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Agriculture is 2nd

largest emitter:

75% CH4 and
25%N2O

(Dalal et al., 2003)

Concentration of greenhouse gases
from 0 to 2005 (Forster et al. 2007)

N2O concentration in
atmosphere increased
exponentially over last 100
years



N2O emission from soil

Denitrification

Nitrification
 Autotrophic

nitrification
 Heterotrophic

nitrificationA great challenge to partition the relative contributions of all
sources



Autotrophic VS Heterotrophic nitrification

Autotrophic and heterotrophic nitrification process



Relative contribution of ammonia oxidizers to Nitrification

Ammonia-oxidizing
archaea (AOA)

Their contributions to soil N2O emissions and nitrification remain
unclear!

Ammonia-oxidizing
bacteria (AOB)



Introduction- Methods to separate N2O sources

15N15N

NIamoA

15N15N

15N15N

15N15N 15N15N

Molecular biotech approach



Research Questions

The contribution of microbial pathways to N2O
production in Australian agricultural soils:

 the importance of heterotrophic nitrification

 the key factors affecting N2O emitted from
nitrification

 the role of AOA and AOB in N2O production



Laboratory microcosm incubations:
The relative contribution of biological pathways to

N2O emission from different temperature and
moisture



15C 25C 35C

50%WFPS 70%WFPS 50%WFPS 70%WFPS 50%WFPS 70%WFPS

Total N2O  (ug/cm2) 0.11±0.03 1.38±0.68 0.21±0.05 15.39±6.45 0.46±0.40 64.42±1.20

Denitrification or
heterotrophic

nitrification (%)

100.00 32.6 67.4 65.4 76.2 91.8

Autotrophic
nitrification (%)

0 67.4 32.6 34.6 23.8 8.9

Results

(Liu et al. 2015)

The contribution of heterotrophic nitrification and autotrophic
nitrification to total N2O from different temperature and moisture



The contribution of heterotrophic nitrification and autotrophic
nitrification to total nitrification for different temperature and

moisture

(Liu et al. 2015)



Laboratory microcosm incubations:
The relative contribution of biological pathways to

N2O emission from different agricultural soils

Dairy pastureSugarcane Cropping Vegetable

pH 6, Sand
pH 7, Loam pH 8, Sand pH 4.8, Clay loam



N2O Derived from Nitrification

Land-use
Gross

nitrification
rate

Relative

contribution %
N2Od N2On PN2O ‰

mg N kg-1 d-1 Deni Nitri µg N2O-N cm-2 d-1

Sugarcane 1.70 (0.50) 3.30
(0.45)

96.67 (6.8) 0.80
(0.03)

23.40
(0.34)

0.030 (0.0016)

Vegetation 5.42 (0.43) 76.36
(9.2)

23.64
(3.91)

53.65
(7.03)

16.63
(3.30)

0.024 (0.0011)

Dairy
Pasture

3.84 (0.78) 29.09
(4.1)

70.90
(4.97)

20.24
(1.22)

49.85
(8.34)

0.033 (0.0026)

Cropping 9.88 (2.30) 28.74
(8.6)

71.26
(1.82)

134.34
(4.06)

334.47
(6.63)

0.260 (0.0189)

(Liu et al. 2016)



Laboratory microcosm incubations:
The relative contribution of AOA and AOB to N2O

emission and nitrification



Correlations between soil mineral N levels, N2On
a and AOA and

AOB abundances

(Liu et al. 2016)



Conclusions

Soil temperature and moisture decreased the contribution of
nitrification to N2O emission.
 Soil temperature and moisture significantly influenced the

relative contributions of heterotrophic and autotrophic
nitrification to total nitrification and N2O emission

 The relative contributions of N2O sources differed between soils.

 Soil moisture and temperature, and land-use influence the role of
AOA and AOB in nitrification.

 Heterotrophic and autotrophic nitrification can not be separated
by detecting amoA



Thank you!
Contact:    rliu@unimelb.edu.au


