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Different genotypes
react differently to
nutrient dificiency

(2 maize lines at 1/100,
1/20, 1/5, 1/2, and full P

supply)

'Smith 1934




Ein Bereich der Ernahrungsphysiologie der Pflanze, der In
Zukunft starker Beachtung finden mul3, sind genotypische
Unterschiede i1m Nahrstoffaneignungsvermogen .......

well die kritische Frage berechtigt ist, ob man durch die
Moglichkeit hoher Mineraldlingergaben das Streben nach
,.effizienten* Genotypen auller acht lassen darf.

Horst Marschner 1978

Warum Zuchtung auf N-Effizienz?

« Einsparung von Mineraldinger

« Dungemittelverordnung (Vermeidung von N-Auswaschung)
« Nachhaltigkeitsverordnung (Reduktion von THG-Emission)
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Das Problem

Raps reagiert empfindlich auf N-Mangel...

240 kg/ha N

F |




Das Problem

... und wird deshalb stark gedungt - negative N-Bilanz
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Standard - THG - Emissionen fiir Biokraftstoffe

mind. 60% mind.50% mind. 35%
ab 2018 neu ab 2017 ab 2010/13 THG-Einsparung in %
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Rapsertrag und N-Dungung

Treibhausgasreduktion %
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Was ist N-Effizienz?

Nitrogen use efficieny (NUE) is the ability of a genotype to
realize a yield above average under conditions of

suboptimal nutrient supply.

Graham et al., 1984
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Variance components for grain yield of oilseed rape grown at two N levels

Source of variation Broad material DH Apex x Mohican
(n=36) (n=56)

Genotype

Genotype x location 2.61

28.44
6.82
Genotyp x N level @

- In unselected material there is a considerable variation in N efficiency
- Large potential to select for N efficient cultivars



Komponenten der N-Effizienz: Aufnahme- und Verwertungseffizienz

N-Effizienz (Moll et al. 1982):
kg Kornertrag je kg verfugbarem kg N (Ns)

N-Effizienz = Aufnahme-Effizienz x Verwertungs-Effizienz

Kornertrag = Gesamt-N X Kornertrag
Ns Ns Gesamt-N
Kornertrag Gesamt-N Kornertrag

09 —Nis = log Ns + 109 “GesamiN



Relative contribution of uptake and utilization efficiency to
the genetic variation in N use efficiency (MoLL et al. 1982)

Einbeck 0.47 0.53 0.42 0.58
Gottingen-Reinshof 0.55 0.45 0.15 0.85
Gottingen-Klarwerk 0.71 0.29 0.49 0.51
Mean 0.57 0.43 0.35 0.65

KESSEL et al. 2012

= Under low N supply the uptake efficiency is very important

— Root system !?



Comparison of the cultivars
Apex (N efficient) and Capitol
(N inefficient) at NO

Yield [t/ha] 2.92 2.71 *

N uptake [kg/ha] 91.7 87.0 ns
Maturity

N uptake [kg/ha] 43.5 22.0 *
Flowering - Maturity

Total number of intersection with living roots [0-0.9 m)

P |
~ Capitol

.

BF

Apri |

ULAs et al. 2012
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Two potato cultivars with
large difference in root
system:

« Astrid (N efficient)

« Bodenkraft ( N inefficient)

Sattelmacher et al. 1990
(modified)
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H.C. Becker

Roots of a maize inbred line and a near-isogenic

mutant ,rootless"”

19



Grains

Straw

DN\

Normal Rootless Normal Rootless

P low P high

Normal rootless

Pot experiment with maize:
Under optimal nutrient (and water) supply should
plants invest in grains, not in roots

Sattelmacher et al. 1993, modified
20



Root Phenotyping Methods

Out-of-field Methods
« Hydroponics
« Roots in containers with soil
« Root penetration capacity
* Root hydraulic conductance

Field Methods

« Soll cores

* Mini-rhizotron

» |sotope/herbicide/colour uptake
« Shovelomics

* Root-pulling resistance

« Electrical capacitance

www.plantstress.com, modified

21


http://www.plantstress.com/

REGR (% h') 0 20

¢ 24 3 fid
= . ’
REGR (% h") 0 £
‘/—-
GROWMAP-root GROWSCREEN Rhizo NMR
(growing root tip)  (automated rhizotron-to-sensor system, 2D) (3D)

Methods used in the JPPC (Jilich Plant Phenotyping Centre)
www.fz-juelich.de
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K. Nagel, from www.fz-juelich.de

Root system of oilseed rape, in Agar-based rhizotrons;
original photo (left) and colour-coded image analysis (right)

23



Rhizotrone. Quelle: RAPOOL, 2012

Roots of oilseed rape in rhizotrones and in the field

24



Measuring root pulling resistance in maize

29



J. O‘Toole, IRRI from: www.plantstress.com

Measuring root pulling resistance in rice

20



Indirekte Bestimmung der Wurzeloberfldche durch

Messung der Elektrischen Kapazitat -~

-

Photo: Julia RUDLOFF

Fig. 1. Estimation of root system size with a BK Precision 810A capac-
itance meter. The negative electrode is attached to the maize stem
6 cm above ground level and the positive electrode is attached to

a copper ground rod. Van Beem et al. 1998



Electrical capacitance

« Theory based
Contact o rod (capacitance depends on
| root surface, substrate,
soil water content — for
details ask Julia Rudloff)

« Fast and cheap

* In any field trial

Figure 1. llustration of the
system fo measure
electric capacitance
in cassava.

Gonzdles et al. 2007
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Electrical capacitance

Relationship between electical root capacitance and root dry
matter (144 oilseed rape plants, hydroponics)
(AUGUSTIN, unpublished BSc thesis)
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Hohere N-Effizienz durch Halbzwerg-Hybriden ?

U
LA
Vo s L AN £ o s
e T
W
LA >

Dwarf (ms Mutter) Halbzwerg-Hybride  Normaltyp (Bestauber)



Normaltyp Hybride

32



Material

e zwei Populationen (O x D, H x A)

e Produktion von doppel-haploiden Linien (=vdllig homozygote
Genotypen), die 1 : 1 spalten fir Zwergtyp und Normaltyp

e Herstellung von Testkreuzungen (= DH-Linie x Tester), die 1 : 1
spalten fir Halbzwerg- und Normaltyp-Hybriden

e Anbau der Testkreuzungen im Feldversuch bei 2 N-Stufen

=

Sebastian Miersc



Mean values of 54 semi-dwarf and 54 normal-type testcrosses (mean of 3
environments)

Grain Straw
t/ha DM t/ha DM

Semi-dwarf 1.56 2.87 0.35

Normal 1.45 3.48 0.29

Semi-dwarf 3.22 3.94 0.45
Nl 3% o % e

Normal 3.52 4.36 0.45

Sebastian Miersch (unpublished results)
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Aldge
Mapped QTL for Grain yield (GY), Nitrogen content EoF (NC) and Nitrogen

uptake EoF (Nup), Straw (Str) and Hl under low N conditions

dwarf gene
_ QTL LG Pos. [cM] Cl [cM] a
0,0 —~f= bzh .'5,?
= [F -~ =
ID Eﬂ - IA GY_1 A06 6,0 2,0-11,0 0,19
B NC_1 A06 7,0 1,0-13,0 0.13
Nup_1 A06 1,0 0,0 -23,0 -1,42
36,7 cb010204 Str_1 A06 0,0 0,0 - 3,0 -0,22
459-] [~ ch010813 HI_1 A06 2,0 1,0-9,0 0,04
51,1 ral3182
53,57 [~ rab0189 LG = linkage group, ClI = confidence interval, a = additive effect
0.0 ral 1887
85,0 800255 Grain yield t/ha (3 environments)
775 202550 N content in % (3 environments)
219 ral 7318
s0s . N uptake (end of flowering ) kg/ha (3 environments)

Straw t/ha + HI (2 environments G6 2011 + G6 2012)

MIERSCH 2013, unpublished preliminary results 37
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Proteins :
Amino transferases

Amino acid transporters

~ Amino acids '
TA Amino transferases k

-

Transgenic approaches:

Glutamate

Glutamate synthase
(GOGAT)

Glutamine karyotic
4 Asparagine
nthetase

Bacterial asparagine synthetase

Glutamine synthetase
NH; (@ Nitrate reductase
i ;
(I‘ggt)emductése
NOZ"
(=
NO; '

3

Nitrate transporters
Ammonium transporters

Christian Mollers




The Model Organism Arabidopsis thaliana

A
\‘:(
)
I

\ &
Y

s '
| { 4 &

Dicot used as model organism in
many studies

5 chromosomes, 120 mb genome
and ~30,000 genes

Brassicaceae family - synteny
Self fertilization

World-wide natural variation

Erol-Oztolan & Keurentjes



The NUE-CROPS approach

A. thaliana B.rapa Oillseed rape (B. napus)



Materials and Methods

* Plant Material:
— HapMap population (353 accessions)

e Growth Conditions:

— On rockwool bloks, covered to prevent algea
— 1mM N (Deficiency) vs 5mM N (Control)

* Association Mapping:
— Full set of densely SNP markers: 250,000 SNPs
— Based on Linkage Disequilibrium

— Therefore, detection of significant SNPs within 20kb
will give us a QTL region which might be associated
with NUE

Erol-Oztolan & Keurentjes



N deficiency Control

Erol-Oztolan & Keurentjes



GWA Mapping Dry Weight

N-deficiency

-10Log(p)
3

AT5G13550 Sulfate transporter
(SULTR4;1)

Control N

-10Log(p)

AT1G75960 AMP-dependent
synthetase and ligase family protein
AT4G14400 Accelerated cell death 6
(ACD®6)

Erol-Oztolan & Keurentjes



Summary Arabidopsis

AT2G28800 Albino 3 (Alb3)

AT5G47120 Bax inhibitor 1 (BI-1)

AT5G47110 chlorophyll a/b binding protein gene (LIL3:2)
AT2G02590 Unknown

AT3G05090 Lateral Root Stimulator 1 (LRS1)

AT1G22170 Phosphoglycerate mutase family protein

AT2G14835 Ring/U box superfamily protein

AT5G13380 Auxin responsive GH3 family protein 15 candidate genes
AT4G14400 Accelerated cell death 6 (ACD®6)

AT5G13550 Sulfate transporter (SULTR4;1)

AT1G75960 AMP-dependent synthetase and ligase family protein
AT1G52070 Mannose-binding lectine super family protein
AT3G46540 ENTH/VHS family protein

AT4G26990 Unknown

AT4G27010 Embryo defective 2788

Erol-Oztolan & Keurentjes



)J GEORG-AUGUST UNIVERSITAT GOTTINGEN
- DEPARTMENT OF CROP SCIENCES

Zusammenfassung

Variation fur N-Effizienz besteht auch in angepasstem
Zuchtmaterial

Das Wurzelsystem ist von entscheidender Bedeutung fur
die N Aufnahme, aber zuchterisch nur sehr schwer zu
erfassen

Halbzwerghybriden konnten ein Weg zur Verbesserung
der N-Effizienz bei Raps sein
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