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Environmental benefits

• In 2000, transgenic-HR canola reduced fuel 
consumption by 31 million L (12.6 L/ha) vs. non-HR

• Reduced fuel use translated into a reduction in C02
emissions of 94 million kg from 1996 to 2004

• Reduction in C02 emissions of 906 million kg during 
this period attributed to soil carbon sequestration as 
a result of less tillage in transgenic-HR than non-HR 
canola
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Environmental impact of 
herbicide use in HR canola:                            

U of Guelph analysis

30% 
reduction 
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HR canola and                                       
weed resistance

LibertyLink

RoundupReady

Clearfield



Glyphosate applications

RR   Disturbance   PRE/yr       IN-CROP       GLY appl/yr*
1/4 HDS/LDS 0 2 0.50

LDS 1 1 0.28
LDS 1 2 0.48

1/3 HDS/LDS 0 2 0.67
LDS 1 1 0.43
LDS 1 2 0.77

1/2 HDS/LDS 0 2 1.00
LDS 1 1 0.60
LDS 1 2 1.10

1/1 HDS/LDS 0 2 2.00
LDS 1 1 1.10
LDS 1 2 2.10

Presentation at 2008 PMRA resistance workshop, Otta wa
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HR canola and weed diversity



Probability of gene flow from canola to:

Pollen-mediated gene flow: 
canola to weedy relatives

< 2 – 5 X 10 - 5

B. rapa (Polish canola; bird’s rape in Quebec) : 
7 - 14% (0.11% at 40 m; <0.01% to 250 m) 

Wild mustard:

Dog mustard:

Wild radish:



• Enhanced nutrient quality

• Bioproduct and pharmaceutical crops

• Biomass/biofuels

• Plant morphology/physiology

• Biotic stress tolerance

• Abiotic stress tolerance

Second generation GM traits



Plant morphology/physiology traits                        
currently in field trials

• Fertility Canola , corn

• Altered maturity/development Canola , soybean, corn

• Altered senescence Corn

• Yield increase Wheat, canola , soybean, corn, 
rice, alfalfa

• Altered flowering time Corn

• Germination increase Canola , corn



Abiotic stress traits currently in field trials

• NUE Canola , soybean, corn, rice

• Drought tolerance Canola , wheat, soybean, corn, cotton, 
potato

• Cold tolerance Canola , soybean, corn, potato

• Salt tolerance Soybean, corn, rice

• Stress tolerance Wheat, barley, canola , soybean, corn

• Heat tolerance Corn, cotton, canola

• Flood tolerance Rice
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Non-disturbed natural areas: 
protecting                                         

native plant abundance                    
or diversity



Ruderal (disturbed) areas
Early warning of 
potential invasiveness?



• Finite rate of increase ‘� ': measure of population increase per 
year as a measure of invasion success in natural communities

• �� > 1: potentially invasive; �� < 1: non-invasive (population 
decline)

Predicting invasiveness: traits vs. demography

• � : growing consensus that it is a more appropriate response 
variable than the performance at any particular life stage 
because it compounds effects across all different stages

• � : recent studies suggest that it is a more robust and reliable 
metric of invasiveness than trait-based assessments
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Common 
Garden 
Experiments



Field
Ditch     

(non-crop 
disturbed)

Native prairie

- population performance in 3 adjacent  
habitats: transect gradient
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Conclusions
• 2nd generation abiotic stress-tolerant traits (single or 

stacked) in canola will potentially offer significant 
environmental benefits while stabilizing yield at a higher 
level

• The chief regulatory obstacle of these fitness-enhancing 
traits is efficient and effective protocols (‘road map’) to 
evaluate invasiveness potential

• Research is needed to address this issue by developing 
and validating methods to predict invasiveness


