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INTRODUCTION
• Half of the nitrogen applied to fields is lost to 

several processes linked to soil moisture 
• Low soil moisture limits nitrogen mobility, 

reducing the effectiveness of fertilisers 
• Wetter conditions increase leaching 
• Rainfall plays an important part in these 

processes, governing the fate of nitrogen 
fertiliser 

• The interplay between these two processes 
remains poorly understood 

• We developed a modelling platform to 
determine if precipitation-tailored 
fertilisation timings can mitigate the losses 
associated with too little or too much rainfall
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VISUAL DESCRIPTION OF THE MODEL

RESEARCH QUESTIONS
• Which split fertiliser application times 

achieve the optimal plant nitrogen uptake 
for a growing season?  

• How does cumulative rainfall correlate 
with nitrogen uptake?

INPUT 
Daily rainfall rate

INPUT 
Nitrogen fertiliser 
split application times

Water flow 
based on 
gravity and 
capillary suction

Nitrogen 
movement 
depends on 
water flow

RESEARCH METHODOLOGY
With the model apply fertiliser on every possible 
day in 90 growing seasons. 144 kg ha-1 of N 
fertiliser is applied over the two applications.

OUTPUT 
Plant nitrogen uptake

OUTPUT 
Nitrogen leaching

Application 
time one

Application 
time two

Roots grow and absorb 
water and nitrogen

ALL POSSIBLE UPTAKES FOR A VERY DRY YEAR:
• x-axis: the day of the first fertilisation  
• y-axis: the second fertilisation from germination 

M
ax

im
um

 N
 u

pt
ak

e 
[m

ol
]

Likelihood of achieving m
ax 

Total rainfall [mm]

First fertiliser application time after planting [days]

Se
co

nd
 fe

rt
ili

se
r 

ap
pl

ic
at

io
n 

ti
m

e 
af

te
r 

pl
an

ti
ng

 [d
ay

s]

C
rop N

 uptake [m
ol]

Applied too late 
to be taken up in 
the rest of the 
growing season.

Optimal time to apply 
this growing season 
is day 9 and 14
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CONCLUSIONS
• On average, weather-optimised fertilisation 

strategies could improve crop N uptake by 20% 

• Maximum plant uptake is greatest under dry 
conditions due to reduced leaching, but it is harder 
to find the maximum due to low N mobility

Dry years have  
hard-to-achieve high 
N uptakes. Wet years 
have easy-to-achieve 
low N uptakes.
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