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REDUCING NITROUS 
OXIDE EMISSIONS 
FROM AGRICULTURE

 

Nitrous oxide (N2O) makes up 23 per cent 

of greenhouse gas emissions from agriculture, 

and has 310 times the global warming potential 

of carbon dioxide. It is produced through soil 

microbial activity as a by-product of the natural 

processes of nitrifi cation and denitrifi cation. 

The main drivers of N2O emissions are 

nitrogen inputs (from fertilisers, animal 

excreta and legumes), soil moisture content 

and land management activities (e.g. cultivation). 

Agricultural N2O emissions increased 

by over 19% between 1990 and 2006, due to 

increased nitrogen fertiliser use, and changes 

in livestock numbers and type.

A national research initiative

With agriculture by far the biggest contributor 

to national N2O emissions, there is currently 

a major research effort underway to reduce 

agricultural N2O. The national Nitrous Oxide 

Research Program (NORP) is funded by the 

Australian government to provide data on 

emissions from agriculture and information to 

help farmers develop management strategies 

for reducing emissions.



Research progress

Laboratory studies conducted under 

controlled temperature and moisture have 

shown that inhibitors can effectively reduce 

fertiliser-derived N2O emissions from soils 

sourced from a range of locations (Victoria, 

New South Wales, Queensland) and production 

systems (sugarcane, grains, pasture). Across 

all soils tested and under all environmental 

conditions (ranging from temperatures of 5 to 

35 °C and moistures of 40 to 85% water-fi lled 

pore space), the three different nitrifi cation 

inhibitors examined (3,4-dimethylpyrazole 

phosphate, DMPP; dicyandiamide, DCD; 

and nitrapyrin, N-serve) were able to reduce 

N2O emissions by 15 to >94%. 

In a fi eld trial conducted on ryegrass pasture 

at Murroon over an eight month period, 

climatic conditions — namely soil moisture and 

rainfall — were highly infl uential on the level of 

ammonia loss, with high losses over autumn and 

low losses over spring. Application of a urease 

inhibitor (Agrotain) reduced ammonia loss under 

both situations by between 40 and 70%. Using 

nitrifi cation inhibitors reduced the amount of 

nitrate found in the soil and reduced N2O 

emissions to varying degrees over the time 

of study. The greatest reductions occurred 

in spring when emissions from untreated 

fertiliser were higher. 

The signifi cant reductions 

in N2O emissions indicate 

that fertilisers amended with 

nitrifi cation inhibitors have 

strong potential to be used 

as abatement tools under 

the Carbon Farming Initiative.

N2O research at PICCC 

Researchers from the Primary Industries Climate Challenges Centre (PICCC) are leading 

three NORP projects, investigating N2O emission processes and abatement from cropping, 

livestock and mixed farming systems. 

The fundamental aim of this research is to develop farming practices that reduce nitrous 

oxide emissions while simultaneously improving nitrogen use effi ciency, farm productivity 

and profi tability.
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ENHANCED EFFICIENCY 
FERTILISERS

Research location

The research is being undertaken mostly through 

laboratory studies at the University of Melbourne, 

with one fi eld trial based at Murroon in south 

west Victoria.

Project outline

Nitrogen fertiliser is essential for adequate food 

production, but the low effi ciency of use results 

in signifi cant losses of nitrogen as emissions 

of ammonia and N2O, or as leached nitrate. 

Enhanced effi ciency nitrogen fertilisers (EEFs) 

amended with nitrifi cation inhibitors and urease 

are able to reduce these losses by temporarily 

stopping nitrogen transformations and 

maximising the potential for plant uptake. 

Nitrifi cation inhibitors stop the production of 

nitrate and subsequently N2O, whilst urease 

inhibitors act in preventing ammonia loss. 

EEFs have shown promise for improving 

fertiliser nitrogen use effi ciency however their 

effect depends on complex interactions with 

plant growth, soil conditions, water management 

and climate. 

PICCC researchers are studying the interactions 

of EEFs with the soil-plant-atmosphere system 

and nutrient cycles. The knowledge gained will 

inform development of a system model and 

ultimately lead to a decision support tool 

guiding the use of EEFs.
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Above right: Collecting gas 

samples (N2O, methane and 

carbon dioxide) from manual 

chambers on a ryegrass 

pasture at Murroon.
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Next steps 

Laboratory studies are continuing with the 

aim of identifying particular soil properties 

that infl uence how well the inhibitors work. 

This work aligns with other fi eld trials being 

conducted under the NORP program around 

Australia. 

Research team

Professor Deli Chen and Dr Helen Suter 

The University of Melbourne 

Timeframe

July 2009 to June 2012 

Further information

Helen Suter

Email helencs@unimelb.edu.au

Tel 03 8344 0179

Web www.piccc.org.au/research/projects/

nitrous-oxide/fertilisers

HIGH RAINFALL SYSTEMS

Research location

The research is being undertaken at the 

Department of Primary Industries’ Hamilton 

research facility in western Victoria.

Project outline

Cropping is expanding in the southern Australian 

high rainfall zone, with an increasing proportion 

of land being converted from pasture to cereals. 

This change in land use can have signifi cant 

ramifi cations for greenhouse gas emissions: 

soils under grass and clover pasture typically 

have high levels of fi xed nitrogen which breaks 

down and is lost as N2O when the soil is 

prepared for cropping. 

To reduce these emissions, it is important to 

provide farmers with management options that 

minimise the loss of N2O from the soil without 

reducing productivity. The research team are 

evaluating the effect of different management 

options on N2O emissions from soil:

• direct drilling of wheat is being compared 

with conventional tillage, to determine the 

effect of soil disturbance on emissions

• application of a nitrifi cation inhibitor, 

dicyandiamide (DCD), is being tested. 

DCD shuts down some of the microbes 

in the soil nitrogen cycle, disrupting the 

production of N2O.
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Passive samplers for capturing ammonia volatilised 

from a ryegrass pasture at Murroon.
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Above and far right: 

Automatic chambers for N2O 

measurement from wheat 

at Hamilton. Above right: 

Applying nitrifi cation inhibitor 

to the experimental plots in 

Hamilton.



In the fi rst experiment, a legume-rich pasture 

was sprayed out and planted (April 2010) with 

winter wheat by either direct drilling or sowing 

into cultivated soil. Half the area was also 

sprayed with DCD. Automatic gas collection 

chambers sited across the experimental plots 

monitored the N2O gas losses from February 

2010 to February 2011.

Research progress

Cumulative N2O emissions across all treatments 

in the fi rst year was 35 kg nitrogen per hectare 

(Figure 1) — a relatively high level of emissions 

even by international standards. The high level of 

N2O was most likely the result of a combination 

of factors: 

1. The high rainfall in the region encouraged 

signifi cant nitrogen fi xation under the previous 

clover and grass pasture, resulting in high 

levels of organically fi xed nitrogen in the soil.

2. Soil nitrogen was further increased by 

spraying out the grass and encouraging 

clover growth in the clean-up phase in 

the year before cropping.

3. Soil at the site was relatively acid, which can 

increase N2O emissions.

4. Most N2O is formed when a soil is saturated 

with water. The soil at the site has a perched 

water table, meaning that heavy clay in the 

subsoil slows down the drainage. This causes 

the soil to stay wet after rain for longer than 

a soil that drains freely. 

Researchers are currently undertaking a 

statistical analysis of the data collected from 

the chambers in the 2010 season to determine 

the effect of the reduced tillage and nitrifi cation 

inhibitor treatments. 

Next steps 

The research team are now repeating the 

experiment at an adjacent site. The results of 

the project will be communicated to government, 

policy makers and scientists through scientifi c 

and conference papers, and to the farming 

community through fi eld days, workshops 

and a series of best management practice 

recommendations.

Research team

Dr Sally Offi cer, Andrew Phelan, Kirsten 

Fogarty, John Graham, Melanie Munn, 

Kevin Kelly, Steve Holden, Dr Penny Riffkin 

and Dr Cassandra Schefe Department of 

Primary Industries Victoria

Timeframe

July 2009 to December 2012

Further information

Project leader Sally Offi cer

Email sally.offi cer@dpi.vic.gov.au

Tel 03 5573 0900

Web www.piccc.org.au/research/projects/

nitrous-oxide/cropping
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Figure 1. Cumulative N2O emissions from February 2010 to January 2011, from a winter wheat crop 

growing at Hamilton, Victoria, following pasture conversion. Bars show the standard deviation around 

the average cumulative fl ux from all four treatments.



NITRIFICATION INHIBITORS

Research location

The research is being conducted at 

DemoDAIRY at Terang in south west Victoria, 

and at six additional fi eld sites across the 

south west Victorian dairy region.

Project outline

About 27% of the N2O emitted from agricultural 

soils stems from direct emissions from animal 

production — principally via urine and manure 

excreted onto pasture and rangelands. Research 

in New Zealand has shown that the nitrifi cation 

inhibitor dicyandiamide (DCD) can reduce N2O 

emissions when surface-applied to pastures. To 

assess the potential of DCD as a mitigation tool, 

a team of PICCC researchers are looking at the 

impact of strategic DCD applications in animal 

production systems in south eastern Australia. 

The three experiments conducted at DemoDAIRY 

to date have examined N2O losses from urine 

patches under a range of application timings of 

both urine and an inhibitor. The same treatments 

have been applied across a range of climate 

and soil conditions at the six fi eld sites, where 

the impact on pasture production has been 

measured.

Research progress

In the DemoDAIRY experiments, there were 

signifi cant reductions in N2O emissions:

• when DCD was applied in August 2009 and 

urine applied in either August or September 

2009, emissions fell 35% (measurement 

period 240 days)

• when DCD was applied in late April 2010 and 

urine applied in either late April or May 2010, 

emissions fell 45% (measurement period 

155 days)

• when DCD was applied in mid September 

2010 and urine applied to 25% of the 

chamber area in September, October, 

November and December 2010, emissions 

fell 36% (measurement period 225 days)

• when urine was applied to 25% of the 

chamber area in September, October, 

November and December 2010 and DCD 

was applied after each urine application, 

emissions fell 73% (measurement period 

225 days).

Experiments assessing the impact of DCD 

on pasture production have had the same 

treatments applied except that ‘synthetic’ 

cow urine has been used. Results have shown 

statistically signifi cant responses to DCD at some 

sites at the whole-of-urine-patch level, however 

when scaled up to paddock level they are likely 

to be negligible.

With demonstrated reductions in emissions of 

at least 35%, the use of DCD has considerable 

potential for integration into an emission 

reduction strategy under the Carbon 

Farming Initiative. 
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Automatic enclosure systems 

used for assessment of 

gaseous emissions from 

pasture at Terang.
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Next steps 

The research team commenced another 

experiment in early May 2011 using the same 

treatments as those used in September 2010. 

The fi nal experiment will commence in October 

2011.

Research team

Kevin Kelly, Graeme Ward, Dr Sally Offi cer 

and James Hollier Department of Primary 

Industries Victoria

Associate Professor Richard Eckard 

Primary Industries Climate Challenges Centre

Tim Huggins The University of Melbourne

Timeframe

May 2009 to June 2012

Further information

Project leader Kevin Kelly 

Email Kevin.Kelly@dpi.vic.gov.au

Tel 03 5833 5359

Web www.piccc.org.au/research/projects/

nitrous-oxide/inhibitors

Funding

 These three projects are supported by 

funding from Dairy Australia, the Department 

of Primary Industries Victoria, the University 

of Melbourne, the Grains Research and 

Development Corporation, Incitec Pivot 

Limited and the Australian Government 

Department of Agriculture, Fisheries and 

Forestry under its Australia’s Farming 

Future Climate Change Research Program.
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DISCLAIMER

This publication may be of assistance to you but PICCC 

and its employees do not guarantee that the publication 

is without fl aw of any kind or is wholly appropriate for 

your particular purposes and therefore disclaims all liability 

for any error, loss or other consequence which may arise 

from you relying on any information in this publication.

For more information about PICCC visit 

www.piccc.org.au

The Primary Industries Climate Challenges Centre (PICCC) 

is a joint venture between the University of Melbourne and 

the Department of Primary Industries Victoria.

Above left: Experimental site for assessing 

the impact of DCD on pasture production, 

with and without the addtion of urine.
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