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Nitrous oxide (N2O) does not receive as much media attention as carbon dioxide or 

methane, but it is a powerful greenhouse gas (GHG) in its own right. One tonne of 

N2O (half-life 114 years) is equivalent to 298 tonnes of carbon dioxide (half-life 50-

200 years).  

N2O is produced through two biological processes: 1) Nitrification, which is the 

breakdown of ammonia to nitrate (releasing N2O) when there is oxygen available, 

and 2) Denitrification which is the breakdown of nitrate to N2 (releasing N2O) when 

there is a lack of oxygen. Agricultural N2O emissions can be either direct or 

indirect: 

The largest source of direct N2O emissions is from application of inorganic and 

organic fertilisers to soils (including the deposition of manure and urine by grazing 

livestock), and accounts for ~25% of GHG emissions from agricultural soils. Direct 

emissions are also released from stored manure, by crop residue returns (especially 

N-rich legumes) and cultivation of organic soils. 

Indirect N2O emissions are those that arise when N leaches into waterways or is 

lost to the atmosphere as ammonia or NOx. This ‘escaped’ N is emitted as N2O 

further downstream or when it is redeposited on soils from the atmosphere.   
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HOW CAN FARMERS REDUCE N2O EMISSIONS? 

Optimise timing of fertiliser application: 1) Avoid wet weather: when the 

weather is wet1 soil pores fill with water and become depleted in oxygen, creating a 

peak in N2O emissions. For example, soils on the west coast of Scotland2, where 

there is greater annual rainfall, lose a higher proportion of applied N as N2O than 

elsewhere in Scotland. Improving soil drainage and alleviating soil compaction will 

help prevent soils becoming saturated. 2) Match crop N requirements:  Avoid over-

fertilising and use split applications to maximise crop N uptake and prevent indirect  

N2O emissions due to leaching. Test soil pH and nutrient status and consider options 

for optimising fertiliser types for specific crop N needs and local soil and climate 

conditions. 

Adjusting the amount of fertiliser or manure applied to soils to avoid application 

of N in excess of requirements for the particular crop3 or grass4 yield will leave less N 

available for nitrification and denitrification. This will also minimise N losses and 

lower indirect N2O emissions5 as less nitrate will be leached. 

Increasing pH in acidic agricultural soils by liming6 will increase crop productivity 

and may decrease N2O emissions. However, the extent to which emissions are 

reduced depends on soil type, temperature and whether N is present as nitrate or 

ammonium in the soil. The net effect of liming on GHG emissions is uncertain and 

likely to vary from farm to farm. 

Application of nitrification inhibitors, such as dicyandiamide, to limit the amount 

of nitrate in the soil for denitrification. Trials in Scotland with nitrification inhibitors 

showed a reduction in N2O emissions of up to 20% in grassland1 and 37% in arable7 

soils fertilised with ammonium nitrate.  
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Storing manure and slurry in covered lagoons rather than open8 mounds or pits 

will reduce N2O emissions by creating a low oxygen environment, preventing the 

formation of nitrate for denitrification, and reducing indirect N2O emissions9 by 

preventing loss of ammonia10 to the atmosphere. However, this may be counteracted 

by increased methane emissions.  

Acidification of cattle slurry stores reduces indirect emissions by reducing 

ammonia release11 to the atmosphere and also reduces methane emissions. 

Reducing livestock dietary protein to match animal requirements can reduce 

direct emissions by reducing N excretion in urine12 and indirect emissions by 

lowering ammonia emissions13 from manure. 
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