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Nitrous Oxide:  
A Potent Greenhouse Gas

Over a 100-year period, one kilogram 
of nitrous oxide (N2O) warms the 
atmosphere nearly 300 times more than 
one kilogram of carbon dioxide (CO2). It 
also stays in the atmosphere for a long 
time, usually a century or more after 
it is released. Along with its significant 
contributions to global climate change, 
nitrous oxide quickly depletes the 
ozone layer – our natural shield to the 
sun’s damaging UV radiation. However, 
despite the numerous threats it poses, 
the gas is not regulated or banned in 
any way.

A variety of nitrogen cycles can 
produce nitrous oxide. One of the most 
important sources is denitrification, a 
process by which microbes transform 
nitrate (NO3-) into nitrogen gas (N2) – a 
harmless gas that makes up nearly 80% 
of the air we breathe. Along the path to 
nitrogen gas, microbes create nitrous 
oxide, which is released if denitrification 
is not completed.

To understand how greenhouse gases, 
including nitrous oxide, move within the 
globe and persist in the atmosphere, we 
must trace its sources and pathways. 
Studying nitrous oxide is a difficult 
task, and many questions remain as to 
identifying the sources of nitrous oxide, 
finding where it is stored, and tracking 
how it escapes to the atmosphere. The 
story is made more complex by the fact 
that its pathways differ from ecosystem 
to ecosystem.

With a research focus on terrestrial 
ecosystems, Dr Ülo Mander of the 
University of Tartu in Estonia is working 
to close these knowledge gaps. Dr 
Mander has focused his attention on 
identifying the environmental links 
to nitrous oxide fluxes from three 
important ecosystems: forests, the 
tropics, and wetlands.

Nitrous Oxide Emissions from Soils

Soils are a significant source of nitrous 
oxide, owing to underlying microbial 
production and synthesis of nitrogen, 
including denitrification. The world’s 
soils are becoming more nitrogen-
rich due to our reliance on chemical 

fertilisers. Essentially, we are inundating 
soils with nitrogen, giving microbes 
more material for denitrification and 
inevitably leading to greater emissions 
of nitrous oxide.

Current models used to assess 
nitrous oxide fluxes consider fertiliser 
application rates and land-use 
properties. However, they do not 
include climatic variables, such as 
temperature and water availability. 
Since the microbial activity that churns 
out nitrous oxide is directly affected by 
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Land-based, or ‘terrestrial’, ecosystems can act as both a sink and 
a source of greenhouse gases. An active field of research centres on 
understanding which environmental parameters turn a carbon sink 
into a carbon source. Dr Ülo Mander from the University of Tartu in 
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from terrestrial ecosystems and monitoring how environmental 
conditions, such as soil moisture and temperature, influence 
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WWW.SCIENTIA.GLOBAL



these and other environmental properties, we need a more 
inclusive model to better predict soil fluxes. 

With the goal of creating a model of nitrous oxide emissions 
applicable to a wide range of ecosystems and environmental 
conditions, Dr Mander and a large team of international 
colleagues brought together data from a global field survey of 
nitrous oxide emissions and soil properties.

With data from every continent except Antarctica, the team 
assessed 18 parameters to determine which was the best 
predictor of nitrous oxide. They found that nitrous oxide 
emissions peaked in soil that held an intermediate water 
content, likely due to the associated stimulation in nitrification. 
Thus, soils that are very moist or very dry will have low nitrous 
oxide emissions, whereas drainage or watering to intermediate 
soil moisture levels will increase emissions.

The model also showed a weak relationship between nitrous 
oxide fluxes and soil temperature. However, the relationship 
was stronger in well-drained areas. Combined with soil 
moisture results, we can predict that moist soils exposed to 
warmer conditions, such as those near the equator, have the 
perfect set of conditions to act as nitrous oxide hotspots.

This is the first model that encompasses continental and 
tropical ecosystems, in addition to soil temperature and 
moisture level, into its predictions. Since soil moisture levels 
and temperatures were teased out of many parameters, across 
many sites and managements styles, these properties are likely 
very important across many different ecosystems.  

Dr Mander and his colleagues stress that – since they only 
sampled each site for a few days – the models are only 
applicable to estimate daily nitrous oxide emissions based on 
instantaneous environmental conditions. Using this model to 
estimate long-term emissions would be inappropriate, except 
for areas that do not experience much seasonal variation, such 
as the humid tropics. 

This study strongly implies that we should prioritise wetland 
conservation, as wetter soil will decrease nitrous oxide 
emissions. This is particularly important in the face of longer, 
warmer summers and more persistent droughts. For areas 
within the nitrous oxide ‘goldilocks zone’ of soil temperature 
and moisture, appropriate soil management is critical in 
reducing emissions. 

Forest Canopy Mitigates Soil Emissions

With the knowledge that soil water content and temperature 
can interact to create potent nitrous oxide hotspots, Dr Mander 
turned his attention to forests. Along with soil, plants also 
exchange nitrous oxide with the atmosphere from their stems 
and canopy. 

In wooded areas, nitrous oxide emitted from the soil and 
that from the forest canopy contribute to the total amount of 
nitrous oxide that enters the atmosphere. However, we lack 
any measurement of nitrous oxide fluxes on a whole-ecosystem 
scale, despite the fact that forests are widespread across the 
Northern Hemisphere.

Dr Mander and a group of international colleagues, including 
his PhD student Alisa Krasnova, analysed seasonal and annual 
dynamics of nitrous oxide in a deciduous forest dominated 
by alder trees. They measured nitrous oxide at the ecosystem 
scale, as well as at two sub-levels: soils and tree stems. They 
then related the fluxes to key environmental factors, including 
soil water content and temperature, to determine whether 
these properties influence long-term patterns of nitrous oxide 
fluxes. 

At the soil level, there were four periods of intense nitrous 
oxide emissions that contributed to 56% of the entire flux. The 
data supported the hypothesis that soil water content is the 
main factor associated with peaks in emissions. As was found 
previously, the highest soil nitrous oxide fluxes happened when 
soil moisture was at an intermediate level, generally occurring 
at the beginning of a drought. 
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The researchers did not find any evidence that whole 
ecosystem fluxes were equal to the sum of soil and stem fluxes. 
In fact, the overall nitrous oxide emission from the ecosystem 
was 5.9 times smaller than the soil emissions, indicating that 
nitrous oxide emitted by the soil may be partially consumed by 
the forest canopy. 

In general, the alder forest was a weaker net source of nitrous 
oxide than expected. In fact, other reported nitrous oxide 
emissions from forests may be overestimated, as they do not 
account for the drop in emissions that occurs between the 
soil and the forest canopy. This stresses the importance of 
incorporating tree-stem, canopy, and ecosystem-level fluxes 
into our understanding of nitrogen budgets, which typically 
only consider soil-level measurements. 

Artificial Wetlands 

Creating artificial wetlands is a common way to reduce 
levels of fertilisers and other pollutants found in freshwater 
near agricultural fields and urban areas. These engineered 
wetlands are designed to remove nitrogen compounds 
through plant uptake and microbial denitrification. However, 
as denitrification of nitrate is a common way for nitrous oxide 
to escape into the atmosphere, these artificial wetlands may 
actually serve as a source of high nitrous oxide emissions.

Dr Mander evaluated nitrous oxide emissions from a 
constructed wetland used to treat a watershed that provides 
drinking water for more than 1.5 million people in and around 
Paris. Dr Mander and his colleagues hypothesised that the 
structure effectively treats water, but comes at the cost of high 
nitrous oxide emissions. 

The team monitored nitrous oxide fluxes and took water quality 
measurements, such as dissolved organic carbon and nitrate 
concentrations. Contrary to their expectations, the watershed 
was a weak source of nitrous oxide emissions but was effective 
at removing nitrate. 

This result was a welcome surprise and illustrates that we can 
use artificial wetlands to treat water without worrying about 
excessive emissions. Future studies on the mechanisms behind 
the low nitrous oxide emissions are forthcoming. 

Future Research 

Tracking the flux of a greenhouse gas requires a thoughtful 
combination of creative research, advanced technology, and 
biological expertise. In other long-term studies, Dr Mander, 
along with his colleagues and students, has used intriguing 
methods to answer compelling questions at varying scopes. 

He has assessed the genetics of denitrifying microbes, used 
satellites to analyse 20-year trends of carbon balance in 
European forests, and monitored emissions in unique areas 
such as the Peruvian peat swamp. 

His work contributes to our global understanding of how these 
potent gases move within different ecosystems, and which 
environmental properties influence their fluxes. His research 
not only highlights the novel mechanisms contributing to 
global climate change, but also demonstrates the important 
roles that forests and wetlands can play in stabilising carbon 
and nitrogen balances. 
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