
Sources and amounts of N2O

Contact: lenaic.pardon@cirad.fr

Pardon L.1, Bessou C.1, Saint-Geours N.2, Gabrielle B.3,  Marichal R.1,4, Testiati E.4, Caliman J.-P.1,4, Nelson P.N.5 

1CIRAD, UPR Systèmes de pérennes, F-34398 Montpellier, France                         
2ITK, CEEI CAP ALPHA Avenue de l’Europe, 34830 Clapiers, France  
3AgroParisTech, INRA, UMR EcoSys, 78850 Thiverval-Grignon, France                

C
on

ce
pt

io
n:

 C
ira

d,
 M

ar
ti
ne
 D

up
or
ta
l, F

eb
ru

ar
y 

  2
01

6-
 ©

 p
ho

to
s 

: ©
 C

. B
es

so
u

• Review of available measurements for N2O and other nitrogen losses 
in oil palm plantations on mineral soils. NH3, NOx and NO3 losses may 
lead to further indirect emissions of N2O [1]. 

• Comparison of 25 sub-models to simulate N losses, among which: 
- 8 were specific to leaching and runoff (NO3 losses) 
- 9 were specific to NH3 volatilisation 
- 8 were specific to N2O emissions
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Material & Method

Results

N2O emissions from agriculture greatly contribute to climate change. In palm 
plantations on mineral soils, these emissions are mostly due to fertiliser inputs.  
This raises environmental concerns as oil palm is the most rapidly expanding  
tropical perennial crop. There is hence a critical need to quantify and model N2O 
emissions in order to explore suitable practices to reduce these emissions.
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• Direct N2O emissions were the most uncertain N flux varying between 
0.01-7.3 kg N.ha-1.yr-1, with a tendency to be higher during the immature phase,      
to decrease with the age of palms and to be higher in poorly drained soils [2-3]. 
However, only few measurements were available.  

• Indirect N2O emissions were related to emissions of NH3 and NO3-  which were 
particularly high during the immature phase when the N inputs are high while the 
palms are still young. 

• Direct N2O emissions estimates were some of the most variable across models 
between 0.3-7 kg N.ha-1.yr-1, albeit close to field measurements. Mineral fertilisers 
were identified as the main contributor to the emissions, but plant residues and soil 
N mineralisation were also important. 

• The models accounting for felled palms decomposition, empty fruit bunches 
applications, and biological N fixation also estimated a peak in N2O emissions 
during the immature phase. The main influential factors on N2O emissions were   
the rate of mineral fertiliser applied and the emission factors of the models.

Figure 2. Morris’s      
sensitivity indices 
for sub-models 
calculating N2O, 
NOx, and N2 
emissions. 
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Data is still lacking to better understand the potential effects of spatial 
heterogeneity in plantations and management practices on direct and indirect N2O 
emissions. More field measurements are needed. They will allow for improving 
current models, e.g. IPCC, and for improving practices towards reducing N losses 
and related economic and environmental losses.

     Conclusion

Figure 1. 
Comparison of 
measured and 
modelled values 
for nitrogen 
losses and 
climate change 
impact in oil palm 
plantations. 
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