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General Perspective on Canadian Agriculture

* Production base in Canada (and globally) has finite extent and
finite unit capacity (per hectare productivity)

e Canadian agriculture sector dealing with challenges of
sustainable agriculture (balance of economic, social and
environmental factors)
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General Perspective on Canadian Agriculture

* Production base in Canada (and globally) has finite extent and
finite unit capacity (per hectare productivity)

e Canadian agriculture sector dealing with challenges of
sustainable agriculture (balance of economic, social and
environmental factors)

e Canada’s High Export Dependency
* Over 50% of red meats, grains and oilseeds exported

e Contrast to US and EU where most farm production is consumed
domestically
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General Perspective on Canadian Agriculture

* Number of farms continuously decreasing since 1941

Number of Farms over time in Canada
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General Perspective on Canadian Agriculture

e Land used for all farming decreasing since 1966

Total Area Farmed in Canada (millions of hectares)
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General Perspective on Canadian Agriculture

* Land used for farming of crops increasing (doubled since 1921)

Total Area Farmed in Canada (millions of hectares)
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General Perspective on Canadian Agriculture

* Land used for farming of crops increasing (doubled since 1921)

Total Area Farmed in Canada (millions of hectares)
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General Perspective on Canadian Agriculture

* The Canadian agriculture and agri-food system:
e provided one in nine jobs in 2023
* employed over 2.3 million people
e contributed 7% to the country’s GDP

N
b\ University
@ o«Manitoba




General Perspective on Canadian Agriculture

* The Canadian agriculture and agri-food system:

* Large Regional Differences

* Alberta: Cattle and calves $6.3 billion
* Saskatchewan: Canola $6.3 billion
* Manitoba: Wheat ~ $1.5 billion
* Ontario: Vegetables $2.4 billion

 $2.8 billion

Quebec: Dairy «°
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General Perspective on Canadian Agriculture

* The Canadian agriculture and agri-food system
* Large Regional Differences

* Regional difference very noticeable for wheat
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Canada Wheat Production
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Canada Wheat Production

Production by Small
Area Data (SAD) Region
3-year average

2020 - 22, '000 metric tons
<600
B 600-900
B 000-2,563

Percentages (%) indicate percent
of national production.

Saskatche_\q% -

Manitoba
16%

United States

96% of wheat
production is
spring wheat

Z~_ Ontario
l\‘/ 9%

USDA Foreign Agricultural Service

— U.S. DEPARTMENT OF AGRICULTURE

Sources: Statistics Canada, Estimated Production by Small Area Data
(SAD) Region; Agriculture and Agri-Food Canada (AAFC),
Annual Crop Inventory 2022 Crop Mask



Wheat and Flour: Canada & Turkiye

Quantities of Wheat Grown in million metric tonnes (2022)

China 137.7
India 107.7
Russia 104.2
United States 44.9
Australia 36.2
France 34.6
Canada 34.3
Pakistan 26.2
Germany 22.6
Argentina 22.2
Ukraine 20.7
Tiirkiye 19.8
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Wheat and Flour: Canada & Turkiye

Quantities of Wheat Exported in million metric tonnes (2022)

Australia
United States
France
Canada
Russia
Argentina
Ukraine

India

28.8
20.9
20.2
18.5
17.8
12.9
11.2

6.8

http://www.walinga.com/ship-unloader
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Wheat and Flour: Canada & Turkiye

US Dollar Value Worth of Flour made from Wheat or Meslin

Turkiye
Germany
Kazakhstan
Egypt

Italy

Canada
Argentina
Belgium

United Kingdom
Russia

Exported (2023)

$1.5 billion
$631.5 million
$579.7 million
$390.7 million
$273.7 million
$195 million
$165.3 million
$160.7 million
$153.6 million
$150.4 million
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Wheat and Flour: Canada & Turkiye

What steps must Canada take to protect its wheat crop against
the effects of climate change?
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Science of Climate Change

* Greenhouse gases: 4“: _ norease
CO,, N,O, CH, 55 !
» Radiative Forcing % 3
* Intergovernmental Ezz s
Panel on Climate 215
Change (IPCC) g .
Scenarios 05 -
Deﬂaamasmmsmg
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Science of Climate Change

Implications of increased average temperature

More heat units 2 new crops (more soybeans but
no citrus)
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Science of Climate Change

Implications of increased average temperature

More heat units > new pathogens and diseases
- new pests
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Science of Climate Change

Implications of increased average temperature

More heat units 2 new crops / diseases
More extremes in temperature
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Science of Climate Change

Change in the Number of Very Hot Days

High Carbon

1981-2010 Annual number of days > 30 °C

Low Carbon

B | | ] e
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48+

Recent Past Near Future  Far Future 8 Data Source: Pacific Climate Impacts Consortium (PCIC), University of Victoria, (2014).

Statistically Downscaled Climate Scenarios. Downloaded from pacificclimate.org.
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Science of Climate Change

Change in the Number of Very Hot Days
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2021-2050 Annual number of days > 30 °C

High Carbon

Low Carbon
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48+

Recent Past Near Future  Far Future 8 Data Source: Pacific Climate Impacts Consortium (PCIC), University of Victoria, (2014).

Statistically Downscaled Climate Scenarios. Downloaded from pacificclimate.org.
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Science of Climate Change

Change in the Number of Very Hot Days

High Carbon

2051-2080 Annual number of days > 30 °C
Low Carbon
I | | [ ][ e
0 4 8 12 16 20 24 28 32 36 40 44
Recent Past Near Future Far Future 48+ Data Source: Pacific Climate Impacts Consortium (PCIC), University of Victoria, (2014).

Statistically Downscaled Climate Scenarios. Downloaded from pacificclimate.org.
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Science of Climate Change

Implications of increased average temperature
More heat units 2 new crops / diseases

More extremes in temperature = unlikely viability
for canola as a crop and perhaps milling wheat also
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Science of Climate Change

Implications of increased average temperature
More heat units 2 new crops / diseases

More extremes in temperature = unlikely viability
for canola as a crop and perhaps milling wheat also

Greater frequency of catastrophic weather events
(hail, heavy localized flash floods, wind shear)

—> greater crop insurance costs or absence of
coverage

o Manitoba
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Science of Climate Change

Implications of increased average temperature
More heat units 2 new crops / diseases

More extremes in temperature = unlikely viability
for canola as a crop and perhaps milling wheat also

Greater frequency of catastrophic weather events
(hail, heavy localized flash floods, wind shear)

—> greater crop insurance costs or absence of
coverage

WATER —too little or too much

o Manitoba
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Science of Climate Chanqe

TOO LITTLE WATER or TOO MUCH WATER

Precipitation/ Evapotranspiration
Infiltration & runoff

Drainage & irrigation




Changes in Agricultural Policies due to
Climate Change

Global agricultural policies are changing to address the effects of
climate change on food production and food transformation.

These policies are essentially global in scope.

Their outcome is to help society by mitigating the effects of climate
changes or help farmers adapt to changes in agriculture brought
about by climate change.
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Changes in Agricultural Policies due to

Climate Change

Republic of Turkiye
Updated First
Nationally
Determined
Contribution

Tarkiye to reduce its
greenhouse gas (GHG)
emissions by 41% through
2030 (695 Mt CO2 eq in year
2030) compared to the
Business as Usual scenario
given in Turkiye’s first NDC
considering 2012 as the base
year
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Changes in Agricultural Policies due to
Climate Change

REGULATIONS

e e e Regulation (EU) 2021/1119 of
o e o s s 20 the European Parliament for

Ko 40112000 vl [E15) 20051000 Moz Clisrs L)

U — achieving climate neutrality

Heving mgard e Ty the Poeciicning of the Pavspan Unios, oxd in partiraler Ardda 10201 Semal

i i s The European Climate Law

Adwr rezrriszion of e deft lagichen act e astosd parlasees

e sets out an intermediate
R target to reduce greenhouse
e e S e gas (GHG) emissions by at

e least 55% by 2030
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Changes in Agricultural Policies due to

CONSOLIDATION

Canadian Net-Zero Emissions

Accountability Act

S.C.2021, c. 22

Current to December 23, 2024

Last amendad on March 31, 2023

*

Darn

Climate Change

CODIFICATION

Loi canadienne sur la
responsabilité en matiére de

carboneutralité

LC. 2021, ch. 22

A jour au 23 décembre 2024

iara modification la 31 mars 2023

Canadian Net-Zero
Emissions Accountability Act

S.C. 2021, c. 22

a national target to reduce
absolute levels of GHG
emissions arising from
fertilizer application by 30%
below 2020 levels by 2030
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Changes in Agricultural Policies due to

Climate Change

e

THE WORLD BANK

— =
-

—~ - il ‘:-"_'

e

- CLIMATE-SMART AGRICULTURE

Climate-smart agriculture (CSA}is-an integrated approach to managing landscapes— _
cropland, livestock, forests and-fisheries--that address the interlinked challenges of food
2y security and climate change.

S

The World Bank identifies
Agriculture, Food, Water and
Land as key transitions
needed to tackle the Paris
Agreement

The World Bank has

&2 increased finance for

Climate-Smart Agriculture
eight times, to almost $3
billion annually

o Maniteba
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Changes in Agricultural Policies due to

Climate Change

e

THE WORLD BANK

— =
-

- - il ‘:-"_'

e

- CLIMATE-SMART AGRICULTURE

Climate-smart agriculture (CSA}is-an integrated approach to managing landscapes— _
cropland, livestock, forests and-fisheries--that address the interlinked challenges of food
2y security and climate change.

S

Since 2023, all new World
Bank operations must be
aligned with the goals of the
Paris Agreement

Requires compliance with

ds Climate-Smart Agriculture

principles for all the World
Bank’s new agriculture and
food operations
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Changes in Agricultural Policies due to

Climate Change

RRENG
53 )
P3RS

THE NESTLE o
Agriculture FRAMEWORK

Nestlé’s net zero roadmap

Commitment to source 50%
of their key ingredients from
farmers adopting
regenerative agriculture
practices by 2030

o Maniteba
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management and control of GHG emissions from the agriculture sector by:

ldentifying Specific Changes in Agricultural

Practices

rehabilitation of grazing lands

land consolidation in agricultural areas

support for minimum tillage methods
environmental agricultural land protection programs
chemical fertilizer management

animal manure management

reducing food loss and waste

adoption of innovative technology and practices

organic agriculture

Republic of Turkiye
Updated First

Nationally

Determined
Contribution
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Reducing Carbon Footprint of Cereal and
Ollseed Crops In Canada

ply set of best managemeCovering soil after Not plowing \
practices to minimize use, harvest with cover between crops

increase efficiency and reduce crops

loss of Nitrogen fertilizers

4R NUTRIENT
STEWARDSHIP

H®O®

RICHT SOURCE ~ RIGHT TIME RIGHT RATE RIGHT PLACE

Diversified . &
CI'OP - H E—

innovative 5 e Rotations M-~ V) 7 |
technology - B & g «MmManitopa




Reducing Carbon Footprint of Cereal and
Ollseed Crops In Canada

Not plowing
between crops

https://www.producer.com/crops/new-seeding-systems-introduced-to-canada/
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Reducing Carbon Footprint of Cereal and

Qilseed Crops in Canada

/

practices to minimize use,
increase efficiency and reduce

loss of Nitrogen fertilizers

4R NUTRIENT
STEWARDSHIP

o -
o
RIGHT RIGHT RAT

SOURCE RIGHT TimE £ RIGHT PLACE

ly set of best managemefovering soil after

harvest with cover

Y Not plowing \
between crops
No Tillage/Culti

Cuttvation

Diversified

Crop
Rotations
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Reducing Carbon Footprint of Cereal and
Ollseed Crops In Canada

Covering soil after
harvest with cover
crops

T
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Reducing Carbon Footprint of Cereal and
Ollseed Crops In Canada

* More $ than conventional rotation Summary of cropping system performance relative to
* Half as much N fertilizer required the base (conventional) rotation
Total DM
(kg/ha)

350% Total DM (kg/ha)

300% + 400%
Rotation o Rotation Yield Stability 350% Yield (kg/ha)
Yield Yield (kg/ha) 300%
- 4 Stability T~ % =
. - ) RS X ; * +  Rotation Crop .
. . Harvest Index
Corn-soybean intercrop Intensity
Rotation Harvest Rt o
Crop Index Live,Root Days (days) = Residue DM (kg/ha)
Intensity
Net Return (S/ha) WUEDM (kg/ha/mm)
Net Return Residue DM
($/ha) (ke/ha) WUEY (kg/ha/mm)
‘ e oo C tional Rotati High-Risk High-Reward Rotati Biodi Rotati Ki Rotati
. tNot statistically analyze - - - - -
Canola_pea Inte rcrop Not statisti ||y ‘y d onventional Rotation g IS g ewa otation lodiverse Rotation €rmza rotation
S
%

Curtis, S.K., Entz, M.H., Stanley, K.A., Cattani, D.J. and
Schneider, K.D., 2024. Cropping system typologies perform
differently under climate stress in Manitoba, Canada:
multi-criteria assessment. Can J of Plant Sci. 104: 441-459.

Cover crop

. Hybrid Fall Rye £

N
>\ University
@ o«Manitoba



Reducing Carbon Footprint of Cereal and

Qilseed Crops in Canada

/

practices to minimize use,
increase efficiency and reduce

loss of Nitrogen fertilizers

4R NUTRIENT
STEWARDSHIP

o -
o
RIGHT RIGHT RAT

SOURCE RIGHT TimE £ RIGHT PLACE

ly set of best managemefovering soil after

harvest with cover

Y Not plowing \
between crops
No Tillage/Culti

Cuttvation

Diversified

Crop
Rotations
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Reducing Carbon Footprint of Cereal and
Ollseed Crops In Canada

Diversified [, T <wis

Crop
Rotations

5
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Reducing Carbon Footprint of Cereal and
Ollseed Crops In Canada

Crop diversity improves performance in drought years

Five cropping systems were tested at the Carman Research Farm between 2019 and 2022 under no-till production. These
slides show images of the different cropping systems and provide results for the four conventional systems. See
publication below for details.

Conventional Rotation High-Risk, High-Reward Rotation

SO T e T R i

it iy T A R

-

Wheat (A) = Canola = Wheat (C) = Soybean Canola = Sunflower = Corn = Pinto Bean

Curtis, S.K., Entz, M.H., Stanley, K.A., Cattani, D.J. and Schneider, K.D., 2024. Cropping system typologies perform
differently under climate stress in Manitoba, Canada: multi-criteria assessment. Can J of Plant Sci. 104: 441-459.
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Reducing Carbon Footprint of Cereal and

Qilseed Crops in Canada

/

practices to minimize use,
increase efficiency and reduce

loss of Nitrogen fertilizers

4R NUTRIENT
STEWARDSHIP

o -
o
RIGHT RIGHT RAT

SOURCE RIGHT TimE £ RIGHT PLACE

ly set of best managemefovering soil after

harvest with cover

Y Not plowing \
between crops
No Tillage/Culti

Cuttvation

Diversified

Crop
Rotations
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Reducing Carbon Footprint of Cereal and
Ollseed Crops In Canada
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Reducing Carbon Footprint of Cereal and
Ollseed Crops In Canada

Using advances in Remote sensing

remote sensing and
computer vision and Al
to reduce use of

herbicides in cereals and Computer visionand Al
Wheat research plots and weed detection
p u | S e S Semantic segmentation of crop and weed pixels using different ML algorithms

ckground  RGB image without background

= r = Random Trees Bayes Decision Tree

Precision application /
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Reducing Carbon Footprint of Cereal and

Qilseed Crops in Canada

/

practices to minimize use,
increase efficiency and reduce

loss of Nitrogen fertilizers

4R NUTRIENT
STEWARDSHIP

o -
o
RIGHT RIGHT RAT

SOURCE RIGHT TimE £ RIGHT PLACE

ly set of best managemefovering soil after

harvest with cover

Y Not plowing \
between crops
No Tillage/Culti

Cuttvation

Diversified

Crop
Rotations
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Reducing Carbon Footprint of Cereal and
Ollseed Crops In Canada

pIy set of best manageme

practices to minimize use,
increase efficiency and reduce

loss of Nitrogen fertilizers

4R NUTRIENT
STEWARDSHIP
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Reducing Carbon Footprint of Cereal and
Ollseed Crops In Canada

pIy set of best management
practices to minimize use,

increase efficiency and reduce
loss of Nitrogen fertilizers

Right Time, Right Rate

-
(=]
o

4R NUTRIENT
STEWARDSHIP

H®O®

RICHT SOURCE ~ RIGHT TIME RIGHT RATE RIGHT PLACE

Y=1.31+93.33 . (1-e70:00112-X)
| #=0994 n=30

(=]
o

@
<

'S
<

-~ % Nreleased (Exp.1)
s % Nreleased (Exp. 2)
— Fitting curve

% of N released by Coated Urea
)
e

o

0 500 1000 1500 2000 2500 3000
Thermal Sum °C

\ / Incrocci et al 2020. Agronomy 10: 1827
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Reducing Carbon Footprint of Cereal and

Oillseed

Crops in Canada

pIy set of best manageme

practices to minimize use,
increase efficiency and reduce

loss of Nitrogen fertilizers

4R NUTRIENT
STEWARDSHIP

RIGHT SOURCE  RIGHTTIME RIGHT RATE RIGHT PLACE

\J =/

Right Rate, Right Place

https://oxbo.com/nir-spectroscopy-improves-efficiency-and-precision-in-manure-application/

o Manitoba
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Conclusions

Canada emphasizing environmental effects of
agriculture as well as looking for productivity
enhancement

Climate change is affecting and will affect crops
grown in Canada = economic impact

Multiple options available to Canadian farmers to
mitigate or adapt to effects of climate change
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