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Past trends in growing season length for Canada (1950 to 2010)
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* In Canada, growing season
length is increasing with
climate change
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* Possible northward expansion of crop
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Background

* Impact of land conversion from
boreal forest to agriculture on
soil organic matter:

Altdorff et al., 2021
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growth before land conversion.




Objectives

* Global objective of the project: to assess the potential
impacts of climate change (CC) on the main crops grown in
Canada (spring barley, spring wheat, corn, soybean, canola,
alfalfa and potato) and their possible northward expansion

* Specific objectives of this presentation: impact of CC on
spring barley growth:

1. in regions where barley is currently produced

2. in northern regions where it may be grown in the
future.



* Two datasets : Normandin (Quebec) and
Breton (Alberta)

* For STICS, calibration of parameters from the
proto_barley_ plt.xml file

Model validation for harvested grain yield:
* Three crop
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Methodology: climate change simulations

* 3 soil-crop models : STI&\ (r, DSSAT D@

* 6 climate models : CanESM5, GFDL-ESM4,
IPSL-CM6A, MPI-ESM1-2, MRI-ESM?2 and 18 climate

e

UKESM1 scenarios
* 3 SSPs:SSP1-2.6, 3-7.0 and 5-8.5

* 120 years (1981-2100) per climate scenario

* 2 types of simulation: potential (no N and water stress)
and rainfed (no N stress)
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Methodology: climate change simulations

* Crop management:

— Seeding date adjusted for each year following the criteria
developed by Bootsma and De Jong (1988)

— Harvest at maturity
— Continuous simulations (no reset)
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* Soil properties = most
common soil around each
location
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Methodology: climate change simulations

* QOutput analysis:
—Three time periods:

Ref NF DF
1981 - 2010 2021-2050 2051 - 2080
—Crop yield
— Crop failure:

* Yield <1 t ha! (=2 times below the profitability threshold)
* Or flowering later than day 250




Results - Yield prediction in the reference
period

Average potential and rainfed yields predicted by the three models for all
locations and climate scenarios
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* Yield predictions for the reference period are close to the average
observed yield in Canada (3.5 t ha)

* Results are averaged across the three models for the rest of the
presentation



from 300

to 500 in NF and
600 to 900 in DF

ted

jec

f
tation In

northern locations

*
O
)
U ©c 0%
C
0 O un o uv ©
QO D - Q
cC ~ U0 0 un = C
o % O — @© QO n_J
(]| o m— Qrb (O Qrb O +
ol O G c o 0 4
@ a .= v = QO O
o )
r 2 W —— e 97 J3)Eg mm — == + 4B 193eq m
p % H o UOSME(] ch Ulﬂ LUosmeq
DA e IN|ED) =8 . «HN[ED]
m m —— e 51 MO]|BA mmm_._|7ﬂ; «SHWMO||3x
e 35 T ony AR g S e LJanly Aey
.M .m ——oam— | 551013}, .w ,m e L2510Ya Y A_
g m m —e——— 0y L5 e RS0
n S 2 —=msgmum benfinny 2 5 . Lbenlinny
ON = =wsss Uyo/-jsyoy OB - uyor-15 104
a ——e=mmmmm— OAlY 908a = | 1aA1Y Baead
h ——— U2/ 1104 o, LUIBASS 10
—— e uosdwoy| o Luosdwoy ]
C ———eee— idesen(inny | LAidesenlinny
——e=mmmmm—— | 0fuoy e = L28uoy e :
e e ARG 35000 o Jegasoon |
e — — —— U Che| s uojlalg m
t ——— em— 10}[3 |\ H= HojlaN £
a e — DGR — agquooe’ B
—— e — D UEIPU| = peay ueipu| | &
m e — — ——— et LI B 1T e IUBLIND YIMS o
e — ———— I [ P Badiuuipp _ I
T ——e— 50p1IGY391 —— a8pLqyIaT v
— ———eem——— Fuisexsndey = Suiseysndey )
C —— e— 7|ssey F——  zissey ©
——eemmm—— UIpURLLION - uIpuewWION H
- e — = 3 sowy Q
e — — —— LA L B R =8 pieaysI] MaN m
S ————— 22(2ND - 23q3nD ..ol.W
——SEERENEEE UO)D1i3paldy - uoILIBpPal4 )
) F— —— eMENO —=-, eMENO | ©
— —————— |d|2NO) o ydieno <
u —— —— \OJIEH = MOJIEH M w
0O0000OO0QO
n 8888888 388°88 >
e sagueyd (ww) sadueyd
R = SAep-23.13ap 3uimolo 5 uoneyd;daid aane|nwnd




Results - Seeding and harvest dates changes

o Sowing(ulianDay)
O] Ref NF DF

129 48 121 48 117 49

143 49 136 49 133 +10

157 +11 155 +12 153 +13

* Seeding dates are expected to be 2 to 8 days earlier in NF and 4 to
12 days earlier in DF compared to the reference period

- Maturity (JulianDay)
7 Ref NF OF
Western locations 218 +14 205+11 198+2
Eastern locations 224 +15 213+13 206+13
Northern (Cold) locations 254 +25 248+27 239+27

* Maturity dates are expected to be 6 to 13 days earlier in NF and 15
to 20 days earlier in DF compared to the reference period




Results - Yield prediction in the NF and DF
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Results - Crop failure in the NF and DF

* Crop failures are low in
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Results - Crop water stress in Ref, NF and DF

West East Maorth
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‘ predicted by the three
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* Almost no water stress in eastern locations
* Decrease of water stress in the future in western locations =2
increased water use efficiency due to increased [CO.]

* Small variations in northern locations with great variability
between locations
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Conclusion / perspectives

Northward expansion of crops can cause environmental
issues when natural areas (like boreal forest) are
converted into agricultural land

Studies are being done to limit these negative effects

Limitations of this study

— Nutrient (N, P, K) limitation not considered
— Pests and diseases not considered

— No genetic improvement

Next step

— Simulation of crop rotations to better account for the effect of CC on
C and N cycles = Considering environmental variables in addition to
yield
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