Cambio climatico y produccion de trigo en el
Norte de México

n | . e

Dr. Kai Sonder & Dr. Juan Arista
Unidad de Sistemas de Informacion Geografica

Centro Internacional de Mejoramiento de Maiz y Trigo
CIMMYT

WCIMMYT.



SRR IODIVERSITY
SN (0LLAPSE

WCcIMMYT.



JAN

DEC +1°C FEB
NOV . MAR
1°C
OoCT 1880 APR
SEP MAY
Ed Hawkins AUG JUN

Reading

NASA JUL




Atmospheric CO, at Mauna Loa Observatory 3
T ’ T : T y T ¥ T ’ T -
a20f h:
i Scripps Institution of Oceanography & O MV |
NOAA Global Monitoring Laboratory .
400 ' !
?; . i
&
~ 380 -
G
€
(= 360 - —
[
Q
] i .
& 340} E
i SCR]P% INSTITUTION OF i ;
320 F OCEANOGRAPHY 18
UC San Diego i g
B L | L 1 L I L 1 L | ;.hw ) | S

1960 1970 1980 1990 2000 2010 2020
Year

“Sigue los lideres," Berlin,
Alemania, April 2011.
Isaac Cordal

WCcIMMYT.



/
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New Record High New Record Low

Daily Monthly All-time Daily Monthly All-time

Based on daily high and low temperature at 8524 weather stations with at least 40 years of observations. Raw data is used, records may still require verification.
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Cambio de Temperaturas en Mexico
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http://www.met.reading.ac.uk/~ed/home/index.php

Mecanismos de forzamiento radiativo

Componente de RCP2.6 RCP4.5 RCP6 RCP8.5
escenario

Emisiones de Muy bajos Mitigacion baja- Linea base media | Linea base alta
gases de medio Alta mitigacion

invernadero Linea base muy

Area agricola

Polucion del aire

RCP | Descripcion

Medio para areas
de cultivos y
pastizales

Mediana-Baja

baja

Muy bajo para
ambos areas de
cultivos y
pastizales
Mediana

Mediana para
areas de cultivos
pero muy baja
para pastizales
Mediana

Mediana para
ambos areas de
cultivos y
pastizales
Mediana-Alta

8.5 | Aumenta camino de forzamiento de radiacion hasta 8.5 W/m? (~1370 ppm CO; eq) en 2100
6 Camino de estabilizacién hacia 6 W/m? (~850 ppm CO; eq) en el 2100

4.5 | Estabilizacién sin pasar hasta 4.5 W/m? (~650 ppm CO, eq) después del 2100

2.6 | Maximo de forzamiento de radiacion en ~3 W/m? (~490 CO; eq) antes del 2100 y después reducs

(baja a 2.6 W/m?) en 2100

Van Vuuren et al., 2011 Climatic Change
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Global CO, Emissions
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Cambios de Temperatura

Proyecciones a corto plazo de la temperatura media global en relacion con 1986-2005

Anomalia de temperatura (°C)
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Modeling Center {or Group) Institute 1D Model Name
Commonwealth Scientific and Industrial Research ACCESSA D
Organization {CSIRO) and Bureau of Meteorology CSIRO-BOM ’
(BOM), Australis ACCESS1.3
Beijing Climate Center, China Meteorclogical BCC-CSM1.1

P . BCC .
Administration BCGC-CSM1.1(m)
Instituto Macional de Pesguisas Espaciais (Mational *
Institute for Space Research) i3 SEEL DB
College of Global Change and Earth System

GCESS H
Science, Beijing Mormal University Ll s,
CanESM2
Canadian Centre for Climate Modelling and Analysis CCCMA CanCM4
CanAlM4
University of Miami - REMAS RSMAS CCEM4{RSMAS )
Mational Center for Atmospheric Research NCAR CCEM4
CESM1(BGC)
CESM1{CAME)
. . MEF-DOE- .
Community Earth System Model Gontributors NCAR CESMA{CAME.1,FV2)
CESM1({FASTCHEM)
CESM1WACCM)
Center for Ocean-Land-Atmosphere Studies and COLA and CESY2-2011
Mational Centers for Environmental FPrediction NCEP M
Centro E Medit | Cambi ti EMEC-CESM
entro Euro-Mediterranec per | Cambiamenti
Climatici CMCC CMCC-CM
CMCC-CMS
Centre Mational de Recherches Météorologiques f CHEM-CM5
3 : CHRM-
Centre Europeen de Recherche et Formation CERFACS
CHRM-CME-2

Avancee an Caloul Scientifique

Commonwealth Scientific and Industrial Research
Crganization in collaboration with Queensland
Climate Change Centre of Excellence

CEIRO-QCCCE

CSIRO-MEZ.6.0

EC-EARTH consortium EC-EARTH EC-EARTH
LASG, Institute of Atmospheric Physics, Chinese
Academy of Sciences and CESS. Tsinghua LASG-CESS FGOALS-g2

University

Modelos de Circulacion Global
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LASG, Institute of Atmospheric Physics, Chinese LASG-IAP FGOALS-gl
Academy of Sciences FGOALS-s2
The First Institute of Oceanography. 30A, China Flo FlIZ2-ESM
MNASA Global Modeling and Assimilation Office HNASA GMAD GEDOSE-5
GFDL-CM2.1
GFDL-CM3
MNOAA Geophysical Fluid Dynamics Laboratory NOAM GFDL SRl =20, e
GFDL-ESMZM
GFDL-HIRAM-C180
GFDL-HIRAM-C3E80
GISS-E2-H
MASA Goddard Institute for Space Studies MASA GISS S S
GISE-E2-R
GI55-E2-R-CC
Matiznal Institute of Metecrological Research/Korea
Meteorological Administration i DB Al
HadCM3
Met Office Hadley Cenfre (additicnal HedGEM2-ES (aggtiﬁal Had;EMZ-CC
realizations contributed by Instituto Nacional de realizations b HadGEMI-ES
Fesquisas Espaciais) ¥ a a
INFE) Had GEM2-A
Institute for Humerical Mathematics I INMI-Chi2
IPSL-CM5A-LR
Institut Fiemre-5imon Laplace IPSL IPSL-CM5A-MR
IPSL-CMEE-LR
Japan Agency for Marine-Earth Science and
Technology. Atmosphere and Ocean Resaarch MIROC MIROC-ESM
Institute (The University of Tokyo), and Mational MIRCOC-ESM-CHEM
Institute for Environmental Studies
Atmosphere and Ocean Research Institute (The
University of Tokyo). Mational Institute for MIROC MIROC4h
Environmental Studies, and Japan Agency for MIROCS
Marine-Earth Science and Technology
MFI-EEM-MR
Max-FPlanck-Institut for Meteorologie (Max Planck MEIM MPI-ESM-LR
Institute for Metzorology) - i
MFI-ESM-P
MREI-AGCM3.2ZH
Meteorological Research Institute MEI MRI-AGCM3.23
MREI-CGCM3
MRI-ESM1
Monhydrostetic | hadral Atmospheric Model
onhydrostetic lcosahadrsl ospheric Mode NICAM MICAM 08
Group
MorESM1-M
MNorwegian Climate Centre MCC o

MorESM1-ME

Modelos de Circulacion Global
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Vamos en mal camino

Global warming is tracking the worst-case scenario
Use of 1.2°Cfor 2021 confirmed by global warming index

2021 global warming of 1.2°C from Berkely

Earth & smoothed NASA GISS is used

2021 annual average 1.12°C
NASA GISS 30-year Loess smoothing 1.2C
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IPCC, 2021, AR6, WG1Figure4.2:
Selected indicators of globalclimate
change from CMIP6 historical and
scenario simulations

RCP 8.5 at 2021 is 1.2°C
according to IPCC AR6 WG1

2021 RCP8.5: 1.2°C

IPCC AR6 WG1

1. The global warming index is from emissions only

2. Latest global warming Index 21 Feb. 2021 is 1.244°C

3. The December 2021 Indexwas 1.215°C (below)
2021 was under a cooling La Nina, explaining why some results
were lower than the Berkeley Earth 1.2°C

Human-induced warming: +1.244581093 °C

on Mon. 21 Feb 2022 23:43:49 GMT
Global Warming Index & Forcing Contributions - updated to Dec 2020

1.4 1—— Monthly observations
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Globalwarmingindex.orgis provided by the Oxford of University Environmental ~ 9'ebaiwarmingindex

Change Institute and the University of Leeds Priestley International Centre for Climate.

Peter Carter, Climate Emergency Institute
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Pero hay algunas opciones

How can we reduce globhal greenhouse gas emissions from food?

Shown are estimates of cumulative greenhouse gas emissions from food production from 2020 to 2100 under a business-as-usual

scenario, and five interventions to reduce emissions.
This is measured in global warming potential (GWP*) CO, warming-equivalents (CO,-we).

1356 billion tonnes (Gt)

Business-As-Usual
(between 2020 and 2100)

Under a business-as-usual scenario, food production will emit 1356 billion tonnes.
Emissions from food alone will exceed our 1.5°C budget and most of our 2°C budget.

Food emissions from 2020 to 2100 if we achieve one of the following...

1162 Gt 14% reduction

(from 2020 to 2100)

High Yields

27% reduction

Half Food Waste

30% reduction

Healthy Calories

40% reduction

Best farm practices
(lower emissions intensity)

48% reduction

Plant-Rich Diet*

(reduced meat, not vegan)

Food emissions from 2020 to 2100 if we achieve all of the above, partially (50%) or fully (100%)...

. o 63% reduction

Partial (50%)
o | -7 Gt .
Fully (100%) P 101% reduction
"
1.5°C limit 1.5°C limit BAU 2°C limit
If we adopted all five interventions we would (67% chance) (50% chance) (67% chance)
reduce emissions but also sequester carbon by \ w I [ . (fondand fo0d)
i A __ Wecan only emit t from all sources (food and non-foor
growing forests and grasslands on current farmland. e e o Ko e o b 3100

This would result in net negative emissions.

*Based on the EAT-Lancet Planetary Health diet which includes reduces but does not eliminate meat or dairy consumption.
Source: Michael Clark et al. (2020). Global food system emissions could preclude achieving the 1.5° and 2°C climate change targets. Science.
OurWorldinData.org - Research and data to make progress against the world’s largest problems. Licensed under CC-BY by the author Hannah Ritchie.
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Emisiones a nivel Mexico

Emisiones de GEI '% Emisiones de GEI de la Produccion Agropecuaria [

Desperdicios 5,9%
’, Cambio en el uso de la tierra

noi e Quema - residuos de cultivos 1%
y Silvicultura 6,3% @ r Residuos de cultivos 2% ]

Manejo de abono 4% 1

Procesos industriales 8,2%_ - ~ Quema - sabana 2%

Abono aplicado al suelo 3% 1
.- & Fertilizantes sintéticos 10% W
- & &
- f .Y fa e 00[”1%‘\
UfFNS Fermentacién entérica 53% |

\\ Abono dejado sobre
pasturas 25%

Energia 67,3% Agricultura 12,3%

¥50,2% %% 49,8%

e 46,2 megatoneladas 45,5 megatoneladas
R de emisiones de GEl totales de emisiones de GEl totales
~_ - porcultivos agricolas por la ganaderia

CIAT CCAFS, CATIE
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Emisiones a nivel Sinaloa

Emisiones de GEI de la Produccién Agropecuaria 2!

CO,eq
7,89 megatoneladas
Manejo del ___
B estiércol
0,6%

4 ongdet™

Fermentaciéil
entérica
18,3%

<

Lulrives

Fertilizantes
Nitrogenados
81,1%

CIAT CCAFS, CATIE




Importancia Trigo energia diaria

Daily kcal from wheat
Rank

*  Data sources:
2 3 4-5 6-10 > 10 FAQ GAUL
- - FAQSTAT 2022

No data or not relevant

WCIMMYT.



Importancia Trigo proteina diaria

Daily protein per capita from wheat
Rank

3

2

"~ Data sources:
4-5 6-10 > 10 FAO GAUL
- - FAQSTAT 2022

No data or not relevant
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Emergencia cambios positivos o negativos
para trigo

Wheat Climate Impact Emergence

'3% J.i"*! 'f'ﬁ
& ‘ Wheat Area Share Showing Emergence
4
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(] T T T T T
2000 2020 2040 2060 2080

Jaegermeyr et al, 2021
Nature




Impacto de cambios positivos o negativos para
rendimiento de trigo

Wheat Yield Projections

2022

40 -30 -20 g=10 0 +10 +20 +30 +40
Percentage Change

Jaegermeyr et al, 2021
Nature




Impacto de cambios positivos o negativos para
rendimiento de trigo
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Impacto sobre produccion de trigo en Jalisco, Ciénaga de Chapala

Zarazua-Villasenor et al., 2015

Cuadro 1. Escenarios futuros estimados de algunos parametros agroclimaticos del ciclo otofio-invierno en laregion de estudio

Parametro

Ciclo otofio-invierno
agroclimatico

1977-2006 2019-2020 2029-2030 2039-2040 2049-2050 2059-2060 2069-2070 2079-2080 2089-2090
Evapotranspiracion 613.6 658.4 666.7 683.8 698.1 715 733.5

753 771.4
(mm)
Temperaturadiurna  21.4 22.7 22.8 234 23.7 243 24.8 254 26
°C
Temi)erzltura 14.4 14.9 14.8 15.1 15.3 15.5 15.8 16.1 16.4
nocturna (°C)
Unidades calor 2330 2504 2502 2575 2623 2694 2767 2853 2923
(UCues)
Lluvia invernal (%) 3.8 33 3.8 3.7 2.8 3.1 4.1 3.5 3.7
Horas frio 148 16 26 0 0 0 0 0 0

WciMMYT



Impacto sobre produccion de trigo en Jalisco, Ciénaga de Chapala

Zarazua-Villasenor et al., 2015

Conclusiones:

e Reduccioén horas frio

 Aumento temperaturas diurnas y nocturnas
 Aumento de estrés de calor

 Aumento de evapotranspiracion

WciMMYT



Impacto sobre produccién de trigo en México
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Impacto sobre produccion de trigo en México

RCP 45 Riego RCP 85
b)Irrigated

Riego
a) Irrigated

Yield change (%)
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25to 30
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b Temporal Temporal

OtoS
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Cambio rendimiento

Climate change impact on Mexico wheat production
Hernandez-Ochoa et al., 2018
Agricultural and Forest Meteorology 263 (2018) 373—-387
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Adaptando produccién de trigo en temporal y riego en condiciones semi aridas en

Hernandez-Ochoa et al., 2019

European Journal of Agronomy

Volume 109, September 2019,
125915

México

Manejo y opciones para mejoramiento

Cambio rendimiento
Grain yield change (%)

Grain yield change (%)

Cambio rendimiento
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Temperatura maxima Deg Celsius

Cambios temperatura maxima
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Temperatura minima Deg Celsius

Temperatura minima Deg Celsius

Cambios temperatura minima
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Adaptando al Cambio Climatico: Trigo tolerante al calor
muestra su valor en campos de productores en México

Rendimiento en el Valle del Yaqui (Kg/ha)

Rendimiento de trigo en el Valle del Yaqui vs Promedio de temperaturas

minimas de 1980-2018

7500
/.2012
7000 - 2013
2018 -
b4 ~ §2016
CIRNO
6500 - . @010 2011
y= 10886 - 452X ‘/ 2017 2005 ® @ 2
— el 2008
22(.92 - 2014 .
6000 -| r ) .
- 2001
o .
2002
e
5500 - o
@ y=10819 - 579X
2015 r= 0.80
5000 A 2003
4500 -
4000 T T T T T T T T T
120 115 110 105 100 9.5 9.0 8.5 8.0 7.5

Promedio de temperatura minima de enero- abril °C

Ortiz-Monasterio, Braun y Lobell, 2018

1°C incremento = 700 kg menos rendimiento
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60 anos de rendimientos de trigo bajo riego en el Valle del

Yaqui
9000
gs00 OO Durum Wheat
\O- y =-579x + 12502

8000 L \\\\ R2 - 0.9784
S 7500
=~
oT1]
-
~ 7000 }
>-
o

6500 F Bread Wheat .

y = -403x + 10566
R? = 0.9055
6000 | 0-90
5500 . . : - : :
6.0 7.0 8.0 9.0 10.0 11.0 12.0
Tmin J-M

Fisch t al., 2022
ischer et a WCIMMYT.



Impacto de calentamiento sobre rendimientos de trigo

Figura 4. Relacion entre rendimiento productivo de trigo
y horas frio registradas

Ton/ha

.®

150 350 550 750 050
Horas Frio

Moreno Dena et al., 2018 WCIMMYT.



28'N
Yaqui River
- Yaqui River Reservoirs
Yaqui River Watershed
- Irrigation district 041
Data sources:
0 62,5 125 250 375 500 INEGI
— T km FAO GAUL
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Rio Yaqui
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Precipitacion (mm)

Precipitacion (mm)

120
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Cambios precipitacion largo plazo

Precipitacion promedio actual(~™) y futuro (~)
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Sobre Explotacion de Acuiferos

"5‘_,‘-.._& | | B sobreexplotado

., Con intrusion salina

1 Y *, N A

L \ L \\ N Con salinizacion de suelos

} \\“. “' ] i ,_J "\l Su.llareexpl-nuda con intrusién
o Al _ i\ salina

Y Sobreexplotado con salinizacidn
de suelos

Sobreexplotado con intrusién
salina y salinizacion de suelos

- 259 el 1 oan T
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Regiten hidroldgico-administrativa: f
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1% Golla Meate: X Golfe Centda: X Fronterd Sur: X1 Peninsula "‘-_:‘Jh i, X -

de Yucatin: X1l Aguas del Valle de México. e " i - ; "“I
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Fuente: e J

Elaboracion propia con datos de:

Conagua, Extodisticas del Agua en Mizica, 2008, México, ro08,

Ntmero de acuiferos
Niimero Con i " Bajo el fenomeno de Recarga media
de RHA Total Sobreexplotado or;[:::ir::lon salinizacion de suelos y (hm?)
aguas subterraneas salobres

I 88
11 62 10 5 3207
I 24 2 3076
v 45 1 4873
v 36 1936
VI 102 18 8 5935
VII 65 23 18 2376
VIII 128 32 9656
IX 40 1 4108
X 22 4599
XI 23 22718
XII 4 2 1 25316
XIII 14 4 2330
Total 653 105 18 32 91788

Fuente: Conacua (2016b).



Usar la variacion de adaptacion a estrés abiotico de especies
progenitoras de trigo en el mejoramiento

Leaf surface area
and thickness a Ear Photosynthesis
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Leigh et al., 2022
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Adaptacion a estrés abiotico de trigo
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Villalobos-Lopez et al., 2022

WCcIMMYT.



Usar diferentes metodos de mejoramiento para la adaptacion a

estrés abiotico de trigo en el mejoramiento

a) Conventional Plant Breeding
V4

X

b) Grafting and rootstocks 1.

» Transgenesis v
Scionf [ } -

;I" 2

) Plant genetic modification breeding
5 % 25 % 12‘/

o
Ba Abiotic stress Agrobactertum

tolerance genes lumelacienis
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Abiotic stress 3 B 9 plants
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Villalobos-Lopez et al., 2022
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Cerrar la brecha de rendimiento

Senapati et al. 2022

Grain yield

Genetic yield
potential of a
crop species
(Y)in
irrigated (Y;,)
or
rainfed (Y,,)
conditions

Potential yield
of current
local cultivar in
irrigated (Y,) or
rainfed (Y,,)
conditions

Genetic yield gap (Y;;) due to
suboptimal genetic adaptation

Yield gap (Y,) due to
suboptimal management

Actual
average
farmers, yield
(Y,) in rainfed
or irrigated
conditions
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Ferti-Irrigacion de goteo sub suelo
en sistemas de arroz-trigo en la India

Straw muich

e 20% menos uso de nitrogeno
* 50% menos energia para bombea

T i e Iﬁé’"
; 33.75 cm ec - 3e y20cm

* 50% menos consume de agua 3375 em

=

Row Spacing 22.5 cm

y20.em

67.5cm

H.S. Sidhu, et al.2019

WCIMMYT.



Medidas para mitigar impacto de cambio climatico sobre trigo:

* Nuevas variedades mas tolerantes a sequia, calor y/o inundaciones (Inversiéon
publica y privada)

* Incrementar velocidad de Genetic Gains con fenotipeo de alto rendimiento,
modelos de cultivos y otras herramientas

* Explotar variabilidad de trigo guardada en bancos de germoplasma

* Aumentar velocidad de programas de mejoramiento y liberacién de variedades
* Agricultura de conservacidon (mejor retencion de agua en el suelo, menos
evapotranspiracion, mejor infiltracion de escorrentia, menos vulnerabilidad a la
erosion)

 Agricultura de precision y agricultura climaticamente inteligente

* Sistemas de riego de precisidon y goteo

*Planeacion a largo plazo de sistemas de cultivo y programas de mejoramiento

WciMMYT



Muchas gracias
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