods in detail.  

Students could describe a combination of fermentation, transesterification, anaerobic digestion and 

cellulosic fermentation. 

There are many methods used to [produce biofuels in Australia. One method is fermentation and 

distillation to produce ethanol. Grains or sugar are mixed with water and nutrients and then fermented by 

yeast, with produces ethanol as a by-product. Ethanol is extracted from the liquid using molecular sieving 

and distillation. 

Another method is transesterification of vegetable oil to make Biodiesel. Vegetable oil is extracted from 

oilseeds such as canola or collected from waste cooking oil. The vegetable oil is reacted with an alcohol to 

form glycerol and esters of the fatty acids in the oil. This is separated, refined and purified to a grade for 

fuel use. 

 Discuss the production  and use of biofuels as alternatives to fossil fuels (NESA 2016 HSC 4.

Agriculture Q28.b 12 marks) 

Student demonstrates extensive knowledge and deep understanding of production and use of biofuels, 

providing a range of detailed points for and/or against the production and use of biofuels as alternatives to 

fossil fuels.  

Answers could include: 

 Production of Bioethanol, Biodiesel or methane Biogas 

 Production of first generation biofuel vs. second or third generation biofuel types 

 The impact of biofuels vs. fossil fuels on greenhouse gas production 

 Sustainability of biofuel production systems 

 Competition for resources for fuel production that could be used as human food 

 Use of land for crops to produce biofuels vs. to produce food or fibre 

 Costs of biofuel production and fossil fuel costs 

 Problems associated with using biofuels in conventional engines. 
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 Carry out research to identify and describe at least two industries that consume biofuel 1.

products. 

Answers will vary. 

Industries could include: 

 Pork Industry- Biogas 

 Dalby Biorefinery- Bioethanol 

 University of Queensland Algae energy farm- Biodiesel 

 Madowla Biodiesel plant using canola oil- Biodiesel 

Research methodology and presentation of research 

1. Research into technical developments 

 

 Research analysis template-  1.

Answers will vary dependant on study chosen 

 Apply your understanding by completing this past HSC Agriculture question. 2.

In this elective, you have analysed a research study relating to the development and/or 

implementation of an agricultural biotechnology. Identify this study and complete i) and ii) 

(NESA 2014 HSC Agriculture Q28.a i), ii) 8 marks) 

i. State a conclusion and a recommendation from this research –  

States any relevant conclusions and a recommendation from the research 

ii. Explain how the design of the research study contributed to the validity of its 

conclusions. In your answer include specific examples. 

 Identifies the key components of good experimental design for the trial using specific examples 

 Gives a comprehensive explanation of how each design component contributes to the accuracy of 

the results 

 Links the result obtained to making valid conclusions 

Syllabus point 

Identify and describe industries or activities that consume biofuel products 

Syllabus point 

Analyse a research study of the development and/or implementation of ONE agricultural 

biotechnology in terms of: 

 Design of the study 

 Methodology of the study 

 Collection of data for the study 

 Presentation of data 

 Analysis of data 

 Conclusions and recommendations 
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 Answers should include discussion of components in the research study: 

o Replication 

o Randomisation 

o Standardisation 

o Control  

 

Apply your understanding by completing the past HSC Agriculture questions. 

 Why is there a need for ongoing research into agricultural technologies related to agri-food, 1.

fibre and fuel? (NESA 2013 HSC Agriculture Q29.a.i 3 marks) 

As the world population increases, the need for food fibre and fuel will also increase. Ongoing research is 

essential to meet this growing demand whilst overcoming production limitations of expanding loss of 

agricultural land to urbanisation, degradation of resources and the need for increasing sustainability and 

limiting environmental impact associated with agricultural production. Research will provide technologies 

and management systems to produce more efficient food, fibre and fuel alternatives. 

 Why is research required when developing agricultural biotechnologies? (NESA 2016 HSC 2.

Agriculture Q28.a.i 3 marks) 

Research is essential when developing biotechnologies to ensure: 

 The biotechnology helps to enhance production and the economic viability and sustainability of 

agricultural production and commodities 

 The production methods for using the biotechnology are developed and consumer friendly 

 The biotechnology is safe for production of food and fibre for human consumption and use 

 Insurance that the biotechnology meets government legislative requirements 

 Focus on environmentally sustainable management practices and natural resource management  

 Ensure food security for an ever-increasing population 

 Address changing consumer demands and preferences 

 Improve animal husbandry practices and animal welfare standards 

 Decrease reliance on external inputs such as water and chemicals 

 Increase the reliability of climate and weather predictions 

 Help producers prepare for and adapt to climate variability 

 Protect our industry, environment and society from the impacts of pests and diseases 

 Promote economic growth and development; research and technology transfer 

 

Syllabus point 

Explain the need for research in the development of agricultural technologies 
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