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* Timing of crop flowering is critically importanhidetermining
yield

e Shifts in timing can alter both the number of ggaand their
average weight, through the crops being exposetbte or less
favourable combinations of radiation and temperature

* The most important environmental factors reguatime to
flowering in wheat and barley are daylength and &emature (via
the positive effects of temperature and througinaksation).

 However, in several studies aimed at exploringgyiesponses to
nitrogen (N) fertilisation in cereals and other gpgffects of N
availability on time to anthesis have been reported

» Characteristically, the effects of N on crop pHegg are noted,
but there has not been any systematic attemptaiysathe
occurrence and importance of these effects acrbssaal spectrum
of reports
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 Information on N effects on flowering time is hlgllispersed in
the literature

* There is a large degree of variation in reportéecés of N
fertilisation on phenology, both in crop and nontiwalted plant
species and in many occasions it is a simple corhmade in
the report rather than a deeply analysed trait.

» Perhaps the conflicting reports were based othetred of N
stress explored in each case
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* This might explain why in some cases there is\eeldpmental
response (highly N stressed controls), while irethphenology is
largely unaffected by fertilisation (mildly to moaeely N stressed
controls).

* We attempted to shed light on this issue througteta-analysis of
reports, published during the last twenty yeatsigh-impact journals
specializing in agriculture, of the effects of figser nitrogen on time
to either heading or anthesis in wheat and baudsiyg crop yield
responses as a proxy for crop nitrogen status.

* We restricted our coverage to crops grown outdomes/oid the
effects on development and yield which frequendgu in the low-
Irradiance conditions typical of controlled envinoent experiments
(as well as in many glasshouse studies).

* In addition, we have only covered experiments imol nitrogen was
applied at sowing or up to the onset of stem elboga
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Fig. 1. Hypothetical response function for delay in flowering (heading or anthesis) in wheat and
barley to the degree of N-stress experienced by the unfertilised control (reflected in the magnitude
of the yield response to N). Insets show schematic response functions embodied in data reported for
wheat (upper-left inset; Angus and Moncur, 1985) and rice (bottom-right inset; Williams and Angus,

1994).
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Table 1. Journals scanned for relevant articles during the 1990-2010 period and
number of tagged articles per journal. Search strings used: TITLE (“nitrogen and
wheat™) and TITLE ("nitrogen and barley™).

Journal Number of articles
meeting search criteria

Agricultural and Forest Meteorology 4

Agronomy Journal 142

Agronomy and Sustainable Development. 267

Agricultural Water Management 13

Annals of Applied Biology [

Australian Journal of Agricultural Research 56

Australian Journal of Experimental Agriculture 43

Crop Science 3

European Journal of Agronomy 52

Field Crops Research 78

Journal of Agricultural Science (Cambridge) 120

Journal of Agronomy and Crop Science 112

Journal of Plant Nutrition and Soil Science 19

Plant and Soil 174

Total 1130 custavo A Saler
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Table 2. List of articles published during the 1990-2010 interval and personal
communication from which data was extracted.

Reference®

Abbate et al., 1995
Arisnabarreta and Miralles, 2004

Arisnabarreta and Miralles, 2006

Main treatments
| wheat genotype X 2 years X 4 N levels

2 years x 4 barley genotypes x 2 N levels

Arisnabarreta and Miralles, 2010

2 barley genotypes x 2 N levels

Barraclough et al., 1989
Porter, 1993

I wheat genotype x water x 2 N levels

Birch and Long, 1990

3 barley genotypes x 5 N levels

Delogu et al., 1998

3 years x 1 barley genotype X 1 wheat genotype x
3 N levels

Dreccer et al., 2000

| wheat genotype and 3 N levels

Ferrise et al., 2010

I wheat genotype x 2 years x 2 sowing dates x 4
N levels

Fischer, 1993

Fischer et al., 1993

2 exps X 1 wheat genotype x different N levels x
timing of N applications

Guarda et al., 2004

4 years X 16 wheat genotypes x 3 N levels

Hocking and Stapper, 2001

| wheat genotype x 3 sowing dates x 2 N levels

Kernich and Halloran, 1996

2 exps x 2 barley genotypes x 2 N levels

Martre et al.. 2006
Triboi et al. 2003

I wheat genotype x 3 initial N conditions

Newton, 2001

| wheat genotype x 4 stubble conditions x 2 N
levels

Peltonen, 1993

2 wheat genotypes x 2 N levels

Prystupa et al., 2003

| barley genotype X 2 N levels x 3 P levels
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Growing Experiment  Experimental Chemical and physical soils Experimental Sowing date and density  Experimental treatments Growing condition
SEAS0N design properties approaches label (Gc)
Water availability N availability Cultivars
2008-09 | Completed pH: 8.2 Crops in large 2B Nov, 0B [rrigated® S50kgNha ' Claudio Gcl
randomised desipn  ECe (dS/m}; 0,13 containers 300 plants m? Donduro
(3 replicates) Organic matter (Walkey +Black) gutdoors Simeto
(%) 025 Vitron
Soil textural dass{USDA): Loamy
sand
Clay (%):3.9 250 kegN ha ! Claudio Gc2
Sand (¥); BO.B Donduro
Sile (%) 153 Simeio
Viiron
2 Randomised block  pH: 8 Field 24 Nov. 08 Rainfed 130kgN ha-! Clandio Gc3
design (3 ECe (dS{m): 0,34 300 plants m-2 Donduro
replicates) Organic matter (Walkey +Black): Simeto
3.1 Vitron
Sodl textural class{USDA): Sandy
clay loam
Clay (&) 278
Sand (%): 46.4
Silc (% 25.8
3 pH: 740 Field 12Dec 08 Irrigated® 580 kgNha-! Claudio G4
ECe (dS5/m): D.85 300 plants m-2 Donduro
Organic matter (Walkey +Black]: Simeto
414 Vitron
Soil textural dass{USDA); Clay
loam
Clay (%); 283
Sand (¥); 384
Silt (€1 333
2009-10 4 Completed pH: 82 Crops in large 26 Nov. (9 Irrigated- 50kgNha-! Donduro GeS
randomised design ~ ECe (dS/m); 0,13 CONLAINErs 250 plans m-2 Vitron
(3 replicates) Organic matter (Walkey +Black) outdoors 250 kegN ha ! Donduro Gch
&) 025 Vitron
Soil textural class{USDA); Loamy
sand
(ay (%):3.9 Rainfed S0kgNha! Donduro Gc7
Sand {%); BOR Vitron
Silt (%): 153 250 kgNha ! Donduro Gcd
Vitron

Ferrante, Savin & Slafer. 2012. Field Crops Resed8h:52-64

Gustavo A. Slafer

« Universitat

U, de Lleida




1500 - = 800+
(@) ¥ =357+3.0 x + 65.2+60.7 (b) 42.5a
r?= 0.91; (P<0.001) O O3
] stVous [ O aata Gclvs Ge2
SEM
' 700{
SEMgc3 N 38.4b
< 1000+ . :
= 00 Gc3 vs Ge4
> ] SEMsc2 16 20 24
= 1500
2 S ()
S 500 i v
10001 sem
A Giz Gz:i Gi4 Claudio T V
- 0O H O B D_onduro 5004
S & © @ Simeto
© ® © @ Viron %
0 T T T % &
0 10 20 30 40
Grain number (10> m?)
800 (d) 6007 ()
] y=37.3:+52x+18.9:64.1 o | 38.2b
r = 0.90; (P<0.001) ] 5001 Geb vs Geb
600- g"
400+
— ® | sem
£ ] O o I Gc7 vs Ge8
2 400- SEMg.s 10 12 14 16
o i
T | STW 800 (f)
= v
SEM_, 600+ EEM
200 : v
SEM Gc5 Geb GoT GeB 4001 W
y o U B O B ponduro| 2004
—|— O ® @ @ vitron
0 T I T I T I T 1 O T T T 1
0 5 10 15 20 0 5 10 15 20

Grain number (10 m)

N-fertilisation

Water+N-fertilisation

N-fertilisation

Ferrante, Savin & Slafer. 2012.
Field Crops Resear¢hi36:52-64

Gustavo A. Slafer

+

x X
s

Universitat
de Lleida




Donduro Vitron (b) Donduro Vitron

Irrigated Rainfed Irrigated Rainfed Irrigated Rainfed Irmigated Rainfed

10 Floret 3 I i 1 10 o nzsp 1 o N2 1 o n2m 1 o N2m
Bl x uso [ -2 mso - msa 15 mso B 1 i i
o hase || o~ m2s0 |- nzse | o mas0 1 i 1

£
2 1 ) i ] : B ' 7 5 ] ‘ :

™y

Number of living floret primordia (spikelets™)
Apical Spikelets

e

Central Spikelets

Basal Spikelets

Dondure Vitron

(b) Irrigated Rainfed Irrigated Rainfed

M50 (28.5) =&~ NAD (37.3)
N25D(43.3) ] e NED{26.8) ] - MNDED(482) ] - NSO (313
Detiliring {50.1) -0~ NZED(38.0) . - Detillering {83.5) =0~ N250 (47 .4)

o
1
v
s

ﬁfm 1
. 0 500 1000 15002000 500 1000 1500 2000 500 1000 1500 2000 500 1000 1500 2000
.ﬂf

Spikelet position (spike 1y

B
o8

o
_[‘:.‘r

Y
=5

F

- -

Ferrante, ,

B
3
S,

C-

[==)

Experimental Botany Gustavo A. Slafer

0 500 1000 1500 2000 500 1000 1500 2000 500 1000 1500 2000 500 1000 1500 2000 in press

+
Universitat
'\,,U,/K de Lleida

Thermal time from sowing (°C d)



Conclusions

Crop phenology did not show a consistent pattern ofesponse to
N fertilisation

The lack of consistent response was not dependant the level of
N-stress of the unfertilised control (or to the levkof yield
responsiveness)

We demonstrated here that the mechanism operatesniugh
accelerating rate of floret development, which cawesl a higher
rate of survival of the rather large number of floret primordia
that are normally initiated in all spikelets of wheat

This, in addition, confirms that floret survival iIs a major
determinant of grain number in wheat and that the pocess
seems to be mediated by resource availability (Goalez,
Miralles & Slafer, 2011) Gustavo A. Slafer




