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• Timing of crop flowering is critically important in determining 
yield

• Shifts in timing can alter both the number of grains and their 
average weight, through the crops being exposed to more or less 
favourable combinations of radiation and temperature

• The most important environmental factors regulating time to 
flowering in wheat and barley are daylength and temperature (via 
the positive effects of temperature and through vernalisation). 

• However, in several studies aimed at exploring yield responses to 
nitrogen (N) fertilisation in cereals and other crops, effects of N 
availability on time to anthesis have been reported 

• Characteristically, the effects of N on crop phenology are noted, 
but there has not been any systematic attempt to analyse the 
occurrence and importance of these effects across a broad spectrum 
of reports
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• Information on N effects on flowering time is highly dispersed in 
the literature

• There is a large degree of variation in reported effects of N 
fertilisation on phenology, both in crop and non-cultivated plant 
species and in many occasions it is a simple comment made in 
the report rather than a deeply analysed trait.

• Perhaps the conflicting reports were based on the level of N 
stress explored in each case
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• Angus and Moncur (1985) and Williams and 
Angus (1994), in the only published model 
proposed for these responses 
in wheat, suggested a non-
linear response of flowering
time to N application
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• This might explain why in some cases there is a developmental 
response (highly N stressed controls), while in others phenology is 
largely unaffected by fertilisation (mildly to moderately N stressed 
controls).

• We attempted to shed light on this issue through a meta-analysis of 
reports, published during the last twenty years in high-impact journals 
specializing in agriculture, of the effects of fertiliser nitrogen on time 
to either heading or anthesis in wheat and barley, using crop yield 
responses as a proxy for crop nitrogen status. 

• We restricted our coverage to crops grown outdoors to avoid the 
effects on development and yield which frequently occur in the low-
irradiance conditions typical of controlled environment experiments 
(as well as in many glasshouse studies). 

• In addition, we have only covered experiments in which nitrogen was 
applied at sowing or up to the onset of stem elongation
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Relative yield response to N fertilisation
Degree of N-stress in the unfertilised control
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wheat (closed symbols) 
barley (open symbols)

Many data-points are not
visible as they overlap
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Gc1 Gc1 vsvs Gc2      NGc2      N--fertilisationfertilisation

Gc3 Gc3 vsvs Gc4     Gc4     Water+NWater+N--fertilisationfertilisation

Gc5 Gc5 vsvs Gc6Gc6
NN--fertilisationfertilisation

Gc7 Gc7 vsvs Gc8Gc8
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Crop phenology did not show a consistent pattern of  response to
N fertilisation

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

We demonstrated here that the mechanism operates through 
accelerating rate of floret development, which caused 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 is a major 
determinant of grain number in wheat and that the process 
seems to be mediated by resource availability (González, 
Miralles & Slafer, 2011) 

Conclusions


