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Soils are the dominant source for atmospheric N2O 

Proportions of total global nitrous oxide emitted 

by various sources and human activities  

[Thomson et al., 2012; Phil. Trans. R. Soc. B]  

Fowler et al. 2009, Atm. Environm. 
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Emissions from agricultural soils and due to manure 
management are driving increases in atmospheric N2O 

concentrations 
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Nitrogen losses to the environment due to crop 

and animal production 
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Oenema et al., 2009; AGEE 
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„Indirect“ emissions are a major source for N2O 

Sutton et al. 2011, European Nitrogen Assessment 
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Towards a global EF for Nr use (direct+indirect) 
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Strategies for reducing GHG (and N2O?) 

emissions from agricultural soils 

(1) Reducing N application rates and increasing plant N use efficiencies 

(2) Employing lower emissions fertilizers 

(3) Conversion from conventional to reduced tillage 

(4) Increased soil C inputs 

(5) Including legumes in crop rotations 

(6) Use of inhibitors (urease/nitrification/denitrification?) 

(7) Microbial ecology and genetic engineering 

(8) Sustainable agricultural intensification 
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(1) Reducing N fertilization rates 
(Wheat Broadbalk Experiment, Rothamsted)  

Brentrup et al. 2004; Eur J Agron. 
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N fertilizer use and associated N2O emissions in China 

Kahrl et al. 2010 Environm Sci Pol. 

Liu & Zhang 2011 Curr Opin Environm Sust 

And this is likely an underestimation, since … 
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…N2O emissions are likely to increase exponentially 

with increasing nitrogen surplus 

Van Groeningen et al. 2010, Eur J Soil Sci 
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(2) Employing lower emissions fertilizers 

GHG from N application  (production, hydrolysis, direct and and indirect N2O) 

Hillier et al. 2012, Global Change Biol. 

Acro
nym 

Fertilizer 

AN Ammonium  nitrate 

UAN Urea ammonium 

nitrate 

CAN Calcium ammonium 

nitrate 

AS Ammonium 

sulphate 

_old e.g. +N2O during 

fertilizer production 

_new N2O abated during 

fertilizer production 
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(3) Conversion from conventional to reduced tillage 

(Southern Queensland, Australia) 
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Conversion from conventional to reduced tillage 

(Yangtze river delta, China) 

 

Yao et al. 2009 Soil Biol Biochem. a) Site/ region specific evaluation needed 

b) Total GHG balance needs to be considered 
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(4) Increased soil C inputs ≈ +N2O emissions? 

a) Addition of litter with wide C:N 

ratios (e.g straw) can lead to 

an immobilization of N and 

decreased N2O emissions 

 (Yao et al. 2009, Soil Biol Biochem) 

b) Addition of biochar may 

reduce N2O emissions due to 

pH and min N absorption 

effects 

 (Kammann et al. 2009, SJ Env Qual) 

a) Site/ region specific evaluation needed 

b) Total GHG balance needs to be considered 
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(5) Including legumes in crop rotations (2 examples) 
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a) Effect of legumes on N2O emissions depend on climate conditions 

b) Yields are comparabel or higher, (scaling with yield ) 

c) Region specific evaluation needed 

Barton et al. 2012,Agric Ecosys Environm, subm. 
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(6) Use of inhibitors or slow release fertilizers 
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Use of inhibitors or slow release fertilizers 

NH4
+ 

- - - - 

NO3
- 

Cation  
exchange 
 

Nitrification inhibitor 
slows down the rate of 
nitrate production and 
thus reduces the 
nitrogen losses 

N2O
 

Inhibitors 
DCD:  dicyandiamide 

DCS: dichlorophenyl succinic 

acid monoamid 

Nitrapyrin 

DMPP:  dimethylpyrazole 

phosphate 

POCU:  polyolefin coated urea  
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1,000 kg N/ha in urine patch ( = 2 t Urea/ha) Urea fertiliser only applied at 30 kg N/ha 

In grazed pastures urine patches are the main sources 
of nitrous oxide emissions and nitrate leaching 

(courtesy T. Clough) 
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Use of inhibitors or slow release fertilizers 

Snyder et al.2009, Agric Ecosys Environm 

Inhibitors have been widely tested 
 
 
 
 
 
 
 
 
 
 

 

“The United Nations Framework Convention on Climate Change (UNFCCC) Expert 

Review Team commended New Zealand for incorporating the effect of the nitrification 

inhibitor, dicyandiamide (DCD), into its country-specific emissions factors, as DCD 

represents a potentially significant mitigation option that may gain increased use over 

time” 

and based on data from field measurements 
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(7) Microbial ecology and genetic engineering 

Approx.1/3 of denitrifying bacteria have a truncated denitrification 

pathway (Philippot et al., 2011, GCB) 

Fungal denitrification as well as nitrifier-denitrification mostly ends with 

the production of N2O (Butterbach-Bahl et al.2013; Phil. Trans Roy.Soc Ser.B; Wrage et al., 2002, Soil 

Biol.Biochem.) 

Better understanding of N2O production-consumption processes and 

linkages to soil microbial ecology may allow to define new mitigation 

options by e.g. changing pH (liming), residue management, crop 

species selection (effect via root exudates), aeration, Cu availability, 

fertilizer regimes… 
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Microbial ecology and genetic engineering  

Engineering crop plants to fix N2 (Beaty and Good 2011, Science),  coupling of 

nitrogen supply and carbon metabolism will reduce N2O emissions 

 

Introducing the N2O reductase gene in crops � amplifying the amount 

of available enzyme catalyst in agri-system environments during crop 

growth and in post-harvest detritus (Wan et al. 2012, Trends in Biotechnology) 
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(8) Sustainable agricultural intensification 

using crop varieties and livestock breeds with a high ratio of 
productivity to use of externally derived inputs 

growing high-yielding pasture species with a lower nitrogen content 

Close linkage of livestock and crop production systems (mixed 
systems) 

….. 

 

..producing more output from the same area of land while reducing the negative 

environmental impacts and at the same time increasing contributions to natural 

capital and the flow of environmental services (Pretty 2008, Phil Trans Roy Soc B). 

 

E.g. by 
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Summary 

Increasing crop nutrient use efficiency 

Intensification of agricultural production 

Inhibitors, slow release fertilizers, crop breeding, genetic engineering 
as well as a wide variety of management options are established or will 
become available in the near future as tools/options for reducing N2O 
emissions 

Mitigation options need to consider all GHG fluxes 

Consideration of other negative environmental impacts (soil fertility, 
water quality and quantity, air chemistry, human health) together with 
socioeconomic consequences 

Region specific assessment of measures using a combination of field 
trials and modeling studies is needed for evaluating mitigation options 
and opportunities 
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Thank you 



K. Butterbach-Bahl | IMK-IFU | GCEP-Workshop-Stanford August 2008 

KIT – die Kooperation von 

Forschungszentrum Karlsruhe GmbH 

und Universität Karlsruhe (TH) 

Do natural steppe systems emit more N2O than grazed 

systems? 
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Holst et al., 2007, Plant and Soil 



IMK-IFU 26 11.10.2012 

Mixed results for N2O 

Positive effects (mostly) for soil organic carbon stocks 

Total GHG balance: N2O effects may in some cases override C stock gains 

Site/ region specific evaluation needed 

Conversion from conventional to reduced tillage 
and increased soil C inputs 
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GHG-emissions, N2O and milk production 

fat and 

protein corrected milk (FPCM)

GHG emissions per kg of FPCM, by main farming systems and climatic zones 
(Emissions related to processing and land use change are omitted) [FAO, 

Greenhouse Gas 
Emissions from the 
Dairy Sector, 2010] 



IMK-IFU 28 11.10.2012 

Livestock and GHG emissions 

Novak and Fiorelli 2010 Agron. Sustain. Dev.  
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Effects on greenhouse gas and ammonia 
emissions of mitigation options reported for 
livestock management 

Novak and Fiorelli 2010 Agron. Sustain. Dev.  
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Effects on greenhouse gas and ammonia 
emissions of mitigation options reported for 
manure management 
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Effects on greenhouse gas and ammonia 
emissions of mitigation options at the crop 
production stage 

Novak and Fiorelli 2010 Agron. Sustain. Dev.  
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Measuring N2O exchange 
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Measuring N2O exchange 
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Identifying regional hot spots of emissions 
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Regional inventories 

o Emission factor (EF) approaches � national inventories 

o  empirical approaches (e.g Stehfest & Bouman, 2006) 

o  GIS linked biogeochemical model approaches (e.g. Butterbach-Bahl et al., 2004) 

o Mass balance and EF approaches (e.g. De Vries et al., 2011) 

� All approaches still have severe short comes 

−  Uncertainty not quantified 

−  site validation difficult (e.g. EF approaches) 

− Regional validation missing 

− Severe lack of measurements in many regions 

− …….. 
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What do we know at global scale? 

Simulated spatial pattern of annual non-

agricultural soil nitrous oxide (N2O) emissions 

for the year 1990 (kg N ha-1 yr-1) 

 [Xu-Ri et al., 2012; New. Phytol.] 

Simulated annual N2O emission 

rates for natural ecosystems for 

1998 land cover 
[Stehfest and Bouman, 2006; Nutr. Cycl Agroecosys.] 



IMK-IFU 37 11.10.2012 

Motivation 

IPCC 2007 

Why is N2O of interests? 

• Potent GHG (GWP 296), lifetime ca. 130 yrs,5-8% contribution to global warming 

• atmospheric concentrations increased from approx. 280 ppbv to 315 ppbv 

• Increase continues at 1% yr-1 
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Weighted Ozone depleting potential 

Motivation 

Why is N2O of interests? 

• Potent GHG (GWP 296), lifetime ca. 130 yrs,5-8% contribution to global warming 

• atmospheric concentrations increased from approx. 280 ppbv to 315 ppbv 

• Increase continues at 1% yr-1 

• major driver of stratospheric O3 destruction 
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Agricultural soils and manure management are driving 
increases in atmospheric N2O concentrations;, a 
consequence of the perturbation of the global N cycle… 
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Agricultural soils and manure management are driving 
increases in atmospheric N2O concentrations, a 
consequence of the perturbation of the global N cycle 
and the need to feed an increasing world population 
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Increase in the atmospheric N2O burden is 
largely due to nitrogen-based agricultural fertilizer use 

Under N rich conditions enzyme kinetics of the microbial N2O production 

processes favour 14N 
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High nitrogen use efficiency ≈ low N2O emissions 

Van Groeningen et al. 2010, Eur J Soil Sci 
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Li et al. 2005, Climatic Change 
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(4) Increased soil C inputs ≈ +N2O emissions? 
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Use of inhibitors or slow release fertilizers 

DCD application to Waikato Horotiu soil, New Zealand (Di et al.2009,Nature Geosci.) 
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Use of inhibitors or slow release fertilizers 

Increased DM production [37 pasture farm trials) 

 (Carey et al. 2011) 
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Sustainable agricultural intensification 

 
(Emissions related to processing and land use change are omitted) 
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