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Nitrogen is often a limiting macronutrient
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Placing the nitrogen cycle in a
global context

* Rockstrom et al. 2009 Nature; Steffen et al. 2015 Science
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Global increase in N fertiliser use
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The challenge is to find the balance
between N supply and demand
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N in the canopy leading
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Defining N responsiveness
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Swarbreck et al. (TiPS, 2019)

N responsiveness, defined as the capacity
of plants to induce morphological and
physiological changes according to external
N availability, is a trait that can be selected
for to enable the development of low N
requirement cereal crop.



Exploring N responsiveness in the WGIN
Diversity trial dataset
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Release of compiled yield and NUE data for WGIN Diversity trial, 2004-2019
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The Wheat Genetic Improvement Network
(WGIN) germplasm diversity trial is an
example of a multi-variety, multi-N S

multiple years. Data from the initial years
(2004-2008) of these trials reported
variation in yield and N-responses and
contributing physiological processes
(Barraclough et al. 2010; 2014). The trials
have continued to the present date and
have involved a large panel of modern
commercial hexaploid wheats (varieties
introduced between 1964 and 2016) and
data has been compiled for trials from
2004-2019 and is available on this website.
In most years there were four N rates, from
zero to 350 kg N/ha/yr, which represents
no input through to excess applied N. All
trials  were conducted following local
commercial agronomic practice, at the
Rothamsted Farm in Hertfordshire in the UK.
Whilst more than 60 varieties were
examined in total, a smaller subset of 15
core varieties have been grown for most
years.

All data can be accessed by following this link.

> A total of 45 wheat varieties/lines

» tested under 4 N rates (0, 100, 200 and
350 N kg.ha1, with 50 N kg. ha' was

tested in 2004),
» from 2004-2019
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Positive correlations amongst yield decreases
as difference in N supply increases




Positive correlations amongst yield decreases
as difference in N supply increases
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Year to year variation in N responsiveness
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Varietal differences
IN N responsiveness

- Heritability Hc= 0.74
- No strong pattern related to
year of registration

- No strong pattern related to
NABIM group

Varieties
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Defining N responsive (NRp) and N non-responsive
(NNRp) accessions in Setaria italica (L.)
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Genetic markers for N responsiveness in S. italica

c1 L. & a3 - ca
0.95 -~ C51.95759 7.33 g CS2.7383637 <& 44.47 - CS3.44474453 &> 7.29-f- CS4.7286057 @

. - 68 non-redundant significant marker
5346152433 = 14.78 €S54.14786942 | . X .
5346501638 @ traits associations (MTAs)
S3.46666559 =
cssenonst B 5500 B csansetzass - 13 associated with main traits

- 55 associated with index traits

1190 - cst.11904788 B 4645+
46,50

4666~
46707

2715 CS51.27153448 «»
2157 ) C51.27572034 =
2785/ C51.27855291 @
3229 05132295211 <> 46,65 [ CS2.46536147 B>

31.46 C84.31463797 D D

32807\ CS1.32803013 : ! ars9-Bcsaarsezsz @ .
_— 6 GRS -, 49.33C7 05240350065 Im——m & 5437893021 &> @ - - 22 non-redundant MTAs associated
CS . .
¢ R 100 Co06e5540 TEER  1.08-g-CSTI0631% By 375\ /CSB3754101 @ 4153 CS941537365 with grain number per plants
TR 593 CS8.5936026 <
v ol | 6.06 - JJ- C58.6063722 A
Ul Rl 6.88 /Jf Cs8.6881252 @@
1258l Cs812586221  cp>  43.56 ¥ CS9.43560688 <
119 CS6.11971310 < 13.64 - CS8.13643799 <&
d Ol Rl 14,03/ C$8.14033895 ©
sl el 16.47/Jf C$8.16474093 &
074 CS5NTME5 @D ; ,

CS7.16620844 2 23.14\ |1 CS8.23144646

a0 [ cssan0 @ 16.62
giig ,§§§.§4439153 =) 3020, J CS8.30207020 <A
289/ cs5.001474 30.22, |1 0$8.30225088 &> Wiews  WanTais  ndectais
24,60 -J- CS6.24604289 > ||l ©58.30225110 - -
' ’ 2375 CS7.23751708% 31.28 (il CS8.31285268 = s
2154, cs7.27546533 > 32.67 \|§ CS8.32674725 D wionzswioo WHW & 4
ol Mk 37.03+ [l CS8.37030665 <& - GRANCN GBS awp
031 573001275 @ 3705 W Csaarossis @ T
4450 B cs5.44606061 DD 30.72-J§ CS7.30724925 @ 38.37 1 CS8.38379771 @ i
' 30.767 * CS7.30769692 ® 3339/ (S58.38396322 B> W =i

Bandyopadhyay et al. JoR 2022



N responsiveness decreases with increasing N availability
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Summary

* Lowering N requirement while maintaining yield and grain quality is
necessary to achieve sustainable wheat production

« Considering N responsiveness and its genetic underpinning can
provide a way of selecting varieties with lower N requirement

* The use of derived indices highlighted new areas of genomes
potentially relevant to selecting high N responsive varieties.

* N responsiveness provides a framework for producing low N
requirement crops, which enables the translation of fundamental
work into crop.
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