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Nitrogen use efficiency of oilseed rape cultivars
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Outline

* Nitrogen use efficiency and GHG emissions

* Experiments and data

* Genotypic calibration of HUME-OSR

* Scenario calculations for NUE and GHG indicators
 Summary and Conclusions



Nitrogen use efficiency
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Agronomic N-based

Y
NUE,, =—
N, N

Y = seed yield, N; = nitrogen in fertilizer



Agronomic nitrogen use eftficiency

as a function of N fertilization rate

Christian-Albrechts-Universitat zu Kiel

Yield

NUEag =
N — Fertilisation

Yield NUE

> >
N-Fertilisation N-Fertilisation

4



Agronomic nitrogen use eftficiency

as a function of N fertilization rate
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Low NUE
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Comparison of NUE for rapeseed and wheat
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Rapeseed has low NUE
but improves NUE of wheat

Preceding Crop

@® Faba bean Points indicate
@ Barley . :
® Green Maize economic optimum
@ Rapeseed N rate
© Wheat
Data from:

Rose, M., Pahlmann, I., Kage, H., 2023. Modified
crop rotations for a sustainable intensification? A
case study in a high-yielding environment with
recurrent nitrogen surplus. Eur. J. Agron. 142,
126644.

https://doi.org/10.1016/j.eja.2022.126644. 6



Yield [t/ha], Emissions [t COyha™ ]

Emission/Yield [t CO4t™"]

Indicator ,yield scaled emissions”

Indicator ,,GHG balance”
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Research questions
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 Are there differences in NUE between OSR cultivars?
e Hybrids vs. OP cultivars?
* Old vs. new cultivars?

 Which traits of OSR cultivars affect NUE?

* How differences in NUE contribute to
GHG balance and yield related emissions?

 Which consequences arise for optimal production intensity?



Experimental Approach cialu
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* N rate experiments
* 3 sites (one site only one year)
* 2 years

e 8 cultivars
* For 3 cultivars on 1 site sequential harvests

* 5 N-rates

* MicroNAM population
* 6 sites

* Additional data from other field experiments

e Calibration data for spectral reflection models
 Calibration data for old hybrid cultivar TALENT



Cultivars used in field experiments for parameterisation
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Cultivar Cultivar type Year of release
Talent Hybrid 1999
Patron OP 2014
Architect Hybrid 2017
—
Violin Hybrid 2018
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Sites of the experiments and scenario study
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Precipitation
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Seed yield and nitrogen use efficiency

as a function of N fertilisation rate for different Rapeseed genotypes
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1.5

5 site/year combinations

Focus on:
Architect
Violin

1.0 -

N use efficiency [kg N (kg N)]

o
£
o
5 Patron
2
>
©
cu
A 0.5 -
2.0 - = =- Advocat - Architect - =- Advocat - Architect
=== Arsenal === DK Expansion ~=- Arsenal —— DK Expansion
= - Fossil — Patron ~ - Fossil —— Patron
~— Puzzle = Violin — Puzzle — Violin L
1-0 I I I I I 0.0 N N N I
0 40 80 120 160 200 240 70 110 150 190 230
N fertilisation [kg N ha-1] N fertilisation [kg N ha]

Klaus Sieling, Till Rose, Andreas Stahl, Bjorn Reddersen, Henning Kage, 2023. Differences in N use efficiency, N translocation and N immobilization capacity of their residues of 12
oilseed rape varieties due to N fertilization. Arch. Agron. Soil Sci. 69, 3300-3313. https://doi.org/10.1080/03650340.2023.2228257.



Genotypic differences in NUE
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e Tested cultivars differed in NUE

* Which traits differ/changed during breeding progress?
* No historic cultivars were included in the project

* But: we reused data from older field experiments at Hoheschulen
experimental station for the cultivar Talent

* Same site and methods but different years!
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The Monteith (source focussed) yield model
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Y=HI-fQ-LUE-f(T,H)

* Y =Yield

e HI = Harvest Index

* Q = absorbed Radiation

* LUE = Light Use Efficiency

* f(T,0) = Stress factors -

* Temperature
* Drought

14



Extended Model: HUME-OSR
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HUME-OSR:
C|Alu
@ Christian-Albrechts-Universitat zu Kiel

Dry matter
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GAIl-Calibration and Independent Evaluation

e Spectral reflection measurements
* Parrot Sequoia
* 4 spectral wavebands
* EbeeX drone
* Pix4D for stitching

Visible light

e Seasons
e 2017-2022

Sampling dates
.« 23

400 500 600 700 800 900
Wavelength (nm)

=== Healthv Plant Stressed Plant === Soil

 Samples calibration
¢ 175

* Samples evaluation

e 278
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Pictures: https://www.parrot.com/de/shop/zubehoer-ersatzteile/andere-drohnen/sequoia



GAIl-Calibration and Independent Evaluation

Calibration Evaluation

y=0.143+0.848 x R*=0.86
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Whole season model
(flowering period excluded!)
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Green area index

over time for 3 selected N rates
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Cumulative radiation uptake

For 3 selected cultivars at high N supply in two seasons
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Estimated RUE

for 3 selected cultivars at high N rates and without N fertilisation
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25 OP cultivar Patron

r 2 with lower RUE
=

2 2.0 2.0

% 1.5 1.5

g

LL

2 1.0

oC

1.0
|

Patron Violin Architect Patron Violin Architect

RUE = Shoot DM/radiation uptake (PAR)

RUE = RUE corrected for suboptimal temperatures 21
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HUME-OSR
ClAlU
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Dry matter
partitionierung

22



Allometric relationship between leaf and stem biomass
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See also: Weymann, W., Sieling, K., Kage, H., 2017. Organ-specific approaches describing crop growth of Leaf
winter oilseed rape under optimal and N-limited conditions. Eur. J. Agron. 82, 71-79. 2
https://doi.org/10.1016/j.eja.2016.10.005.




ometric reiationsnip netween

generative organs (pod + seed) and stem biomass
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HUME-OSR:
ClAlU
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PECITIC 1eaT aréa as a TUnction or green area inaex

for spring leaf area formation
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HUME-OSR
ClAlU
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Nitrogen-
translocation

-
B @ © ©




Stem N concentration as a function of stem DM
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Leaf nitrogen concentration during spring growth
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Genotype-Specific-Parameters
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* Intotal 15 model parameters were genotypic specifically estimated
* Significant effect of genotype as condition

Specific-Leaf-Area (pre booting)

Specific Areas Specific-Leaf-Area (post booting) ]

[ Leaf-Stem-Allometry (pre booting)

7

Specific-Stem-Area

[ Leaf-Stem-Allometry (post booting) Carbon Allocation

o

Leaf-Critical-N-Concentration (pre booting)

[ Generative-Stem-Allometry (post flowering) Parameters

Leaf-Optimal-N-Concentration (pre booting)

o

[ RUE unstressed . . .
Leaf-Optimal-N-Concentration (post booting)

Stem-Critical-N-Concentration (pre booting)

Nitrogen
Concentration

Stem-Optimal-N-Concentration (pre booting)

Stem-Critical-N-Concentration (post booting)

5

Stem-Optimal-N-Concentration (post booting)

2

Stem-Minimal-N-Concentration (harvest) ]
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Evaluation of genotypic parameterisation HUME-OSR
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Evaluation of genotypic parameterisation HUME-OSR
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NCHEREREWAE
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Simulated green area index

by genotypic parameterised crop growth model HUME-OSR
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Simulated nitrogen uptake

by genotypic parameterised crop growth model HUME-OSR

7 zu Kiel
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Simulated nitrogen partitioning

by genotypic parameterised crop growth model HUME-OSR
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Simulated N response of seed yield

by cultivar specific parameterised model HUME-OSR
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Indicators for GHG efficiency
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m Yield scaled emissions B GHG-balance
Emissions +(Energy yield - Emissions, .. ;... )
Yield —(Emissions - Allocation factor)
= Unit: t CO,-eq. / t seed yield = Unit: t CO,-eq. / ha

Calculation aproach: BioGrace 1 & 2 (+ updated Parameters, 3469 gCO,,/kg N
production) 38




Simulated N response of yield scaled GHG-emissions

by cultivar specific parameterised model HUME-OSR

Emission/yield [t CO4t™']

Architect

Patron

Christian-Albrechts-Universitat zu Kiel

Minima of yield scaled

emissions at relatively low

N rates (< 100 kg N/ha)
Modern hybrid cultivars
(Architect, Violin)

have lowest values
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Band describes 50% Confidence intervall, linie is mean
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Simulated N response of GHG-saving per area (GHG balance

by cultivar specific parameterised model HUME-OSR
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Simulated N response of nitrate leaching

by cultivar specific parameterised model HUME-OSR
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Simulated N response of direct N,O-emissions

by cultivar specific parameterised model HUME-OSR
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Summary/Conclusions cialu

Christian-Albrechts-Universitat zu Kiel

 Modern Hybrid cultivars
* More N-Efficient
* Less GHG emissions per unit yield
* Higher GHG savings per hectare
* Mechanisms

* Higher radiation use efficiency (complex trait)

e Better DM and N allocation
* Increased N-Harvest index
* Less leafy
* Nin crop residues is not the problem but N is better invested into seed

* Higher yield potential!

* Optimum N intensity
e Relatively high for indicator GHG balance
e Clearly below Ag practice for yield related emissions

43



Summary/Conclusions
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 Cultivar specific parameterisation of Crop Growth Model

* Feasible, but only for limited number of cultivars
* Allometric approach of HUME-OSR helpful
* Failed for NAM population (for several reasons)

* Trait variation in cultivars originally used for the project was relatively low
* Opens new avenues for understanding trait effects

* Remote sensing
* Was helpful (RUE estimate)
» Potential not yet fully exploited

 What to do better? -
» Better selection for trait variation in genotypes
* More focussed approach
44
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Composition of GHG emission in oilseed rape production

as a function of nitrogen fertilisation C|A | U
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Components of NUE_, cialu

Y N N N, Y
NUE, =— = —S.—L.- L.
N, N, N, N, N,

Agronomic NUE (Y/N¢) =

N./N; (Soil fertility/N transformation efficiency) *

N, /N, (N uptake efficiency) *

N,/N, (N harvest index) *

Y/N, (1/[N];ceq) —

N supply (Ns), N uptake (Nu), N yield (Ny), yield (Y)

Adapted from Huggins & Pan (1993) 47



Genotype effects on NUE
ClAlu
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N Efficiency component Genotype specific traits Alternative measures

* NJ/N; * Only indirect effects * Crop rotation
* Soil fertility/ Efficient fertilisers

N transformation efficiency) « Adopted tillage
* N,/N, * Morphological and * Precice N rates
* (N uptake efficiency) physiological root parameters ¢ Reducing N losses
* Phenology/Harvest date * (Irrigation)
* Vigorous vegetative growth
* N,/N, * N-translocation efficiency * Precice N rates
* (N harvest index) -
. Y/Ny * Low protein concentration * Precice N rates

y (1/[N]5eed)
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