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Background

Nitrous oxide accounts for 17% of 

Australia’s agricultural greenhouse gas 

emissions. It is sourced largely from nitrogen 

inputs to soil, including from fertilisers, 

manures and legumes. Nitrogen fertiliser use 

is essential for adequate food production, 

but the effi ciency of use by plants is low 

and loss of nitrogen through greenhouse 

gas emissions is one contributor to this 

ineffi ciency.

As part of the federally-funded National 

Agricultural Nitrous Oxide Research 

Program (NANORP), PICCC researchers 

are leading two projects investigating 

the use of enhanced effi ciency fertilisers 

(EEFs) treated with nitrifi cation or 

urease inhibitor compounds as tools 

for mitigating emissions. The inhibitor 

compounds slow the rate of nitrogen 

transformations that cause loss of nitrogen 

as nitrous oxide or ammonia, respectively.

piccc.org.au A manual gas chamber at the vegetable fi eld site.
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Previous PICCC research has shown that 

EEFs can reduce emissions and increase 

nitrogen use effi ciency under certain 

conditions. However their effi cacy is 

dependent on complex but poorly-

understood interactions with soil and 

environmental factors, and their impact 

on indirect emissions is unclear. 

The data collected in these two projects will 

provide information on the effectiveness of 

various EEFs in reducing nitrogen loss and 

nitrous oxide emissions, and their potential 

for incorporation into greenhouse gas 

mitigation strategies.

Research location

Both projects are being conducted in 

collaboration with other NANORP research 

teams. Laboratory studies on the impact of 

nitrifi cation inhibitors are investigating soil 

sourced from NANORP project sites from 

around Australia. Field experiments will 

link with existing sites including in the high 

rainfall cropping zone (Hamilton, Victoria) 

and intensive vegetable production zone 

(Melbourne, Victoria), as well as sub-tropical 

(Gympie, Queensland) and temperate (Mount 

Gambier, South Australia) intensive dairy 

production systems. 

Reducing nitrous oxide emissions from applied 

nitrogen with nitrifi cation inhibitors: identifi cation 

of the key drivers of performance

Nitrifi cation inhibitors show great potential to reduce nitrous oxide 

(N2O) emissions, however their effectiveness across different soils, 

crops and climates is poorly understood. Information on inhibitor 

use under Australian conditions is also limited, and there have been 

few studies on interactions with other soil nitrogen pathways. Before 

nitrifi cation inhibitors can be established in Carbon Farming Initiative 

methodologies, research is needed to determine the main drivers 

controlling their performance and the conditions under which they 

are likely to be most effective.

Project outline

The research team is undertaking a series of laboratory, fi eld and 

modelling studies. The laboratory component is exploring the interaction 

between nitrifi cation inhibitors, soil, temperature and moisture to determine 

the effect on nitrogen loss. Soil samples will be collected from around 

30 sites, representing the key properties of Australia’s major agricultural 

soils. Inhibitors will be applied with nitrogen fertiliser (urea or ammonium 

based) to soil samples and incubated under controlled soil moisture 

(45– 90% water-fi lled pore space) and temperature (15, 25 and 35° C) 

conditions. 

Field experiments will examine the potential of nitrifi cation inhibitors to 

improve nitrogen use effi ciency and crop productivity. Researchers will run 

fertiliser application rate studies at sites in intensive dairy and high rainfall 

cropping zones, in order to understand the nitrogen-rate response to 

inhibitor use.

The modelling component will use laboratory data to develop and refi ne 

an algorithm that describes inhibitor behaviour under different soil–climate 

conditions. It will be incorporated into existing models that simulate the 

effect of inhibitors on nitrogen transformations. The fi eld trials and other 

NANORP studies will enable testing and validation of the revised model.

Fourier transform infrared spectrometer at the vegetable fi eld site.
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Research progress

Completed laboratory studies show that all 

inhibitors tested can reduce nitrifi cation and 

N2O emissions in at least some soils, and 

that the rate of reduction varies across 

different soils. 

Nitrate production and N2O emissions 

increased with amount of fertiliser nitrogen 

applied. Cumulative N2O emissions over 28 days 

ranged from 21 g N2O / ha (15° C, dairy, Victoria) 

to 2.5 kg N2O / ha (35° C, vegetable, Victoria), 

with increased temperature generally correlated 

with increased N2O emissions. 

Use of the nitrifi cation inhibitor caused a 

reduction of between 0 and 98% in N2O 

emissions compared to the fertiliser nitrogen 

treatment. Inhibitor impact was less in the 

organic pasture and cropping soils from 

Victoria than in vegetable and sugarcane 

soils. Increased temperature was correlated 

with decreased inhibitor effi cacy, although in 

some cases the inhibitor was more effective 

at 35° C than at 25° C. 

Ongoing laboratory incubation experiments will 

examine a broad range of soils, while analysis of 

soil and soil extracts for labelled nitrogen and 

N2O will provide details of the fate of applied 

nitrogen. Interpretation of the nitrifi cation rates, 

N2O emissions and inhibitor impact data will 

be undertaken to identify the key drivers of 

inhibitor performance. 

Field experiments will begin in 2014 in both 

dairy and high rainfall cropping systems, 

and model algorithm refi nement will 

occur as the project progresses. 

Project team 

Professor Deli Chen, Dr Helen Suter 

and Ben Grasso University of Melbourne

Further information

Project leader Deli Chen

Email delichen@unimelb.edu.au 

Web www.piccc.org.au/research/project/269

Mitigation of indirect greenhouse gases in 

intensive agricultural production systems 

with the use of inhibitors

In intensive agricultural systems where nitrogen inputs are 

high, increasing the effi ciency of fertiliser use offers good potential 

to reduce greenhouse gas emissions. Currently up to 48% of 

applied urea can be lost through ammonia volatilisation, with 

subsequent re-deposition of the ammonia gas leading to indirect 

N2O emissions. Mitigation strategies that reduce this loss and 

increase plant production may provide an economic incentive 

to decrease nitrogen inputs, reducing both direct and indirect 

emissions.

Using inhibitors to decrease emissions from nitrogen fertilisers 

has been identifi ed as having high potential as a mitigation strategy. 

However, there are few studies showing how indirect emissions are 

affected by inhibitor use. Nitrifi cation inhibition, while reducing N2O 

emissions at the site, may increase ammonia volatilisation and therefore 

indirect N2O. Similarly, urease inhibitors prevent ammonia loss, but 

nitrogen saved may be nitrifi ed leading to N2O emissions.

Researchers are investigating the use of inhibitors in two intensive 

production systems (dairy and vegetables), as a means of mitigating 

indirect N2O emissions and increasing nitrogen use effi ciency.

Project outline

A series of fi eld studies will determine the impact of urease and 

nitrifi cation inhibitors on ammonia volatilisation and nitrate leaching 

resulting from application of fertiliser and manures. Fertilisers amended 

with inhibitors will be examined in temperate and sub-tropical dairy 

pastures, while manures amended with inhibitors will be examined 

in temperate vegetables systems (celery and others). 

At each fi eld site ammonia loss will be measured 

using micrometeorological techniques, with 

passive ammonia samplers, ammonia gas 

analysers or Fourier transform infrared (FTIR) 

spectrometers. Additional N2O emissions will 

be measured using manual gas chambers. 

Changes in soil mineral nitrogen, plant 

production and nutrient composition 

will be determined, and labelled nitrogen 

recovery will be conducted on soil and 

plant samples.
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Funding 

Both these projects are part of the 

National Agricultural Nitrous Oxide 

Research Program, funded by the Australian 

Government Department of Agriculture. 

The research is supported by funding 

from Incitec Pivot Limited, the University of 

Melbourne and Department of Environment 

and Primary Industries Victoria.

Research progress

The fi rst season (autumn, 2013) of the temperate vegetable farm study 

has been completed, and data is now being processed. Preliminary results 

from the FTIR and passive ammonia samplers indicate that around 8% of 

nitrogen in the manure was lost as ammonia. 

The sub-tropical dairy pastures study is scheduled to be undertaken in 

spring 2013, and the temperate dairy study in autumn and spring 2014. 

Further work in the temperate vegetable system is scheduled for summer 

2013–14. 
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