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What does smart agriculture have to do with 
food security and sustainability?  

LEARNING source smart AGRICULTURE

food systems 

The term food system refers to the entire 
process involved in making food accessible 
to all people. A food system, no matter its 
size, encompasses five sectors: 

 6 How and where food is grown 

 6 The processing of food 

 6 The distribution of food 

 6 Food consumption 

 6 What happens to the waste created by 
the other four processes

A food system is similar to a food chain. 
Energy and matter pass through an 
ecosystem through food chains. A simple 
food chain includes producers, consumers 
and decomposers. 

 6 Producers are organisms that are able to make their own food. 

 6 Consumers are organisms that eat either a producer or   
another consumer. 

 6 Energy flows through an ecosystem from the producer to the 
consumer.  

 6 Waste products in a natural ecosystem do not accumulate. 
Decomposers break them down and return them to the 
ecosystem. 

A food chain does not exist in isolation in an ecosystem. Food webs 
are interconnected food chains. It shows how each living thing gets 
their food, and how energy and nutrients are passed from one to 
another.

How do you think the human food 
system is part of food chains and 
food webs? 

9 10
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the challenge of food security 

A healthy and sustainable human food chain is essential to the  
ability to feed the world’s population. The challenges of food security 
are complicated by climate change, global hunger and environmental 
factors for agriculture, like transportation, land and water use. 

Food security is affected by several factors. These include:

 6 Food prices, which are related to the cost of production, 
including fertilizers, insecticides and herbicides, feed, fuel,  
transportation and food processing 

 6 Rising food demand due to population growth 

 6 Changing consumption patterns, due to globalization, food 
trends, a greater variety of food and a rising global demand for 
meat and dairy products — which pushes up the demand for 
animal feed 

 6 Pressure on food production efficiency because of climate 
change

 6 Natural resource availability, including competition for 
freshwater resources and water scarcity, loss of cropland due to 
population growth and urbanization, and soil health 

 6 Competition for crop production from a growing demand for 
biofuels 

 6 Economic factors, including support for family farms and the 
livelihood this provides for many people in developing and 
developed countries 

Fyles, H. & Madramootoo, C. (2016) Key Drivers of Food Insecurity. In Emerging Technologies for Promoting Food 
Security: Overcoming the World Food Crisis. Woodhead: pp. 1-19. 

Biodiversity is an important factor in food security and nutrition. It is 
needed to sustainably produce enough nutritious food to meet the 
needs of growing populations. 

Agricultural biodiversity strengthens the food system. Diverse 
crop varieties makes a farm more resilient to environmental 
stresses. Maintaining diversity in breeds of farm animals also makes 
agriculture more resilient to risks like climate change and disease. 

Scientists also look at the capacity of different breeds to increase 
production efficiency. Biotechnologies can play a role in the 
protection of biodiversity, through selective breeding and genomics. 

Agriculture and Agri-Food Canada 
(AAFC) scientists are supporting 
Indigenous communities in the 
development of their agriculture and 
agri-food sector. There are several 
collaborative projects involving the 
characterization and preservation 
of ancestral varieties, cultivation 
methods and food uses of the “Three 
Sisters” (corn, squash and beans) that 
have a long tradition of cultivation by 
Indigenous people.

At the Saint-Hyacinthe Research and 
Development Centre, researchers are 
collaborating with the Agricultural 
Society for Indigenous Food Products 
to assess the food processing 
potential of ancestral vegetables 
grown from Indigenous seeds. 
The manufacturing of bread is an 
excellent way to measure the potential 
of different ingredients in food 
processing. The researchers added 10 
percent of the flour from one of the 
Three Sisters (squash) and observed 
that, in certain cases, the bread rose 
very well. These high value-added 
flours could be marketed with bread 
manufacturers.
Agriculture and Agri-Food Canada  (2017). Indigenous 
Food Products. Government of Canada: Online. www.
agr.gc.ca/eng/science-and-innovation/agriculture-and-
agri-food-research-centres-and-collections/quebec/
saint-hyacinthe-research-and-development-centre/
indigenous-food-products/?id=1505391616284

Indigenous food products   

http://www.agr.gc.ca/eng/science-and-innovation/agriculture-and-agri-food-research-centres-and-collections/quebec/saint-hyacinthe-research-and-development-centre/indigenous-food-products/?id=1505391616284
http://www.agr.gc.ca/eng/science-and-innovation/agriculture-and-agri-food-research-centres-and-collections/quebec/saint-hyacinthe-research-and-development-centre/indigenous-food-products/?id=1505391616284
http://www.agr.gc.ca/eng/science-and-innovation/agriculture-and-agri-food-research-centres-and-collections/quebec/saint-hyacinthe-research-and-development-centre/indigenous-food-products/?id=1505391616284
http://www.agr.gc.ca/eng/science-and-innovation/agriculture-and-agri-food-research-centres-and-collections/quebec/saint-hyacinthe-research-and-development-centre/indigenous-food-products/?id=1505391616284
http://www.agr.gc.ca/eng/science-and-innovation/agriculture-and-agri-food-research-centres-and-collections/quebec/saint-hyacinthe-research-and-development-centre/indigenous-food-products/?id=1505391616284
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Countries around the world are establishing gene banks to manage 
animal genetic resources. All of these factors affect food security. 
Consider the following argument. 

 Livestock diversity key to food security  

...we and future generations are losing the potential to adapt livestock 
production systems to increasingly harsh conditions, such as those 
associated with higher temperatures and shortages of nutritious feeds.

Although humankind has domesticated 
nearly 40 mammalian and avian species and 
developed 9,000 breeds over the last 10,000 
years, most of these breeds exist only in 
small populations and in certain areas of the 
world.

Some possess special adaptations. The 
Yakutian cattle, an amazing breed from the 
Russian Federation for example, can endure 
temperatures as low as -600C....

In the face of climate change and other 
challenges to food security, it is critical we 
maintain the resilient characteristics of 
breeds like the Yakutian and so many others 
that are well adapted to rough terrains, harsh 
environments and limited feed and water.

A new global assessment by Food and 
Agriculture Organization revealed that many 
governments have taken steps to improve 
the management of their animal genetic 
resources.

While in 2005 fewer than 10 countries 
reported that they had established livestock 
gene banks, now 64 countries report that 
they have done so.

A further 41 countries indicate that they are 
planning to establish such facilities. This is a 
major step forward, but establishing gene banks is not enough.
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Countries need to better understand the characteristics 
of their animal genetic resources, strengthen policies, 
institutions and management programs and improve 
education and training, particularly to enable the 
establishment of breeding programs that strengthen 
locally adapted breeds. This will decrease the 
dependence of southern countries on genetic material 
from northern countries, improve household food 
security and be more environmentally sustainable.

Diverse genetic resources enable farmers and 
pastoralists — large and small-scale, in developed and 
in developing countries — to supply a range of products 
and services, from food and fibre to fertilizer. And many 
breeds have valuable characteristics that help maintain 
landscapes and wildlife habitats.

Livestock keepers are the guardians of genetic 
resources and help steward them on behalf of us all. 
They must therefore be central to efforts to promote the 
sustainable use and development of these resources.

Graziano Da Silva, J. (2016). Livestock diversity key to food security. The Western Producer: Online. www.producer.
com/2016/05/livestock-diversity-key-to-food-security/

food security and family farming 

The United Nations has declared the years 2019 to 2028 as the UN 
Decade of Family Farming, based on the need to stem hunger and 
work toward food security. According to the Food and Agriculture 
Organization of the United Nations (FAO), family farms are essential 
to achieving food security.

Ninety per cent of all farms in the world are managed by families. 
Family farms are important for sustainability since they hold 75 
percent of all agricultural resources. They are also vulnerable to the 
effects of climate change.

What’s the status of family farms in Alberta? Alberta farms are  
family — not factory — farms. In some types of farming, all farms are 
family farms. Consider the following question posted and answered 
by Alberta Milk in Ask a Dairy Farmer.  

Where do you think some of the myths 
about the presence or number of 
factory farms come from? Consider 
the fact that most farms in the United 
States and Canada are family farms.  

http://www.producer.com/2016/05/livestock-diversity-key-to-food-security/
http://www.producer.com/2016/05/livestock-diversity-key-to-food-security/
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 What’s the ratio of family owned farms to factory farms in 
Canada?  

I think we need to start by taking a step back and identifying what defines  
a “factory farm.” It’s a term that is often used to paint a false picture of 
farming. Everyone has a different understanding of that slang term and we 
prefer not to use it because there is no agreed-on definition and quite  
simply, our farms are not factories. Farms in Alberta are places were  
animals are cared for, treated when they are sick, that feed the world,  
and the livelihood for thousands of Canadians.

Some associate “factory farms” with large operations, but that’s not true. 
Many of our larger farms are run by a husband and wife with the support 
of their children. Farms are businesses and some choose to manage them 
differently. Some incorporate and some don’t. Some come up with fancy 
business names, some don’t. Some need outside hired help, some don’t.  
Some focus on genetics and showing their animals, some don’t. But any  
way to look at it, family is the core of the dairy business in Alberta.

In Alberta, all of our farms are family owned. Most of our farms are often 
passed down many generations to their sons and daughters.

food waste and food security  

More than half the food that is produced in Canada is wasted. In 
fact, Canadians waste more food than we consume. That includes 
unavoidable waste such as animal bones. 

However more than 11 million tons, or one-third of the waste, does 
not have to go to waste. 

 Wasted food 

The report says the value of usable groceries that wind up in landfills or 
other disposal sites is almost $50 billion. That’s more than half the amount 
Canadians spend on food every year and is enough to feed every Canadian for 
five months.

As well, it says avoidable food  waste in Canada produces more than 22 million 
tonnes of climate-changing carbon dioxide emissions.

For Melissa Arcand, Indigenous 
agriculture is a matter of family 
heritage.

Long before she was a scientist, she 
grew up on her father’s farm, part 
of the Muskeg Lake Cree Nation in 
Saskatchewan, in a community where 
her grandparents also farmed and 
raised turkeys.

After she became an assistant professor 
at the University of Saskatchewan, 
Dr. Arcand, who is an expert in soil 
biogeochemistry, got curious about how 
Indigenous approaches to agriculture 
might affect soil quality and function. 
But her academic interest was stymied 
by a lack of data of the most basic kind.

“There’s just no information,” Dr. Arcand 
said.

That meant no one could tell her 
how many First Nations people were 
involved in agriculture across the 
Canadian prairies, let alone what they 
were growing and how. Nor had anyone 
systematically tracked how much 
First Nations land was being worked 
by non-Indigenous farmers, and under 
what terms — or how much decision-
making power communities held over 
agricultural practices on their land.
Semeniuk, I.  (January 13, 2019). Ottawa allocates funding 
grants to bolster Indigenous research projects. Globe & 
Mail: Online. www.theglobeandmail.com/canada/article-
ottawa-allocates-funding-grants-to-bolster-indigenous-
research/ 

Indigenous farming   

http://www.theglobeandmail.com/canada/article-ottawa-allocates-funding-grants-to-bolster-indigenous-research/
http://www.theglobeandmail.com/canada/article-ottawa-allocates-funding-grants-to-bolster-indigenous-research/
http://www.theglobeandmail.com/canada/article-ottawa-allocates-funding-grants-to-bolster-indigenous-research/


45

Share your project AGRICULTURE learning experiences on Instagram or Twitter using #projectagricultureab

The report says processing and manufacturing are the largest sources of 
avoidable waste, accounting for 43 percent of it…. So are date codes  
which remove perfectly healthy food from the market. “Best-before   
doesn’t mean awful-after ….”

Canadian kitchens are also conspicuous wastrels, responsible for 21 percent 
of avoidable waste. That’s about $1 700 per household in a country in which 
four million people struggle to afford regular meals.

Hospitals, restaurants and institutions contribute 13 percent of avoidable food 
waste. Retail  outlets are close behind at 12 percent.

Farmers waste only six percent of the usable food they produce.  
Distributors waste even less at five percent.

Weber, B. (January 17, 2019)  More than half of food produced in Canada is wasted: study. CTV News: Online. www.
ctvnews.ca/lifestyle/more-than-half-of-food-produced-in-canada-is-wasted-study-1.4257422 

The reduction of food waste and more efficient use of food can 
increase food security. Food that is already produced — but not 
wasted — does not have any additional impact on the environment. 

Food science and technology can provide some solutions. 

 6 Food preservation technologies extend shelf life of some 
food products, including drying to reduce water content or 
fermentation to reduce pH.

 6 As food produced in rural areas has to reach growing populations 
in urban areas, regulated handling and transportation of food 
minimizes the potential for waste. 

For example, pipelines move the milk from the cow to the 
storage tank — called the bulk tank — where it is stored at a 
controlled temperature between 0°C and 4°C. A second pipe 
then moves the milk from the bulk tank to the tanker truck when 
it comes to pick up the milk from the farm. A tanker truck is an 
insulated truck that stores the milk safely while it is transported 
from the farm to the processing facility. 

It takes seven to 10 days from the time an egg is laid until that 
egg is on grocery store shelves.  Some large farms have eggs 
picked up twice a week, most once a week, and a few small or 
remote farms only get their eggs collected every other week. All 
eggs then need a couple days at the grading station, in addition 
to transportation to and from the grading station.

Don’t toss that yogurt cup even if it’s 
a few days past its best-before date, 
says a national study on reducing 
Canada’s colossal food waste.

The National Zero Waste Council says 
confusing and unnecessary best-by 
labels are a major cause of food waste 
in Canada.

“(People) don’t know what they mean,” 
said Denise Philippe, who helped 
write the report. “When they see ‘best 
before’ they think it means if they eat 
it afterwards, there’s going to be a 
health problem. That’s not true.” 

... With the exception of products such 
as eggs, best-before dates refer to 
food quality, not safety. Many products 
that carry the dates don’t even need 
them, she said.

... Canada needs to standardize dates 
and terms, Philippe suggested. That’s 
already taking place in Europe and 
the United States, where labels are 
beginning to say “use by,” “freeze by,” 
or “tastes best by” to address safety 
and quality.
Weber, B.  (May 30, 2018). Canadians don’t understand 
best-before dates, which leads to more food waste: 
report. Global News: Online. https://globalnews.ca/
news/4243521/best-before-date-food-waste/

Understanding “best-
before” dates 

http://www.ctvnews.ca/lifestyle/more-than-half-of-food-produced-in-canada-is-wasted-study-1.4257422
http://www.ctvnews.ca/lifestyle/more-than-half-of-food-produced-in-canada-is-wasted-study-1.4257422
https://globalnews.ca/news/4243521/best-before-date-food-waste/
https://globalnews.ca/news/4243521/best-before-date-food-waste/
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 6 The potential technology of smart labels can provide easy and 
instant access to information about the lifecycle of the food. 
They can include sensors that react when food contaminants or 
other factors that identify spoilage are found. 

For example, a new type of “use-by” label for milk bottles that 
decomposes as the liquid inside goes sour could soon be used 
in the UK. Similar labels could also help consumers know how 
fresh other products like meats and eggs are. 

 6 Another idea designed to reduce food spoilage is biodegradable 
packaging. Scientists are developing biodegradable, ‘active’ 
packaging materials. They do this by taking raw renewable 
materials such as starch or proteins and combining them with 
nanocellulose, which is a natural polymer that contains nano-
sized cellulose fibres and then irradiating them. 

This produces a material that is both food safe and safe for the 
environment if or when it ends up in landfills.

 Edible, biodegradable packaging

Milk-based edible food packaging and ready-meal trays made from wood 
could help reduce the pervasiveness of single-use plastic, a major cause 
of environmental pollution adversely affecting wildlife, habitats and human 
health.

It may come as a shock to some, but around half of all the plastic products 
in the world are used only once. After they enter the waste stream, these 
practically indestructible synthetic materials end up in landfill or oceans, 
persisting in the environment for hundreds of years.

Consumer awareness is growing, and improved recycling methods help to 
alleviate the problem. But while plastic packaging accounts for almost two-
thirds of all plastics used in [Europe], less than half of it is ever recycled.

Reducing the volumes of plastic entering the waste stream at source would 
be one very effective way to prevent pollution. To do this means developing 
alternative packaging made from biodegradable materials derived from 
organic sources such as wood pulp and waste milk.

These could be as versatile as synthetic plastics while being much more 
environmentally friendly, and be used for products ranging from dishwasher 
detergents and swimming pool chemicals to ready-made meals and even 
foodstuffs like cheese.

What impact do you think reduced 
food waste would have on greenhouse 
gas savings? 

Fermentation lowers the pH of  
foods — like yogurt, kefir, pickles and 
sauerkraut — by increasing the level of 
lactic acid present in them, which makes 
them safe for consumption. Vinegars or 
other weak acids (such as lemon juice) 
are sometimes added during the process 
of fermentation to make sure that the 
food’s pH is kept at safe levels. What 
fermented foods do you eat?
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What more can you find out about 
edible food packaging?  How do 
consumers react to the balance 
between reducing single use plastics 
and increasing costs? What are some 
of the risks of biodegradeable or 
edible food packaging materials? 

Milk-Based

Through a project called Ecolactifilm, French company Lactips has 
developed a patented, milk-based thermoplastic packaging material that is 
biodegradable and water-soluble at low temperatures.

The packaging film is based on casein — a protein derived from milk — and 
breaks down harmlessly in water or home compost. It takes just three 
weeks to biodegrade, claims the company... Forming a good oxygen barrier 
to help keep goods fresh, the material can readily be printed with labels or 
usage instructions. Proposed applications for Lactips' packaging include 
water treatment, agrochemicals, dishwasher capsules and even edible food 
packaging.

Merrifield, R. (2018). Not so fantastic single-use plastic to get an eco-friendly makeover. Phys.org: Online. 
https://phys.org/news/2018-05-fantastic-single-use-plastic-eco-friendly-makeover.html

https://phys.org/news/2018-05-fantastic-single-use-plastic-eco-friendly-makeover.html

	Text Field 1049: 
	Text Field 1053: 
	Text Field 1052: 
	Text Field 1050: 
	Text Field 1051: 


