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Agriculture contributes 16% to national net emissions 

▪ 58% to national methane (CH4)

▪ 76% to national nitrous oxide (N2O)

▪  1% to national carbon dioxide (CO2)

Net Zero 2050
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Source: Commonwealth of Australia. (2025) National Inventory Report 2022 – The 
Australian Government Submission to the United Nations Framework Convention 

on Climate Change. Australian National Greenhouse Accounts, April 2025.



      NO2
-→ NO → N2O → N2

               

        N2O     NO3
-

   

NH3
 → NH2OH → NO2

-→ NO → N2O  →N2

 

Nitrification

Nitrifier Denitrification

Denitrification

Adapted from  Wrage et al. (2001) Role of nitrifier denitrification in the production of nitrous oxide.  Soil Biology Biochemistry 33: 1723-1732; Wrage et al. (2005)  Distinguishing  between sources of N2O using 
new 15N- and 18O-enrichment method. Rapid Communications in Mass Spectrometry 15: 1263-1269.

Soil Biological Sources of nitrous oxide (N2O)



IPCC 2006 international default emission factor N fertilizer = 1.0%

i.e. 1 kg of N2O-N will be emitted from 100 kg N fertilizer

Accounting for N2O emissions from N fertilizer application to land 

‘Direct source’

Source: Commonwealth of Australia. (2025) National Inventory Report 2022 – The Australian Government Submission to the United Nations Framework Convention on Climate Change. Australian National 
Greenhouse Accounts, April 2025.



Western Australian Grainbelt

12 million hectares of arable land

Highly weathered soils, sandy surface 

horizons

A semiarid climate, with winter-dominant 

rainfall and hot, dry summers

Cropping in winter; soils fallow at other 

times of the year

Produces up to 40% of Australia’s grain 

exports

Extent of soil N2O emissions?



Overall objective

Australian 

Soil Group

Annual 

rainfall 

(mm)

%sand %C pHCaCl2

Buntine Tenosol 291 90 1.0 6.2

Wongan Hills Tenosol 374 92 1.0 5.0

Cunderdin Chromosol 368 93 1.0 6.0

Annual rainfall and selected surface soil properties

Quantify effects of land management practise on annual 

soil N2O emissions from cropping soils in a semi-arid 

environment

Land management practises: fertiliser N, inclusion of grain 

legumes, liming, soil C amendment



50 cm x 50 cm 

x variable height (15–95cm)

Rainfall triggers 

chambers to open

Measuring nitrous oxide emissions at Wongan Hills 

(above) and Cunderdin (right)
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Source: Barton et. al. 2008.  Global Change Biology 14: 177-192; Barton et al. 2010. Global Change Biology Bioenergy 2: 1‒15.
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Annual soil N2O emissions

Summary of WA data
Location Soil Crop N Rate

(kg N/ha)

Annual Rate

(kg N/ha)

EF

(%)

Cunderdin sand over 

clay

wheat

wheat

0

100

0.09

0.11

0.02

Cunderdin sand over 

clay

wheat

wheat

0

75

0.08

0.09

0.02

Cunderdin sand over 

clay

canola

canola

0

75

0.08

0.13

0.06



Annual soil N2O emissions from sandy, N fertilised WA cropped soils are low

Summary of WA data
Location Soil Crop N Rate

(kg N/ha)

Annual Rate

(kg N/ha)

EF

(%)

Cunderdin sand over 

clay

wheat

wheat

0

100

0.09

0.11

0.02

Cunderdin sand over 

clay

wheat

wheat

0

75

0.08

0.09

0.02

Cunderdin sand over 

clay

canola

canola

0

75

0.08

0.13

0.06

Wongan Hills sand lupin

wheat

0

75

0.04

0.06

na

Wongan Hills sand wheat

wheat

20

50

0.06

0.07

na

Buntine sand canola

canola

0

100

0.01

0.02

0.01

Buntine sand barley

barley

0

100

0.00

0.02

0.02
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Source: Barton et. al. 2011.  Global Change Biology 17: 1153–1166.

Grain legumes (lupin) do not increase cumulative N2O emissions

Growing season

Bare soil

Grain legume
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‘Increasing’ soil organic carbon increased soil N2O emissions …. 

Source: Barton et. al. 2016.  Agriculture, Ecosystems and Environment 231: 320–330.

1.6% C

1% C

80 t chaff/ha applied over 8 years prior to measuring soil N2O emissions



…. But losses were still relatively small.

Location Soil Crop N Rate

(kg N/ha)

Annual Rate

(kg N/ha)

EF

(%)

Buntine 

(+OM)

Sand Canola 0

100

0.06

0.14

0.09

Buntine 

(+OM)

Sand Barley 0

100

0.15

0.24

0.12

Cunderdin sand over 

clay

wheat

wheat

0

100

0.09

0.11

0.02

Cunderdin sand over 

clay

wheat

wheat

0

75

0.08

0.09

0.02

Cunderdin sand over 

clay

canola

canola

0

75

0.08

0.13

0.06

Cunderdin sand over 

clay

lupin

bare soil

0

0

0.13

0.13

na

Wongan Hills sand lupin

wheat

0

75

0.04

0.06

na

Wongan Hills sand wheat

wheat

20

50

0.06

0.07

na



IPCC 2006 international default emission factor N fertilizer = 1.0%

i.e. 1 kg of N2O-N will be emitted from 100 kg N fertilizer

Accounting for N2O emissions from N fertilizer application to land 

‘Direct source’

Australian country specific values have been approved and vary with production system

 Production system Emission factor (% of N applied)

Irrigated pasture 0.59

Irrigated crop 0.70

Non-irrigated pasture 0.18

Non-irrigated crop (rainfed) 0.41

Sugar cane 1.99

Cotton 0.53

Horticulture 0.64

Source: Commonwealth of Australia. (2025) National Inventory Report 2022 – The Australian Government Submission to the United Nations Framework Convention on Climate Change. Australian National 
Greenhouse Accounts, April 2025.



Source: Cardinael et al. 2024. Global Change Biology https://doi.org/10.1111/gcb.17403

Correctly account for soil N2O emissions during fallow periods

55 to 85% of annual emissions

Need to expand soil N2O 

measurements campaigns beyond 

growing season widely recognised.

Drivers of soil N2O emissions vary 

between the growing season and 

fallow period – so important not to 

extrapolate.



Concluding statements and questions

Nitrous oxide emissions are (relatively) low from sandy, cropping soils in our 

region. But have not been well-characterised globally. 

Good estimates ensure:

• Agriculture is accurately represented in National Greenhouse Gas Inventories

• Mitigation strategies are appropriately targeted

• ‘Carbon footprints’ of agricultural products are correctly estimated

How well do we currently model soil N2O emissions from sandy soils in semiarid 

regions? Particularly, highly episodic events. We cannot measure N2O emissions 

everywhere and for all scenarios, so modelling is important.

The regulation of soil N2O emissions following summer/autumn rain is not fully 

understood in our region and warrants further attention if we are to model and develop 

mitigation strategies for these losses.
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