Cutting — Edge Rice Science for
Food Security, Economic Growth
and Environmental Protection

Global Rice
Science
Partnership

R. S. Zeigler
Director General

International Rice Research Institute

Rice
_Science
for a Better

W@rld



Science

CGIAR Partnership

F
al R'-ICC
Science
for a Better

W@rld

 Perhaps the oldest

What is rice?

domesticated crop
— Tremendously diverse

 More than just food
- Though itis the
primary staple for

billions (~ 50% of
world, > 70% of poor)

And it grows under
monsoon conditions
where no other major
Crops can grow
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INTERNATIONAL RICE RESEARCH INSTITUTE

Los Bainos, Philippines

Mission:

Reduce poverty and
hunger,

Improve the health of
rice farmers and
consumers,

Ensure environmental
sustainability

Through research,
partnerships

www.irri.org
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Home of the Green Revolution
Established 1960

A case study in applying research
to development



The Green Revolution in Asia

1960s

 yields ~1.5 t per ha

* widespread famines
predicted

i |5 Today
* yields ~4.5 t per ha
e economic growth

IR8 (semi-dwarf)
launched the Green
Rie Revolution and saved
Fofgﬁgeﬁﬂ millions from starvation
W@rld

Science doing what people said
could never be done
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ACIAR Impact Assessment

« ACIAR 2011 impact
assessment of IRRI’s
rice breeding
- Vietnam, Indonesia,

I 1 Philippines
S | s illi
CGIAR | Farmersip ¢ $146 billion per year
lnte_rnati'onal ’t{jiceuzfgrerat:)crl"ice
!Ir;srti:.:ratleysieclglnimgrovement in f r O m 1 9 8 5 = 2 O O 9

South-East Asia

ACIAR IMPACT ASSESSMENT SERIES

“This means farmers are now harvesting more rice per hectare, which

not only lifts them out of poverty, but contributes toward the worldwide
Rice challenge of feeding the estimated global population of 9 billion people in
bdence  2050,” Minister for Foreign Affairs Kevin Rudd September 2011.
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Rice: The Global Staple

« Staple food for more than half of
humanity
- Primary staple for >2/3 of the world’s poor
— 3.5 billion obtain > 20% of calories from rice

 Consumption growth in Sub — Saharan
Africa is fastest in the world (5%/yr)
— Import ~ 40% of consumption from Asia
 Most important staple of the poorest
segments of Latin America

- Fastest rate of growth among all staples
(2%l/yr)



If we want to do something about poverty,
It IS clear that we must invest in rice

Rice Consumption Poverty
Annual consumption per capita Each dot represents 250,000 people
<25kg 25-50 50-75 75-100 >100kg living on less than $1.25 a day, 2005

| || | T I
Over 70% of the world’s poor are in Asia

90% of the world’s rice is produced and consumed in Asia



The face of poverty
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Rice is typically grown by small family
farm enterprises (<2 ha)

And most rice farm
labor is by women
and children...

Will (should) this be
the way of the future?
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Where Will the World’s Rice Come
From?

ldeally from increasing productivity on
existing rice lands, mostly in Asia

BUT, in Asia:

- Land is moving out of rice
- Labor is moving out of rice
- Water is moving out of rice

Major changes in production practices
and increases In efficiency Just to stay
where we are

Significant new rice lands may be
needed
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To Make Matters Worse: Climate Change
Effects on Rice Production Hit Asia Hard

TEMPERATURE INCREASE

_n ‘ CHAMNGES [N RAINFALL

WEATHER HAZARDS



A concept for 3
Managing rice and
rice systemsina
changing climate:
the Rice and Climate
Change Consortium

(RCCO) '

Climate and Rice

* Global climate change will affect

rice farmers for decades to
come.

— Rising temperatures can negatively
affect yield. (+1° C=10% yield
drop!)

— Extreme environmental events can
increase frequency of drought,
flooding, and sea water intrusion.

Changing rice production
systems will change GHG
emissions from rice fields

There is a clear and important role for developing

Rice

rice varieties and management practices

Science that can cope with climate change.

for a Better
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In the Future Climate the World Needs

* Rice varieties that
— Tolerate higher temperatures
— Survive prolonged flooding
— Tolerate drought
g |5 — Tolerate soll salinity
ccccccc * Production practices that
- Require less water

— Use fertilizers more efficiently
- Require less labor

« Systems that provide sustainable high
Rée ylelds
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Cannot Overestimate Central Role of
Germplasm for Coming Generations

Less than 5% used in rice
Breeding programs
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IRRI holds in trust the world’s largest collection
of rice genetic resources...> 110,000 accessions



IRRI Public Genetic Diversity Research Platform
dissemination

Durable disease- Drought, flood tolerance
pest resistance _
Climate stresses Problem soils

Current
problems

Future
challenges

Phenotype-
genotype
association

Science

CGIAR Partnership

Conserved Germplasm
Breeding Lines
Specialized Genetic Stocks

Rice 3ano®

Science 1)

% &lic :
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DNA Sequencing Costs Plummeting

Cost per Genome

$100,000,000

$10,000,000 Moore's Law

$1,000,000

10° human
$100,000 hair
HHH“li“”mH[m National Human
$10,000 ||||| I|||| Genome Research
: Institute
Nanopore Technology

Will Lower Costs Even
More




Sequence and Evaluate ~10,000 Rice Accessions

3000 diverse rice lines clustered by
molecular markers

« Developing high-density
genotyping Affy arrays with 1 M
SNPs g

* Includes newly discovered SNPs W/
from >150 genomes and from N S
other projects N\

 Initial genotype 3000 rice lines
spanning range of diversity

Admixed

Admixed

e http://www.ricesnp.org

« Partners include Cornell, USDA,
AfricaRice, CIRAD, Bayer | _
CropSciences, Syngenta, o |
CIAT,BGI — CAAS, USAID Linkage :

» Coordinated collaboration in bioinformatics & data management: adhere to
highest standards of public access


http://www.ricesnp.org/

IRRI Wild Species of Oryza: The Resource to
Meet Tomorrow’s Challenges

L&J i
S? zcl;balRice
CGIAR | parinarhip
O. minuta O. brachyanta O. rufipogon O. longistaminata
F
S&lgoe 1Drought, salt, Jlnsect 1Disease Yield and
for a Better flood, heat... resistance resistance nutrient use



Genetic Diversity

\

Wild Relatives ~
Ancestors
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Early
Modern Breeding

Domestication

Local Adaptation ~
Traditional Varieties

i

Speciation 15MBP

Today’s
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Tomorrow’s
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Evolutionary Time



Transfer of natural salttolerance from Oryza coarctata (KKLL genome),
awild species that grows well in brackish water

Research
Program on
Rice

Global Rice
Science
Partnership

CGIAR
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for a Better
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Sea level trends: The future

different
scenarios

Sea level rise [cm) ’

— Satellite measurements
— Trend

— == IPCC Scenarios

D Range of uncertainty for
IPCC Scenarios

2005
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Mega-river deltas of Asia

50% of rice production growth in last
25 years came from delta countries

Elevation above sea level [m]
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* Flood tolerance

Breeding for submergence

tolerance

* Large areas of rice have
serious floods (eastern
Indiato SE Asia); > 10 m
ha per year

 Even favorable areas
nave short-term flooding
oroblems in some years

Identified in an Indian
variety FR 13A

- Poor agronomic and grain
qguality




IRRI
New Subl lines after 17 days

submergence in the field at IRRI

IR64 SubY

lR49830 (Subl)
Samba

g 5 .
IR49830 (Subl) " g
1R49830 (Sub1) v IR64

.
CGIAR P;rtne ship | 2 ) Samba

Samba-Subl
< lR42'—

IR49830 (Sub1) 'IR64 SubI

IR49830 (Subl)

Samba-Subl

Rice Genes for submergence tolerance moved Iinto

Science
for a Better popular “mega-varieties”
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Subl1 varieties: help poor
farmers to cope with
perennial flooding

Major support from Japan
USAID, B&MGF enables
us to reach 3,000,000 farmers
in 2012r...millions more over
the next few years

Released in Bangladesh,
India and Philippines...Nepal
in February 2011




Subl varieties: help poor
farmers to cope with
perennial flooding

b
CGIAR Partnershlp
Major support from Japan
USAID, B&MGF enables
us to reach > 3,000,000 farmers
In 2012...millions over
the next few years
Released in Bangladesh,
Rice India and Philippines 2009...
RO, Nepal in February 2011

We@:ld



Variation in Rainfall = Risk of Drought

\_\,_\_1‘/__/

Q@
ﬁf Global R
CGIAR ?’;Iret:zership
Weighted Anomaly of
Standardized Precipitation (WASP)
1980-2000 [deciles]
Rice »'q’ ’b'o‘ 9'6 '\'% >
Science 2
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IRRI First generation drought tolerant rice varieties
released in South Asia

 Farmers like the new
drought tolerant varieties

- Buffalo like the straw...
improved milk supply?

« Now combined drought
tolerance with flood
tolerance!

Partnership

.

CGIAR

ﬁ;?g%leﬁﬂ Swarna with RM 520 and RM324 QTLs

Source: A. Kumar, IRRI



Poor soils dominate rice areas
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Phosphorus efficient gene linked to
root development wature, sept, 2012

Internal nutrient- Terminal nutrient
recycling
use efficiency

External nutrienN f
use efficiency Iﬁé,jﬁ‘iel aﬁsﬁ TI Ce. N 2
Numem@Zke Functional High grain N

=vf St transfer to rralgze:: e
or lequmes uld be assive
re

‘tmpactfo

Z

Early root vigour High-affinity nutrient Nutrient
with large shallow root uptake tsr::j;:rfrom
system for P uptake Mobilization and foraging roots 2
of P
Deep roots for access to watef Mycorrhizae
NANNANN NANNANN NANNANN



IRRI
A CONVENIENT CONVERGENCE

Consequences of
Climate Change :

Rice systems will
experience more...

SZ |
o B, Drought

« Submergence

» Salinity

 Heat waves

Challenges of Climate Change =
Y Challenges faced today by the world’s

Scence poorest rice farmers

W@rld



15 years of research provides the science for
‘precise’ field-specific nutrient management

4 . ~ ¥Fo

Bt S
ICFORD = R - : -

Science is well
documented

Nutrient management
Nutrient deficiencies
Mineral toxicities

Tools and information

Edited by Thomas Fairhurst, Christian Witt, i

Roland Buresh, and AcHim Dobermann

ICALRD e

Partnerships after 10 years (1996-2005)

Increasing Productivity of Intensive
Rice Systems Through Site-Specific
Nutrient Management g v tebeemenn.

Tools are available
for farmers

Farmers need quick and easy access to customized, science-
based recommendations



“Nutrient Manager” using interactive voice

response (IVR): Precision farming on < 1 ha
2. S€lect a local

GSM ——— IVR language
mobile 1. Call toll- implementation | 3. Answer 10 to 12
phone free phone box questions with key
number pad to obtain farm
with voice profile
recording

4. Complete in about 8
minutes

5. Transmit answers
to model on high-
end (cloud based)
server

Nutrient Manager for Rice Philippines Version 2.0

7. Deliver customized 6. Generate
advice as SMS advice specific
to farmer

message S
situation



Web Smartphone GSM mobile

Farmer calls 2378
using Globe SIM

Interactive Voice
Response
implementation box

Nutrient Manager for Rice Philippines Version 2.1

Back '

Name: Juzn Rice crops per year: two
Cellphone number: Season: dry season
Location: Cabanatuan, Nueva Ecija, Region 11T Direct seeded: 101-110 days from seed to harvest

(Alang irrigation canal)
Field size: 1 ha
Yariety: NSIC Re222 (Tubigan 18)

Textmessage that can be sen 1a the lanmser’
L5

NMALCE e 23060 For parce Avond TG

1212712 12-16 cloys after son

The recommendation i Mustated below

hore  Pancn
Ewy  Wehg e Heatng Hanest
¢ % ™ ® ® @ ® N ® @ W o
Jaah Dty Crur BAarg 2g Bagaapelyyan baow
05120083704 tazt saleme
Yalues are adjusted to actual field areaz 1 ha Los Batos. Lagune. Pegion VA Fanahon 0g Hanen tag oo
= LTI 1.3 whtarye (A} Lisat-fansry 107105 anew made
Attainable yield"***, e 1y
Growthstage  [DAS** [ 149-160 sacks at 50 ke/sack R PS8 Ackd Petarands) s targang ';;‘"
£.3-7.3 ttha (143 MC) els: g =g 23 3w
Early™ 12-16 |14-14-14: Sbags cuprens ng rugisim
9 54 00 [y 18 e - g s A
Active tillering 28-22 |urea: 2 4: bags wshong 11yl Ve Bk & 48 a0 g 18 . b
T g e 1125 AR | g evee 30N
Panicle initistion 43-47 |ures: 2 Yo bags .
S SMS output

e—

 qucd mansgement practices
Reported current yield: 6,3 t/ha [14% MC) ’ * ?
T

Web output e

Smartphone N==ai=ss |
output Lo e 1 Converting to HTML 5

- s
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<NM Rice-wheat) =~ ° ; ’ o
NW India M Maize _ =
. Bangladesh i

fota o B, “alame

NM Rice \ = %5
Tanil Nadu i

Nutrient Manager released or under
development across Asia...Africa

R 'l D "

0 Mk
"v. qo
.&’r"\g

NM Rice b " T g.)\x

=aBangladesh” v Rice ™ ‘. =7 NM Rlce

m Nvletna o Guangdon =
' NM Rice
'S Vietnam

NM + txt
Philippine

ﬁ s . Released in gOiQV

NM Rice
West Africa

NM + txt
Indonesia

ﬁ..FE’:\—_

i 8 released | n 2011




Connect farmers with relevant
agricultural science and services

Insurance

Input providers Microfinance

Service Marketing
providers

Suite of compelling
services and financial
products

1. Invest wisely at start of season
- Nutrient Manager and Rice

Interactive Apps --- Crop Manager

providing management
guidelines

2. Protect investment during
season
- Rice Crop Doctor

Research
Consolidation Validation
of knowledge

Product development
and testing

Testing with
farmers



Science

Rice
Science
for a Better

W@rld

Relentless Pressure to Increase
Rice Supplies is NOW

Move to hybrid rice
- In its infancy...very narrow genetic base

Pressure from governments to produce
3 crops per year on the same plost

— Build up of inouculm

Pressure to squeeze higher yields
— Greater fertilizer applications
- More insecticides

Pressure to use less water
— Direct seeding, intermittent irrigation
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Science

CGIAR Partnership

Science
for a Better
We@:ld

Planthopper and virus
Outbreaks in Asia
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Sustainable Rice Platform (SRP)

€ i
f/ﬂ AhOld 'aldenwronmenr ’ ﬁ!:l: skinology CAPI'I:AL RICE co., LTD\ ed

s
IRRI

’ (1] s "
Bl LouisDreyius
INTERNATIONAL RICE RESEARCH INSTImIITE

Commodities
g |

;5
ol MARS
 To develop a set of global standards for best
practices of sustainable rice production (global rice
GAP)
 To develop quantifiable sustainability targets
 To develop and promote decision-support tools
(such as Field or footprint Calculators)
« To promote the adoption of best practices and
sustainability criteria

syngenta



IRRI For sound medium and long term

planning, what do we need to know?

Location specific, timely and accurate information on rice
production, supplies, and trends

L@ ' .
%? Global Rice In partICUIar.

Science

\What is the harvested area?

*When will it be harvested?

*What is the yield?

for a Better

W@rld
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Optical



Radar-based real time crop monitoring system for rice

7

S

-

TR

Color shows crop establishment

late Dec to early Jan
blue mid-Jan

red & green still under land
preparation in mid-Jan

* planting dates

* rice area estimates

* crop status & yield estimates
* crop damage estimates

* crop insurance

Sentinel 1A & B satellites
Global coverage every

6 days 20-m resolution
Free
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National/Global Rice Information
Gateways

Crop growth
models

Medium-term

projections Monitoring

Policy Rice supply- \ and short-
makers demand-trade term
model

forecasting

Analysis of
policy impacts

Statistics, GIS
Remote sensing



IRRI

Undernourishment in 2009, by region (millions)

Cl'otal =1.02 biIIioD Developed countries: 15

Near East and North Africa; 42

Latin America and the Caribbean: 53

Q%Jﬂ g
S | Sdan
CGIAR Partnership .
Sub-Saharan Africa: 265
Asia and the Pacific: 642
Rice
Science
for a Better Source: FAO

W@rld
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Clinical and Subclinical Vit A
Deficiency

Approx. 400M suffer VAD globally, ~33%
SE Asia 100 -140 million children suffer
from VAD

'1 -
LN

Effects:

* Child mortality

» Measles suscept.
* Night blindness

» Corneal scarring
* Blindness

Micronutrient Initiative 2004



Combating vitamin A deficiency
among the poor: Golden Rice

2000 GR1 - 2004 GR2 - 2005

Science
CGIAR Partnership ! T g A N
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1.2-1.8 up to 8.0 up to 36.7
Provitamin A Carotenoid levels (ug/g)
Rie Work on Golden Rice began in late 1980s...
Science to consumers in 2014
for a Better
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IRRI

Can Golden Rice Provide Sufficient
Vitamin A?

g |
S | e
CGIAR | Partnership
1 Bowl of Golden Rice (50g uncooked 150 g cooked)
Rice Provides 60% of Recommended Daily Dose for Chinese
pRCcE Children 6 years of age and younger

W@rld



Long Term Rice Supplies?

Science

Can we boost yields dramatically?

Rice
Science
for a Better

W@rld



Science

CGIAR | Partnership

F
Science
for a Better

W@rld

Taking some tricks from

Maize (C4)

other grasses

Increase yields

0
I%Cl%éo’for Suc%ess

A Rainied gystems’?
ICIETNICY

E

Greater water

megbatusm-exists
thatfiesivleche added to
Cahrigeeto/idadivar such

of benefits

supelies eompinguon |

Naisthefiiewaigionary \\ A

Rice (C3) —XC4)



= Engineering a C4 rice

BILL& MELINDA

INTERNATIONAL RICE RESEARCH INSTITUTE GAT ES foundation

Transforming Photosynthesis in Rice:
Compressing a Million Years of Evolution to Twenty



C; Photosynthesis C4 Photosynthesis

Bundle sheath cell\

{ M Mesophyll cell \ €O, Mesophyll EEII\\ /

co, 3 Phosphoglycerate ‘ CA CO;
Rubisco ©00O HCO4 © Rubiseo
(ENENE)T) e e it Calvin
oxaloacetate e cycle
RuBP B
)
©

PEP
@'D@_'{— pyruvate —--/ CHED

\ CH,0 ) k\\ /\ J

C4 Enhances Photosynthesis Using A Two
Compartment CO, Concentrating Mechanism




Despite its complexity, C, has
evolved independently ~62
times about 25-35 mya

C, monocots and dicots that
are differentiated by ~180
million years share similar
mechanisms underlying C,

Known genes required for C,
are all found in C5 plants

With 62 independent lineages, C4
photosynthesis has to be considered
one of the most convergent of the
complex evolutionary phenomena on

planet Earth
Sage et al. 2011

Ceratophyllales

Laurales

Magnoliales

FPiperales

Angiosperms

Eudicots

I Monocots (3)

Ranunculales

Froteales
Carophyllales (8)
Santales

Saxifragales

Gereniales

——| Eurosids 1 (2)

R Eurosids 1l (1)

— Comales
Ericales

— Euasterids | (3)

—1 Euastends Il (1)

So, it can’t be that difficult!?
We just want to do in 20 years
what takes nature a million...



Simple High Throughput
Screens

Capacity « Growth inlow CO,
72,000 plants « Carbon 12/13 isotope ratio
Screen « High throughput imaging

24 000 / week




Research
Program on

i
[ | e

CGIAR Partnership

F
Rice
Science
for a Better

W@rld

ook University @ Washjn o,
n

es ; . St
o5 yor® 9\0(\\ \naustry University fCq e n,,
oC RO ,bbr Ys
0\5 Genetic Screening Team .
0(5\ Molecular Physiology Team O’LQ»
b = ™ %
The C, Rice Consortium "o
E
o
L]

Koo 00
Erik Murchie

(I

Peter Westhoff

S ’790 Molecular Engineering Team e‘d
ﬁ’ /7/1’@/- Cod
Sif, °
Of Sri N ;
fsc'enCe and _‘.echno\og .\16‘5\\\‘
Oro ona U
Nfoe Australian Natio®

© WPQ



IRRI

Science

&
Science
for a Better

W@rld

In Summary...

We need productivity growth but that requires research,
development, dissemination

Global food security depends on sustaining rice systems in
the face of climate change

History shows that science can make a major contribution
Commitments to the next generation of scientists

The requirements for
success are In place
The global scientific
community Is now
mobilized

science and need
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Excite the minds of young
scientists

Rice Research to Production course
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Thank you

“Since the way to feed the world is not to bring more land under
cultivation, but to increase yields, science is crucial.”

The Economist
“The Silent Tsunami”
19 April 2008

/
Rice
Science
for a Better

1 ld




IRRI Reviving African fields by engaging
women farmers (CARE, World Vision

e e — —— - . . e
T T 1 . T T R R P el TR 3
R ™ boasiliiods ¥ H " i T e o SR i T T . . _,-,g, )
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African rice yields are far below world averages - introduction of basic
crop management practices with improved varieties that reflect women
Farmer needs and realities can make enormous differences.
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Creating a small seed commercial sector in Burundi
can help solve two big problems...

Supply quality seed and employment for ex — combatant women




