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Measurement robot: This device operated by KIT automatically measures the soil’s 

nitrous oxide emissions. (Photo: Dr. Eugenio Diaz-Pines) 

Soils can effectively release reactive nitrogen in non-hazardous 

form back into the atmosphere. This is the result of a status 

report on the production of nitrous oxide, which was  drawn up 

with the support of researchers from the KIT Institute of Mete-

orology and Climate Research. As outlined in the journal “Phil-

osophical Transactions of the Royal Society B: Biological Sci-

ences”, reduction of climate-affecting nitrous oxide to non-

hazardous molecular dinitrogen is of much higher relevance 

than assumed so far. This finding shows the way towards fu-

ture reduction of nitrous oxide emissions.  

Nitrous oxide (N2O) is a greenhouse gas changing the climate and 

damaging the ozone layer. The greenhouse effect of a certain 

amount of nitrous oxide in the atmosphere exceeds that of the same 

amount of carbon dioxide (CO2) by a factor of 300. Since the prohi-

bition of chlorofluoroscarbons (CFC), N2O has been damaging the 

stratospheric ozone layer more strongly than any other substance. 

Mankind has more than doubled the global cycle of reactive nitrogen 

by the production and use of mineral fertilizers since the beginning 

Reduction of Climate-affecting Nitrous Oxide Has 

Been Underestimated so far 

KIT Researchers Contribute to Status Report of the British Royal Society on New Findings  

Relating to Nitrous Oxide Emissions  
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of industrialization. This has not only led to a gradual enrichment of 

nutrients in ecosystems which reduces biodiversity, but also to an 

enhanced nitrogen conversion rate in soils and water bodies.  

Increased decomposition of nitrate by special microorganisms, so-

called microbial denitrification, results in an increased formation of 

nitrous oxide in the soil. It is emitted into the atmosphere. Compared 

to pre-industrial times, the concentration of N2O in the atmosphere 

has increased by about 20%. However, denitrification does not only 

produce N2O, but can also reduce it to molecular dinitrogen (N2). 

“Hence, the volume of nitrous oxide released from soils into the 

atmosphere corresponds to the balance of N2O production and re-

duction to N2. Molecular dinitrogen is completely harmless in ecolog-

ical respects,” says Dr. Michael Dannenmann from the Atmospheric 

Environmental Research Division of the KIT Institute of Meteorology 

and Climate Research (IMK-IFU). 

Recently, a team of scientists around the KIT climate researchers 

Professor Klaus Butterbach-Bahl, Dr. Ralf Kiese, and Dr. Michael 

Dannenmann from IMK-IFU was invited by the British Royal Society 

to publish a status report on N2O production and the processes re-

sponsible for it. In the journal “Philosophical Transactions of the 

Royal Society B: Biological Sciences”, the scientists list eight differ-

ent microbiological and chemical processes of N2O formation. At the 

same time, eight processes are known to reduce N2O to N2. 

So far, microbial reduction of N2O to N2 has hardly been understood. 

In contrast to N2O, measurements of the new formation of N2 are 

technically challenging, as the atmosphere consists of 78% N2. The 

most frequently used method to measure N2-N2O emission ratios 

has been the so-called acetylene inhibition method that bypasses 

the problem of N2 measurement by inhibiting N2O reduction: N2 pro-

duction is measured indirectly as increased N2O production due to 

the addition of acetylene. This method revealed that per kilogram of 

emitted N2O, about the same amount of N2O was reduced to N2 by 

denitrification. Hence, it did not enter the atmosphere as a green-

house gas and ozone destroyer, but as a non-hazardous gas.  

In fact, N2O consumption by conversion into N2 is much higher, as is 

outlined by the IMK-IFU researchers in their publication. “The acety-

lene inhibition method leads to a systematic underestimation of the 

reduction of N2O to N2,” Dr. Michael Dannenmann explains. This is 

demonstrated by the use of modern methods for the direct meas-

urement of N2 production, such as the helium incubation method 

developed by KIT. Studies based on such complex direct and, 

hence, more reliable N2 measurements reveal that the amount re-
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duced to N2 exceeds the amount of emitted N2O by a factor of four 

on the average. Consequently, N2O reduction to N2 is of much high-

er relevance to the deactivation of reactive nitrogen than assumed 

so far. It may therefore be concluded that soils release non-

hazardous reactive nitrogen much more effectively into the atmos-

phere. 

The results of the researchers do not mean that less N2O is emitted. 

Increased relevance of N2O reduction to N2, however, shows a way 

towards future reduction of N2O emissions: “If we succeed in better 

understanding the control of N2O reduction, we will be able to in-

creasingly convert the climate- and ozone-damaging nitrous oxide 

into a harmless gas by an adapted management of agricultural eco-

systems for instance,” Michael Dannenmann says. According to the 

KIT scientists, it is still required to better understand how microbial 

diversity in the soil influences the reduction of N2O to N2. First prom-

ising findings have been obtained with the help of new molecular 

biology methods.  

Klaus Butterbach-Bahl, Elizabeth Baggs, Michael Dannenmann, Ralf 

Kiese, Sophie Zechmeister-Boltenstern: Nitrous oxide emissions 

from soils – how well do we understand the processes and their 

controls? Philosophical Transactions of the Royal Society B: Biolog-

ical Sciences; 368; July 5, 2013. DOI 10.1098/rstb.2013.0122. 

The KIT Climate and Environment Center develops strategies 

and technologies to secure the natural bases of life. For this 

purpose, 660 employees of 32 institutes produce fundamental 

and application-oriented knowledge relating to climate and en-

vironmental change. It is not only aimed at eliminating the 

causes of environmental problems, but increasingly at adapting 

to changed conditions. 

Karlsruhe Institute of Technology (KIT) is a public corporation 

according to the legislation of the state of Baden-Württemberg. 

It fulfills the mission of a university and the mission of a na-

tional research center of the Helmholtz Association. Research 

activities focus on energy, the natural and built environment as 

well as on society and technology and cover the whole range 

extending from fundamental aspects to application. With about 

9000 employees, including nearly 6000 staff members in the 

science and education sector, and 24000 students, KIT is one 

of the biggest research and education institutions in Europe. 

Work of KIT is based on the knowledge triangle of research, 

teaching, and innovation. 
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This press release is available on the internet at www.kit.edu. 

 

The photo of printing quality may be downloaded under www.kit.edu 

or requested by mail to presse@kit.edu or phone +49 721 608-4 

7414. The photo may be used in the context given above exclusively. 
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