
CANADIAN CANOLA BIOTECHNOLOGY



BIOTECHNOLOGY AND CANOLA IN CANADA — APPLICATIONS AND BENEFITS

Over the past 20 years, the canola industry in Canada has undergone a technological revolution. 

As a result, canola production today is more sustainable than ever. While canola production 

has steadily increased, farmers have used fewer pesticides in lower quantities, burnt less fuel, 

sequestered more CO2 and earned higher incomes from canola than ever before. 

A key to this development has been modern agricultural biotechnology, that is: genetic engineering 

(sometimes referred to as genetic modification). First introduced in 1996, genetically engineered (GE) 

canola has become a very important technology for canola farmers. However, misconceptions about 

genetic engineering in general, and GE canola in particular, cast a shadow over this innovation. Many 

consumers continue to question the safety of genetically modified organisms (GMOs) and their impact  

on human health and the environment. 

In reality, genetically engineered crops are no less safe for humans or the environment than crops 

developed by other means. Comprehensive new analysis by the National Academies of Sciences, 

Engineering and Medicine proves it.[1]

This paper will discuss not only the benefits of canola in general, but the benefits provided by genetic 

engineering technology. In the process, it will show that GE canola is equivalent to — and just as “natural” 

as — canola created by traditional breeding methods. Genetic engineering has been important to increase 

the sustainability of canola in Canada, and many of the benefits of GE canola could likely not have been 

achieved as quickly through traditional breeding. 
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Every summer, about 20 million acres of prime Canadian farmland turn brilliant yellow as canola 

crops go into bloom. These vast fields yield millions of tonnes of tiny seeds that are filled with 

one of the world’s healthiest culinary oils. After the oil is extracted, the seed solids are processed 

into a protein-packed meal co-product that is an excellent addition to livestock feed.

Canola oil is one of the healthiest cooking oils available, containing the least saturated fat  

(only 7%) of any common culinary oil (half that of soybean or olive oil). A growing body 

of studies have suggested that a diet with canola oil can have a positive effect on several 

widespread and chronic health problems, including heart disease and diabetes.[2] [3]

At the same time, canola oil is the most versatile. It is suitable for cooking at high temperatures 

and has a neutral taste and light texture that makes it easy to produce a wide range of healthy 

foods. It is, therefore, not surprising that canola is the world’s second largest oilseed crop after 

soybeans (while palm oil leads plant-based oil production overall).

Western Canada is one of the leading canola-growing regions worldwide and canola is the top source 

of farm crop receipts in Canada, totaling $8 billion in 2015.[4] Canola exports in 2015 were valued at 

$8.9 billion, including seed, oil and meal.[5] A study released in 2013 shows Canadian-grown canola 

contributes $19.3 billion to the Canadian economy each year, including more than 249,000 Canadian 

jobs and $12.5 billion in wages.[6] In short, canola has been a major boon to Canadian farmers and  

the Canadian economy. 

CANOLA – AN OVERVIEW

Canada exports 90% of its biotech canola around the world. 
Producing, moving and processing this much grain into 
top-quality oil and meal takes a lot of people. The canola 
industry is responsible for 249,000 jobs in Canada and an 
annual economic impact of $19.3 billion.

Canola oil is absolutely safe 
and nutritious. Families 
in over 40 nations around 
the world choose canola 
oil because it contains the 
least amount of saturated 
fat (only 7%) of any 
common cooking oil and 
may help protect the heart.



One of the greatest challenges for farmers is weeds. Weeds can overgrow crops, depriving them  

of nutrients and even sunlight. To destroy weeds, farmers have ploughed, harrowed and hoed their 

fields for thousands of years. Other methods included burning fields after the harvest, planting 

different crops in one field and converting wilderness to farmland in order to grow more crops  

to compensate for losses to pests. 

The development of modern herbicides over the past century has made it easier for farmers to manage 

weeds. Many of these substances take advantage of the differing biology of plants and allow farmers 

to spray herbicides that destroy grasses, but not broadleaf plants like canola. Instead of mechanical 

weeding, farmers can apply highly selective herbicides that destroy certain weeds, but not crops. As 

herbicides have become more specialized, farmers can fight an ever-increasing number of specific weeds 

without damaging their crops. This helps farmers grow more on existing farmland and limits the need for 

expanding agricultural area to increase production. 

However, all of these methods come at a cost. Farmers need to spend time, money and labour fighting 

weeds. Pesticides alone represent anywhere between 7.5% (soybeans) to 35% (navy beans) of total 

farm-operating costs.[7] Of these, expenditures on herbicide are the most significant, representing 

anywhere from 50–60% of global pesticide sales.[8] 

Furthermore, traditional weed-management methods, especially ploughing and harrowing, are significant 

contributors to the environmental cost of farming: regular inversion of the soil kills weeds but also 

destroys the structure of the soil, reduces soil biodiversity and increases water evaporation. All these 

factors combined can lead to the long-term degradation of soil, causing soil erosion to the point of  

large-scale desertification. Soil erosion has always been a risk to agriculture, whether on the small fields  

of medieval Europe,[9] or the large fields of modern mechanized agriculture.[10] 

Finally, and of increasing significance in the face of global climate change concerns, farming is a major 

contributor to global CO2 emissions,[11] while tillage significantly reduces the soil’s ability to absorb CO2 

from the air.[12] Climate change, in turn, is likely to increase the risk of soil erosion — especially in the 

Canadian Prairies.[13] Soil erosion is therefore a significant concern for canola farmers. 

THE FIGHT AGAINST WEEDS Farmers are caught in a quandary: they need to reduce the risk of crop losses from pests, like weeds, 

while minimizing risks posed by management practices like mechanical weed management. Until the 

early 1990s, this balancing act was limited to using mechanical weed management as much as possible, 

supplemented by a range of herbicides. 
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BIOTECHNOLOGY AND CANOLA 

Canola was originally developed by Canadian plant breeders in the 1970s using traditional breeding 

methods, such as selective breeding and crossbreeding. However, while crossbreeding and selective 

breeding may be traditional, they are — strictly speaking — examples of biotechnology. According to the 

Food and Agriculture Organization of the United Nations, “biotechnology is any technique that uses living 

organisms or substances from these organisms to make or modify a product for a practical purpose.”[17]  

In this sense, biotechnology includes brewing, baking, cheesemaking and the breeding of animals and plants. 

Genetic engineering is a subset of biotechnology and generally describes processes that intentionally change 

the DNA of living organisms. Still, genetic change or genetic modification is an essential part of the natural 

evolutionary process that has been going on since the beginning of life, and much of what scientists do in 

the lab is either very similar or identical to natural processes. Farmers have intentionally changed the genetic 

makeup of all the crops they have grown and the livestock they have raised since domestic agriculture began 

10,000 years ago. Every fruit, vegetable and grain that is commercially available today has been altered by 

human hands, including organic and heirloom seeds.[18] While traditional breeding can involve controlled 

mating or taking advantage of “happy accidents” from random mutation in the field, modern breeding 

methods are more selective, precise and predictable. 

In the 1990s, biochemists began developing a new approach to weed management — herbicide tolerance, 

starting with tolerance to glyphosate. Glyphosate is an effective, non-selective herbicide that kills all 

plants and is also relatively benign in terms of human and environmental health.[14] [15] [16] However, since 

glyphosate kills all plants, it could only be used before crops started to grow; farmers still needed other 

herbicides throughout the growing season. 

Starting in 1995, seed companies introduced plants that were resistant to glyphosate and similar non-

selective herbicides. With this one small change in the plant genome, farmers could introduce innovative 

weed-management processes on a global scale; instead of ploughing, harrowing and spraying several 

herbicides, weeds could be controlled almost exclusively with glyphosate. The magnitude of this change 

is hard to exaggerate. Herbicide tolerance was nothing short of revolutionary, and probably the most 

significant change in agricultural technology since the beginning of agriculture. 

The key to this development has been modern agricultural biotechnology. 

A NEW WAY TO MANAGE WEEDS



“Biotechnology” means the application of science and engineering in the direct or indirect use of living 

organisms, or parts or products of living organisms, in their natural or modified forms. This term is very 

broad and includes the use of traditional or conventional breeding, as well as more modern techniques 

such as genetic engineering.

“Modern biotechnology” is used to distinguish newer applications of biotechnology, such as genetic 

engineering and cell fusion from more conventional methods such as breeding or fermentation. Most  

often the term “biotechnology” is used interchangeably with “modern biotechnology.”

“Conventional breeding” or “selective breeding” means propagating plants or animals sexually, selecting 

for certain traits. Using selective cross breeding, people can produce different varieties of plants and breeds 

of animals.

GM stands for “genetically modified.” An organism such as a plant, animal or bacterium, is considered 

genetically modified if its genetic material has been altered through any method, including conventional 

breeding. A “GMO” is a genetically modified organism.

GE stands for “genetically engineered.” An organism is considered genetically engineered if it was 

modified using techniques that permit the direct transfer or removal of genes in that organism. Such 

techniques are also called recombinant DNA or rDNA techniques.

“Transgenic” organisms have a gene from another organism moved into them. For example, the plant 

product known as “Bt corn” is a transgenic plant because it has a gene from the bacterium Bacillus 

thuringiensis (Bt). That gene produces a protein with pesticidal properties that, when incorporated into a 

plant, allows the plant to produce this protein, thus transferring the bacteria’s natural defence to the plant.

“Mutagenesis” is the use of methods to physically change or “mutate” the genetic sequence without  

adding DNA from another organism. Various chemicals and ionizing radiation can be used to invoke these 

changes. “Site-directed mutagenesis” can also be used to invoke changes in specific genes. In plants, such 

agents are used to change a plant’s genetic sequence, and the plant can pass on these new characteristics 

to its offspring.

These definitions are from the Canadian Food Inspection Agency. For more information, check out “Modern Biotechnology: A Brief Overview” 

at http://www.inspection.gc.ca/plants/plants-with-novel-traits/general-public/overview/eng/1337827503752/1337827590597

VARIOUS TYPES OF BIOTECHNOLOGY 
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A good example of a process that directly mimics natural processes is induced or accelerated mutagenesis. 

Mutagenesis is the primary mechanism of genetic modification in nature. Mutagenesis, as a science, was 

developed in the first half of the 20th century. When done by humans via plant exposure to radiation 

or chemicals in the hopes of producing a desirable trait, mutation breeding is generally described as 

“accelerated” or “induced” mutagenesis and has been applied to almost every major agricultural crop 

since the 1920s. As of January 2016, there are 3,222 unique plant varieties worldwide produced by this 

method — including wheat, rice, potato, beans, sweet cherry, ruby red grapefruits, apples and canola.[19] 

While mutagenesis is a very effective process, it can be unpredictable and plays a much smaller role in 

agricultural biotechnology today. 

Instead, the most important technology today is recombinant DNA technology, or rDNA — generally 

referred to as “genetic engineering.” In fact, rDNA technology has become so dominant that it is 

often confused as a synonym for biotechnology in general. Rather than changing the DNA randomly 

in thousands of locations through mutagenesis, rDNA technology introduces very small and targeted 

changes. rDNA technology can be used to introduce new traits into bacteria, plants and even animals.  

(A related technology is silencing, in which similar methods are used to turn off an undesirable trait, 

without necessarily introducing any new genes.[20])

While often viewed as unnatural, rDNA technology is very similar to a natural process known as “horizontal 

gene transfer,” in which viruses insert either their own genetic material, or that of a completely different 

species, into another organism.[21] [22] [23] [24] There is evidence that this process has been an important factor 

in evolution. [25] [26] This discovery has led some biologists to reject the entire concept of the “tree” of life, 

with distinct branches that never mingle once separated. Instead, at the smallest scale, life is promiscuous 

and knows few boundaries. In other words, rather than being unnatural, genes moving between species, 

even across classes, kingdoms and domains, is an integral part of nature. 

While it is possible for traditional breeding methods to develop traits like herbicide tolerance, for example, 

it would require much more time and resources than doing so with genetic engineering approaches. 

Whether selective breeding, induced mutagenesis, or rDNA technology is used, the purpose of all 

agricultural biotechnologies is the same: to make farming more productive and more sustainable and food 

more nutritious. In the case of canola, these advances are already helping farmers to earn more money, 

protect the environment and provide consumers with healthier food. 

Biotech crops allow farmers to 
produce more food with fewer natural 
resources like water, fossil fuels 
and land. As our population climbs 
to reach 9 billion by 2050, we need 
technology and crops like biotech 
canola to keep our food supply 
plentiful, affordable and sustainable. 



Since their introduction in 1996, herbicide-tolerant crops like soybeans, canola, cotton, corn and alfalfa 

were adopted at breakneck speed in the United States, Canada, Brazil, Argentina and India.[27] By 2013,  

85% of all U.S. corn was herbicide-tolerant.[28] In Canada, the numbers are just as high: 95% of all canola, 

for example, is herbicide-tolerant, an adoption rate that was reached within a decade.[27]

In other parts of the world, the share of genetically engineered crops continues to grow in both 

industrialized and developing countries. “The global hectarage of biotech crops has increased 100-fold 

from 1.7 million hectares in 1996 to 179.7 million hectares in 2015.”[29] This makes “biotech crops the 

fastest adopted crop technology in recent times.”[29]

THE TRIUMPH OF GENETICALLY ENGINEERED CANOLA 

The success of genetically engineered crops, like canola, is primarily driven by the significant financial 

advantages it offers to farmers. 

In 2000, just four years after its introduction, “direct producer benefits of transgenic canola were estimated 

at $66 million (or $10.62 per acre),” though other estimates put the net benefit at $70 million.”[30] From  

2005 – 2007, this had increased to between $1.06 billion and $1.19 billion (an average of $26 per acre) in 

annual net and indirect benefits for producers. This was partly attributed to lower input costs and partly 

attributed to better weed control.[31] Another study reported a similar farmer benefit of over $1 billion 

in 2012.[32]

While herbicide-tolerant seeds can be significantly more expensive than conventional seeds,i farmers save 

time and money by using less herbicide, fuel, labour and inputs. Globally, over the last 20 years, “on average, 

GM technology adoption has reduced chemical pesticide use by 37%, increased crop yields by 22% and 

increased farmers’ profits by 68%.”[27] Over the period of 1996 – 2013, herbicide-tolerant canola in Canada 

increased yields per hectare by up to 12% — about 8 million tonnes additional production — while farm 

incomes increased by an average of $53 per hectare ($21.45 per acre), despite the higher cost of the seed.[33]

HIGHER FARMER INCOMES

Farmers can get more yield from every 
acre of farmland by growing biotech 
canola compared to conventional 
varieties. Between 1996 and 2013, it 
increased farmers’ yields up to 12% 
per hectare, adding up to an extra  
8 million tonnes of production.

1514
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Farmers immediately benefitted from reduced costs. In 1999, while farmers using conventional seeds faced 

an average cultivation cost of $18.72 per acre, farmers employing herbicide-tolerant seed faced an average 

cost of only $14.03.[36] By 2006, this had dropped as low as $3.78 per acre.[36] With 13 million acres under 

canola cultivation, using herbicide-tolerant canola reduced cultivation expenses by $149 million in 2006 

alone, compared to what they would have been without herbicide-tolerant canola.

Herbicide-tolerant canola enables farmers to use smaller amounts of herbicides to control fast-growing 

weeds that rapidly absorb herbicide without damaging the canola seedlings growing alongside. The 

adoption of herbicide-tolerant canola made it possible to dramatically reduce the total amount of 

herbicide used. While total canola acreage in Canada grew by 236% between 1996 and 2013,[34] the 

quantity of herbicide used declined by 17.9%, reducing overall herbicide usage by 15.8 million kilograms.[35]

REDUCED HERBICIDE USAGE



The reduction in herbicide use tells only part of the story. To assess and compare the environmental 

impact of pesticides, including herbicides, researchers use a measure called the Environmental 

Impact Quotient or EIQ.[37] The EIQ averages the impact of a substance on farmers, consumers and 

the environment. The EIQ takes into account the amount of pesticides used with the toxicity of these 

pesticides for animals, fish, birds, non-target insects, bees, farm workers and consumers.ii Between 1995 

and 2006, the environmental impact per hectare of canola sank by 53% for farmers, 56% for consumers 

and 54% for the ecology.[36] 

REDUCED ENVIRONMENTAL IMPACT
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In 2013, the use of herbicide-tolerant 
canola reduced the environmental 
impact of farming, as measured by  
the EIQ indicator of 31.5%.[35]

1918



2120

The key to this development was the adoption of conservation tillage, also known as minimum-tillage 

and zero-tillage farming; that is, farming with little or no ploughing or harrowing, and managing weeds 

primarily through the application of non-selective herbicides. As discussed previously, tillage increases 

the overall cost of farm operations and puts significant stress on soils and the environment. 

Prior to the introduction of herbicide-tolerant crops, there was little scope for farmers to reduce tillage 

without a parallel increase in herbicide application. With herbicide tolerance, it became possible to forgo 

both ploughing and harrowing prior to seeding and to fight weeds primarily with herbicide. 

CONSERVATION TILLAGE

According to Statistics Canada, “total fuel expenditures and repair costs on farms using no-till systems 

were approximately one-third that of those in typical conventional tillage in 2006.”[39] The same Statistics 

Canada study also found that no-till farming was most common in canola-growing regions.[40] It is therefore 

not surprising that in 2006, average net greenhouse gas emissions per acre were 40% lower than they  

had been in 1986, and 65% lower per unit of dried canola seed.[41] And while total canola production more  

than doubled over 20 years, total greenhouse gas emissions increased by only 10.5%.[41] By 2013, the  

use of herbicide-tolerant canola reduced total greenhouse gas emissions by about one billion kilograms 

of CO2 — equivalent to removing half a million cars from Canadian roads.[35]

REDUCTION IN GREENHOUSE GAS EMISSIONS

In 1999, conventional farmers on average applied 2.63 tillage operations per year, while farmers using 

herbicide-tolerant crops used only 1.79.[36] By 2006, 10 years after the introduction of herbicide-tolerant 

canola, 66% of farmers had adopted some kind of reduced-tillage system, while the average number of 

tillage operations per year had fallen to 0.48 — more than half of all canola fields weren’t tilled at all that 

year.[36] In 2011, this practice had extended to over 80% of the land prepared for seeding,[38] and 86% of 

farmers planting herbicide tolerant-canola reported reduced soil erosion.[31]

EMISSIONS

REDUCED BY
1 BILLION KG

Farmers also save a lot of fuel when 
they don’t need to till their fields 
to control weeds. That means they 
spend less time operating the tractor 
and produce fewer greenhouse gas 
emissions. In just one year of growing 
Canadian canola, farmers saved one 
billion kilograms of carbon dioxide – 
that’s equivalent to removing nearly 
500,000 cars from the roads! 

Farmers used to rely on tilling the soil 
to remove weeds from their fields. It 
dried out the soil, leading to erosion 
and reduced fertility. Biotech crops 
like Canadian canola are tolerant to 
herbicides. By spraying herbicides on their 
fields, farmers can control weeds while 
protecting their crops and soil. They no 
longer need to till their fields every year, 
keeping our soil moist and fertile.
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The rapid adoption of GE canola by Canadian farmers has also directly contributed to the growth of 

Canada’s biotechnology industry. Through continual research and innovation, farmers have access to the 

necessary tools to farm sustainably. “Prior to 1985, all of the varieties introduced were developed by public 

institutions.”[30] But starting in 1990, private biotechnology companies began to take the lead in developing 

new varieties, and by 1999, out of 162 varieties registered, 140 (86%) were developed by private  

institutions.[30] “By 2001, private firms were capturing $250 million in revenue and had nearly crowded 

out public-sector sales.” [30] 

In 2012, private sector investment in plant breeding, research and development amounted to at least 

$110 million — 70% more than in 2007.[42] The total economic impact of the seed industry in Canada 

was estimated at $5.61 billion in 2013, creating 57,420 jobs and generating $1.67 billion in wages and  

salaries.[42] Seed exports alone were valued at approximately $450 million.[42]

Since Canadian researchers created canola, canola has proven to be a major boon not just for farmers, 

but for the Canadian economy and the environment. By offering Canadian consumers a healthy cooking 

oil, helping producers farm more sustainably and lowering greenhouse gas emissions, canola is one of the 

signal achievements of modern agricultural biotechnology in Canada and the world. 

It has made Canada into one of the world’s agricultural biotechnology leaders, both in terms of its private 

and public research and development, as well as the rate of adoption by Canadian growers. Modern 

Canadian agriculture was shaped, and continues to be shaped, by agricultural biotechnology.

CANADA AS A BIOTECHNOLOGY POWERHOUSE

Still, the perception of modern agricultural biotechnology as unnatural continues to persist. While 

government researchers, scientific agencies and multilateral institutions from around the world have found 

that foods from biotechnology pose no particular risk to either human health or the environment ,[1] [43] public 

attitudes towards the technology continue to be negative. For example, a study published in 2015 found 

that 57% of U.S. adults believe that “genetically modified (GM) foods are generally unsafe.”[44] A similar study 

from 2010 found that 57% of EU-27 citizens did not support genetically modified foods.[45] 

In response to vocal opposition in the European Union during the late 1990s, the European Union 

introduced mandatory labelling for foods containing protein from plants developed using some types of 

biotechnology (e.g. genetic engineering or modification) but not others, despite opposition from the EU’s 

own food research agency.[46] Furthermore, some EU countries have implemented bans on the growing of 

crops developed with rDNA technology.[47] Consequently, the Canadian canola sector no longer considers 

the EU a top-priority market and has instead focused their export efforts on countries where science-

based food and environmental safety policies have created favourable market conditions. 

The mandatory labelling requirement can lead to surprising challenges for Canadian farmers. For 

example, honey from canola exported to the European Union may need to be labelled as a genetically 

modified food. Since about 80% of all Canadian honey is produced in the canola fields of Western Canada, 

this poses a significant barrier to trade for Canadian canola honey and is one of the reasons very little 

Canadian honey is exported to the European Union.

More broadly, asynchronous approvals — when biotechnology seed traits are approved at different 

times in different countries — are of increasing concern for the sector: they delay the introduction of 

new technology and create risk that shipments will be rejected. As Canada’s export markets maintain 

zero-tolerance policies for trace amounts of GM traits they have not yet approved, the presence of an 

unapproved GM trait could result in rejected shipments. This is a concern for all crops because it is 

impossible to completely segregate grain on the farm or throughout the bulk handling and transportation 

system.[48] With over 90% of canola produced in Canada exported, the detection of an unapproved 

biotechnology trait could be devastating and result in significant financial damage. The patchwork of 

approvals adds uncertainty and risk; delaying farmers’ access to new, innovative varieties leaves them 

without the full range of available solutions.

Despite these challenges, production of herbicide-tolerant canola in Canada continues to grow, while 

demand for Canadian canola continues to increase globally. With ongoing research into new, advanced 

traits, the future for canola in Canada and around the world is promising. 

CHALLENGES REMAINING
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