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About the NIFLUM Expert Workshop 2017

The  application  of  N-fertilizers  for  plant  nutrition  not  only  entails  leaching  to  the
groundwater,  but  also an eminent  outgassing of  volatile  N-species to  the atmosphere,
which cause N input to other ecosystems and influence on atmospheric parameters. To
estimate  these  emissions,  e.g.  for  the  calculation  of  EMEP emission  factors,  precise
methods for the measurement of gaseous N fluxes are needed.

The NIFLUM International Expert Workshop 2017 focuses on the evaluation of methods
for the measurement of gaseous nitrogen emissions (NH3, N2O and NOx) from synthetic
fertilizer application. It’s  main goal  is to work out recommendations for a standardized
measurement practice to collect data for the calculation of EMEP emission factors or – if
results  are unclear  – recommendations for  a  fast  way to  identify  appropriate standard
measurement approaches.

Berlin, September 2017

Frederick Büks
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Schedule

Thursday, 28th of September

09:00-09:30 Registration

09:30-10:00 Welcoming speeches by Till Spranger (BMUB) and Martin Kaupenjohann
(Technische Universität Berlin)

10:00-11:10 Introduction lectures I: NH3

10:00-10:35 Mechanisms of NH3 formation and emission (Sven G. Sommer)
10:35-11:10 Techniques for the abatement of ammonia losses from industrial nitrogen

fertilizers (Helmut Döhler)

11:10-11:30 Coffee break

11:30-12:40 Introduction lectures II: N2O and NOx

11:30-12:05 Mechanisms of generation of N2O and NO in agricultural soils
(Gerard Velthof)

12:05-12:40 NOx and N2O mitigation strategies (Heinz Flessa)

12:40-14:15 Lunch

14:15-15:15 Introducing discussion – 4 fundamental questions (world café)

15:15-15:30 Break

15:30-17:10 Practice lectures I: Protocols and modeling
15:30-15:50 The VERA Test Protocol: Verification of emission reduction technologies in

agriculture - General aims and current state of test protocol for land applied
manure (Sebastian Wulf)

15:50-16:10 Estimating  ammonia  emissions  from  mineral  fertilisers;  a  Tier  3
methodology (Nick Hutchings)

16:10-16:30 Modelling ammonia emissions from urea and organic fertilizers – potentials
and challenges (Andreas Pacholski)

16:30-16:50 Modelling climate change impact on N2O emissions from agricultural soils
based on long-term observations (Eckard Priesack)

16:50-17:10 Comparison of methods for the measurement of NH3 fluxes
(Albrecht Neftel via Skype)

17:10-17:30 Break

17:30-18:30 Expert discussion – Findings of the first day (fishbowl)

18:30-20:00 Break

20:00-22:00 Evening program
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Friday, 29th of September

9:00-10:40 Practice lectures II: NH3 emission analysis
9:00-9:20 Measuring nitrous oxide ammonia and plant nitrogen uptake: experiences in

Ireland (Patrick Forrestal)
9:20-9:40 Ammonia loss rates from urea and calcium ammonium nitrate applied to

winter wheat and oilseed rape determined by Calibrated Passive Sampling
(Thomas Kreuter)

09:40-10:00 Techniques  for  measuring  ammonia  emissions  from land  applications  of
fertilisers and manures (Tom Misselbrook)

10:00-10:20 Referencing ammonia losses from fertilizer application (Urs Schmidhalter)
10:20-10:40 NH3 flux – Reference methods (Sven G. Sommer)

10:40-11:20 Coffee break

11:20-12:40 Practice lectures III: N2O emission analysis
11:20-11:40 Measurement of actual and potential N2O and N2 flux rates on soil samples

by the helium incubation approach (Jürgen Augustin)
11:40-12:00 From N2O measurements to N2O emission factors (Roland Fuß)
12:00-12:20 Static and ventilated chamber methods for the measurement of ammonia

and N2O emission: pros, cons and applications (Fabrizio Gioelli)
12:20-12:40 The Automated Cavity Ring Down Spectroscopy Usage for Nitrous Oxide

and Ammonia Emissions from Synthetic Fertiliser Application
(Inga Grinfelde)

12:40-14:00 Lunch

14:00-15:30 Practice discussion – Assessing the diversity of methods (world café)

15:30-16:30 Break

16:30-18:00 Conclusion panel (fishbowl) and presentation of our recommendations
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The world café method

This method is a useful tool for a fast information transfer, collection of different rationales,
inclusion of all participants and intensive dialog within large groups. During the introducing
discussion (Thursday, 14:15 to 15:15), the participants gather within 4 topical groups, that
are distributed across the workshop rooms and topically match fundamental questions to
connect the knowledge about natural processes and measurement/modeling. Each group
is moderated by one of the introduction lecturers. Within these discussion groups, the key
points are documented by the moderators. During this session, each participant (excepting
the moderators) is free to switch between the groups. Afterwards, the key points of each
world café group are noted/visualized by the moderators on flip charts within the room of
the conclusion panel.

The  same  method  is  used  for  the
practice  discussion  (Friday,  14:00  to
15:30), when 4 groups are moderated
by lecturers of  panel  3.  The work  of
the moderators focuses on starting the
discussion,  verbalization  and
visualization of various rationales.
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The fishbowl method

Common  panel  or  group  discussions  become  ineffective  in  face  of  more  than  10
participants due to long lists of speakers, less dialogues/long monologues and exclusion of
speakers and arguments. The fishbowl method is used to reduce such problems. It is a
„flying“ panel discussion. Debaters, who are not speaking or are not requested to answer,
can be changed by people from the audience at any time.

The informations of the 1st day will be compiled within the expert discussion (Thursday,
17:30 to 18:30). It starts with a group of 4 debaters. A moderator documents and visualizes
the key points.

On the 2nd day, the conclusion panel has to work
out  recommendations  for  a  standardized
measurement  practice  or  –  in  case  of  unclear
results – recommendations for a fast way to identify
appropriate standard measurement approaches. It
is also a fishbowl discussion. Here, the work of the
moderator focuses on the verbalization of different
rationales and the final recommendations.
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Moderation Sheet

Due to our integrated discussion concept, some of you got additional tasks during the 
workshop:

• Panel moderators of the introduction and practice lectures announce lecturers and

moderate questions/discussions within the 5 minutes following each lecture.

• World café moderators organize the discussion within their groups, record key 

points and visualize them on a flip chart.

• Moderators of the fish bowl discussions moderate the panel and record key 

points. The key points of the expert discussion will be collected on a flip chart. The 
moderator of the conclusion panel helps to prepare the workshop documentation.

To give you an overview of tasks, persons and times, you can find all information in the 
table below.
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Moderations on Thursday, 28th of September

10:00-11:10 Introduction lectures I
moderated by Martin Kaupenjohann

11:30-12:40 Introduction lectures II
moderated by Martin Kaupenjohann

14:15-15:15 Introducing discussion (world café)
Group  1  moderated  by  Sven  G.  Sommer: What  are  the  requirements  for  the
measurement methodology resulting from the natural processes of NH3 outgassing?
Group 2 moderated by Gerard Velthof: What are the requirements for the measurement
methodology resulting from the natural processes of N2O and NOx outgassing?
Group 3 moderated by Heinz Flessa: What are the essential factors determining gaseous
N emissions from soils?
Group 4 moderated by Helmut Döhler: Which are the fundamental  problems with the
measurement of gaseous N emissions from soil?

15:30-17:10 Practice lectures I: Protocols and modeling
moderated by Gerard Velthof

17:30-18:30 Expert discussion (fishbowl)
Starting group: Sven G. Sommer, Helmut Döhler, Heinz Flessa, Eckard Priesack
moderated by Fabrizio Gioelli

Moderations on Friday, 29th of September

9:00-10:40 Practice lectures II: NH3 emission analysis
moderated by Sebastian Wulf

11:20-12:40 Practice Lectures III: N2O emission analysis
moderated by Heinz Flessa

14:00-15:30 Practice discussion (world café)
Group 1 moderated by Tom Misselbrook: Statistical analysis of N emissions
Group 2 moderated by Patrick Forrestal: Dynamic analysis of N emissions
Group 3 moderated by Sven G. Sommer: Reference methods
Group 4 moderated by Nick Hutchings: Modeling of N emissions

16:30-18:00 Conclusion Panel (fishbowl) and presentation of our results
moderated by Urs Schmidhalter
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Mechanisms of NH3 formation and emission

Thursday, 10:00-10:35
Sven G. Sommer
Syddansk Universitet - Department of Chemical Engineering, Biotechnology and 
Environmental Technology
�sgs@kbm.sdu.dk
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Techniques for the abatement of ammonia losses from 
industrial nitrogen fertilizers

Thursday, 10:35-11:10
Helmut Döhler
DöhlerAgrar
�helmut.doehler@doehler-agrar.de

Ammonia emissions from artificial fertilizer applications are dependent on fertilizer type,
weather and soil conditions. Emissions from urea-based fertilizers are greater than from
other fertilizer types, because hydrolysis of urea will cause localised rise in soil pH.

The use of methods to reduce ammonia emissions from urea-based compounds makes an
important  contribution to  overall  ammonia emission reductions in  agriculture.  Ammonia
emissions from urea-based fertilizers (typically 1-20 / sometimes 40 % nitrogen loss as
ammonia) are larger than those based on ammonium nitrate (typically 0.5 to 10 % nitrogen
loss as ammonia). Ammonium nitrate is the main form of nitrogen fertilizer used in Europe,
nevertheless  urea  based  fertilizers  are  widely  used  and  recently  coming  up  in  some
countries.

Techniques for  the  mitigation  of  urea-based  fertilizers  include:  urease  inhibitors,  slow-
release coatings, soil injection, rapid soil incorporation, and irrigation immediately following
application and the manufacturing process. Of these, soil injection, rapid soil incorporation,
and irrigation immediately following application would also apply to ammonium sulphate
(and diammonium phosphate) applications to calcareous soils.

Another  and  highly  relevant  technique  is  the  application  timing  management.  This
represents a verified system to exploit the variation in ammonia emission potential based
on environmental conditions, so as to use management of application timing to reduce
overall emissions. Fertilizer applications under cooler conditions, cool and wet soils or prior
to rainfall are associated with lower ammonia emissions.  

Urea granules seem to lower ammonia losses significantly compared to prills. Band or slot
incorporation of urea and other industrial fertilizers is potentially an option, but seems to be
not practicable in most cases.
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Mechanisms of generation of N2O and NO in agricultural soils

Thursday, 11:30-12:05
Gerard Velthof
Wageningen University & Research – Wageningen Environmental Research
�gerard.velthof@wur.nl

The microbial processes nitrification and denitrification are the most important microbial
sources of nitrous oxide (N2O) and nitric oxide (NO) in soils. Denitrifying bacteria produce
N2O under anaerobic conditions during the reduction of nitrate (NO3

-) to dinitrogen (N2),
using available carbon (C) sources as energy source. During nitrification, N2O is produced
as a  by-product  of  ammonium oxidation.  This  autotrophic  nitrification  process requires
aerobic conditions and ammonium is used as energy source. Highest production of N2O
and NO during nitrification is found when nitrification is inhibited because of a low oxygen
concentration. Besides these main sources, N2O and NO are produced in other biotic and
abiotic processes in soil, such as nitrifier denitrification, coupled nitrification-denitrification,
heterotrophic nitrification, and chemodenitrification.

Soil  type and  conditions,  weather  conditions,  and  nitrogen  management  have a  large
effect  on  N2O and  NO production  in  soils.  Rapid  changes in  soil  contents  of  mineral
nitrogen (e.g. by application of fertilizers and manure), available C (e.g. by application of
crop  residues  and  manure),  and  oxygen  (e.g.  rainfall,  groundwater  fluctuations,  and
biological oxygen consumption) can result in strong increases in the production of N 2O and
NO.  Highest  production  is  shown  in  fertilized  soils  during  wet  soil  conditions,  and
especially in soils rich in organic matter (e.g. grassland soils, peat soils or soils to which
organic matter is applied).

The type of mineral or organic N fertilizer affects N2O and NO emission in several ways,
i.e.  via  the  type  of  applied  N  (urea,  NO3

-,  NH4
+,  and/or  organic  N),  via  the  possible

presence of easily available C (stimulates denitrification and oxygen consumption in the
soil),  and via the addition of other compounds (nutrients, metals,  lime, water) affecting
biological,  chemical  and physical  soil  processes.  Strategies  to  decrease N2O and NO
emission include improved nutrient management, in order to avoid accumulation of mineral
N in the soil, and strategies aiming at decreasing the production of N2O and NO in soil
after N application, such as avoiding of N application during wet condition and the use of
nitrification inhibitors.
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NOx and N2O mitigation strategies

Thursday, 12:05-12:40
Heinz Flessa
Thünen Institute – Institute of Climate-Smart Agriculture
�heinz.flessa@thuenen.de
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The VERA Test Protocol: Verification of emission reduction 
technologies in agriculture - General aims and current state of 
test protocol for land applied manure

Thursday, 15:30-15:50
Sebastian Wulf1,  Iris  Beckert2,  Jan Huijsmans1,  Julio Mosquera Losada1,  Tavs Nyord1,
Sven G. Sommer1, Sasha Hafner1, Peter Demeyer3

1International VERA Commission, 2International VERA Secretariate, 3Guest of 
International VERA Commission
�s.wulf@ktbl.de, info@vera-verification.eu, jan.huijsmans@wur.nl, 

julio.mosquera@wur.nl, tavs.nyord@eng.au.dk, sgs@kbm.sdu.dk, 
sasha.hafner@eng.au.dk, peter.demeyer@ilvo.vlaanderen.be

The Verification of Environmental  Technologies for Agricultural  Production (VERA) is  a
multinational cooperation aiming to generate harmonized test procedures on the emission
reduction performance of various technologies. Purpose is to encourage comparable test
quality in Europe and simplify national approval processes. For manufacturers costs for
the proof of functionality in the individual countries will be reduced.

The  verification  of  measurements  is  conducted  by  the  VERA  verification  bodies.
Verification  is  not  to  be  confused  with  certification:  the  verification  focusses  on  the
compliance of a test with a test protocol and the plausibility of data. It does not confirm the
compliance of the technology with national or legal requirements. The test protocols are
developed  by  international  experts.  Currently,  test  protocols  are  available  for  land
application  of  manure,  manure  storage,  slurry  separation,  air  cleaning  and  housing
systems. A protocol for biogas is in preparation. 

The protocol for land application of manure is under revision. Main aspect for discussion
are acceptable measurement techniques: apart from micrometeorological methods also
wind tunnels have advantages if the aim is to determine reduction efficiencies compared to
a  reference  technology.  The  revised  version  will  not  only  describe  the  measurement
techniques, but also define the reference technology, the mandatory test conditions and
the measurement strategy including the number of adequate replicates. The protocol on
land applied manure will focus on ammonia measurements. Even though odour is a very
important aspect, it will not be considered as long as there are no appropriately validated
methods for odour measurements in land application.

The idea to add emission measurements also from synthetic fertilizers to the scope of the
test  protocol  was  abandoned.  Measurement  strategies  and  techniques  differ  in  some
aspects too much. A separate test protocol will  be developed later to be able to have
harmonized procedures available for generating emission factors for synthetic fertilizers
and mitigation efficiencies of application systems, inhibitors and coatings.
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Estimating ammonia emissions from mineral fertilisers; a 
Tier 3 methodology

Thursday, 15:50-16:10
Nick Hutchings
Aarhus University – Department of Agroecology / Task Force on Emission Inventories & 
Projections (TFEIP)
�nick.hutchings@agrsci.dk

Ammonia  emission  from  mineral  fertilisers  will  be  a  key  source  in  most  emission
inventories,  making  a  Tier 2  or  higher  methodology  obligatory.  The  current  Tier  2
methodology  in  the  EMEP/EEA  Air  Pollutant  Emission  Inventory  Guidebook  was
developed  following  a  meta-analysis  of  the  results  of  empirical  studies  undertaken
worldwide that  were published during the period 1970 to  2012.  The results  of  studies
published in the period 2013 to 2016 have since been collated and the data reanalysed.
This new analysis found relationships between the ammonia emission and the method
used to measure the emission, whether the investigation was indoor or outdoor, the type of
fertiliser, the method used to apply the fertiliser (including rapid incorporation), soil  pH,
crop type, air temperature and rainfall intensity. However, a considerable proportion of the
variance in the dataset remained unexplained.
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Modelling ammonia emissions from urea and organic fertilizers
– potentials and challenges

Thursday, 16:10-16:30
Andreas Pacholski
EuroChem Agro GmbH
�andreas.pacholski@eurochemgroup.com

Ammonia emissions from field  applied organic and urea fertilizers pose a high risk at
agronomic efficiency and environmental safety. Modelling approaches were tested for both
mineral  and  organic  fertilizers  to  derive  emission  factors  and  to  discriminate  between
ammonia emission characteristics of different organic fertilizer types.

The use of emission factors (EF) for ammonia (NH3) after fertilizer application is a central
tool  for  nitrogen  management.  Scenario  modelling  of  emissions  based  on  long-term
weather data and variable application dates could provide a robust basis for the derivation
of EFs. Two model approaches were used to quantify emissions of urea applied to winter
wheat.  The approaches comprised the dynamic model  Volt'Air'  and a statistical  model.
Scenarios were run for 15 years and 4 application dates in each year for 3 research sites.
The  empirical  model  performed  better  at  predicting  cumulative  losses.  Both  models
simulated more than half  of  relative  NH3 emissions (% urea N applied)  in  a  range of
0-10 %. The average and median EFs by both models over all  application dates were
10.2 % and 8.1 %, respectively, and were substantially lower than the current European
EFs  for  urea  (15-16 %).  Scenario  modelling  should  be  considered  as  a  tool  for  the
derivation of robust and representative EFs for NH3 emissions for urea.

There is a need to quantify NH3 emissions from biogas production systems. For scenario
and regionalization simulations, model approaches for NH3 emissions after biogas slurry
application  are  of  particular  interest.  Model  development  was  carried  out  based  on
intensive  field  measurements  carried  out  in  the  years  2007-2009  in  biogas  cropping
systems  grown  in  Northern  Germany.  Several  new  dynamic  and  empirical  model
approaches  were  tested.  In  addition  to  the  well-known  principles  for  calculation  of
ammonia losses based on temperature, pH and soil water relationships new algorithms
were implemented to account for the effects of  slurry incorporation, crop type, canopy
structure and precipitation on NH3 emissions. Model results showed a good agreement
with  measured  data  with  respect  to  both  simulated  ammonia  loss  dynamics  as  well
absolute  final  losses.  As  compared  to  validation  data  the  models  show a  quantitative
accuracy of cumulated NH3 losses in between 1-2 kg N ha-1. Scenario calculations allowed
differentiating between and evaluating slurry management options.
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Modelling climate change impact on N2O emissions from 
agricultural soils based on long-term observations

Thursday, 16:30-16:50
Eckard Priesack, Florian Heinlein, Christian Klein, Christoph Thieme
Helmholtz Zentrum München - Institute of Biochemical Plant Pathology
�priesack@helmholtz-muenchen.de, florian.heinlein@helmholtz-muenchen.de, 

christian.klein@helmholtz-muenchen.de, christoph.thieme@helmholtz-muenchen.de

Intensive agricultural land use is considered to be the major source of the anthropogenic
contribution to the increase in atmospheric N2O concentration during the last decades. A
reduction  of  anthropogenic  N2O emissions  therefore  requires  a  change  in  agricultural
management practices. Mathematical models help to understand the interaction between
the determining processes of N2O production and the dynamics of state variables affecting
N2O emissions. In particular, the impact of climate change on N2O emissions can be better
analyzed. 

The aim of this study was to test the modeling approaches for their ability to describe and
quantify the long-term development of N2O emissions from agricultural fields observed at
the research farm Scheyern situated 40 km north of Munich, Bavaria.

Data  for  model  evaluation  were  obtained  during  25  years  (1992-2017)  mainly  by  the
closed chamber method. We applied two different modeling approaches, where one model
assumes a fixed N2O/N2 ratio for N2O production and neglects the transport of N2O in the
soil  profile;  whereas the other model  explicitly  considers transport  of  N2O including its
further reduction on the way to the soil surface.

Generally, both modeling approaches were able to describe the observed long-term and
seasonal dynamics of N2O emissions and events of high N2O emissions due to increased
denitrification activity after heavy precipitation and during thawing after soil freezing. It is
concluded that the decrease of frost thaw-events due to higher temperatures during the
cold season is the main reason for the decrease of N2O from the agricultural fields at the
research farm Scheyern.
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Comparison of methods for the measurement of NH3 fluxes

Thursday, 16:50-17:10
Albrecht Neftel
Bern University of Applied Sciences – School of Agricultural, Forest and Food Sciences 
(retired)
�neftel_a@bluewin.ch
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Measuring nitrous oxide ammonia and plant nitrogen uptake: 
experiences in Ireland

Friday, 09:00-09:20
Patrick Forrestal, Karl Richards, Gary Lanigan, Dominika Krol
Agriculture and Food Development Authority (Teagasc)
�patrick.forrestal@teagasc.ie, karl.richards@teagasc.ie, gary.lanigan@teagasc.ie, 

dominika.krol@teagasc.ie

Measurement  of  nitrous  oxide  and  ammonia  emissions  from  agricultural  sources  is
receiving substantial attention in Ireland. Ireland has committed to reduce both ammonia
and greenhouse gas emissions while continuing to grow agricultural output, particularly of
dairy products.

Recently published research from Johnstown Castle presents the results of nitrous oxide
measurements from dung, urine, conventional and stabilised mineral fertilisers using the
static chamber approach. This work is being used to refine national inventories of nitrous
oxide loss. Both multiple samplings per chamber over time and the use of ambient time
(T)0 air sample and a single sample at T40 or T45 have been used. The ambient plus T60
approach assumes a  linear  pattern  of  nitrous oxide  accumulation  during  the  chamber
closure  period.  This  assumption  was  tested  using  a  subset  of  chambers  from which
multiple samples were collected. In one study conducted at six site-years the percentage
of non-linear fluxes ranged from 5 to 9 %.

Integrated  horizontal  flux  has  also  been  used  to  measure  ammonia  loss  from  urea
fertilisers  with  wind  tunnels  running  for  inter-comparison  of  several  stabilised  urea
products. Ammonia emissions from dung, urine and a host of mineral fertilisers have been
measured using wind tunnels on grassland. The wind tunnels are very useful for assessing
ammonia loss abatement potential of nitrogen stabilisers in a replicated setting and in a
relatively  small  area.  However,  the absolute emissions measured by the wind tunnels,
28 % on average from 10 applications in one recently published paper, are significantly
more than indicated by plant N recovery in adjoining plots. Plant N recovery differences
between urea and urea protected with the urease inhibitor NBPT were <10 % indicating an
over-estimate of loss by the wind tunnel method.

The work continues with investigations of simple low cost passive systems using foam acid
traps and Drager tubes.
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Ammonia loss rates from urea and calcium ammonium nitrate 
applied to winter wheat and oilseed rape determined by 
Calibrated Passive Sampling

Friday, 09:20-09:40
Thomas Kreuter, Oliver Spott, Carola Schuster
SKW Stickstoffwerke Piesteritz GmbH – Department Research and Development
�thomas.kreuter@skwp.de, oliver.spott@skwp.de, carola.schuster@skwp.de

Since 2013, ammonia (NH3) measurements following N fertilisation have been conducted
in winter wheat (2013, 2014) and winter oilseed rape (2015, 2016). Analyses of NH3 fluxes
as  well  as  calculation  of  related  N  loss  rates  were  based  on  the  Calibrated  Passive
Sampling  (CPS)  method  according  Pacholski  et  al.  (2006).  Field  experiments  were
conducted at the Agricultural Experimental Station Cunnersdorf in Central Germany. Five
different N fertilisers were tested: calcium ammonium nitrate (CAN), urea (U), urea with
urease inhibitor (U+UI), urea with nitrification inhibitor (U+NI), and urea with both urease
and nitrification inhibitor (U+UI+NI). An adapted fertilisation strategy with reduced number
of  split  applications  was  pursued  when  a  NI  was  applied.  Total  N  input  was
220 kg N ha-1 yr-1 in  winter  wheat  and  180 kg N ha-1 yr-1 in  oilseed  rape  according  to
demand. NH3 emissions following fertilisation were measured in randomized field plots
(size 9 x 9 m with 9 x 9 m interspace; n=4) and fertilisers were compared by their relative
NH3 loss. 

Average N loss by NH3 emission over all sites and years was 7.3 % from U and 0.4 % from
CAN. Average NH3 loss from urea was higher in winter wheat (12.9 % of applied N) than in
oilseed rape (0.5 %). UI application reduced average NH3 loss by 67 % in the treatment
U+UI (vs. U) and by 49 % in the treatment U+UI+NI (vs. U+NI), respectively. NI application
(U+NI and U+UI+NI) revealed no consistent effect on the cumulative loss of NH3. Present
results  clearly  demonstrate  that  an  invariable  NH3 emission  factor  is  insufficient  to
represent  NH3 loss  from  fertilized  U  under  practical  field  conditions.  An  optimized
methodology of  evaluating  NH3 loss  from mineral  fertilisation  should  consider  different
crops as well as different application strategies and application seasons.

References
Pacholski A, Cai GX, Nieder R, Richter J, Fan XH, Zhu ZL, Roelcke M (2006): Calibration of a simple method
for determining ammonia volatilization in the field-comparative measurements in Henan Province, China. 
Nutrient Cycling in Agroecosystems 74, 259-273.
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Techniques for measuring ammonia emissions from land 
applications of fertilisers and manures

Friday, 09:40-10:00
Tom Misselbrook
Rothamsted Research – Department of Sustainable Agricultural Sciences
�tom.misselbrook@rothamsted.ac.uk

Various techniques have been developed for  the  quantification  of  ammonia  emissions
following  nitrogen  amendments  to  soils,  grassland  or  cropping  systems.  Different
techniques are appropriate at different scales, with laboratory and small-scale field plots
often being used for process understanding and comparative studies, while medium to
large-scale field plots  may be employed to  estimate emissions under realistic ambient
conditions. Measurement techniques also differ in the extent to which they influence the
emission  source,  with  static  and  dynamic  chamber  techniques  strongly  influencing
conditions  such  as  air  flow  and  temperature  at  the  emitting  surface,  while
micrometeorological techniques provide a non-interfering means of estimating emissions.
The choice of technique will  therefore depend on the objectives of a given study, e.g.
assessing the potential effectiveness of an emission reduction measure or developing an
emission  factor  for  use in  farm-scale or  national  inventory models,  and the  resources
available including equipment, consumables, labour and suitable land.

In this lecture, I will present a range of commonly used ammonia emission techniques,
discussing  the  advantages  and  disadvantages  of  each,  together  with  some results  of
method comparison studies and assessment of variability.
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Referencing ammonia losses from fertilizer application

Friday, 10:00-10:20
Urs Schmidhalter
Technische Universität München – Chair of Plant Nutrition
�schmidhalter@wzw.tum.de

Agriculture contributes 94 % of anthropogenic ammonia (NH3) emissions, 16 % of these
are attributed to mineral fertilizers, particularly also to urea.

Field experiments with arable crops were conducted in Dürnast, Southern Germany, in the
years 2002 to  2005,  to  evaluate  the extent  of  NH3 losses following the application  of
granulated urea to winter wheat and to bare soil as well as on grassland sites in 2007 to
2008. Ammonia emissions were continuously measured using a dynamic chamber system.
Generally, only low NH3 emissions were detected varying between 0.1 and 2.7 % of the N
applied to winter wheat and between 2.6 and 16.3 % of the N applied to bare soil. Urease
inhibitors significantly reduced losses by 32 to 53 %. NH3 emissions averaged 9.1 % in
2007 and 7.2 % in 2008 on the grassland sites where uease inhibitors reduced ammonia
losses on average by 60 %.

The EMEP/EEA air  pollutant  emission  inventory  guidebook –  2016 indicates  that  NH 3

emissions from urea range from 6 to 47 % of the applied N. Various techniques including
enclosure  or  chamber  techniques,  micrometeorological  techniques,  as  well  as  15N,  N
balance/difference methods have been used in the past to measure ammonia losses. 

In view of rather low emission values found in our studies, and to further evaluate the
technique, we have been working on a method, which might serve as a potential reference
technique. 

An improved  15N field mass balance technique was elaborated. The technique allowed
evaluating  ammonia  losses  under  field  conditions  from  various  soils  originating  from
Bavaria being either bare and or cropped with winter wheat. Ammonia losses from urea
applied on 10 different soils from Bavaria were <1-16 % and averaged 8 %. Ammonia
losses  from wheat  cropped  soil  fertilized  with  urea  ranged between  4-8 % over  three
years. The technique was used also for measuring ammonia losses from organic slurries
as well applied on bare soils confirming significantly higher losses from their application
compared to mineral fertilizers. Following the suggested protocol the overall precision was
estimated  to  be  within  ±3 %  disregarding  potential  N2 and  N20  losses,  which  are
considered to be very low in relevant emission periods.
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NH3 flux – Reference methods

Friday, 10:20-10:40
Sven G. Sommer
Syddansk Universitet - Department of Chemical Engineering, Biotechnology and 
Environmental Technology
�sgs@kbm.sdu.dk
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Measurement of actual and potential N2O and N2 flux rates on 
soil samples by the helium incubation approach

Friday, 11:20-11:40
Jürgen Augustin1, Bodo Grossmann2, Bertram Gusovius2, Matthias Lück1, Lutz Steffens2

1Leibniz Centre for Agricultural Landscape Research (ZALF) – Institute of Landscape 
Biogeochemistry, 2retired
�jaug@zalf.de, matthias.lueck@zalf.de

The largest global nitrogen pool is dinitrogen (N2) in the atmosphere. Main sources of N2

formation are microbial  mediated processes like denitrification.  However,  N2 fluxes are
highly  uncertain  due  to  the  difficulty  in  detecting  newly  formed  N2 against  the  high
atmospheric  background  N2 concentration  (78%vol).  As  a  result,  the  N2:N2O  ratio  of
denitrification end-products is  not  well  characterized,  and the controls  on the ratio are
poorly understood. But the ability to quantify the relationship between N2O and N2 fluxes is
an essential  prerequisite for better understanding of the human impact on terrestrial  N
dynamics, especially the gaseous N-loss of cultivated soils. At present, the incubation of
soil  cores  into  an  artificial,  N2-free  atmosphere  is  the  only  approach  which  prevents
artefacts in N2O and N2 production and consumption processes and unintentional changes
in substrate availability for the present microbial community. 

In this case, soil samples were placed in special gas-tight incubation vessels at a climate
box.  To substitute  ambient  N2 from the  vessels,  sequences with  moderate  evacuation
followed by flushing the vessels with an artificial He/O2/trace gas mixture were conducted
to the system. Subsequently, for 48h a continuous gas flow rate was adjusted to the vessel
headspaces to remove the remaining “atmospheric” N2 and to establish stable emission
rates. After that, from each vessel, N2O, CH4, CO2, and N2 headspace concentrations were
continuously measured in order to get information about the actual flux dynamics. Finally,
the current N2O and N2 flux potential were measured by replacing the He/O2 gas mixture
with pure He. 

First  we  will  report  about  the  procedures  that  have  to  be  performed  in  order  to  get
trustworthy results. This applies in particular to the quantification of N2 blank value for the
incubation vessels as a consequence of the enormous difference in the N2 concentration
inside  and  outside  the  vessels,  and  determining  the  period  needed  to  remove  the
“atmospheric”  N2 from  the  soil  samples.  After  that,  we  will  present  the  results  of  an
investigation focused on the combined effects of soil moisture, soil and N fertilizer types
(calcium ammonium nitrate vs. fermentation residues) on N2 and N2O emission dynamics.
In a second helium incubation study the N2O and N2 fluxes were quantified across three
pristine fen ecosystem types.
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From N2O measurements to N2O emission factors

Friday, 11:40-12:00
Roland Fuß
Thuenen Institute – Institute of Climate-Smart Agriculture
�roland.fuss@thuenen.de

Emission factors are the model used most by greenhouse gas inventories. An emission
factor represents the (linear) relationship of an activity, such as a fertilizer input,  to an
emission, such as an N2O emission. Derivation of emission factors makes high demands
on  experimental  setup  and  measurements.  The  Intergovernmental  Panel  on  Climate
Change (IPCC) only recognizes emission factors based on whole-year measurements and
typically  measurements  at  multiple  sites  in  multiple  years  are  required.  For  fertilizer
emission factors experimental setups need to include multiple fertilization intensities and
preferably a treatment without fertilization.

The primary basis for current IPCC (direct) N2O emission factors are measurements using
manual chambers. For these a closed chamber is applied on a field plot and air samples
are taken over the closure time. These samples are analyzed by gas chromatography and
the N2O flux is calculated from the gradient of a concentration – time model.

Automatic  chambers  improve  this  method  by  allowing  more  frequent  measurements.
Recent developments of fast and precise online N2O analyzers allow further improvements
such as shorter closure times, use of field robots or even field-scale auto-samplers. Even
more  representative  measurements  can  be  achieved  by  use  of  the  eddy-covariance
technique, but this requires suitable topographic and meteorological conditions and cannot
be used in field experiments with randomized block designs.
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Static and ventilated chamber methods for the measurement of
ammonia and N2O emission: pros, cons and applications

Friday, 12:00-12:20
Fabrizio Gioelli, Elio Dinuccio, Paolo Balsari
University of Torino - Department of Agricultural, Forest and Food Sciences (DISAFA)
�fabrizio.gioelli@unito.it, elio.dinuccio@unito.it, paolo.balsari@unito.it

The agricultural sector (namely animal husbandry and nitrogen fertilizers application) is
responsible of up to 94 % of global ammonia (NH3) and approximately 5 % nitrous oxide
(N2O) EU-28 emission. Thus, the sector poses serious risks to the environment. The range
of  approaches to  the problem of  measuring emission rates of  nitrogen (ammonia and
nitrous oxide) either from livestock sector and chemical fertilizers is wide, whereas the
range of available techniques for measuring ammonia concentrations and/or ammonia flux
rates in air is even wider. Due to the necessity to measure emission with a good level of
accuracy it’s  necessary to use robust methods, defined as methods which are able to
measure  emission  fluxes  within  acceptable  levels  of  accuracy  and  precision,  using
techniques which do not require a high level of operator skill and are sufficiently portable
that  can be shown to  function  acceptably  in  real  farm situation (Phillips  et  al.,  2000).
Moreover, the methods to be used shall allow emission measurements over time-periods
from 1 h upwards to 24+ hours. Nitrogen emission are influenced by several environmental
and managing factors (e.g. temperature, wind speed, soil humidity, application methods),
thus measuring systems shan’t alter climatic conditions or shall allow to reproduce them.
According  to  international  literature  when  different  measurement  systems are  used  of
quantify  nitrogen  fluxes  from  the  same  emitting  source,  very  often  final  results  differ
significantly.  Hence,  standard  methods  for  measuring  emission  are  needed  to  guide
research on abatement strategies and to produce international inventories. 

Static and ventilated chambers are widely used to quantify nitrogen emission, nevertheless
their field of application is related to the type of nitrogen flux (either ammonia or nitrous
oxide) that has to be measured and to the final goal of the measurement (e.g. the need to
get relative or absolute emission values). The presentation provides an overview of the
possible fields of application of both systems and of their points of weakness and strength.

References
Phillips V.R., Scholtens R., Lee S.D., Garland J.A., Sneath R.W. (2000): A review of methods for measuring
emission rates of ammonia from livestock buildings and slurry or manure stores, Part 1: assessment of basic
approaches, J.agric. Eng. Res., 77, (4), 355-364

24

mailto:paolo.balsari@unito.it
mailto:elio.dinuccio@unito.it
mailto:fabrizio.gioelli@unito.it
http://www.disafa.unito.it/do/home.pl
http://www.disafa.unito.it/do/home.pl
http://www.disafa.unito.it/do/home.pl


The Automated Cavity Ring Down Spectroscopy Usage for 
Nitrous Oxide and Ammonia Emissions from Synthetic 
Fertiliser Application

Friday, 12:20-12:40
Inga Grinfelde1, Laima Berzina2

1Latvia University of Agriculture, Laboratory of Forest and Water Resources, 2Latvia 
University of Agriculture, Faculty of Information Technologies
�inga.grinfelde@llu.lv, laima.berzina@llu.lv

The  reduction  of  gaseous  nitrogen  emissions  is  one  of  prioritised  aim  of  Latvia
environmental policy. The aim of this research was to evaluate synthetic fertiliser such as
urea  and  ammonia  nitrate  application  dose  impact  on  ammonia  and  nitrous  oxide
emissions.

The experiments were designed in laboratories and field. The laboratory experiment was
designed with controlled soil moisture 10; 20; 30; 40; 50 %, temperature 5 and 25 °C and
different doses of urea and ammonia nitrate. The field experiments were designed with
following  synthetic  fertiliser  application  rates  0;  30;  60;  90;  120;  150;  180;  210;
240 kg N ha-1. 

The automated cavity ring down spectroscopy device Picarro G2508 was used to measure
concentrations and calculate soil flux rate. In the laboratory conditions the recirculation
system was used to measure ammonia and nitrous oxide emissions. The measurements
for each sample were repeated. The closed transparent and not transparent chambers
were used to measure ammonia and nitrous oxide emissions from soil at field conditions.
The measurements were made one day before synthetic fertiliser application and five days
after. As well as were measured twice month on regularly base.

The results show significant temperature and soil moisture impact on ammonia and nitrous
oxide  emissions.  The  dose  of  synthetic  fertiliser  application  have  significant  linear
correlation  with  ammonia  emissions.  The  urea  and  ammonia  nitrate  give  significantly
different ammonia and nitrous oxide emissions.
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