
A LOOK AT RISING CO2 IMPACT 
ON ALBERTA CROPS

• From a plant nutrition viewpoint, CO2 can 
be regarded as a “mega-nutrient”
– Compared to uptake amounts of macro- and 

micro-nutrients
• Our Agriculture and Forestry ministry =

– commercial photosynthesis and carbon 
utilization





Figure 1 from Singh et al., 2014



Measuring Crop Response to Increased 
CO2 Concentration e[CO2] 

• Range of methods
– Growth chamber / greenhouse

• Different results with different pot sizes (Bourgault et al 2016)
– Open top chamber in field
– Free air concentration enrichment (FACE) in field

• Range of [CO2] increases used 
– Express responses per 100 ppm [CO2] increase

• Often multi-factor to study combined effects with 
higher temperature, ozone, irrigation and nutrients



Figure 1 from 
Messerli et al. 
2015 Agron. J. 107 
(3): 916-920

$14,000 US



SoyFACE
(Illinois)

AGFACE in 
Australia built in 
2007, $200K to 
establish and $160K 
per year to operate



Recent meta-analysis of 18 OTC and 
11 FACE studies for C3 crops 

(Bishop et al., Food and Energy Security 2014, 3:33-45)
• Only 1 site for Brassica oilseed (Germany FACE)
• Separated OTC (average e[CO2] 691 ppm) from 

FACE (average e[CO2] 560 ppm)
• Also tested assumptions that e[CO2] benefit would 

increase in warmer or drier growing seasons
• Relative stimulation of yield by e[CO2] was greater under dry 

conditions ✓
• But not under higher temperatures X



Food and Energy Security,  Figures 1 and 2
Volume 3, Issue 1, pages 33-45, 29 MAY 2014 DOI: 10.1002/fes3.44

FACE (560 ppm) OTC  (691 ppm)



van der Kooi et al 2016 meta-analysis
(Envir. & Exper. Bot. 122:150-57)



Figure 4. Agricultural yield responses to elevated CO2 (+200 ppm from FACE) for various crops 
at ample and limited supplies of soil water and nitrogen. The sources from which the data were 
obtained for each vegetation type are listed in Table S1.

Bruce A Kimball .  Crop responses to elevated CO2 and interactions 
with H2O, N, and temperature 
Current Opinion in Plant Biology, Volume 31, 2016, 36–43



Reference Location Years FACE or 
OTC

% yield increase 
per 100 ppm CO2

WHEAT (spring or winter) 11
Pinter et al 1997 Arizona, USA 1992-93

1996-97
FACE 8

Yang et al 2007 China 2001-03 FACE 12
Ziska, 2008 Maryland, USA 2005-07 OTC 16
Hogy et al 2009 Germany 2004-06 FACE 8
Weigel and Manderscheid 2012 Germany 2001/02

2004/05
FACE 8

Fitzgerald et al 2016 Australia 2007-09 FACE 20
Tausz-Posch et al 2015 Australia 2009-10 FACE 15
Houshmandfar et al 2016 Australia 2013-14 FACE 12
Bunce, 2016 Maryland, USA 2012-14 FACE

OTC
-9
10

Brassica napus
Hogy et al 2010 Germany 2007 FACE 17

Brassica juncea
Ruhil et al 2015 India 2010-13 FACE 12

Field Peas
Bourgault et al 2016 Australia 2010-12 FACE 17



Figure 5 from Fitzgerald et al (2016).  Walpeup Australia, wheat in FACE.
In 2008 6-9 days ≥ 32 C,  2-4 days ≥ 36 C

In 2009 19 days ≥ 32 C,  13 days ≥ 36 C



India Brassica FACE / OTC
• Ruhil et al., (Protoplasma 2015 252:935-946)

– B. juncea FACE rings New Delhi, India 2010-13
• e[CO2] of 585 ppm

– “No nutrient or water stress”
• Rabha and Uprety (Photosynthetica 1998 35:597-602)

– B. juncea, OTC 2.6m diameter, large pots
– New Delhi
– e[CO2] of 600 ppm, daytime only
– Two moisture treatments reported

• no moisture stress
• Stress at flowering when irrigation was withheld 8d from first 

flower



Effect of e[CO2] Compared to Ambient on 
Various Brassica Plant Parameters

FACE juncea OTC juncea OTC juncea
dry at flower

Upper leaf photosynthetic  rate ↑48% ↑29% ↑48%

Stomatal conductance ↓23% ↓39% ↓23%
Leaf transpiration ↓39% ↓25% ↓50%
Leaf area ↑41% ↑78% ↑75%
Above ground dry matter per plant ↑101% ↑39% ↑70%
Root dry matter - ↑28% ↑53%
Seed yield per plant ↑ 24% ↑ 21% ↑88%
1000K seed weight ↑37% ↑8% ↑39%
Seed number per plant ? ↓ ? ↑ ? ↑



Opportunity for Breeding to Capture 
More Benefit with e[CO2]

• With rising population and income we will 
need more food than stimulated by e[CO2] 
– FAO (2012) projects global ag production in 

2050 will need to be 60% higher than 2005 
– Need to assess germplasm for response to 

higher CO2 expected in ~25 years
• impacts under dry conditions, heat stress for yield 

stability



Brassica Oilseeds and e[CO2] 

• Brassica germplasm differs in response
– B. campestris / nigra / carinata / juncea in OTC 

(Mishra et al. 1999 J. Agronomy & Crop Science 182:223-229)

– 6 old and new winter B. napus varieties
(Johannessen et al. 2002 Euphytica 128:75-86)

– 4 diverse varieties of spring B. napus (Frenck et 
al., 2011 Europ. J. Agronomy 35:127-134)



Wheat Germplasm and e[CO2]
• Older cultivars had more yield stimulation under 

e[CO2] than modern (Manderscheid and Weigel
1997; Ziska et al 2004; Ziska 2008; Bourgault et 
al 2016) 
– Other studies report no difference in old vs modern 

wheat cultivar response to e[CO2] (Fitzgerald et al 
2016; Franzaring et al 2013)

• Although grain and flour protein concentration 
decline under e[CO2], there may be a cultivar 
interaction (Ziska et al 2004)



Barley

• Genotypic differences to e[CO2] with 6 row 
types more responsive (Mitterbauer et al 2015)

• Older varieties more responsive (Franzaring et 
al 2013) 
– or less responsive (Ingvordsen et al 2015; Schmid

et al 2016)
• Decrease in grain protein concentration under 

e[CO2] varied with genotype (Ingvordsen et al 
2016) 



Legumes (peas, beans) and potatoes
• AGFACE Australia found no consistent yield response 

differences to e[CO2] between 5 pea varieties (Bourgault et 
al 2016)
– Did find some differences in grain [N] response
– Overall 26% yield increase under e[CO2] which is similar to 

wheat grown in same years on adjacent plots (20-25%)
• Significant variety effect in bean response to e[CO2] in 

OTC (Bunce 2008)
– Highest yielding variety in e[CO2] was not highest yielding in 

ambient [CO2]
• May need to also select for different rhizobia strains in 

combination with different germplasm
• Elite potato cultivars had differences in WUE and tuber 

yield response to e[CO2] (Kaminski et al 2014)



Summary of e[CO2] Impact on 
Alberta Crops

• Higher yield ~10-15% per 100 ppm 
– Yield increase % higher in moisture limited and/or higher 

temperature years
– Need a Canadian breeding effort to increase response in 

future CO2  levels
• Many nutrients will decline in concentration in 

grain (could be resolved with fertilizer)
– Lower N and protein (often negative effect on quality)
– Lower micro-nutrients (often negative effect on quality)

• Higher canopy temperature, earlier maturity



Beyond Conventional Breeding
• Knowledge of 100+ photosynthesis steps has 

greatly increased thanks to modern technology
• Chloroplast genetic transformation possible for 

some crops including B. napus (Schneider et al., 2015, 
Transgenic Res 24:267-277)

• Greatest increase in photosynthesis and yield 
under e[CO2]
– Use all tools (FACE, genetic, molecular, imaging, 

computational tech) 
– multi-disciplinary, multi-agency, global collaboration
– AND EXPENSIVE





Swede midge in prairie canola: 
potential distribution and damage

Julie Soroka
AAFC Saskatoon Research Centre

T. Haye





• tiny delicate fly related 
to wheat midge, 
Hessian fly, and brome 
grass seed midge

• serious pest of cole
crops and canola

• But it appears we have 
a different species on 
the prairies

Swede midge – Contarinia nasturtii
Kief. (Diptera: Cecidomyiidae)



Background
- 1996 - Ontario cole crops misshapen, unmarketable

- yield losses up to 80%
- thought to be a nutrient deficiency 

- 2000 - Rebecca Hallett, U of Guelph,  identified SM 
- 2001 – SM present in 9 counties in ON, 1 in Que.
- 2002 – CFIA declared SM a quarantine pest
- 2003 – Smeaton, SK – cecid larvae in canola pods
- 2006 – SM spread throughout south ON, parts of Que
- 2007 – SM found in 1 location in NS, 3 locations in SK
- 2008 – CFIA discontinued swede midge regulation
- 2012 – SM’s first noticeable damage in SK canola
- 2013 – SM spread across NE SK



Swede Midge Appearance

Adult - tiny delicate fly similar in colour to a small mosquito

T. Haye



3mm

Swede  midge seen with a 10X hand lens

Samietz and Hopli



Adults 
live 1-3 d

Swede midge
life cycle

Eggs 
1-10 d

Larvae 
feed 7-21 d

Pupae 10-
48 d

M. Chen



Swede Midge Damage Symptoms
- swollen, distorted or twisted young shoots
- premature bolting
- swollen and closed buds; bottle-shaped flowers
- multiple branching (death of apical meristem)

- “Palm top”, “witches’ broom”, “bouquet”



Pat Flaten



Pat Flaten





Lyle Cowell



Olfert



New Lisgeard, ON July 25, 2013



Witches’ broom – but other things can 
cause terminal damage

A. Brackenreed



Mystery syndrome



Probably not midge







Swede Midge Surveys - 2013 
- pheromone trapping system

- pheromone specific to swede midge attached 
to a Jackson (delta) trap with a sticky bottom liner

- sticky bottom changed weekly
- pheromone changed in 4-6 weeks




	A LOOK AT RISING CO2 IMPACT ON ALBERTA CROPS
	Slide Number 2
	   
	Measuring Crop Response to Increased CO2 Concentration e[CO2] 
	Slide Number 5
	Slide Number 6
	Recent meta-analysis of 18 OTC and 11 FACE studies for C3 crops 
	Slide Number 8
	van der Kooi et al 2016 meta-analysis�(Envir. & Exper. Bot. 122:150-57)
	Slide Number 10
	Slide Number 11
	Slide Number 12
	India Brassica FACE / OTC
	Effect of e[CO2] Compared to Ambient on Various Brassica Plant Parameters
	Opportunity for Breeding to Capture More Benefit with e[CO2]
	Brassica Oilseeds and e[CO2] 
	Wheat Germplasm and e[CO2] 
	Barley
	Legumes (peas, beans) and potatoes
	Summary of e[CO2] Impact on Alberta Crops
	Beyond Conventional Breeding
	Slide Number 22
	Swede midge in prairie canola: potential distribution and damage��Julie Soroka�AAFC Saskatoon Research Centre�
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Slide Number 30
	Slide Number 31
	Slide Number 32
	Slide Number 33
	Slide Number 34
	Slide Number 35
	Slide Number 36
	Slide Number 37
	Mystery syndrome
	Probably not midge
	Slide Number 40
	Slide Number 41
	Slide Number 42
	Slide Number 43

