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Outline: some NUE challenges

A Yield and NUE

U Link between yields and NUE
U Genetic variation and scope for improvement

A Inverse relationship of grain protein and yield
A Quality: micronutrients

A Some opportunities
U Exploiting more diversgermplasndiversity
U Improved high throughput phenotyping
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Goal: food security via sustainable increases in yields
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Doubleproduction by 2050

Population increase

Climatechange
Landpressure

Water availability
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Plateauingyields
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The Perfect Storm?

Can 9 billion people be fed
equitably, healthily and
sustainably?

Can we cope with the future
demands on water?

Can we provide enough
energy to supply the growing
population coming out of
poverty?

Can we do this whilst
mitigating and adapting to
climate change?

How does science and
engineering help in
preventing and adapting to
this perfect storm scenario?
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Trends in wheat yields (farm gate)
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UK and world grain yields (FAO) from 1961-2012
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First green revolution

ROTHAMSTED
A Norman E. Borlaug RESEARCH

u Dwarfing genes
U More nitrogen

A Some issues

A Next green revolution?
U Roots
U Primary production

UK wheatyield

10 1

Yield (t/ha)
o N N o (o]

1890 1910 1930 1950 1970 1990 2010
Year

CSW 2014 Q,QEBSRC

" 20 Years of Pioneering
Great British Bioscience



Why do we need NUE?
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Food security

Increase yields and avoi
plateauing
Challenging environmen
and climate

Sustainability

Carbon footprint
Limited resources (P)
Organic production

Financial costs - Environmental costs
Farmers .. Pollution

Fertilizer producers efficiency Land use

Millers, bakers Carbon footprint
Distribution Government/legislation

Publicconcerns
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Targettiraits
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Nutrient use €fliciency\NBE= Carbohydrates G P D

NUpEX NULE nutrient content)

(vield/N,,)

Senescence
Nutrient-export

BIOMAS

Canopy as a
transient store

{ Photosynthesis
*NUtE
: = Yield/Nutrient takerup

Root Architecture
establishment t N U p E , Proliferation
Activity *;‘EBSRC

= Nutrienttakenup/Nutrient available . SR
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Key approachgenesceoreelating douNb Edraits

: : o ROTHAMSTED
A Trait deconvolution and prioritization RCE)SEARSCH

1l

A Assessment of variation
I Provision of data for breeding
I Aid new gene discovery

1l

A ldentification of genes/markers Candidate genes

I Transcriptomics

T Correlation with traits

I Mapping populations
HENEEEEEEEEEEEEEEEEEn >traits

i i e
A Breeding or biotechnology BEA AENBARESEREBSAEE|
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NUEzandidiversity

: : : ROTHAMSTED
Why are diversity studies needed? RESEARCH
A Assess current extent efriation (WGIN

A Wider screening may be necessary if not enough variation in current germplasm
A Bottlenecks, recent and ancient

A 1 INySaa vt alklesa pagi®itarJeobldmyoRr
some sustainabilityraits et o none e

A Modern selection undehighinputs | B

What are the problems? _

A Finding the right germplasm

A Genetics and Phenotyping

A Metrics when comparing very EEE i Ei‘ ]
different materials :

WISP §§§ 2823t 33% Zaaopeeser 3a:

A http://www.wheatisp.org/ =§= o

A Watkins,Gediflux SHW and @VV | S P hi R
modern cultivars i EER T T

Nepmmw -::

A Derived mapping populations
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http://www.wheatisp.org/

WGIN: Wheatieenetioimprovementdiletwo
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WGIN: Thhe\NiibggeiDiversity trial

Do o To Do o Do Do Do D>

200413

51 varieties

14 in at least 9 years
All 4 groups

4 N levels in all except
2 years

Grain and straw, yield
and %N

Archived fresh grain

Archived dry milled
grain and straw

Many spinoff projects

m
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grain yield (t/ha @ 85% DM)
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WGIN¢ yield staifoility

Rothamsted WGIN-N200  Combine Grain Yield (2004-13) ROTHAMSTED
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N-supply iimpactsoornyydeldsandugliality

Grain yield (t/ha @ 85% DM)
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Increasing Nsupply
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Grain yields as a function of grain N for a diverse germplasm set with variable N inputs (0-350 kg/ha) in R E SEARCH

multiple years (2007-13)
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+ 2007 N100
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N fertiliser usettrendsnntibe)WK

ROTHAMSTED

Wheat yield and N rate (GB/E&W ) RESEARCH
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Grain pproiein ceviation
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Post anthesis\Ni piptake

Shoot total
N200 - 213 kg/ha (100%)
NO - 61kg/ha (100%)

Leaf-1
4.2 (2%)
0.8 (1%)

Stem
8.5 (4%)
2.8 (5%)

Leaf-3
1.8 (1%)
0.6 (1%)

Ear
190 (89%)
54 (89%)

Leaf-2
2.8 (1%)
0.8 (1%)

Sheaths
4.4 (2%)
1.3 (2%)

Leaf-R
1.0 (1%)
0.3 (1%)

g
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N-uptake (kg/ha)
N
o

o

ROTHAMSTED
RESEARCH
Post-anthesis shoot N-uptake
(GS 9565)
N 200
—NO
§E535222RBEI52:735 2%

Variety

Feeld Crops Research xoo (2013 oo xoxx

Contents lists available at ScienceDirect

Field Crops Research

journal homepage: www elsevier.com/locate/fer

Genotypic variation in the uptake, partitioning and remobilisation
of nitrogen during grain-filling in wheat*

Peter B. Barraclough, Rafael Lopez-Bellido ', Malcolm J. Hawkesford
Plant Bology and Crop Science Depar tment. Rothamuted Research, West Common. Harpenden, Hertfordshire ALS 2)Q, UK

CSW 2014 ﬁ?;?éRg
Great British Bioscience



Normalisingcdatasets

2.8
26
. + Cordiale
2.4
AN B Hereward
N e
22 LS ~3
\. 4 lstabrag
= X A .
X 2 ’Q R?=0.4838 Malacca
£ N
© 1.8 \\ Marksman
(G N
. m \\ ® Xi19
16 3 AN
L] 2=
% R=05018 Linear (100
14 “a ke/ha)
Linear (200
12 | R?=0.6083 . kgfha}
----- Linear (350
ke/ha)
1
5 7 9 11 13 15
grainyield (t/ha @ 85% DM)
CSW 2014

0.056 0.10

0.00

-0.10 -0.05

1

1

L

Co He

ROTHAMSTED
RESEARCH

(a) GDP

I[:'

Is Ma Mk Xi

20 Years of Pioneering
Great British Bioscience



Transcriptomies
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ANONAc correlating the Affymetrix gene

expressionPRGranalysis teatrait:tatarfon@2009

PC7

ROTHAMSTED
RESEARCH
Yield Protein Yield corr N Proteincorr N Proteincorr N& Y
Mean PC1 0.078 0.031 0.740 0.519 0.581
Mean PC2 0.065 0.991 0.053 0.005 0.043
Mean PC3 0.152 0.460 0.008 0.006 0.129
Mean PC4 0.736 0.682 0.139 0.911 0.421
Mean PCS 0.362 0.037 0.000 0.015 0.643
Mean PCB 0.357 0.195 0823 0.572 0.415
Mean PC7 0.853 0.063 0.199 0.000 0.000
Mean PCB 0.071 0.034 0.431 0.636 0.285
Mean PC9 0.314 0.446 0.080 0.067 0.297
Mean PC10 0.000 0.000 0.447 0.088 0.010
81, 2 . 2 - )
i ) AA E | A E o™ ) | -l .
$ _ A $ _ A 9 $ _n A
9 1 12 14 16 1.8 20 22 24 OIIU I OIOO U|05 OIIO OII5
Yield Protein GPD
ﬁ"i
CSW 2014 LR o 235RC

¥/ 20 vears of Pioneering
Great British Bioscience



PCAcOf the seleeted IGRI2rgenes
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Partial Least Squares
regressiorto further refine
these listresultingin 537
key genedefining
differences in GPD
between the varieties
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No varietiesateppeifedt!

Variety Performance at 200 kg-N/ha (2004-08) ROT HAMSTE D
Variety Code Nabim Years | Yield %N Uptake [Utilisation RESEARCH
Avalon AV 1 5 .
Flanders FL 1 1 Upper-Q w y
Hereward HE 1 5 Inter-Q S u m m ar f Varlet
Hurley HU 1 5 Inter-Q 1
i et e performance (quartile
Mercia ME 1 4 H
VarisWidgeon MW 15 rankings) based on 20
Shamrock SH 1 4
Solstice st 1 s WGIN datasets
Spark SP 1 1
Xi 19 Xl 1 5
Cadenza CA 2 5
Cordiale CO 2 3
Einstein El 2 1
Ly VR : EJA (2010) 33;11
Rlalto' RL 2 1 Europ. J. Agronamy 33 (2010) 1-11
Scorpion SC 2 1
Soissons SS 2 5 Contents lists available at ScienceDirsct = Bt
Beaver BE 3 4 i
Claire cL 3 4 European Journal of Agronomy
Riband RI 3 5 journal homepage: www.elsevier.com/locatel/aja
Robigus RO 3 4
Istabraq IS 4 4
Napier NA 4 3 Nitrogen efficiency of wheat: Genotypic and environmental variation and
Savannah SA 4 4 prospects for improvement
5 -
arag.or(sp_rmg) PA ! 5 Peter B. Barraclough®*, Jonathan R. Howarth?, Janina Jones?, Rafael Lopez-Bellido®,

Chabligspring) CH 2 1 Saroj Parmar?, Caroline E. Shepherd?, Malcolm J. Hawkesford?
Arche AR F 1
Batis BA G 5
Caphorn CP F 1
Cappelle Desprez  CD F 1
Enorm EN G 1
Isengrain 1G F 1
Monopol MO G 5
Opus OoP G 1
PBis PB G 1

. :B3SRC
Petrus PE G 1 -~ _ %
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ANISP
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Donorgermplasm Mapping populations NILS

New synthetics Introgressions
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WISP((WheatrhmprovemerttSiraiegic d2ragram) ;\ ! 1
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_ELA I Notnehan  Phenotyping

K Funded by BBSRC

The University of
#' | Nottingha

Elites by
private
breeders
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Limagrain
from earth to life
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Watkins dlivetstty
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A E Watkins, University of UK Average wheat Vields
. G
Camb“dgev _ ?_ W ‘Scientific” 1 A
MpHIQa YR 0. 3 (ot | s reedng & 17
= BeTion igree * 3’,"'
Board of Trade 3 S et Pk
- )
Farmers, markets and 2 - ”""'“‘”“ '”r” A
researCherS ’ 1860 'IﬂIB{] 19:00 IIE;?':} 'IQIL-iU ‘J'QIE»(I 15;31:} Zﬂlm 2020
Several thousand but now Loou e

34 countries

Held at JIC, duplicated in
Australia

Core genetic collection, ¢ 120,
plus other germplasm
(Gediflux synthetics) trialled at
Rothamsted and Nottingham

(graphics and map courtesy of S Griffiths
& S. Orford, JIC) S i
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Gedlifluxis designed to-capture\\Alestern

Eureopeanwinterwheatidiversityisinces940

LIK Awverage wheat Yields

‘Scientific’ 1 oY7L

Knm:.rhdge _ Breeding & .".f"
Landrace m opment: agronony
Selaction Podi jieS '

selection |

G ptenreen sl Ol

Yield (TMha)
0 = PO L fe DO =) OB W

T
1860 1880 1900 1920 1940 14960 1980 2000 2020
“ear

Country Varieties | Years of release | examples

Austria 40-90 Tassilo (50s) Hubertos (90s)
Belgium 24  50-90 Norda (60s) Escorial (80s)
Germany 18  80-90 Calif (80s) Pegassos (90s)
E Germany 30 40-80 Mahndorf (50s) Kanzler (80s)
W Germany 19  50-90 Muck (50s) Borenos (90s)
Denmark 5 80-90 Anja (80s) Pepital (90s)
France 34 40-90 Vague d’epis (40s) Isengrain (90s)
UK 66  40-90 Holdfast (40s) Equinox (90s)
Netherlands 19  40-80 Lovink (40s) Nautica (80s)
Sweden 26 25-90 Jarl (20s) Meridien (90s)
UK NL 229

CSW 2014
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Step changes
i PBI
i Rhtl
I 1BL.1RS
I HMWglutenins
i Claire,RobigusX ® ®

5dzZNAy 3 S| OK W2
What was being left
behind?

We can find out by looking
into the 510Gediflux
varieties
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Grain yieltse respomsettoNN npputs
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N-response 22012 hiomass

Biomass Yield 50N (t/ha @ 100% DM)
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Biomass yield 200N v 50N, 2012c

y=0.5712x + 6.994

R?=0.5148
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A NIAB SHW

® Watkins

M Mapping Pop Parent

M Paragon

10
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N-uptakes, ByeanhmeantatiRRes

300 - ROTHAMSTED
RESEARCH
- 280 -
)
=
¥ 260 -
2
]
2 240 7 y=02901x+1055 , o® 0
< R?=0.1977 & °® ] o o
_—
= 220 - -
s + Commercial
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g NIAB SHW
180 -
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pd
a
w 140 -
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K= -
@ 120 -
100 , , | | | |
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Biomass N uptake 200N mean of three years (kg/ha)
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BiomasINULE 2012

160 -
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y=0.9011x+33.723
150 - R2=0.3281
Starke 2 -
140 - . I(l_JJaW|ar1|<a
Wieclawicka
NIABZ&] .
Valki Exp Sta 1
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o 1095
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Micronutrients: Zimnc

o . . . . ROTHAMSTED
A Cereals are low in bioavailable essential micronutrients such as zR€e Arc 1

A BAyO RSTAOASYOe | FFSOGa omx: 2F (K
A Reduced zinc grain content also reduces yield
A What plant breeding strategies are there to overcome this?

#2/2BSRC
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Decreasing mineral content of wheat

Zn (mg/kg) Grain yield (t'/ha)

Cu (mg/kg)

8
74 (a) ® Control
6 o N,PKNaMgS

10 L) T T L) T ] L] L
8
. (e)
£ Lo o
6'3.. ° O. o© © o]
| it .
- @
ST S
44 0 :
a
3_
2 T 1 L] T 1 L T T
Q O QD
REANRGIC I S R R SR

Harvest index

Fe (mg/kg)

Mg (mg/kg)
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[ ( d)' ' ' Fan et al (2008) J trace
504 o oo %5 Elements in Medicine
408" > 5 &Biology; 22, 3124.
: ¥
ST
20 - O n
10 T T T T T T T T
1600
(f) . o
1-‘-100-cp 5 © Y0 o
1200 4 .§ . q.ﬁ_
1000] | BOe®
800
600 T T T T T
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Elevated CQimpacts on micronutrients

ROTHAMSTED

LETTER

doi:10.1038/naturel3179

Increasing CO, threatens human nutrition

Samuel S. Myers"?, Antonella Zanobetti', Itai Kloog®, Peter Huybers®, Andrew D. B. Leakey”, Arnold J. Bloom®, Eli Carlisle®,
Lee H. Dietterich’, Glenn Fitzgerald®, Toshihiro Hasegawa’, N. Michele Holbrook'®, Randall L. Nelson'!, Michael J. Ottman'?,
Victor Raboy'?, Hidemitsu Sakai®, Karla A. Sartor'?, Joel Schwartz!, Saman Seneweera'®, Michael Tausz'® & Yasuhiro Usui®

1% -L

1

=]l
=15 ) g
LEEE Ezgg EIEE ﬁu';iﬁ ﬁii-‘; ﬁu";;%
EE EE EE | ZE EE| £§
wWmaat Faci Fipld posis Soybaans Maizg Soeghaim
(64 i=1) i1 [25) i4) [}
G, grasses G, leguimes C, grastes
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Grain Zn concentrationsiin\WiS Bermplasm |

ROTHAMSTED
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Grain % Zn, N200 treatment, +1 Std dev
0.007

0.006

0.005

ML

Grain Zn%
=4 =}
o o
& €

[=]

mmmmmmmmmm
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24-52 mg/kg Red = modern cultivars
2012 Rothamsted

&NISP High N
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Zn wptakes nereasesiwithibromass:yield

Biomass Yield (t/ha @ 100% DM)

Biomass yield v biomass Zn uptake ROTHAMSTED
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What about roots?
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Mapping
populations

Non-irrigated
Absolute inversion 13-May-11

ERTElectrical resistance tomography YL —

| = ¥ AW =V vi —-re-¥ 'i-i..i-r‘

Nottingham

Z[m]

10g10 [resistivity, in ohm-m] Courtesy A B|n|ey
(DT TTTT TN

2 2.15 2.3 245 26 2.75 LANCASTE R/ \
UNIVERSITY

Appears to show significantly reduced water content down to 0.5m, especially in the plots

towards the end of the line. -
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A QTL approach to dissect traits

ROTHAMSTED
RESEARCH

W ;“; ;‘l,"f‘t

d| !
U )

Journal of Experimental Botany, Vol. 64, No. 6, pp. 1745-1753, 2013

doi:10.1093/jxb/ert041  Advance Access publication 5 February, 2013 Journal of
This paper is available online free of all access charges (see http:/jxb.oxfordjournals.org/open_access.htmi for further detalis) Experimental
Botany

www. jxb.oxfordjournals.org

RESEARCH PAPER

Identification of QTLs associated with seedling root traits
and their correlation with plant height in wheat

Caihong Bai'?, Yinli Liang' and Malcolm J. Hawkesford**
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The phenotyping challenge
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Scale

A Visual L
A Hand held: contact

A Hand held non contact
A UAV

A Phenomobiles

A Groundbased fixed site

A Post harvest high
throughput analysis
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Phenotypingfrom the air - UAY INDVI
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Mapping peoputations \Meadow 2044
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Trials,Meadow 2014
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