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CIMMYT

Part of CGIAR; founded in 1966
Mission: Maize and wheat science for improved livelihoods

13 offices

Afghanistan
Bangladesh
China
Colombia
Ethiopia
India
Kazakhstan
Kenya
Mexico
Nepal -
FT’E':I'(S:V""” < - 1,600 staff from over 50 countries

Zimbabwe With >300 partners

' Projects in over 40 countries
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Total N,O emission and % mitigation potential through reduction of excess N

appllcatlon |n malze (a) and Wheat (b) fields from maJor countries.
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Crop Nutrition & Agronomic Context
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* Result of Agricultural Panel Survey 12 2
(APS) in Ethiopia (N = 1400). .
— Extreme variability ~
* Spatially, temporally s
* Variability in responses to input E 6= S o= Se—_———
e Discourages adoption / scaling L il
s 471 £
— These differences cannot be explained 2 gl e 5
by differences in fertilizer supply alone S Il e o0 Sn & g« N
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s there a scale effect?

100 1

F"I-{I:I N) NI-"-il:I P) f*~.|F"|:I K)

* Most variance in yield responses to
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 Maize yield in rainfed N fertilization experiment in Central Mexico:
— Under CB (conventional tillage): low yields, fertilizer does not increase yield

— Under CA:
» Without fertilizer yield higher than under CB

* Fertilizer application increases yield
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Conservation agriculture

« Definition: farming system that promotes _ .
o o o Appropriate component technologies must be
— minimum soil disturbance (avoid tillage), developed for each cropping system
— maintenance of a permanent soil cover (residues

or cover crop),

— diversification of plant species (intercropping or
p p ( pp g v v Nutrient v Water

rotation) SHvar JEed manage- manage-
selection control ment .

« CA as foundation for sustainable agriculture solleune || i oul S
cover movement diversification

Conservation agriculture as foundation

for sustainable cropping systems
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o Study In long-term experiment in Ciudad Obregon
— Initiated in 2005 in Ciudad Obregdn, Mexico
— Furrow irrigation

— Focus on 3 tillage-straw systems with wheat (winter) — maize (summer) rotation
e CTB: conventionally tilled beds
* PB-straw: permanent raised beds with residue retention
e PB-burn: permanent raised beds with residue burning

— N balance: winter 2013/14
— ON study: established summer 2014

<L WciMMYT
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* N balance (input-output)

+59 kg N ha!in CTB,
+39 kg N ha~! in PB-straw,
+46 kg N ha-t in PB-burn

Input Output Extended N pool
I.f" 4
Erosion and Surface
water runoff Initial soil mineral N
____________________________________ 18 187 254 266
Atmospheric % -/'
deposition Grain N ' Residual soil mineral
--------------- ZDd | 128125126 N
# B 283 205 283

Irrigation water

N gaseous losses

Straw residues
1821 0

N 42 55 30
¥ fezr?t:gzer | N leaching
s M) 5161 46
Straw residues
0023

b

Legend: CTB, PB-straw, PB-burn

CGIAR

Mineralized root N
3158 517

e 15N study: N fertilizer recovery

After two crops: NFR highest for PB-burn (52%),
followed by 39% in PB-straw and lowest at 32% in

CTB
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e Our objectives:
— Maximize overall utility rather than yield
— Minimize use of external inputs
— Reduce environmental impact of agriculture

o Strategy for nutrient management in maize and wheat systems:
— Starting from limiting factors
— Tillage, crop establishment, crop residues
— Diversification, where possible including legumes,
— N management tools, technigues and strategies
— GHG mitigation work for all these practices

<L WciMMYT
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Nutrient Expert
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Nutrient Expert: a decision support tool for precision nutrient
management in maize, wheat and rice in South Asia

Hokewrk Marace: for Whed - Sart

Nutrient Expert for Wheat S et e ot Nutrient Expert for Hybrid Maize i e A

Werson 1,01 [Febnary 2003)

Werson 1.0
First time user? Working In a new location? Make sure to have the 'S¢iiings right!
First time: user? Working in a new locotion? Make sure to have the 'Scitings' right!

Nutrient Expert for Hybrid Malze hel ps you to:

Nutrient Expert for wheat helps you to: *develop an agtimal nlantin g densiy for your location

= evaluate current nafrient mana gem ent practices *evaluate curment mutrlent Mmanagement practioes

# determine a meaningful yeld goal based on attanable weld sdataming a mmhi‘ﬁ.ll'rhlll goal basad on attahisble 'ﬂIH

= gstimata fartilizer NPE rates required for the selected yield gaal vastimate fartiiear NPK ratus required for the selected yield goal

= trandate fertilizer NPK rates Inke fartilizer sources %
trand ate fertilipar NFY rates into fartilizer sources

= gevelog an applicaion strategy for fertilizers [right rate, right seurce, Aghtlecation, righttime], and 5

» compare the axpected or 3ctuz| benefit of currertand mproved practices. *davelop an application sratagy for fartiizers right rata. right sourca. right kacaticn, right time | and

reompar e the expected o sctual benefit of current and improved practice.

T #lart, cick a bulbon

Current SSNM Sources & Profit
FFP & Yield " Splitting "

To sitart, dick a button

IPNI, CIMMYT,
NARS

collaboration
In South Asia
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Nutrient Expert vs Farmers’ Practice in IGP

1094
in Haryana

864

wheat trials scientific reports

W P i

OFEN Crop nutrient management
using Nutrient Expert improves
yield, increases farmers' income
and reduces greenhouse gas
emissions

Tl B Sagite 7, MusgiL_ ot 5%, Dhasaimi . Rane', Arus Kbt Chhet?,

Hanuman 5. lat', Despak Bgarsiye®, Babar M. Stabya”, Masish Kurmar", Lava K. Singh",
R K. 1o, Kadash Kabvnsiya’, Gl Prasad?, Hasmindr & Sidhirl Munmiin R,

T. Satyanarayana™ & Kaushik Magund

730

rice trials

in Punjab

1594 4 years
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Fertilizer input & Yield (NE vs FP)
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Nutrient Expert vs Farmers’ Practice
Environmental Footprints

1,400 5,000
o . NE
e T 5,000
QD
1,000 o
3 & 4,000 -
£ 800 3 Tb
z O 3,000 -
§ 600 2
= < 2,000
§ 400 &
W
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0 - 0
Rice Wheat Rice Wheat Rice Wheat Rice Wheat
Western IGP Eastern IGP Western IGP Eastern IGP
Compared to FP, NE-based fertilizer management lowered GWP by
e about 2.5% in rice
e between 12 and 20% in wheat
4& (Sapkota et al. 2021) VictiMMYT.
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NE benefit over farmers’ fertilizer practice

In 2016-17 India @
produced 109.7 and
98.51 Mt of rice and
wheat, respectively

COUNTRY-LEVEL . o
IMPLICATION Adoption of NE In rice-wheat

system in India provides

Annual fertilizer It our result of ) )
nitrogen Greenhouse Gas 13.92 Mt extra grain with 1.44
consumption in emission saving by L.
India for th i 2.5% in rice and 20% in wheat P
Iibur;; -T?y:gahrﬂs due o Nutrient Expert-based fertilizer Mt IeSS fe rtl I 1IZEr N use and
o i - " management could be achieved in all 1
v fS:‘: :;I:i;gt::‘s : b rice and wheat areastir?ttl'ne country, 5 . 34 Mt Coze G H G red u Ctl O n

wheat production thiz will translate into:

per year
Greenhouse Gas saving _
N of 5.2 Mt CO,6 10, 061 Mt (14 million cars off the road

nitrogen saving due to ShA8 Ronce p er ye ar)

Nutrient Expert-based

fertilizer management in
rice and wheat will be about

1.44 M1 with hugs implications
on cost and Greenhouse
Gas saving

4.63 Mt GDE«E
from wheat
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« Site-specific fertilizer advisory is needed
* But, how can we incorporate site-specific factors in fertilizer advisory?

e Assumptions
— The DST-prototype Nutrient Expert® was ‘technically ready’

— Its design would require only minor adjustments to user, advice needs and the
specific institutional settings

<L WciMMYT
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CGIAR

Experiences with Nutrient Expert in Ethiopia

Performance trials:

Yields on average 70% higher than targeted yield Recommendation | N P20s K
Yields not correlated with the NE-targeted yield :Et*f”d — [k‘%’gﬂ [k%{:a] {kﬂa’;‘a}
NE advice did not lead to superior yield over regional utrient Expert
- : Regional 102 69 0
(blanket) fertilizer recommendation
. - : _ : : Soil-test based 120 28 2
NE: higher N-rates, similar yields: economic benefits?
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Field-specific factors...

Response of maize to

NP fertilizer varied with
—Slope

—Landscape position
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o Site-specific NM with decision support tools is realistic in the digital era
« Understanding farmer practice (e.g. plant spacing, manure use, etc.)

* Tool design principles:
— Investment-based (not target yield)
— Balanced use (N:P ratio)

— Stronger focus on site-specific management practices and field conditions (key to
Crop response to nutrients)

— Cautions with yield prediction

<L WciMMYT
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Remote-sensing-based Fertilizer
Recommendations

<L WCIMMYT.
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Optical sensors to determine rate

e General principle:
— Diagnostic tool to identify site specific N needs

— Compare N rich strip (without N shortage) with rest of the field before
second fertilization, to determine needed N

N Rich Strip N Diagnostic Area

NDVI=080

<L WiciMMYT.
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Sensor technology for N management: different
scales and costs

~ satelite In Mexico:
 Algorithm originally
developed with
GreenSeeker

* Validated with different
tools, showing good
correlations between
recommendations based
on different tools

* Most successful for scaling
with larger farmers: drone-
based recommendations

120,000 USD

WiciMMYT.



ensor technology — drones

e EXperience in Yaqui Valley, Mexico
— Service provided by several private companies, based on available algorithm
— Potential for differential rate application (aprox. 15 cm resolution)
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Research started in 2005 (CIMMYT/RWC-
ICAR-PAU-Oklahoma State University,
USA)

Calibration curves (South Asia adapted)
developed and validated for wheat, rice and
maize

Hand held GreenSeeker sensors are being
used by extension agents and farmers
(using android phone based urea
calculator)

Over 500 hand held GreenSeekers in use
now

o

CGIAR
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Omission Trials
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Network of 64 omission trials 2011-2013 in maize in Mexico
T i LSLP 2 Gua.naj.u.a.tcl 3

i 8 Treatments
o « Complete fertilization:

N-P-K-Z2n-B

5 trts with omission of
slisco S A { one element
* |\ | P 2 '1 » Control: without
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;I\"' ._ 2 ¢

: u.‘ Quintana Roo 2

CQuerdtaro

1

Michoacin

' i 7 Guerrero

Edo. México e 8

R o
L :*.-.
S

'“ Tlaxcala 6

WiciMMYT.



Main nutrients limiting maize production in different regions in Mexico

- I —— — . ek ie _1_'23
Clasificacion de elementos por hub que influyeron en el rendimiento de Maiz -
en los ensayos de Omision de los anos 2011,2012 y 2013. |
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Technology layering
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Technology layering for sustainable intensification
(CA+ Diversification+ Precision Water & N)

Scenarios Grain yield Irrigation water use
SCIENTIFIC
(t hat) (mm hat) REPORTS

milurcrscanh

OFEN Re-designing irrigated intensive
cereal systems through bundling
precision agronomic innovations for

transitioning towards agricultural

Conv RW system-Flood oL} 5.68b 13.36b  1886a 435a  2321a sustainability in North-West India

HL5. da, P S, Astin Do, Madiy Chiedhin, 5. K. Rabiadiva?,
WnehAT e gt HETT 7 5, Sl B, Germed g, L, e

L (LR ) 5

CA- RW system-Flood 5.87b 6.47a 13.06b  1447b 385a  1832b

CA- RW system+ SDI 6.30b 6.70a 13.75a  785c 207b 992c

CoC VA gl 7.14a 6.51a 14.38a 110d 372a  482d e e e e o
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e mvsirm fer

SN ASe sl 7.48a  6.59a  14.8la 85 1980  283e S

WLAR. Levral 5w Sty Busaacb b (850T), Carvel, Harvan, o, Uelerabesal W o Weast
PrzTerH I CAm T YT, AT Y, e m Doriisg e F Sk e DEA TV, Lk, Ins
Selmre o Mz 4w W g I e e £ VYT BBt T, M, Teme prskare kel
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o
-
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b
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« SDI=subsurface drip irrigation
» Has potential for at least 50 mha
« SDI system saved fertilizer N by 20% under

CA systems
(Jat et al. 2019; Sidhu et al. 2019) WciMM YT




Innovation Systems and Farmer Data
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Knowledge hubs for innovation in agri-food systems

Infrastructure ready to mea.gla.e_.effects and calibrate models
Network of stakeholders ot . *e :} :o.-...
——_— 21 e il
- .' -——n Input suppliers l. o g ® o0 of :. 2 L] o*
e L / ®e®% ®eee® o o’e <% o....
-:' a. \ .\' | . ) » . @ .. ...:.
. / : - g N _"'-“.ﬂ _ . *" & h . ¢ ot Hub managers
[ e \ N LA L e%
« ) -' [P . t-'l‘:‘":' T N Fermere £°: s %o S Trainers
;;{' ‘!‘ q o ' 'Y ;-.N-' P LS ® " ® .o:';.': ::‘:g Extension agents
AP SIS N AN Pl 0% o Lot 33 Farmers
- 1\ ) * ? "r-" . )_T-"\-—--uExtenslun sevices % SJe K D
'ci " 1 » ‘__.t_;:_\ ; a

\"\ t-_-p ﬁ:"‘--.,___ o .—'_-""h.
Modules o 4

Agro-ecological ragion

sesi mh (Gardeazabal et al. 2021)




How does €-Agrology work?

cluster analysis
predictive models>
understanding trends

prescriptive
analytics

training

machine
learning
models

* AGROTUTOR AGROPULSE
pre-

processing tidy

& datasets extension services and
descripti T
b o - network validation

CGIAR

AGRODATA data
data curation &
collection integration

Reaching
1,322,177 ha with
218,577 farm logs




‘ REGISTRO EVENTOS PLATAFORMAS POSCOSECHA TODO

@ Crear Registro de productores

REGISTRO DE PRODUCTORES
B v ] =

MNombre{s) del productor

. Vista Registro de productores

@) i

Recientes

Apellido Paterno L Apellido Materno &

Cristhian Antonio

Bitacora Agr_,

Huatepec, 2020-07-2
18:00:06

GESTIGN DEL ORANG

ASDCIATIVIDA L oo

HEMSTRD EWVENTOS FLATAFORMAS FOSCOSECHA

Felipe de Jesus. 2020
17-59-48

Bitacora Agr_,
17:44:59

Cultivos 2020-07-28
17:38:43

Bitacora Agr_,
14:49:4F
1

La oreja, 2020-07-28,

Jonhatan Oscar 20y, ;o
13:25:15

nsinacciones de cresacon del Area
s Satellite Pulie &l Dolon Zoussodo del maga, 8n un maod
P dURMEE : | 32008,
4 Haga cic en &l primer purio &2 marcador para
Reszngrar | | Usar coondecaciys fe B sons

& | Dscna. Wisioo

Aplicaciones_ 20

Cosrdenads resulados (g la el

CGIAR

ID del productor < Usuario &

12 tecnicobimbo2

? tecnicobimbo2

g tecnicobimbo2

10 tecnicobimbo2

& tecnicobimbo2

2483 JulioGonzalez MasAgro Ingp

2653 RodolfoMartinez_SVida Goto
=
i

Future: connection with
Excellence in Agronomy,
especially to strengthen
advisory

WiciMMYT.
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» Tesfaye et al., 2021. Model comparison and quantification of nitrous oxide emission and mitigation potential from maize and wheat
fields at a global scale. Science of the Total Environment 782 (2021) 146696. https://doi.org/10.1016/j.scitotenv.2021.146696

e« Grahmann et al. 2019. 15N fertilizer recovery in different tillage-straw systems on a Vertisol in north-west Mexico. Soil Use and
Management 35, 482-491, DOI: 10.1111/sum.12495.

e Grahmann et al. 2018. High N fertilizer application to irrigated wheat in Northern Mexico for conventionally tilled and permanent
raised beds: Effects on N balance and short term N dynamics. Journal of Plant Nutrition and Soil Science 181, 606—620, DOI:
10.1002/jpIn.201800011.

 Gardeazabal et al., 2021. Knowledge management for innovation in agri-food systems: a conceptual framework. Knowledge
Management Research & Practice, https://doi.org/10.1080/14778238.2021.1884010

e Sapkota et al. 20. Crop nutrient management using Nutrient Expert improves yield, increases farmers’ income and reduces
greenhouse gas emissions. Scientific Reports 11:1564. https://doi.org/10.1038/s41598-020-79883-x

» Bijay-Singh et al. 2011. Assessment of the nitrogen management strategy using an optical sensor for irrigated wheat. Agronomy for
Sustainable Development 31: 589-603.

* Bijay-Singh et al. 2015. Site-specific fertilizer nitrogen management in irrigated transplanted rice (Oryza sativa) using an optical
sensor. Precision Agriculture. DOI 10.1007/s11119-015-9389-6
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