
Nitrous oxide fluxes from
cropping soils in a semi-
arid region in Australia:
A 10 year perspective

Louise Barton1, Daniel Murphy1, Klaus Butterbach-Bahl2

1Soil Biology & Molecular Ecology Group, UWA School of Agriculture and
Environment, The University of Western Australia, Perth, Australia
2Karlsruhe Institute of Technology, Institute of Meteorology and Climate
Research Atmospheric Environmental Research (IMK-IFU), Garmisch-
Partenkirchen, Germany.



Dry (arid and semiarid) climates: 41% of earth�s land surface
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12 million hectares of arable land

Produces up to 40% of
Australia�s grain exports

A semiarid climate, with winter-
dominant rainfall and hot, dry
summers

Cropping in winter; soils fallow at
other times of the year

Annual rainfall: 290� 370 mm

Western Australian Grainbelt
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Surface 120 mm

pH
(0.01 CaCl2)

6.0

C 0.98 %

N 0.08 %

Sand 93 %

Bulk
density

1.4 g soil cm-3

Yellow/brown sandy duplex
(Natric Haploxeralf; USDA Soil Taxonomy)

25% of WA grainbelt soils
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Stable i.e. limited tectonic
activity

Highly weathered lateritic
landscapes

Soils underlain by the
Archaean granitic ((>
2500 Ma) and gneissic
parent rock of the Yilgarn
Craton

Infertile soils deficient in
P, Mo, Zn, Cu and other
essential elements



Nitrous oxide emissions measurement and observations



50 cm x 50 cm
by variable height (15� 95cm)



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

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

Buntine sand canola
canola

0
100

0.02
0.01

0.01

Buntine sand barley
barley

0
100

0.02
0.00

0.02

Nitrous oxide emissions are low from coarse-textured soils
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Nitrous oxide emissions are low from coarse-textured soils

International default value: 1.0%; Australian value: 0.20%
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Cunderdin 2005� 2008

�Greatest� N2O emissions occur following summer rainfall
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Does including grain legumes in our cropping rotations
increase cumulative N2O emissions?

m¦²W=a£®~°²«£¬²¤=^¥°§¡³ª²³°£=~¬¢=c¢=t£±²£°¬=^³±²°~ª§~I=¦²²®±WLLµµµK~¥°§¡Kµ~K¥´K~³Lª³®§¬±L¡°®J²®®§¬¥J®³ª±£J¡°®±



May-08 Jul-08 Sep-08 Nov-08 Jan-09 Mar-09 May-09

C
um

ul
at

iv
e 

N
2O

 fl
ux

 (g
 N

2O
-N

 h
a-1

)

0

20

40

60

80

100

120

140 No Lupin
Lupin

Grain legumes do not increase cumulative N2O emissions
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Cunderdin



Will increasing soil organic matter contents increase
cumulative N2O emissions in coarse textured soils?
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20 t organic matter (chaff)/ ha incorporated
every 3 years; 80 t/ha to date when N2O

study commenced
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RothC Model Assumptions:
60% water-use efficiency, 80% stubble retention, current rotation maintained

Modelled Attainable C

0.64% C
1.6% C

Liebe long-term soil biology trial: Soil carbon stocks

1.0% C




