
Changes in nitrification and denitrification potentials after coated urea application 

affect soil N2O emissions from different soils – a 15N tracer study 

1. Introduction 

• Soils are an important source of N2O and soil N2O emissions are mostly 

biological (Fig. 1). 

• Coated urea (slow-release urea) has been widely used as a mitigation option 

of soil N2O emissions. It slowly releases its nutrient to soils when compared 

to conventional fertilizers, thus coated fertilizers reduce N2O production by 

limiting N substrates for soil microbes (Fig. 2). 

• However, the effectiveness of coated fertilizers as a N2O mitigation option 

widely varied according to soil types.  

• We hypothesised that changes in nitrification- and denitrification-

derived N2O control the effectiveness of coated fertilizers. 

2. Materials and Methods 

• N2O emissions after conventional urea and after coated urea application 

were monitored for 30 days in Andosol (volcanic ash soil) and in Fluvisol 

(grey lowland soil). Soil moisture = 55% WFPS. Repacked cores were 

used and they were incubated at 25°C. 

• Nitrification derived- and denitrification derived-N2O emissions were 

quantified using a 15N tracer technique three times during the 30 days 

(before urea application, 1, and 4 weeks after urea application) (Fig. 3). 
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3. Results and Discussion 

• Nitrification-derived N2O dominated in Andosol after 

conventional and coated urea application (Fig. 4a&b). 

• Nitrification-derived N2O dominated in Fluvisol after coated urea 

application (not in conventional urea application) (Fig. 4c&d). 

• NH4
+ substrates remained in soils 4 weeks after urea application in 

Andosol but not in Fluvisol (Fig. 5a). NO3
− was more available for 

conventional urea when compared with coated urea (Fig. 5b). 

• NH4
+ availability controlled N2O emission rates in Andosol. 

• Factors other than NH4
+ availability limited nitrification-derived N2O 

emissions in Fluvisol after conventional urea application. 

Nitrification-derived and denitrification-derived N2O emissions 
were quantified at three timings using a 15N tracer technique. 
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Fig. 1. Processes related to soil N2O emissions. Nitrification is an 
aerobic process whereas denitrification is an anaerobic process. 
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Fig. 2. Nutrient releasing 
mechanisms of coated 
urea. The coating 
controls nutrient release 
thus N becomes slowly 
available for plants. 
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Fig. 3. A 15N technique used to quantify nitrification- and denitrification-derived N2O emissions. The figure 
on the left shows the expect time courses of N2O emissions after conventional (blue) and coated urea (red) 
application. The figure on the right shows the technique we used to quantify the contribution of nitrification 
and denitrification to N2O emissions.  

Fig. 4. N2O emissions 
and contribution of 
nitrification and of 
denitrification to N2O 
emissions. Lines 
represent N2O 
emissions. Brown and 
yellow bars represent 
the contribution of 
nitrification and of 
denitrification to N2O 
emissions. Errors were 
s.d. 

Fig. 5. Changes in NH4
+ and NO3

− 
after urea application in Andosol 
and Fluvisol. 

N2O peaks immediately 
after conventional urea 
application. 

N2O after coated urea 
application peaks slowly 
compared to conventional 
urea. 

NH4
+ in Fluvisol was still 

present in soil at 4 weeks 
after urea application. 
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