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Total fertilizer production by nutrient, World

Total fertilizer production by nutrient type (nitrogen, phosphate and potash/potassium), measured in tonnes per
year.
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Source: UN Food and Agricultural Organization (FAO) OurWorldInData.org/fertilizer-and-pesticides/ « CC BY

Global nutrient imbalance

CLICK TO VIEW
NITROGEN FLOW
BY CONTINENT

Average annual

Feast or
Famine o e

Nearly half the people on the planet wouldn’t be alive if not for the abundant Deficlancy Excess
food made possible by nitrogen fertilizer. Yet its benefits have not reached E e = i

everyone. In sub-Saharan Africa, where 239 million people go hungry in a year, = 4
crops fail as soil is stripped of nutrients, and farmers can't afford to buy fertilizer. Zero means the crop used exactly the
Elsewhere overuse pollutes ys and releases gases. amount of nitrogen applied. The ideal

range varies due to local conditions.

JEROME N. COBKSON AND LAWSON PARKER, NGM STAFF
SOURGE: PAUL G. WEST. INSTITUTE ON THE ENVIRONMENT, UNIVERSITY OF MINNESOTA
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At global scale, we will need to decouple future growth in
agricultural production from growth in fertilizer consumption

DRIVE
AGRICULTURAL
PRODUCTION

GROWTH

Y Axis Drivers i

RESOURCE
CONSTRAINTS
CLIMATE VARIABILITY

FARMER WELFARE, ACCESS TO
TECHNOLOGY & KNOWLEDGE,
& AGRICULTURE-RELATED POLICIES

DIETARY CHANGES .
m IFA 2030 Scenarios

Since 1990s Towards more precise nutrient management

* Crop breeding for higher NUE (little success); biofortification
* Wide range of NM recommendations; more emphasis on crop
* Precision farming technology (VRT, sensors, models)

* SSNM, ISFM guidelines and tools for smallholder farming

* Digital soil mapping

* Numerous new soil & plant diagnostic tools

* Diverse fertilizer products offered by the industry

* Increasing investment in fertilizer use in Africa

* Nutrient regulation & stewardship (Environ. concerns)

* Digital extension tools

* More recently: disruptive technologies, new entrepreneurs

- Overall investment in R&D has remained low and fragmented (public sector and industry)
- Poor adoption of many innovations
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Site-Specific Nutrient Management for
smallholder farmers

Potential yield Prices Irrigation water Diagnostic rules
(climate/season) . quality
]

Nutrient Managerlpsent Decisions for Rice, Wheat, Maize...

AINS

T | -ﬁ:ié—i ks ] T T
INS NPK Yield NPK Yield INS  NPK Yield
SR e R e [ S - Rice Crop Manager Apps
micronut. plant N plant N micronut. plant N (Bangladesh, India, Philippines,
monitoring monitoring monitoring Indonesia, Vietnam, China)
v * Nutrient Expert Apps for rice,
.............. _— wheat, maize, soybean and
P! F_H Pl F_H a F_H in 20 countries across
Crop 1 \ Crop 2 Crop 10 ca§sava n .
Asia and Africa
1994-2019 (10 years research + 15 years digital application) gﬂg&%’;w

Nutrient Expert® for Maize - Recommendation Sheet

SSNM performance in smallholder

- " - - Name and/or Location |Romeo Pascual; ; Colubot; San Manusl; Tarlac; Phiippines | Field ﬂn:: ha
farms in Asia and Africa (rice, mingram ] owt s
w h e a t’ m a i z e ) :::::;::e:;l: :::l:::amu for Hybrid maize

Yield goal 85| tha (14% ¥C)  Planting date: October - January
Planting Density j'lSJVSTj plants/ha  Distance between rows. na cm  Distance between plants 22 cm

At least 10-20% more yield and profit
30-50% higher agronomic NUE T 2

Less GHG emissions VE_ V3 VBVE  ViDorlater  Vi4VT e

. . Right ti Right source Right rate

Less water and air pollution : o et
More balanced nutrition — o :

Less soil mining e e -
Basal lication
Sef:e:::‘:(; spread the fertilizer evenly along each furrow and cover with sodl (2-3 cm thick to avoid contact with the

Less insect pests and diseases =
§:‘m:me each plant, about 10 cm away from the plant. Cover with sail by hilling up (8-10 <m depth).

3rd application
Put fertiizer beside esch plant, sbout 10 om away from the plant. Use farmaiite’ f available.

- Reached hundreds of thousands farmers, not millions
Other sources of nutrients

Crop residue (rice): | high

<«— Integration of organics

- Limited uptake by industry
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Why so slow and often unsuccessful?

A
Diverse environments - less standardization

Supply-driven R&D
Lack of resources, cooperation, openness

~
~

Too difficult, not scalable A

Too risky, too expensive
Policies Annual adoption rate

~
~
~

SAa

Adoption

Basic research Acceptance

Technology
development

<20 to >90%

Cumulative adoption

Release
0 10 20 30
Time (years)
BAU: industry operating 7)) Vigorous growth,
environment of recent 2 strong innovation
decades 3 2 2
o i :
commoniTy £ RS NEW New business model:
CLASSIC ; HORIZONS . anf
Innovative crop nutrition

Drive innovation

REDUCED
DYNAMISM

Environmental impacts
will be compounded

IFA 2030 Scenarios

companies that offer tailored
solutions with massive knowledge
embedded, including new
production technologies and
READY, more recycling.

Drive aggricull

SET, GO!

Innovations unleash
new ways of doing
business
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Industry interests and innovation drivers

* Operational efficiency (plant processes, logistics)

* Formulations and blends, including secondary and

micronutrients
* Inhibitors (new molecules & formulations)
* Smart fertilizers (controlled release)
* Biodegradable polymers
* Nanofertilizers
* Biostimulants/biofertilizers
* Customer orientation & customization
* Digital technologies

O ACCESSTO
FEEDSTOCKS

X Axis Drivers

DRIVE

COSUMER/NGO
/NALUE CHAIN
DEMANDS

INNOVATION

—

IFA 2030 Scenarios

SCIENCE,
TECH, DATA

- How to connect this better with publicly funded research?

11
Genomics-,
Evidence-based chemistry- and
More data_and crop nutrition . engineering- New knowledge,
data sharing, Customized enabled new targets, new
more timely, more NM solutions innovations modes of action,
analytics, Al ) ) new products,
Tailored & integrated nutrient recycling
Flexible & open
Systems-based
Better performing
Easier to adopt
Agrqe.colcfgy- .and Cropping systems, good
nu.trltlon-m.spwed management practices,
interventions more recycling, better
soil health
12
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Data- and Al-driven nutrient management decisions

DESCRIPTIVE ANALYTICS

DIAGNOSTIC ANALYTICS

PREDICTIVEANALYTICS

PRESCRIPTIVE ANALYTICS

Matthew Smith, Agrimetrics, UK

(IT) Post-emergence ni

nutrient
en management

Getting value from artificial intelligence in agriculture. Animal Production

Science (2018), https://doi.org/10.1071/AN18522

Determinant Governing forces
Yield potential (actual) Climate (actual)
1’/_4, HUMAN N input requirement Crop growth: biomass and N concentration
‘?;( DECISION Fraction of N applied Crop archi re, water pest
’6‘6;, ACTION incidence, prices
> o K T i
1 1 1 1 1 1
I I I I I I
p J 2} 1 H Pl 1 H
e sssreeeeeeees —
AUTOMATED | Crop 1 | Crop 2 | Crop X
DECISION 1 1
I I
1 I
L oP P, < : soil, seed
re-emergence nutrient managemen -
g & & fertilizer
Determinant Governing forces

Self-learning fertilizer recommendations +
real-time guidance throughout the life

cycle of a crop

Yield potential (mean, variability)
Attainable yield (goal)
NPK input requirement
Fraction and form of NPK applied

Genotype, climate (historical)
Soil potential (quality)
Indigenous nutrient supply

management, soil mineralogy, prices

Tillage, crop establishment method, water

= = = =+ Data acquisition

and m

Interp

Dobermann, A. & Cassman, K.G. 2002. Plant nutrient management for
enhanced productivity in intensive grain production systems of the United
States and Asia. Plant Soil 247: 153-175. (modified)
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Smart @
Healthcare

Smart @
Farming

91 mm

What’s Possible

Smart ®
Industry

Smart @
Consumer

“Personalized” NM, but who will develop, share
and validate application algorithms?

NeoSpectra-Scanner

Portable and handheld spectral

Above the Scanner
o Set the scanner on a flat surface
o Place samples on top

Point & Shoot
o Hold scanner in hand
o Point and shoot at samples

Below the Scanner
o Place samples on a flat surface
o Set the scanner on top

https://www.neospectra.com/

14
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Common standards and tools for responsible NM

And measure what it
means for small rice farmers

° - SUSTAINABLE \
¥ t k&

Imagine if all could agree
On what we even mean by o

Farmers Consumers
r-’:;@ A
& 5
> ﬁs . ..
-~
A: g R L. %
& [ ety ,,%_54,&’
c T f
. e S, :
Researchers Civil Society = q’“‘“"ln’:""@:‘h’l
e,
@ -
’ Improved Better Healthier
Policy Makers Industry livelihoods crops environment
Civil Society Groups So we could drive wide-scale

adoption of sustainable best practices

. Uncle
5 ey ]

MARS: 100% rice
sourced from farmers
working with SRP
standards by 2020.

International Rice Research Institute
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From grass to grass: turning abattoir waste into fertilizer

Soluble Carbon

Compounds
o Manganese Elicitors
Nickel I /, Nitrogen

Ph "
B~ Phosphorus

Molybdenum v ™ Z

Cobalt +— 3 —+ Potassium
I H M L O . S
Copper 4~ \\:Magnes\um

SUSTAINABLE
ORGANO-MINERAL FERTILISER

Iron Sutfur
Selenium Sodium

Beron

https://elementaldigest.com/

Small fertilizer factories that supplement the big supply chains and help us increase
the full-chain nutrient use efficiency

16
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Open innovation to engage, co-develop and scale up faster

* Build a prototype to test

* Test your riskiest assumptions
quickly

Host
Onboarding

* Learn and design, then test again
* Fail quickly; pivot; rebuild
* Scale up

Desirability
Usefulness
Eonienp Viability
Feasibility

Teams of biological scientists, computational
https://agilebiofoundry.org/ scientists, chemists and engineers

17
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\Y & Strategy

m DIGITAL SERVICES ALREADY EXIST - WE ENVISION AWORLD WHERE
SMALLHOLDER FARMERS HAVE SEAMLESS ACCESS TO THESE SERVICES

Plan the season
using market information, livestocl
prices, soil health, seed
performance and climate

predictions from a tablet

Order a Tractor Service
Use a digital service to order and
schedule a walk behind tractor for
plot preparation

Purchase Seeds and Fertilizer :
via mobile money using a bundled
loan secured with transactional history
and climate risk for those seeds

Learn New Techniques
Watch and discusses a video
demonstration of plant spacing at a
community meeting

Adjust to the Weather
Check weather forecast on a phone
and delay planting to avoid loss due
to lack of rainfall

Receive a Disease Alert

Based on a disease risk SMS from

the national surveillance system

procure and apply a fungicide to
protect the crop

Apply Correct Treatment
Receive advice from a smart phone = Receive a mobile money insurance ~ *
payment for lost crop due to heavy
rainfall through in the latter part of

the season

app on the proper medication for
sick livestock

Timely Agronomic Advisory

Use data driven agronomic advisory

to apply the right amount and blend
of fertilizer at the right time

% planni Q . : : R s e} -
= anning oY, Pre-Planting 'Y’ Planting In Season - Management (= Post Harvest & Market
~ 7\ ~\ ~\ 7\ >
A N/ \/

Insurance or Subsidy

Digital Market Access
Take products to a market
slightly further away because of a
better price secured through a
digital marketplace

© Bill & Melinda Gates Foundation |
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f DIGITAL SERVICES AND AG-TECH EXAMPLES (INDIA)

= i g lanti lanti ] Ins T &

[51 Planning o Pre-Planting ‘V Planting n Season e, Management =) Post Harvest & Market
~\ 7\ 7\ 7\ \ N\ \ M\ 7\ >
b hd N N hd N b N v

DeHaat”

Plan the season
using market information, livestocl
prices, soil health, seed
performance and climate

©
Samunnati

CHAIN FINANCE

i Purchase Seeds and Fertilizer

via mobile money using a bundled 3
loan secured with transactional history :
and climate risk for those seeds

@( e

skymetweather.com

Adjust to the Weather
Check weather forecast on a phone
and delay planting to avoid loss due

to lack of rainfall

@st@llapp

Apply Correct Treatment
Receive advice from a smart phone
app on the proper medication for
sick livestock

G

Insurance or Subsidy :
Receive a mobile money insurance
payment for lost crop due to heavy *
rainfall through in the latter part of *

predictions from a tablet

o)
TRiLEl N -
A8 TRACTOR CALL KARD

Order a Tractor Service
Use a digital service to order and
schedule a walk behind tractor for
plot preparation

v

Digital
Green

Learn New Techniques
Watch and discusses a video
demonstration of plant spacing at a
community meeting

D

@

plantix

o smrh

Receive a Disease Alert
Based on a disease risk SMS from
the national surveillance system
procure and apply a fungicide to
protect the crop

g

Cropin

Timely Agronomic Advisory

Use data driven agronomic advisory

to apply the right amount and blend
of fertilizer at the right time

the season

v
-

w

ninjacart

Digital Market Access
Take products to a market slightly
further away because of a better

price secured through a digital
marketplace

© Bill & Melinda Gates Foundation |
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[ DIGITAL PLATFORMS AND AG-DATA ECOSYSTEM POWERING

DIGITAL AGRICULTURE

Vision & Strategy

Chat &

Web Chatbots Apps

Delivery Technology

Primary Data

¢ § oxm_G

Weather loT * o Satellite &
Stations Sensors ““"- Drone
v

Imagery Livestock ~_Crowd History
Soil Field Monitoring  Sourcing
Diagnostics Trials Milk Prod.

i
v & ®
Surveys & Payment

Polic
L. Y4 y
Open A 6
o pata or I
FAIR n= Governance Policy 'l
National ID Finance Ag Ext.
Farmer ID Policy Policy

- Humans are involved in every layer, every component of this

Digital Products
.. '
Digital Farmer o @ X e -
. = ~ — |
Services ) oo (oS0} =1
Credit & i " Weather . Digital
Agronomic & Crop/Animal Digital igi
Insurance Livestock Disease Forecast Market Input
Products Advisory ‘Alorts & Alerts & Prices Ordering
Secondary Data
B
“!j". 5@ '=' A
EOF v am :
Pest & €l Famer D creat
Weather & Disease [T\  Profiles & Scoring
Agro-Climate  Growth & Models . Algorithms
Models Yield Soil Seed
Models Maps Suitability
Infrastructure
X oo B[
a)
C - Retai Handset
overage X
9 Cloud Stores ’ & Phone
Services API's Services

© Bill & Melinda Gates Foundation
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* An open source digital platform for
agricultural extension service

« Content management system

* Performance management

« Integration of multiple data sets
* Open, interoperable API's

« Multiple digital channels (e.g. IVR,
Video etc.)

» Starting with 2 use cases (Dairy and
Wheat) but expanding to others

Integrating Farm Data

Integrating Communication Channels
Integrating Market Services
Integrating Policies

OPEN SOURCE PLATFORMS

Sample BMGF investments

FarmStack

Farmer P
Passive data sources DA S
(Govt

. NGO, rasearch, private) Cortent ‘\
'
Cantent Prowsens '
(EMosys, Emismer. ’
CARE D ATA ik Video  Rado  WR  SMS ™ ... Aop Z Wiwactions
bR Al e Lo
Agplications/Services App pe 3
| Content (inputs, crop management, weather, soil health, Euiohome g * Ratngs
| Interface livestock, markets etc.) store
Farmer & DA Stack (CRM) S GeoCrop Stack (CMS)
: 2
Interaction History  (name, peve individual data) [Taxonomies

FarmStack AP|

Registries.
(Farmers, DAs, organizations, sensors etc.)

Security, Encryption, Privacy, Trust, Credentialing, Data standards

© Bill & Melinda Gates Foundation
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L&J CGIAR — The largest international agricultural
" %? research network
CGIAR
1
Engaged in EiA Platform development Bf'_?“}, .
; - — LACRSAT
i e T
it
» 130 agronomists engaged in > 140 projects, mainly through public funding
» New Excellence in Agronomy initiative
23
New growth model: strong innovation
Cooperate more
Data-driven but human-centric
ROTHAMSTED
RESEARCH
24
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