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. What climate change ¢

How do crops relate to climate variables ¢
Crop models and impacts

Some findings and projections

Impacts on actual food production
Conclusions




Since first plants took step on earth, atmospheric stresses are the main issue.

Elles forment alors sur les continents la Phytosphere .
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Elles se sont fixées en transformant la urfac  confinentale et y produisent le sol.
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Climate variables and
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Embryophytes

Angiosperms

Million years before

Sensitivity of plants to changing atmospheric CO2 concentration: from the geological past to the next century

New Phytologist, Volume: 197, Issue: 4, Pages: 1077-1094, First published: 25 January 2013, DOI: (10.1111/nph.12104)



Changing [CO,]

Atmospheric CO, at Mauna Loa Observatory

Scripps Institution of Oceanography
NOAA Earth System Research Laboratory
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Variations of [CO,| on Earth

Composite image from NASA's Orbiting Carbon Observatory-2, [CO2] observed between ler Oct.et le 11
novembre 2014.: NASA/JPL-Caltech




Projection of [CO,)]

Table All.4.1| CO, abundance (ppm)

Year Observed | RCP2.6 i RCP8.5%
PI 278 + 2 278
20110bs | 390.5+ 0.3
2000
2005
2010
2020
2030
2040
2050
2060
2070
2080
2090
2100

IPCC annexe Il Report ARS.
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IPCC WGI Interactive Atlas: Regional
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Dotted line: Model  Solid line: P50 (Median)  Gray shading: Selected period Light /dark area: Spread P10-P90 / P25-75

Mean temperature (T) - Change (deg C)

Near Term (2021-2040) (SSP5 8.5) (rel. to 1850-1900)
CMIP6 - May to September (34 models)-West&Central-Europe
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Annudal precipitations decrease on
the long ferm
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Trophic functions

Assimilation chlorophyllienne
Absorpfion et assimilation de |'azote
Fixation symbiotique de I'azote  Racine
nteraction entre réponses des
fonctions aux confraintes.

Gonzalez-Dugo, V., Durand, J. L., & Gastal, F. (2010). Water deficit and nitrogen nutrition of
crops. A review. Agronomy for sustainable development, 30(3), 529-544.




Morphogenetic functions

« Organogenese (production et
croissance des meristemes)

« Expansion des organes vegetatifs
« Croissance primaire
« Croissance secondaire
« Déploiement spatial des organes
aériens et souterrains
« Ramification des figes




From energy balance to plant
Wellsigeleit=1alilel




dV;

A—E=—
dt
N — P
Fe/ = sol plante
Rsol/plante
stol _ e
Yso1 = f(Hgo1) dt A+RR+]

\Pplante = P(Vg)-n(Vg)

« H,,humidité volumique du sol

« A absorpfion

« E transpiration

« ¥, potentel hydrique du sol

* Yante POtENtiel hydrique de la plante
« P pression hydraulique dans la plante
» 1 pression osmotique dans la plante

« Ve volume d’eau dans la plante



Irrigation journabere
en moyenne sur 30 ans issée

Lusgnan - vanéié Ménde!

Irrigation journalere
| enmoyenne sur JO ans lissée

Tousouse - vandté DXCETE)

Irrigation journalere
on moyenne sur 30 ans lissée

Versalles - vanété Nénbde!

Earlier and higher potential
evapoftranspiration impact on needs for
irigation of maize in Lusignan, Toulouse and

Versailles.

This includes the impacts of T [CO,] and Alir
humidity

Brisson et al 2010 .
CLIMATOR




Response to tfemperature

Croissance des feuilles de mais (% de l'activité optimale)

14

- Courbe de prédiction
Tollenaar, 1979 a
Warrington & Kanemasu, 1983
Warrington & Kanemasu, 1983a

1,0 Barlow, 1977 A AtEe=

Lehenhauer, 1914 ,,%:"\?‘
08 Allmaras, 1964 ' -

1.2

06

04

15 20 25 30 35 40 45 50
Température (°C) T, i
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T
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FIGURE 1 : Réponse a la température de la croissance
des feuilles de mais (d’apres YAN et HunT, 1999).
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Impacts on transpiration
Impact on cell death
Impact on pollen fertility



Response to water deficits

SOYBEAN

Photosynthesis

Enlargement

ENLARGEMENT ( percent)
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Photosynthesis

Photosynthesis Elongation

\---\
Enlargement \*

SUNFLOWER

-4 -8 -12 -16

ELONGATION (percent)

ENLARGEMENT (percent)

LEAF WATER POTENTIAL (bars)

Fic. 1. Rates of leaf enlargement and net photosynthesis in corn, soybean, and sunflower plants at various leaf water potentials. The photo-
synthesis data were collected from two different plants for each species (@ : Plant 1; O: Plant 2). The plants were 45 to 60 cm tall. The growth
data for soybean and sunflower represent enlargement of the fourth and sixth leaves from the base of the plant, the leaves having an area of
about 20 and 60 cm?, respectively, at the beginning of the 24-hr growth period. For corn, growth was determined as elongation of the sixth leaf
blade. The corn leaf blades were initially 25 to 35 cm long.

Boyer JS, 1970. Leaf Enlargement
and metabolic rates in corn,
soybean and sunflower at
various leaf water potentials. J
Exp Bot 233-235




Response to CO2

500 1000 1500 2000 2500
Atmospheric CO, concentration, ¢, (ppm)

Figure 2. (a) Comparaison des réponses de I'assimilation nette maximale de CO, en fonction de la teneur en
CO, atmosphérique ([CO,]) entre 0 et 700 ppm, en conditions optimales de lumiére et d’alimentation
minérale et hydrique, pour les plantes en C3 et en C4 ; d’aprés Saugier (1983) ; (b) réponse a la teneur en
CO, de la conductance stomatique normée a sa valeur prise aux concentrations standard au moment de
I’'expérience. Cette réponse est identique pour les plantes en C3 et C4 ; d’aprés Francks et al. (2013).

Tibi, A., Forslund, A., Debaeke, P., Schmitt, B., Guyomard, H.,
Marajo-Petitzon, E., ... & Planton, S. (2020). Place des
agricultures européennes dans le monde a I'horizon 2050.c



The complexity of responses to

LTI CO2, T and water and their
7 . interactions with mineral utritio
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The yields responses 1o [CO2]

- O Azote et eau non limitants
- /A Azote limitant eau non limitante
- @ Azote non limitant eau limitante

:Ryegrass forage biomass (C, grass)

!

Wheat, rice, barley grain (C, grasses)
Hybrid rice grain China (C, grass)
‘Rice cultivar range Japan (C; grass)

Soybean pea peanut bean (C, grain leg.
Soybean genotype range SoyFACE

Maize, sorghum (C, grasses)
Potato tubers (C, forb)

Sugar beet (C, forb)
Cassava (C, forb) ——— = O

Clover forage (C, legume)
Mustard, rape (C; oilseed)
Cotton bolls (seed + lint) (woody)

Grape berries (woody)
‘Coffee beans (woody)
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Kimball, B. A. (2016). Crop responses to elevated
CO2 and interactions with H20, N, and
temperature. Current opinion in plant biology, 31,
36-43.
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Changement relatif du a une augmentation de [CO2] a 550 ppm environ

Figure 5. Effets sur les rendements en % mesurés dans des dispositifs FACE d’une élévation de la
teneur en CO; de 350 a 550 ppm, approximativement (que veut dire cet « approximativement » ?),
pour différentes cultures, sous différentes conditions hydriques et azotées. Le nombre de données

répertoriées est de 18 pour le ray-grass, 151 pour les céréales en C3, 29 pour les protéagineux, 12
pour les céréales en C4, 6 pour la pomme de terre, 2 pour la betterave sucriere, 1 pour le manioc,10
pour le tréfle et 2 pour le colza. D’aprés Kimball (2016).




Poirier, M., Durand, J. L., & Volaire, F. (2012). Persistence and production

of perennial grasses under water deficits and extreme temperatures: : _ s ; hd 4

importance of intraspecific vs. interspecific variability. Global Change atlantique: les domaines mediterraneens et tempérés. In Colloque présentant les
Biology, 18(12), 3632-3646. méthodes et résultats du projet Climagie (metaprogramme ACCAF) (pp. 223-p). INRA.

Moyenne F-ETo Mai-Sept 1975-2004, Aladin Comirdde Moyenne P-ETo Mal-Sept 2020-2048, Aladin RCPE.5 Moyenne P-ETo Mal-Sept 2070-2088, Alsdin RCPE.5
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400
Spring to summer water deficit (mm)
— ¥ Med-Fa;r’=0.77; P =0002
——— O Med-Dg;rf=089;P<0.001
— A Temp-Fa ;rl=0.80;P<0.001
==e O Temp-Dg:rf=075;P=0.002

Fig. 4 Summer tiller survival rates expressed as the ratio ) ) ﬁ
between the tiller density rate measured in the autumn and the r

tiller density rate at the end of the previous spring, for two

species Fa (Festuca arundinacea) and Dg (Dactylis glomerata)

either of Mediterranean (Med) or Temperate (Temp) origin,

under 14 climatic scenarios at a Mediterranean site (Med-site,

closed symbols) and Temperate site (Temp-site, open symbols; REf 1 9?5_2004 RC PS . 5 2020-2049 RC P8-5 20?0_2099
mean, # = 4, = SE) as a function of the water deficit |Water sup- +2DC +4 o C

ply (WS) — Evapotranspiration (ET?)| cumulated during the

period of soil water depletion in spring and summer. The lines

indicate nonlinear regressions (sigmoid curve: flx) = yo + a/

1+ expl_” - :(0]_-"!311)_

Poirier, Durand, Volaire, 2012 Déqué, Huard, 2015




Croissance journaliére
(t MS/ha/j)

0.14

1-févr.

T°-CO2 ‘

1-mars . -mal 1-juin

1-juil.

—1970-1999
2020-2049
—2070-2099

Durand, J. L., Bernard, F.,
Lardy, R., & Graux, A. I.

(2010). Changement

climatique et prairie:
I'essentiel des impacts.




To make an estimate of the impact of climate
change on yields and environmental impacts :
Crop models

Principes de fonctionnement de STICS (1)
Principes de fonctionnement de STICS (2)
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Projection on -
yields and S **ﬁ
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Defrance, D., Sultan, B., Castets, M., Famien, A. | ———— -
M., & Baron, C. (2020). Impact of climate 5 | | | | -Fl*
change in West Africa on cereal production per BURKINARASO WAL SRS NICSHIA SENERL

capita in 2050. Sustainability, 12(18), 7585.
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Réponse au [CO,] de 16 modeles de simulation de rendement du
différents certains integrant un modele de photosynthése détaill
autres un coefficient d’efficience de conversion du rayonnement

Leaf-assimilation based models RUE-based models

Canopy-radiation use
efficiency response

7 1L mol moll)

26

GEMRICE
= ORYZA (2000, APSIM)
—RiceGrow
=== Rice SPM
0.4 GECROS
| ~==H/H, DNDC-rice
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MCWLA
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——CERES-Rice
=—|NFOCROP
—=5AMARA
SIMRIW
—=5TICS
—WARM

O, assimilation rate

o
e

Leal i

4
]
4
o
e
33
o]
i ]
]
=
i
M
]
=

RUE (relative to thatat 2367 W mol moall)

N ) 4 200 400 o600 200 1000 1200
€0z concentration (. mol mol') CO, concentration (i mol mol?)

Hasegawa, T., Li, T., Yin, X., Zhu, Y., Boote, K., Baker, J., ... & Zhu, J.
(2017). Causes of variation among rice models in yield response to
CO 2 examined with Free-Air CO 2 Enrichment and growth chamber
experiments. Scientific reports, 7(1), 1-13.
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D The Agricultural
Model Intercomparison

and Improvernent Project

What is AgMIP?

Why AgMIP?

The Agricultural Model Intercomparison and Improvement Project {AgMIP) is a major
international collaborative effort to improve the state of agricultural simulation and to

understand climate impacts on the agricultural sector at global and regional scales.

Agricultural risks are growing. Decision-makers need probabilistic risk analysis to
identify and prioritize effective adaptation and mitigation strategies.

Consistency is key. AgMIP is establishing research standards so future studies no lon-
ger use different assumptions across regions and models.

Ongoing solutions. AgMIP is developing a rigorous process to evaluate agricultural
models, which results in continuous model improvement.

Objectives

* Improve agricultural models based on their
intercomparison and evaluation using high-qual-
ity global and regional data and best scientific
practices, and document improvements for use in
integrated assessments.

Incorporate state-of-the-art climate, crop/
livestock, and agricultural econemic model im-
provements with stakeholder input into coordi-
nated multi-model regional and global assess-
ments of climate impacts and adaptation and of
other key aspects of food systems.

Utilize multiple models, scenarios, locations,
crops/livestock, and participants to explore
uncertainty and the effects of data and method-
ological choices.

AgMIP’s Modeling and
Assessment Framework

This diagram shows how AgMIP researchers use historical
climate data to evaluate, intercompare, and improve crop/live-
stock and econemic models. Utilizing the same multi-model
framework with future scenarios, the researchers assess the
impacts of climate variability and change en local, regional,
national, and global food production and food security:

Historical
Track 1 climate
conditions

Agricultural

Economic

Track 2

Collaborate with regional experts in agronomy,
animal sciences, economics, and climate to build
a strong basis for model applications, addressing
key climate-related questions, adaptation priori-
ties, and sustainable intensification.

Focus Areas

1. Next Generation Knowledge, Data, and Tools to
improve projections of the systems, processes, and




AgMIP Maize models sites used to test models

High input calibration maize simulations vs. climate factors

19 models for temperature

15 models for CO,

4 contrasting field experiments

Morogoro, Tanzania (06.50°S; 37.39°E)

Rio Verde, Brazil
Ames, lowa, USA

Lusignan, France

(17.52°S; 51.43°W)
(42.01°N; 93.45°W)
(46.25°N; 00.07°E)

Maize Production (10005 of kg)

Tavg. 22.5 °C st.dev.1.4
Tavg. 23.3 °C st.dev.1.7
Tavg. 20.6 °C st.dev.4.5
Tavg. 16.8 °C st.dev.3.8

Bassu et al, 2014. How do
various maize crop models
vary in their responses to
climate change factorse
Global Change Biology, 20,
2301-2320..




Simulation protocoles

Each model under the responsability of one particular team with
3 successive tasks.

I

Simulate observed yields and water use at 4 sites with @
minimum of local data: cv phenology, soil, weather,
techniques.

Adjust parameters with all experimental data on yields, LA,
nitrogen etc...

Simulate the ACO2 * AT responses over 30 years.




Low Level Information High Level Information

Yield (tha-1)
S

—e— Morogoro, TZ
—O— Lusignan, FR
—w— Rio Verde, BR
—A— Ames, US

iormo’rion (Weoher, soil and techniques).
The minimum number appears linked to the
site?,

and measured yield

Relative variation between average of n models

T T T T T T T
6 8 10 12 14 16 18 20

Number of models averaged




a) Lusignan, France b) Ames, USA

N 33%/°C ° -5.7%/°C

¢) Rio Verde, Brazil d) Morogoro, Tanzania

'7.3%/0(: '6.6%/°C

Grain yield (Mg ha™)

Temperature change (°C)



Days after sowing (DAS)

Days after sowing (DAS)

a) Lusignan, France

b) Ames, USA

d) Morogoro, Tanzania

Temperature (°C)

c) Rio Verde, Brazil

3

Temperature (°C)




a) Lusignan, France b) Ames, USA

¢) Rio Verde, Brazil d) Morogoro, Tanzania
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Feedback of CC impact on Maize environmental
variables for wheat and maize

Fig. 1. Modeled average 30-yr changes in (A) yield, (B) transpiration,
AR (C) sail nitrate, and (D) soil organic carbon (SOC) as a

AU function of mean temperature increase over the range 0, +3°C,

IN +6°C, under [CO:] baseline conditions (360 ppm) for wheat

BR (empty bars: AR, Argentina; AU, Australia; IN, India; NL, the

FR Netherlands) and maize sites (filled bars: BR, Brazil; FR, France;

17 TZ, Tanzania; US, United States). For each boxplot, the black dot
Us represents the median (50th percentile), while the bars span 25th

to 75th percentiles and lines span 10th to 90th percentiles of

2 -5 -1 05 0 05 1 60 -40 20 0 20 40 60 EplelelSIRIAEICTanlol[CREISVIICH

A Yield [tha! °C Yr1)] A Transpiration [mm °C Yr!]

NL

Basso, B., Dumont, B., Maestrini, B.,
Shcherbak, |., Robertson, G. P., Porter, J. R,
... & Rosenzweig, C. (2018). Soil organic
carbon and nitrogen feedbacks on crop
yields under climate change. Agricultural &
Environmental Letters, 3(1), 180026.

-100-50 0 50 100 150 200 250 9-8-7-6 -5-4-3-2-1 01 2 3

-

A Soil N-NO;™ [kg N ha'! °C Yr!] A SOC [% °C Yr']



Fig.2: Average change in R, and pathogen turnover under RCP 6.0 across all

months.

Latitude

Chaloner, T. M., Gurr, S. J., & Bebber, D. P. (2021). Plant

pathogen infection risk tracks global crop yields u nder
climate change. Nature Climate Change, 11(8), 710-715.







