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Drought

Dai, A. (2010) Drought under global warming: a review. Wiley Advanced Review 2, 45-66 
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Global yield reduction due to drought

Database for this study:

• peer-reviewed journal articles from 1980 to 2015 

• field conditions, drought ∼40% water deficit

� 1674 data points from 228 studies worldwide 
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Genetic Resources

1.750 genbanks worldwide,   7.4 million accessions

130 genbanks hosting more than 10.000 accessions

10 species  = 3,540,000 accessions

~ 50% of the ex situ resources

A. Graner
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Questions to be answered:

•What is the current state of the genome analysis of gene bank

collections regarding the main crops, what will happen in future in

this regard?

•What protocols and platforms for the assessment of drought stress

tolerance and water use efficiency exist or need to be developed,

and what are the requirements these must fulfill?

•How can an effective preliminary selection of gene bank accessions

for phenotyping be made?

•How should the resulting data be stored and made accessible for

science and breeding?

•What structures are necessary to achieve this objective?
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Genotyping

N. Stein

•Genotyping/sequencing of gene bank 

collections and breeding populations is 

technically, economically and politically feasible

•Sequencing has begun, but efforts are sporatic, 

species-specific and lack coordination

•A well-coordinated, international effort would 

enhance efficiency, quality, & increase potential 

for data integration and biological insight, 

document plant /microbial biodiversity, and help 

address the grand global challenges we face

S. McCouch

Genotyping by sequencing

Chip technologies

Imputation
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Pre-selection of accessions for phenotyping

15,384 landraces 1,549 landraces from 

drought prone 

environments

Focused Identification of Germplasm Strategy (FIGS)
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www.icarda.org/

H. Braun

M. Baum
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Phenotyping for drought tolerance

Tattaris M, Reynolds MP, Chapman SC, 2016. A direct comparison of remote sensing approaches for high-throughput phenotyping in plant 

breeding.  Front. Plant Sci. 7: 1131. 

Yieldij = genoi + Σ (αj lighti + βj Ti + δj Ψsoil i) + εij

Genomic prediction + quantitative relationships with environment.

M. Reynolds

F. Tardieu

M. TesterF. Tardieu
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J. M. Ribaut

Data storage and management
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Genome wide association study (GWAS)

PCA, Dendrogram 

Population structure

Linkage disequilibrium

Variation for 

quantitative Traits

k=4

LD=2.52

Drought 

stress
Control

Detection of QTL Localisation of QTL
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•Genotyping of large gene bank collections is technically feasible

•Genotypic data, in combination with geographic and other information,

can be used to pre-select genotypes for detailed phenotypic analysis

•Phenotypic analysis for drought stress tolerance and of drought stress  

related traits is feasible 

•Data storage and information systems are available

•Consequently, it is now practicable to efficiently harness genetic 

resources for breeding drought stress tolerant crops

But international collaboration, based on detailed discussions

and planning, is now needed to achieve these goals. 

Conclusions



The Wheat Initiative



16 countries, 9 private companies, 2 CGIAR Centres

Members



Facilitating delivery by leveraging 
synergies and collaborations



Expert Working Groups

0

10

20

30

40

50

60

70

80

90

It
a

ly

U
S

A

A
u

st
ra

li
a

U
K

F
ra

n
ce

G
e

rm
a

n
y

C
a

n
a

d
a

In
d

ia

M
e

xi
co

S
p

a
in

A
rg

e
n

ti
n

a

M
o

ro
cc

o

H
u

n
g

a
ry

T
u

rk
e

y

C
h

in
a

Ja
p

a
n

Is
ra

e
l

P
a

k
is

ta
n

B
ra

zi
l

E
g

y
p

t

S
w

it
ze

rl
a

n
d

A
u

st
ri

a

E
th

io
p

ia

K
a

za
k

h
st

a
n

N
e

th
e

rl
a

n
d

s

S
o

u
th

 A
fr

ic
a

S
w

e
d

e
n

T
u

n
is

ia

U
ru

g
u

a
y

B
e

lg
iu

m

A
ze

rb
a

ij
a

n

C
ro

a
ti

a

D
e

n
m

a
rk

G
u

y
a

n
a

Ir
a

n

Ir
e

la
n

d

Jo
rd

a
n

N
e

p
a

l

N
ig

e
ri

a

N
o

rw
a

y

P
o

rt
u

g
a

l

R
u

ss
ia

S
a

u
d

i 
A

ra
b

ia

B
a

n
g

la
d

e
sh

B
u

lg
a

ri
a

C
h

il
e

C
ze

ch
…

F
in

la
n

d

H
o

n
g

 K
o

n
g

K
e

n
y

a

P
e

ru

U
A

E

2016

2015

2014

2013

1. Wheat Information System

2. Genetics and genomics of durum wheat 

3. Wheat breeding methods and strategies 

4. Wheat phenotyping to support wheat improvement 

5. Nutrient use efficiency

6. Control of wheat pathogens and pests

7. Adaptation of wheat to abiotic stress

8. Global wheat germplasm conservation and use community

9. Improving wheat quality for processing and health

10. Agronomy

604 Scientists

52 Countries



Changes

New members

� China

� Uruguay

� Spain?

Secretariat

� 2012 – 2017

� INRA France

� Move to Berlin – 2018 - 2022 

� Support from German Ministry for Food 

and Agriculture



Major activities of the WI
� Weekly Wheat Media Updates

� Newsletters

� Wheat Congress

� Wheat Information System – Wheat IS

� Wheat VIVO

� Wheat genome sequencing – IWGSC and 10 Genomes

� International Wheat Yield Partnership

� Linking genomics to breeding – Durum EWG



Associated programs

Established

� International Wheat Genome Sequencing Consortium

� International Wheat Yield Partnership

� Wheat Ten Genome Project

� Crop modelling group

Under development

� Heat and Drought Wheat Improvement Consortium

� Nutrient Use Efficiency Consortium

� Recombination



www.iwyp.org

International Wheat Yield 

Partnership 

Research to Deliver Wheat for the Future

www.iwyp.org

GOAL -> To increase the genetic yield 

potential of wheat by 50% by 2025
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IWYP Science Projects

Currently dozens of researchers from 9 countries

� 8 projects selected from IWYP 1st Competitive Call

� 7 projects selected from USDA NIFA-IWYP Call

� 8 IWYP Aligned Projects

� Science portfolio is expanding:

• IWYP 2nd Competitive Call (in progress)

• Future Calls (both IWYP and Aligned)

• Aligned Projects
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Higher Yield

Elite plants

Higher Photosynthesis

QTLs/Genes

Higher 

Photosynthesis

QTLs/Genes

Higher 

Photosynthesis

QTLs/Genes

Higher 

Biomass

QTLs/Genes

Phenology 

QTLs/Genes

Higher Biomass

Transgenics

Higher Photosynthesis

Transgenics

Genes/QTLs

Larger/More Grains

SinkSource

Hybrids

IWYP HUB    and/or INDUSTRY

IWYP Deploys Gene / QTL / Trait Assembly Lines



Lessons learnt 
Improvement needed

�Translation to funding outcomes

� Response to priorities

�Assessing progress

� Clarify objectives

� Clear targets and timeframes

�Bureaucratic

� Maintaining interest and engagement

�Complex structure

� Speed of response



Lessons learnt
Worked well

� Unique opportunity for 

international coordination

� Expert Working Groups
� Supports broad participation

� Strategic Research Agenda
� Aligns well with national and international objectives

� Vital framework for international cooperation

� Communication and awareness of wheat 
research
� Media briefs 

� Newsletters

� Planning meetings
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