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Summary 
 
Through soils, biomass burning, and animal production agriculture is responsible for 
approximately 77% of the anthropogenic emissions of nitrous oxide (N2O). N2O is 
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formed in soils by chemodenitrification and, during the microbial processes, autotrophic 
nitrification, heterotrophic nitrification, and denitrification. 
 
Enhanced N2O emissions arise directly from agricultural soils as a result of application 
of synthetic fertilizer nitrogen (N), animal manures (urine and faeces), N derived from 
biological N-fixation through dinitrogen (N2)-fixing crops, crop residue returned to the 
field after harvest, and human sewage sludge application. Animal waste management 
systems also contribute N2O from waste deposition on pastures and in animal 
confinements. In addition to the direct N2O emissions, these inputs may lead to indirect 
formation of N2O after leaching or runoff of N, or following gaseous losses and 
deposition of nitric oxides and ammonia, and following human consumption of 
agricultural products and waste processing in sewage systems. Direct emissions from 
agricultural soils amount to 2.1 teragrams (Tg = 1012 grams) N y–1, emissions from 
animal production total 2.1 Tg N y–1, and indirect emissions account for 2.1 Tg N y–1, 
giving a total agricultural input of N2O into the atmosphere of an estimated 6.3 Tg N y–

1. 
 
The large emission of N2O into the atmosphere has resulted from the need to use large 
amounts of fertilizer N to produce the grain and meat to feed the rapidly increasing 
world population, and it is expected that emissions will increase about 1.5 times 
between 1990 and 2020, unless steps are taken to increase the efficiency of fertilizer N. 
A number of management techniques have been suggested for reducing applications of 
fertilizer N, including matching N supply with crop demand, minimizing fallow periods, 
optimizing split applications, integrating animal and crop production, conserving crop 
residues, using controlled release fertilizers and inhibitors, and optimizing tillage, 
irrigation, and drainage. Using a combination of these techniques, global N2O emissions 
could be reduced by ~0.7 Tg N y–1. 
 
1. Introduction 
 
The trace gas nitrous oxide (N2O) plays an important role in the radiative balance of the 
atmosphere and it is involved in the destruction of the stratospheric ozone layer. The 
lifetime of N2O in the atmosphere was estimated by the Intergovernmental Panel on 
Climate Change (IPCC) in 1992 to be ~130 years, and the only known process for its 
removal is reaction with excited singlet oxygen atoms (formed by photolysis of ozone) 
in the stratosphere. The concentration of N2O in the atmosphere is increasing at the rate 
of 0.65 to 0.75 parts per billion by volume per year (ppbv y–1), which translates to an 
atmospheric burden increase of 3.9 (3.1–4.7) teragrams of nitrogen per year (Tg N y–1). 
Assuming that the stratospheric destruction of N2O is 12.3 (9–16) Tg N y–1 then the 
total emission of N2O from the biosphere is calculated to be 16.2 (12.1–20.7) Tg N y–1. 
The IPCC also made some estimates of the global emissions of N2O to the atmosphere 
in 1995 and these are presented in Table 1. 
 
These estimates suggest that the bulk of the emissions (~9 Tg N y–1) come from natural 
sources, with the oceans responsible for one-third and soils two-thirds of these 
emissions. Agriculture, through soils, biomass burning, and animal production, is 
responsible for 77% of the anthropogenic emissions (i.e. 4.4 of 5.7 Tg N; see Table 1). 
Agricultural soils contribute greatly to the anthropogenic emissions, so that overall soils 
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are the most important source of N2O. 
 
N2O is formed in soils by chemodenitrification and, during the microbial processes, 
autotrophic nitrification, heterotrophic nitrification, and denitrification. 
Chemodenitrification is a term used to describe gaseous loss of N associated with nitrite 
decomposition in soils. Although nitrite is not normally present in soils at 
concentrations greater than 1 μg N g soil–1 it does accumulate when N fertilizers, which 
form alkaline solutions on hydrolysis, are banded in soil. However, even though N2O 
has been identified as a product of nitrite decomposition in soils the amounts produced 
are small, and there is no evidence that significant amounts of N2O are formed as a 
result of chemodenitrification in soils. 
 
Autotrophic nitrification is defined as the biological oxidation of ammonium (NH4) to 
nitrite and nitrate in a two-step reaction where Nitrosomonas is responsible for the first 
step and Nitrobacter performs the second. N2O appears to be formed by a reductive side 
reaction involving nitrite. Heterotrophic microorganisms can oxidize NH4 to nitrite or 
nitrate in the presence of oxygen and an organic substrate, and they appear to be 
important in forest soils that are too acidic for autotrophic nitrifiers. The relative 
importance of heterotrophic and autotrophic organisms for the production of N2O 
cannot be readily determined because it is difficult to separate autotrophic and 
heterotrophic nitrification. In well-aerated soils, nitrification appears to be the main 
production mechanism for N2O, but in poorly aerated, nitrate rich soils significant 
emissions result from denitrification. 
 

Source Amount emitted 
 (Tg N y-1) 
Natural  
    Oceans 3 (1  -  5) 
    Tropical soils  
        Wet forests 3 (2.2  -  3.7) 
        Dry savannas 1 (0.5  -  2.0) 
    Temperate soils  
        Forests 1 (0.1  -  2.0) 
        Grasslands 1 (0.5  -  2.0) 
              Sub-total 9 (4.3  -14.7) 
  
Anthropogenic  
    Agricultural soils 3.5 (1.8 - 5.3) 
    Biomass burning 0.5 (0.2 - 1.0) 
    Industry 1.3 (0.7 - 1.8) 
    Cattle and feedlots 0.4 (0.2 - 0.5) 
              Sub-total 5.7 (3.7 - 7.7) 
  
Total 14.7(8  -22.4) 
  

 

a IPCC (Intergovernmental Panel on Climate Change) (1995). Climate Change 1994: 
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Radiative Forcing of Climate Change and an Evaluation of the IPCC IS92 Emission 
Scenarios. (ed. J.T. Houghton, BA Callander and SK Varney). Cambridge:  
Cambridge University Press. 

 
Table 1. Sources of atmospheric nitrous oxide a. 

(Source: J.T. Houghton, L.G. Meira Filho, J. Bruce, H. Lee, B.A. Callander, E. Haites, 
N. Harris and K. Maskell, eds., Radiative Forcing of Climate Change and an Evaluation 
of the IPCC IS92 Emission Scenarios (Cambridge, U.K.: Cambridge University Press, 

1995)) 
 
Denitrification is the dissimilatory reduction of nitrate (NO3

–
) and nitrite (NO2

–
) to 

produce nitric oxide (NO), N2O, and dinitrogen (N2) by a diverse group of bacteria that 
synthesize a series of reductases, enabling them to utilize N oxides as electron acceptors 
in the absence of oxygen. The general reductive sequence is: 
 
NO3

–
→NO2

–
→NO→N2O→N2 (1) 

 
The most abundant denitrifiers are heterotrophs that require organic matter for 
metabolism. Production of N2 predominates in more anoxic sites while N2O production 
is greater under more aerobic conditions. However, the ratio of N2 to N2O emitted may 
also be affected by high nitrate concentrations and soil pH (low pH favors N2O 
production). 
 
Recent reviews of the literature on emission rates show that N2O emissions from 
agricultural soils are generally greater and more variable than those from uncultivated 
land or natural ecosystems, and that more N2O is emitted from fertilized than from 
unfertilized soils. Within a particular field, application of fertilizer N, animal manure, 
and sewerage sludge usually results in enhanced emissions of N2O. Generally there is a 
large emission of N2O immediately after the application of fertilizer lasting up to 
approximately six weeks. After that time the emission rate falls and fluctuates around a 
low value independent of the amount of fertilizer applied. Reviews of the literature have 
led to the conclusion that interactions between the physical, chemical, and biological 
variables are complex and thus N2O fluxes are variable in time and space. 
Consequently, predictions of N2O emissions associated with application of N fertilizer 
are not reliable. Soil management and cropping systems and variable rainfall have a 
greater effect on N2O emission than does the type of fertilizer N. There is a suggestion 
from a number of experiments that more N2O is emitted from organic sources than from 
inorganic ones, but there are insufficient comparative experiments to prove this. 
Therefore, it is recommended that one factor only be used for calculating the emission 
of N2O from different fertilizer types: 
 
N2O emitted = 1.25% of N applied (kg N ha–1) (2) 
 
This equation is based on data from long-term experiments with a variety of mineral and 
organic fertilizers and encompasses 90% of the direct contributions of N fertilizers to 
N2O emissions. 
 
2. Emission of Nitrous Oxide from Agricultural Lands 



UNESCO – 
EOLS

S

SAMPLE
 C

HAPTERS

CLIMATE CHANGE, HUMAN SYSTEMS, AND POLICY – Vol. II - Nitrous Oxide Emission Reduction and Agriculture - A.R. 
Mosier, J.R. Freney 

©Encyclopedia of Life Support Systems (EOLSS) 

 
A comparison of the global emissions of N2O calculated from the increase in 
atmospheric concentration and the stratospheric sink (16.2 Tg N y–1) and the total 
sources given in Table 1 (14.7 Tg N y–1) suggest that the strength of known N2O 
sources is underestimated or that unidentified sinks exist. Questions as to the accuracy 
of the agricultural estimates were raised during the development of national inventories 
for N2O in agriculture and meetings of IPCC and International Global Atmospheric 
Chemistry (IGAC). Originally only direct N2O emissions from agricultural systems 
resulting from application of synthetic fertilizer were considered. The estimates used 
tended to underestimate total agricultural emissions as only part of the N input into crop 
production was considered and the animal production portion of agriculture was not 
included. 
 
The United Nations Framework Convention on Climate Change requires that all parties 
periodically update and publish national inventories of anthropogenic emissions. In 
response to this mandate the IPCC, through the Organisation for Economic Co-
operation and Development (OECD) and the International Energy Agency (IEA), has 
been coordinating the development and updating of national inventory methodologies 
for various greenhouse gases. The latest revision of the methodology to estimate N2O 
from agricultural soils was printed by OECD in 1997. 
 
- 
- 
- 
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