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Through collaborative
research, partnerships and
~ training, CIMMYT works
4 throughout the developing

world to Improve

vellhoods and foster
more productive,

sustainable farming.
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disease-resistant, semi-dwarf _ CIMMYT scientists win the
Norman Borlaug is awarded World Food Prize

the Nobel Peace Prize

wheat and shuttle breeding
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Capacity Building

50’000 dayS Technical courses More than 10,000
Farmers'days ' gcientific and

tralnlng glven Workshops professional alumni
each year. phomscsudents | around the world.

’:1

Basic Wheat Improvement Course, Farmers Mela, Jabalpur, India,
Ciudad Obregon, Mexico, March 2015 September 2014
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CIMMYT Around the World

1200 staff from over 50 countries!
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Scientific Excellence
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Global Seed Distribution Network

Wheat Malze
# Entries 192,003 45,205 !

# Packets 506,470 50,024 ’ © | CIMMYT dispatches seed

sty i YR | CIMMYT International Testing globally from

& Cooperators %5 | in cooperation with partners Colombia  Mexico

4 Countries a3 55 T . . Ethiopia Turkey
# Shipments 321 421 N Maize ® Wheat A Kenya Zimbabwe
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Appropriate component technologies must be developed for each
cropping system

Pest and Seeders and Other relevant
disease other crop management
management equipment factors

Cultivar Nutrient Water
. Weed control
selection management management

Minimal soil Crop
movement diversification

Conservation agriculture as foundation for sustainable cropping
systems

Soil surface cover




Strategic systems research

based on long-term and component technology trials in contrasting
agro-ecological environments

Cd. Obregén

39m

Arid, irrigated
B g"ze’rgca" Wheat-based

High-input

El Batan*

2249 m

Semi-arid

Maize and small grain
Low-input

Toluca

2640m
High rainfall 1
Maize-based =
Low-input

Agua Fria
60 m




Conservation Agriculture Basic Principles

Savings in production costs
Higher profitability

. . average reduction in
Soil conservation

e . farm work
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Clirmate Change mitigation .
2 ange dropin ton/ha
¥ F&D. Basic data on Consanyation
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Grain yield (kg/haat 12% H20)

Grain yield (kg/haat 12% H20)

El Batan: rainfed maize and wheat
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LTT: yield results
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Rainfed conditions in central Mexico

Soil water content (0-60 cm) in 2009 season (with severe
drought 30-83 days after planting)

Soil water content (mm)
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Rainfed conditions in central Mexico

Maize yield (t ha* at 12% H,0)

Management practice 2008 2009 1997-2009

ZT, Keep 7.88(0.20) a 7.42 (0.63) a 5.65(0.02) a
ZT, Remove 5.65(1.26) a 3.63(0.30) b 4.43(0.27) b
CT, Keep 6.65(0.11) a 2.71(0.17) b 4.59 (0.05) b
CT, Remove 7.18 (0.96) a 3.28(0.67) b 4.31(0.23) b

Conservation
agriculture

Farmer practice
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Componentes e Impacto del Programa
MasAgro en México

WCIMMYT.



Investigacion sobre la
composicion genética de \r% M a SA g / O
las semillas para
aprovechar la
biodiversidad

Investigacion para
elevar el potencial de
rendimiento del trigo

Desarrolla y distribuye
semillas de maiz (criollos,
variedades e hibridos) y
fortalece las capacidades de
la industria semillera

nacional

Investigacion y desarrollo colaborativo de by wa
tecnologias sustentables, adaptacion, SAGARPA CIMM} =
entrenamiento y extensionismo para fortalecer | %, e e e

los sistemas de innovacion agricola



Oportunidad: biodiversidad

el \[2sAoro Biodiversidad
| 2provecha los recursos
E | ccncticos del y del
A ‘ trigco para beneficio de

WCIMMYT.



Oportunidad: duplicar el uso de
semilla mejoradag

Regiones y municipios donde se puede tener mayor impacto con los hibridos
690,500 ha

- Municipios con mayer impacto

Limites
[T Regional
[ Jrstata

Michoacan

Verweru

Cumpeche

Gucrrero

Oaxaca

e UBICACION
N RN ;
w@s \h\s ™ }:2 [
g Seleccién de municipios con mayer rendimiento y disponibilicac .
0 625 125 250 comercial de semillas.
I 7 Fuente: SEP-MasAgro Maiz, Encuesta de conversién 2015

FSTADOS UNIDOS MEXTCANOS

[YT.



: 56 companias en
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|

. |

| Cultivar semillas

| mejoradas sin
agronomia es como

| correr un auto

| deportivo en

| terraceria.

|

|

|

WCIMMYT.



Tecnologias para una Intensificacion Sustentable

Variedades adaptadas de Maiz y Trigo

Herramientas de diagndstico para Nitrégeno, Fdsforo y Potasio

Fertilizacion Integral

Agricultura de Conservacion

Maquinaria inteligente

Tecnologia post-cosecha

Tecnificacion de riego

Tecnologias de la informacion y la comunicacién para la agricultura (ICT4Ag)

Diversificacion y acceso a mercados

Otras herramientas y tecnologias (control integral de plagas, crédito y
seguros agricolas...)




Investigacion orientada a innovacion e impacto

Redes de innovacion
Captura de datos,

sistematizacion, analisis y
monitoreo / Bitacora
electronica, Conservation Earth
y otras herramientas M&E

Indicadores MasAgro Primavera-Verano 2012: Jalisco. .o
Capacitaciony
Agricultura de herramientas/ Agricultura
Comunicacion 4D&I /Boletines, precision Sustentable, Produccion de
celulares, redes sociales, teatro, /GreenSeeker, cultivos,
audiovisual, infografias, GreenSat, Fertilidad,Poscosecha,

comics... Mecanizacion |
~— |nteligente

“DoctorMaiz g\ DoctorTrigo



Areasde impacto
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Mapeo de redes de innovacion

La cobertura es el alcance que tienen los productores clave en la red

ERcA426
DDR Celaya
D %Cobamn
FRetd2 |
ERe221 9.75% | DDR Contizas
e —1 . i D E Cobertura
ERe2sy | ERer42 ; !
| | ER193
| ERet132
ERe044 7.25%
= ® ERel65
‘ DDR Leén | e ERess2
%gmn l =% .530221
{ERa:2 | 115m% .:0
|ERe26 |
e
. “Con los productores
seleccionados en los
DDR se alcanza una
[ DDA Deteres Fta cobertura promedio
/D Cobertura del 8.6%”
ERI&0 B cetvyn 1579
Cruh 1 Dolores (14.68%)
,%?7_ o B B0t (3.5¢%)
l FAMOO3 B eon 350w

En colaboracion con la Universidad de Chapingo (México) W C I M M Y T:m
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Asistencia Técnica

Los productores seleccionados en
La seleccion tradicional de productores logra MasAgro logran coberturas promedio de

coberturas promedio de Asistencia Técnica de _ o 11 3%
1.3% de las Unidades Productivas Rurales. Asstenqa Técnica de - de las
Unidades Productivas Rurales.

v" Mayor eficiencia de los recursos publicos

WSS P A T
® % de cobertura de los servicios de ATyC reportados por el Censo Agropecuario

B % de cobertura de los servicios de ATyC en redes MasAgro

WcIMMYT
Rendon et al., CIESTAAM



Impacto en el campo de los productores mexicanos

Rendimiento promedio aumenté en maiz 21%y
trigo 3%; ingreso promedio aumenté entre un 4%
-y un 25%

+400 entrenadores entrenados -> +310 técnicos
certificados -> +2,500 técnicos (22% mujeres) con
cobertura estimada de 17,000 productores

11.3% cobertura promedio de asistencia técnica,10
veces superior a la media nacional

+300 mil productores participan en MasAgro (21%
mujeres)

+970 mil has de impacto

Solo en México, 100 millones USD ingresos
adicionales para el campo

WCIMMYT.
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Safflower, maize, garbanzo, alfalfa, vegeta
y citrus trees

ble crops

Agro ecologically representative of environments where 40%
. of the wheat Is produced in the developing world




An example of adaptation to climate change in
wheat in Mexico

A



MEXICO

Published online February 6, 2007

Impacts of Day Versus Night Temperatures on Spring Wheat Yields: A Comparison of
Empirical and CERES Model Predictions in Three Locations

Dawvid B. Lobell* and J. ITvan Ortiz-Monasterio

ABSTRACT

Trends in recent temperature observations and model projections
of the future are characterized by greater warming of daily mini num
(tmin) relative to maximum (tmax) temperatures. To ad unde stand-
ing of how tmin and tmax differentially affect crop vields, we ana-
Ivzed variations of regional spring wheat vields and temperatures
for three irrigated sites in western North America that were charac-
terized by low correlations between tmin and tmax. The crop model
CERES-Wheat v3.5 was evaluated in each site and used to project
future response to temperature changes. Tmin and tmax ex hibited
distinet historical correlations with vields, with CERES successfully
capturing the observed relationships in each region. In the Yagqui
Valley of Mexico, historical vields were strongly correlated with tmin
hut not tmax. However, CERES projections of response to increased
tmin or tmax (holding other vanables constant) were amilar (~6%
°C '), indicating that the apparent historical importance of tmin
mainly results from covariation between te mperatures and solar radia-
tion and not greater direct effects of tmin on vields. In the San Luis-
Mexicali Valley of Mexico and in the Imperial Valley of California, the
opposite was ohserved: histonical vield correlations with tnuin and tmax
were similar, but projected responses to tmax were roughly three times
larger than tmin. The latter is explained by opposing effects of tmin
and tmax on grain filling rates in CERES, with higher tmin increasing
harvest indices. This model mechanism was not dearly supported by
historical data and remains an area of uncertainty for projecting vield
responses to climate change.

dition, impacts of extreme hot or cold temperatures,
such as winterkill in wheat or spikelet stenlity in rice, de-
pend on changes in daily extremes (Ziska and Manalo,
1996; Porter and Gawith, 1999).

Models capable of simulating the crop yield response
to temperature and other environmental factors are use-
ful tools to anticipate the impacts of climate change and
to develop appropriate responses. Commonly used mod-
els of the major cereal crops, such as the models included
in the DSSAT software (Jones et al., 2003), consider the
effect of temperature on rates of several processes affect-
ing crop yields. These processes include vernalization,
crop phasic development, leaf appearance and expan-
sion rates, photosynthesis and respiration, evapotrans-
piration, and grain filling (Ritchie and NeSmith, 1991;
Wilkens and Singh, 2001).

Several studies have used crop models to investigate
the impacts of asymmetric warming on rainfed crops
in the USA. Rosenzweig and Tubiello (1996) compared
the effects of tmin and tmax on winter wheat in the cen-
tral USA using CERES-Wheat and found that, for iden-
tical changes in average temperatures, increasing tmin
more than tmax resulted in higher simulated yields than
when increasing both by equal amounts. This dispanty
was attributed to reduced winterkill in experiments with



Fig. 2. Study site locations shown on an enhanced vegetation index
from the Moderate Resolution Imaging Spectroradiometer image
from March 2006. Dark pixels indicate higher values of enhanced
vegetative index corresponding to dense vegetation, which are mostly
wheat crops in this region at this time of year.



Predictions of the Empiric Model
(Regression) vs CERES 1980 to 2004
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Fig. 4. January-April average daily minimum temperature (tmin),
daily maximum temperature (tmax), and solar radiation (rad) vs.
observed (top) and CERES-simulated (bottom) yields in YV.



Modeling Crop Production with CERES

Soil Crop Genetic
: i Management
Properties Daily Weather Parameters g
CERES
H,O fluxes C fluxes nutrient fluxes

Grain Yield




Less than a 3% difference between the
predictions of symmetric warming of 1°C
between the empiric models vs CERES

Table 8. Modeled impact of 1°C temperature increase using em-
pirical and CERES models.

Simulated avg. yield change (%)

Sitet Temperature scenario Empirical model: CERES Difference

YV| Atmin = 1, Atmax = 1 —10.4 (—13.5, =7.0) —12.0 1.6
Atmin = 2, Atmax = 0 —17.0 (=23.2, —11.6) —11.7 —-53
_Atmmiﬂqmav_? —ﬁlflf ﬂ;l 111 =122 18

SV |_Atmin = 1, Atmax =1 -9.1 ( 15.3, —0. 6) —6.9 —2.2
Atmin = 2, Atmax = 0 —4.2 (—16. 2 7.7) —3.6 —0.6

_ Atmin = 0, Atmax =2 —12.0 (—=23.4, 1.0) —10.3 —1.7

IV | Atmin =1, Atmax =1 -6.6 (—11.2, —3.2) —7.0 0.4
Atmin = 2, Atmax = 0 —2.9 (—6.5, 1.6) —3.2 0.3
Atmin = 0, Atmax = 2 —10.1 (—16.6, —4.0) —10.8 0.7

T IV, Imperial Valley, California; SV, San Luis and Mexicali Valleys, Mexico;
YV, Yaqui Valley, Mexico.

+ Empirical models are summarized in Table 6. Confidence intervals for em-
pirical models (shown in parentheses) were estimated by repeating re-
oression for 100 bootstrap samples of historical data.



CONCLUSIONS

Wheat production in this region is very vulnerable to
increments in temperature.

Each increment of 1 °C in minimum and maximum
temperature will reduce wheat yields between 7 and
10%.

To maintain the current wheat yields with a forecast of 1
to 4 °C during the next 50 years, represents a
considerable challenge to the farmers of this region.

Plant breeders will also have a great challenge to
generate new varieties that can maintain the current
yields with a warmer future climate.



Wheat yield in the Yaqui Valley vs Minimum
Temperatures from 1980 to 2014
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Wheat yields in the Yaqui Valley vs average minimum temperaturas from
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Soil quality and vulnerability to climate change
in Mexico

WCIMMYT.
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ELSEVIER Agricultural and Forest Meteorology 114 (2002) 3143

www.elsevier.com/docate/agrformet

Soil, climate, and management impacts on regional wheat
productivity in Mexico from remote sensing

David B. Lobell*®*_ J. Tvan Ortiz-Monasterio .
C. Lee Addams®, Gregory P. Asner®"®

! Department of Global Ecology, Carmegie Institution of Washington, Stanford, C4 94305, USA
Y Department of Geological and Environmental Science, Stanford University, Stanford, C4 94303, US4
¢ International Maize and Wheat Improvement Center (CIMMTIT), Wheat Program, Apdo. Fostal 6-641, 06600 Mexico D.F, Mexico

Eecerved 12 July 2002 ; recerved in revised form 11 Auwgust 2002; accepted 14 August 2002

Abstract

Understanding sources of vanability in net primary productivity 1s critical for projecting ecosystem responses to global
change, as well as for improving management in agricultural systems. However, the processes controlling productivity cannot
be fully addressed with field- or global-scale observations. In this study, we performed a regional observational expenment
using remote sensing to analyze sources of vield variability in an imgated wheat svstem in Northwest Mexico. Four different
so1l types and 3 vears with contrasting weather served as the two main experimental factors. while remotely sensed yields
provided thousands of observations within each treatment. Analysis of vanance revealed that 6.6 and 4.6% of the vanability
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Wheat Yields
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Soil Types In the Yaqui Valley
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B.Compactado
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Wheat yield maps in the Yaqui Valley for the
identification of low and high yielding areas for
yield gap studies
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Science...

Science

News Journals Topics Careers

Science Advances  Science Immunology  Science Robotics  Science Signaling  Science Translational Medicine

REPORT

Integration of Environmental, Agronomic, and
Economic Aspects of Fertilizer Management

Pamela A. Matson , Rosamond Naylor, Ilvan Ortiz-Monasterio
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Nitrous oxide

N,O

In the Yaqui Valley it is possible to

reduce emissions by 50% without

reducing wheat yields by improving

nitrogen management (timing and Matson, Naylor and

rate). Ortiz-Monasterio., 1998
Science



http://upload.wikimedia.org/wikipedia/commons/1/1a/Nitrous-oxide-3D-vdW.png
http://upload.wikimedia.org/wikipedia/commons/1/1a/Nitrous-oxide-3D-vdW.png

Diagnostic tool that
allows us to establish N
fertilization needs for
each individual field

SITE SPECIFIC
Colaboration with

Oklahoma State University
Bill Raun



What does de sensor measure?

Near infrared (NIR) 774 nm e
(biomass)

Red 656 nm (Greenness) e i

NDVI Range: 0.00 -0.99 Y=

Vegetative Index

NDVI= Rye = R aey
+
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1. N Rich Strip

2. NDVI reading in the N rich strip and the
field that will be diagnhosed.

3. Use of an algorithm to calculate the
optimum N rate.
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2. NDVI reading in the N rich strip and the
farmer S field that will be diagnosed
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To be able to apply
the technology of
optical sensors it is
necessary to
calibrate it per crop
and region where it
will be used.
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COLABORATORS
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Fundacion Produce Sonora
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Area Under GreenSeeker Management in Southern Sonora
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COOPERATIVE FARM ADVISERS CIMMYT

AOASS Ing. Arturo Mufioz Dr. Ivan Ortiz-Monasterio
Cafiez (coordinador) Ing. Maria Elena Cardenas

UCAC Ing. Emilio Acosta M.
Ing. Julio Galaz Gil

UCAY Ing. Ramon Gil Cota.

UCAH Ing. Julio C. Espinoza.

AAVYAC Ing. Carlos Remy M.

UCAYVISA Ing. Radl Salinas G.

USPRUSS Ing. Carlos Rodriguez P |\
Ing. Manuel Ferra M. \
Ing. Carlos Quifniones.

UCAMAYO Ing. Manuel H. Alcantar &5

APRONSA Ing. Ignacio Mirandal. "



50 kgN/ha
13.5 pesos/kgN = 675 pesos/ha

Maintaining the same yield



Emission factors for wheat in México

WCIMMYT.



Five sites (8'site years)
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Global Meta-analysis

Shcherbak et al. 2015. PNAS

84 sites, ~230 site years
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Farmers have multiple routes to reduce N rate

« More accurate estimates of N need (e.g. MRTN)

Timing of N application (e.g. spring vs. fall)

Source of fertilizer (e.g. formulation)

Placement of fertilizer (e.g. precision agriculture)

« Cover crops use

N rate reduction is the integrated result
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N,O Emission Factor for Wheat in
Mexico

2000

N,O Emissions = 0.258 * e (0.00675 * Nrate)
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N,O Emission Factors of Different N
Sources in Wheat in México

DESIGN: RCBD with 4 replications

1
2
3
4

5
6
/
8

. 0 Kg/ha

. 300 KgN/ha urea pre-plant

. 180 KgN/ha as ENTEC-26 (26-0-0)

. 180 KgN/ha as Urea ESN (44-0-0)

. 180 KgN/ha as UREA FORTE (46-0-0)

. 90 UN/ha pre-plant as UREA + 90 UN/ha as Urea ESN pre-plant
. 180 KgN/ha Pre-plant as urea (46-0-0)

.0 kg N pre.plant + 100 N planting + greenseeker 1st irrigation



GreenSeeker handheld initial results: additional profits
and avoided greenhouse gas emissions, by year

. Additional Profits Avoided Emissions Total Profits Total Avoided Emissions
Year Total Area (ha

2006-2007 $6.69 0.19 2,445 $16,352 464

$(5.66) 0.20 4,232 $(23,952) 861
$99.39 0.23 6,662 $662,182 1,557
$60.42 0.23 7,724 $466,669 1,752
$37.85 0.14 8,877 $336,010 1,211
$9.30 0.24 5,671 $52,754 1,373
$18.66 0.22 5,665 $105,713 1,264
$10.56 0.16 7,149 $75,476 1,163
$34.92 0.20 48,425 $1,691,203 9,646

Lapidus et al., 2016



How to address disadoption

Government Policy

Business models




Valles del

Valle del Fuerte
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Area (Ha)

Area manejada con el Sensor GreenSeeker en Mexicali
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70 kgN/ha
13.5 pesos/kgN = 945 pesos/ha

Maintainig the same Yield
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Validation in Guanajuato

No. Municipio Parcelas
1 Acambaro 5
2 Apaseo el Grande 1
3 Celaya 2
4 Comonfort 3
5 Cortazar 1
6 Dolores Hidalgo 2
7 Irapuato 2
8 Manuel Doblado 2 _8
9 Pénjamo 6 g
10 Purisima del Rincon 2 S
11 San Miguel Allende 1 §
12 Valle de Santiago 4 S
13 Yuriria 1 E
Total 32 o7
Y %
}%“MEISAgI”O | Guanajuato §




Results in Irrigated Maize

Manejo fertilizacion | siembra |1raaplicacion|2daaplicacion| Total
Manejo sensor 95 111 67 273
Manejo convecional 9 124 105 328

Se observo una diferencia de 55 UN menos con el manejo del sensor vs el manejo
del agricultor que equivalente a:

(@)

whd

S

=,

S

-

valor g

Fuente S$/UN )

Urea 718.3 o

, Sulfato de amonio 938.9 &D
Y : ol
%% MEISAg/’O | Guanajuato Fosfonitrato 1067.0 §
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32 kgN/ha
13.5 pesos/kgN = 432 pesos/ha

Maintainig the Same Yield



CALIBRACION DEL SENSOR GREENSEEKER

Querétaro

Baja Calirforgia

e f Yucatén

Sinaloa

Guanajuato

. B

Edo. De México

Tlaxcala

Chiapas

Guerrero

Morelos

Oaxaca




What does de sensor measure?

Near infrared (NIR) 774 nm e
(biomass)

Red 656 nm (Greenness) e i

NDVI Range: 0.00 -0.99 Y=

Vegetative Index

NDVI= Rye = R aey
+

llllulI |I |I? |I? E ﬂl



MasAgrog

GREENSAT

N Diagnostics with the Satellite
Rapid Eye



Example of a wheat field in the
Yaqui Valley with a N rich strip

120 Meters

MasAgro

Modernizacion Sustentable de la Agricultura Tradicional
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NDVI from GreenSeeker
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Information from:
« 15 farmers fields
* N Rich Strips
 Control
Total of 30 points

GreenSeeker reading were
collected with +/- 7 days from
when the satellite image was

collected,

The satellite seems to
measure larger differences in
NDVI than the GreenSeeker

(Slope = 0.63). This will
have implications for N
recommendations
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GreenSat with SPOT 6 & 7
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Calculation of NDVI using the
internal tool
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Calculation of NDVI using the

internal tool

MasAgrog
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RESULTADOS

Rend. Potencial sin N,kg/ha: 1.451,24
Rend. Potencial con N,kg/ha: 1.453,54
Dias desde la siembra: 409
Fert. Unidades de N, kg/ha: 0,16
Fert. de N,kg UREA/ha: 0,36

& 2
Mapmyindia, © OpenStreetMap contributors, and the GIS

user community | USDA. ..




Sensor technology for nutrient management
different costs and scales
iSateIIite
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for your
Interest!
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