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Global warming is palpable

Global greenhouse gas (GHG) emissions
are in the highest level of human history

Last 9 years are the warmest on record
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IPCC- Sixth Assessment Report in 2023 (AR6)

The average anual rate of emissions growth have slowed in
the last decade

We have already reach the 1.1 °C

The estimates of reaching 1.5°C

. . It is possible to reach net zero with actual technology, but
is in the next decade

adoption must be faster

Limiting warming to 1.5°C and 2°C involves rapid, deep and
in most cases immediate greenhouse gas emission reductions

Net zero CO, and net zero GHG emissions can be achieved through strong reductions across all sectors

a) Net global greenhouse
g0 gas (GHG) emissions

2019 emissions were
\[ 12% higher than 2010

Implemented policies result in projected
emissions that lead to warming of 3.2°C, with

S Implemented policies
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With every increment of global warming, regional changes in mean
climate and extremes become more widespread and pronounced

We can expect globally:

the last time global surface temperature was sustained
at or above 2.5°C was over 3 million years ago

ke Gy G z — — High thermal variability with extreme
? ﬂ . QP ic Il temperatures (more predictable)

1 1 1
C 7 Global warming level (GWL) above 1850-1900

a) Annual hottest-day temperature change Annual hottest day temperature is projected to increase most
(1.5-2 times the GWL) in some mid-latitude and semi-arid
regions, and in the South American Monsoon region.

(more very hot days
more heat waves, and more intense)

urbanisation
further intensifies
heat extremes

change (°C)
7

asymmetric temperature rise
(higher night temperature)

Uneven rains (less predictable)

b) Annual mean total column soil moisture change Projections of annual mean soil moisture largely follow
change (0) projections in annual mean precipitation but also show

some differences due to the influence of evapotranspiration.

Wettest-day precipitation increase

Change in annual soil moisture depends on
the region
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We have already observed some of these changes in
recent years



Growing Degree Days (>1200°Cd)
with 5°C base temperature
feasible for the small cereals (and
canola) crop cycle

Temperature projections from 7
global climate models

By the end of century, 76% of the
boreal region might reach crop
feasible conditions, compared to
the current 32%

The arable frontier would shift
northwards up to 1200 km by the
end of century

Doubling the actual acreage

Northward shift of the agriculture

Some effects of global warming may be relatively positive:

reduction of frost period, new arable land at high latitudes
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Figure 1. Projected advances of the GDD;>1200 boundary. The green area describes the current extent of the
boreal region®*". GDD; values were estimated by averaging the projections of seven CO; emission based GCMs
(Extended Data Table 1). Each time step describes a five-year average of all estimates by the seven GCMs. The
variability in projection among models is presented in Fig. 4 and Table 1. Map created using ArcGIS Desktop v.
10.4.1%.

King et al (2021) Sci Rep

We could benefit in the short term by adjusting the choice of genotypes and sowing dates




Northward shift of the agriculture

Most of the new areas are associated with highly seasonal and monthly variations in water balances
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Uneven rains are one of the main limitation for canola cropping

Changes of rain and temperature in the Canadian Prairies in the past 20 years (2000-2020)

o 20 T 350
— 18 S
. = 300
g 16 o
: 14 = 250
£ 12 s
E- 10 § 200
s 8 & 150
L o g
o < 100
g 4 E / ===
=i |
2 - ko Al '
0 § Uk R AE Y il
(&}
April May June July August < 0 : ]
W 2000-2004 N 2005-2009 m2010-2014 = 2015-2020 April  May | June July August! Total
m 2000-2004 = 2005-2009 = 2010-2014 = 2015-2020
Temperatures have increased in April and May Source: Malcolm Morrison

Total Precipitation has increased - Predominantly in April and May but not in the summer months

We can take advantage of wet years and adopt a ‘defensive management’ in dry years




Asymmetric increase in average daily temperature
Greater increase in night temperatures in South America

Climate change in South America: Warmer nights
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Warm nights during critical period in wheat and barley: A Field approach

Warmer nights during the critical period
from stem elongation to flowering

39°C

On average, heating -applied from
7 PM to 7 AM -increased night air
temperature at spike height by ca.

1.4
Grain yield
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Wheat and barley grain yield loss was
7% per degree of increase in night

temperature during the critical period.

High night temperatures during the
critical period reduced the time to
anthesis and Grain number per unit
area by ca. 6%.

Warmer nights reduced the biomass
due to lower cumulative radiation
interception without changes in
Radiation use efficiency.

Garcia et al (2015) Global Change Biol.
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Warm nights during grain filling in wheat and barley: A field Approach S 1o g
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High night temperature in Winter canola
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Direct effect of warm nights on canola vernalization, floral induction, and its

interaction with photoperiod merit further analysis




High temperature: Thermal thresholds for crops

Crop plants Thrashold temperature (*C) Growth stage References m 71 Lethal temperature
o
Wheat 26 Post-anthesis Stone and Nicolds (1994) = >50°C
Corn 38 Grain ﬁIIm:g Thompson (1986) Very hlgh temperature
Cotton 45 Reproductive Eehman et al. (2004) — o
Pearl millet 35 Seedling Ashraf and Hafeez (2004) from 29-32 to 50°C
Tomato 30 Emergence Camejo et al. (2003) =
Brassica 29 Flowering Morrison and Stewart (2002) Moderately high
Cool season pulses 25 Flowering Siddigue et al. (1999 B
Groundnut 34 Pollen production Vara Prasad et al. (2000) temperatureso
Cowpea 4] Flowering Patel and Hall (1990) = from 15 to 32°C
Rice 34 Grain yield Morita et al. (2004)
Stone, 2001
B o o et ancnor, 2000) (e and Pacsen a008y X oo antss o Wahid et al, 2007
=& Grain filling period +«:E++ Grain filling rate

(Tashiro and Wardlaw, 1990) (Tashirc and Wardlaw, 1990)

Most negatively affected
by high temperature:

Crop development rate

Relative reduction in process

Floral development

15 2.0 2.5 3.0 3.5 4.0 4I5 5'0
Temperature (°C) Eyshi Rezaei et al, 2015 EJA



High mean temperature and CO, Well-watered plants reduce the effect of
heat due to the transpiration cooling

_ (a) O 700 wmol CO, mol,
e BT ) ymol CO, mol .
- - Positive effects of Stomatal closure due to drought or
=14 = .
- - temperature and CO, high CO,
= B . . .
= i S iomass on biomass reduces the transpiration cooling and
_ s rises canopy temperature
High mean 5 Grain
temperature 0 1 1 '
:I:]:vilcw)slior é 0.5 High temperatures
crop cycle = 0.4 >25-30°C affect the Positive effects of high CO2 and temperature
= 0.3 reproductive stages on biomass of C3 species will depend on
Well- T 02 more than the water availability (‘carbon fertilization’ will
watered 0.1 vegetative stages depend on water balance)
..ﬂ_ I |
F 100 . . .
< Detrimental effects Failures in pollen germmaiflon, pollen
E 80 | i tube growth and grain set
= of high temperatures ) .
m 60 | i caused directly by high temperature,
= on grain number, and not improved by more carbon
= ¥ with no benefit from F: \t, ent ’
20 F high CO, water or nutrients
' 1 1 1 1 I
20 25 30 35 40 45 The same is true for canola, with high temperatures
Mean air temperature (°C) affecting flower development and grain setting

Boote et al (2005) JAM



Extreme events: heat shock

Some facts: HEAT STRESS

There are no positive consequences of this
effect of climate change for grain yield

Floral
+ yStomatal conductance « Dis-regulation of floral Transition

Vegetation

* Photosynthesis damage integrator genes such as:
o . .y * NChiorophyl & RWC FT, SOC1
Predicting and adapting to it is more complex » Morphological abnormalities  « Shifting flowering time '%
* Structural & Metabolic = % Number of flowers
damage * 5 Number and size of
| d d t . t . ” h * Protein degeneration :l“;m .
t reduces crop productivity, especially when e ek
they occur in the reproductive stages of the * Inefficient anti-oxidant
g ang L
crop cycle, which are more sensitive to the —
environment * M Photosynthesis of green « Inhibition of anther dehiscence
serds * Anther shortening
. - = Impaired FA biosynthesis . Mi:rmrp':re ahﬂlfﬁnn
We know some of the effects of individual - pathway « Pollen sterility
v * WABA/GA ratio * Down-regulation of membrane ,{T
stress \\‘;}} L 2 * WBNWRI1 pathway transporters required for :
. . * Modified seed iti .,
But we know less about stresses in - ['f; ipiutaiibnes J TTOVaEEm

combination under field crop conditions
flowering Organogenesis
Often, different stresses share the same
signaling and response pathways, facilitating -'vlv lv

the identification of genotypes with tolerance Impaired growth & reduced yield

to multiple stresses

Kourani et al (2022) FPS



Esca pe or tolerate The adjustment of the crop phenology, through the choice of the
genotype and the sowing date, allows to locate the sensitive

reproductive window in periods of low risk

Optimun start

: Of course, this requires reliable climate forecast systems that
of flowering

5 10 predict risk several months in advance
N OSF 0 Full Calibration
= e ' x o Flowering date
< water CECE Rapeseed has a wide range of RMSE =5.3d
o ® winter and spring cultivars i R
g 04 0 with enough flexibility to .
\ N | 2l adjust the time to flowering R
1- o to02 a
’\/ . heat o
od=T >~ _ lgo § 907
Jun Jul Aug Sep Oct Simulation models that @
_ successfully predict canola E 100 -
Start of flowering phenology under contrasting [
Lilley et al (2019) Field Crops Res weather conditions 50 4
(e)
0

Simulation of biomass and grain yield

. 0 50 100 150 200 250 300
_ _ Data from 8 crop models, 6 sites around the
under climate change requires world, including winter and spring cultivars Observation (d, DAS)

further adjustments Wang et al (2022) Climate Change DAS, Days after sowing




Escape or tolerate

Total Flowers Reproductive plasticity traits: floral

branching, extendend flowering,
adjustment of grains per pod

generate flowers in different positions
of the canopy

allow reaching a high number of grains
in a range of environmental conditions
even after stress

Total Flowers

Days from Start of Flowering
Tayo & Morgan (1975) J Agric Sci

Genetic improvement seeks stress-tolerant genotype,
particularly for pollen formation, flower fertilization, and grain set

Improvements in oxidative damage repair, rapid recovery of water status, and recovery of enzymatic
activity post-stress are promising attributes to tolerance multiple stresses




Seed number

Seed size

Grain weight compensation when grain number falls
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Effects of timing of shading on seed number and seed
weight acrros floral positions, relative to unstressed
control. Kirkegaard et al (2018) Field Crops Res.

Total compensation
TGW

GN m? .
]
0y 60- -
%‘E. .
2 0. 404 " L .
v * ¥ Stem water soluble
= 1 *  carbohydrates (WSC)
2 L L . dynamics after
S " - = p ST S+HT Control  stress. Rivelli et al
Treatments Treatments 42g 293¢ (under revision)
Effects of §hading (S), high daytime tgmperature (HT) 100+ ch\;sssl?:: & c
and combined stresses (S+HT) on grain number and — = s
seed weight, relative to unstressed control in a high- £ 807 A+ HT
yielding environment. Rivelli et al (poster # 283) :? 60- - S+HT
2
agn - - - =
The ability to increase grain weight 8 407
when grain number falls, and § 204
remobilize stem reserves to sustain
[l - - L L] 0 ] ] T 1 I 1
grain growth are beneficial plasticity 0 10 20 30 40 50 60

attributes under stressful conditions

(0°Cd) (131°Cd) (289°Cd) (429°Cd) (576°Cd) (748°Cd) (905°Cd)

Days after flowering

There are opportunities to exploit these traits in the short term



Concluding remarks

Reach net zero quickly

Genetic improvement for high grain yield (positively drives the entire production)
Genetic improvement for multiple stresses

Improve rain forecasts

Prepare for boreal agriculture (new cultivars, long photoperiod, deforestation)
Improve simulation models for biomass and grain yield under climate change
(considering warm nights and heat stress)

Take advantage of canola plasticity

Flexible phenology

Branching capacity

Low trade-off seed number and seed weight
Recovery capacity after stress

We face great challenges. There is no time to lose!
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